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Executive summary
The urban population in Asian cities is growing by 44 million people annually. This
rapid urbanization is an enormous challenge for the urban supply-infrastructures
(water, energy, food) and the available land area for buildings and infrastructure.
Therefore, an efficient land, energy and water use is essential for the sustainability of
cities. Energy saving, efficient energy supply and the sustainable design of buildings
(including on-site energy generation and if applicable water treatment and re-use as
well as façade greening, which can be combined with food production, which is shown
in several test facilities e.g.at the Kasetsart University Bangkok, but not widespread yet)
is a major possibility to address the challenges of the future and foster a sustainable
urban development in Asian cities.
The major challenges for realizing (nearly) zero- or plus-energy buildings are the high
solar irradiation, temperature and humidity. Assuring comfortable indoor temperatures,
humidity levels and air quality require adequate ventilation and cooling of a building
combined with good ventilation. To reduce the energy needs, especially passive design
strategies are essential. Many of the passive strategies are economically feasible already
under current economic and regulatory boundaries. Passive measures include shading
of at least all openings in the façade (windows, doors) either by fins, overhangs or with
plants, which can be used for food production, as well as an appropriate insulation of
the building envelope (mainly roof and external walls, but also improved windows).
Simulations showed that the insulation of the external wall and roof/ upper floor ceiling
with an insulation layer of 7 cm thickness and the use of double-glazed instead of
single-glazed windows leads energy demand reductions at affordable costs for the
climate conditions in Bangkok. Furthermore, designing the building in a way that solar
heat gains are minimized and natural ventilation is enabled can reduce the energy
demand for cooling and ventilation tremendously without significant additional costs (if
any). In Thailand, an optimal orientation of the longer façade facing North and South
with overhangs and/ or other shading systems at least at all openings.
Besides passive strategies technical equipment is needed for providing enough cooling,
ventilation and other services in the building. The installation of efficient lighting (LED)
and Heating, Ventilation and Air Conditioning (HVAC) systems are of major importance
to reduce the energy demand for building services. Moreover, realizing zero- or plusenergy buildings is only possible with on-site generation of electricity from renewable
sources; for plus-energy buildings – as they produce more energy than they need – the
possibility of feeding-in electricity from decentral renewables is essential and a clear
regulatory framework for the feed-in is necessary. In the past, the support scheme for
small scale roof-top PV was changed almost annually, which hinders the long-term
development and planning ability of housing developers. Additionally, the maximum
new PV capacity for small roof-top installations during a specified period of time was
limited. Thus, developers never knew whether they will be allowed to install the desired
PV system and feed-in surplus electricity generation or not. With the expiration of the
solar rooftop campaign in early 2016, the feed-in of roof-top PV is currently not
supported. The new "Solar Quick Win" policy framework established in 2016 is a pilot
scheme to support roof-top PV for self-consumption. More details about the past and
current political framework are presented in chapter 3.
The simulations conducted during this project showed that almost all passive and active
measures reduce the energy demand for building services (mainly lighting, cooling, and
ventilation). Many of the analyzed measures have relatively short payback periods of
less than six years and are economically feasible. For the analysis of the effects of active
and passive measures, a standard single-family row-house design from the National
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Housing Authority (NHA) of Thailand was implemented in EnergyPlus and different
measures were tested. The measures are:








Building envelope insulation
Natural ventilation
Double glazing windows and vertical fins
Open-air area/ aerated volume
Green roof and green façade
LED lighting
Energy efficient air conditioning

The simulation results are illustrated in Figure I. It can be seen that in the analyzed
building, double glazing windows lead to the lowest reduction in the energy demand.
The main reason is that all windows are shaded by overhangs and double glazing does
not have a high effect on the reduction of solar heat gains. The biggest effects are
achieved by insulation the building envelope and an energy efficient air conditioning.
Combing all described measures leads to a reduction of the energy demand of 62%
compared to the base case; if the open-air area is considered as well, the reduction is
65%.

Figure I: The comparison of energy consumption of the active and passive strategies,
simulated individually in the base-case building

The economic feasibility is highest for the open-air area, as this concept leads to lower
construction cost and therefore has negative investment costs. Natural ventilation and
vertical fins also have very short payback periods. The green façade has the highest
payback period with over 12 years. The simple payback period of all analyzed measures
is illustrated in Figure II. As the lifetimes of a building as well as of the analyzed
technologies are longer than 12 years, it can be said that all measures are economically
feasible under current market conditions.
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Figure I: The simple payback period comparison of the active and passive strategies for
the base-case building

The usage of plants for e.g. shading the building has additional positive effects. For
shading purposes, fruits and vegetables can be used, which can improve the food
security in Thailand and offer especially for low-income households to enhance their
(economic) situation. In 2007, (van Veenhuizen and Danso, 2007) studied the
profitability and sustainability of urban and peri-urban agriculture. They found that
there is not much data and studies available in that field and this situation did not
change substantially until today. However, (Fraser, 2002) analyzed the effects of two
community garden projects in Bangkok in 2002 and found, that small garden plots can
add up to 20% (2,000 THB/month in 2002) to an average family income at that time
by reducing expenditures for food and earnings from selling their surplus locally. A
study conducted in 2010 and 2011 in several cities in Africa, Latin America and India
came to the conclusion, that urban agriculture can especially improve the economic
situation of low-income and vulnerable households (compare (Prain and Dubbeling,
2011)). However, it is also mentioned that the actual importance is highly depending
on the social group and the income situation; the higher the household income, the
lower the importance of growing (and maybe selling) fruits and vegetables for a
family’s livelihood. Another important factor of greening cities is that plants can reduce
the urban heat island effect by improving the micro-climate around the building
(shading plus evapo-transpiration) and improve the air quality by filtering pollutants
from the ambient air. Thereby, coupling the nexus sectors energy security and food
security offers multiple benefits. Both sectors can also be coupled with the third nexus
sector “water security”. By harvesting rain water and storing it for usage in the dry
season (drought prevention), the usage of groundwater and the amount of runoff
water, which regularly causes floods, can be reduced. The water can be used e.g. for
watering plants on and around the building and for the toilet flush. Besides rainwater
usage, a good wastewater treatment (central or decentral) eliminating all pollutants
from the wastewater is necessary to secure the fresh water supply in the long-term.
Waste water can be treated either centrally or decentral. Decentral treatment offers the
possibility to use the treated water (like rainwater) for watering and toilet flush.
Furthermore, some of the nutrients in the water can be used as fertilizer for plants,
when hygienic standards are met (see chapter 5 for more information). In order to
assure that all nexus sectors are considered in planning a “Nexus plus-energy building”
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(or nearly zero-energy building) it is essential to take all sectors and possibilities into
account from the very first planning step and define clear goals for a building (e.g.
minimize the energy demand by passive measures including greening of the building’s
surrounding in combination with food production, rainwater harvesting and storage for
on-sight usage). This is of major importance for passive options (see chapter 4.3) to
reducing the energy demand (e.g. building orientation, which cannot be changed ex
post), but also for the provision of adequate space for growing plants for shading the
building and installing rainwater tanks.
Besides the already named (additional) benefits of (nearly) zero-/ nexus plus-energy
buildings (reduced urban heat island effect, water and food security, better air quality),
there is another major benefit. The reduction of the energy demand and increased
usage of renewable energy sources reduces the import dependency of the energy
sector of a country and the “energy bills” of the citizens.
Workshops conducted in Bangkok (presentation slides can be found in the annex)
showed that a lot of know-how/ knowledge about energy efficient buildings is already
existing. However, a challenge is the transformation of theoretical knowledge to real
life. On the one hand, existing and long-established structures in companies and public
bodies can hinder the establishment of new planning processes and/ or new goals for
buildings. On the other hand, a clear, consistent and ambitious regulatory frame is
missing in Thailand. For the development of a market for new building concepts like
e.g. nearly zero-energy buildings a clear regulatory framework and planning reliability is
essential. In order to establish (nearly) zero- or plus-energy buildings as the building
concept for a sustainable future development, several binding parameters need to be
defined. This includes e.g. maximum U-values for the building envelope elements,
maximum energy demands for buildings and minimum efficiencies for HVAC
technologies. The named parameters mainly address the nexus sector “energy
security”; if it is desired to improve the food and water security by solutions, which can
be implemented in single buildings, requirements and interactions have to be defined
in building laws/ regulations as well (e.g. increased minimum green, unsealed area
around building for infiltration, rain water tanks with useful floor area dependent
storage volume, minimum grey eater treatment and usage requirements,…).
As an accompanying measure to setting strict regulatory boundaries (including
monitoring, evaluation, control and enforcement possibilities for the government),
efficient support schemes are essential especially in the beginning of the development
of a new market. As long as the design concepts and strategies are not established in
the building sector/ market, there is the risk of increasing prices/ too high costs. The
risk should not be ignored and measures to avoid high prices have to be established as
high prices are mainly a challenge for low- and mid-income households. In order to
realize competitive prices (i.e. comparable to the prices of standard buildings) for new
nearly zero-energy buildings, also other additional incentives are possible. One example
is the possibility to build more useful floor area when the building is a certified “Green
building” in the Bangkok Metropolitan Area (see “Bangkok Comprehensive Plan“, and
associated plans described in chapter 4.5.1).
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1
Introduction

Introduction

The urban population in Asian cities is growing by 44 million people annually. This
rapid urbanization is an enormous challenge for the urban supply-infrastructures
(water, energy, food) and the available land area for buildings and infrastructure.
Therefore, an efficient land, energy and water use is essential for the sustainability of
cities. Energy saving, efficient energy supply and the sustainable design of buildings
(including on-site energy generation and if applicable water treatment and re-use as
well as façade greening combined with food production) is a major possibility to
address the challenges of the future and foster a sustainable urban development in
Asian cities.
The Urban NEXUS traces back to the Bonn 2011 Conference “The Water-Energy-Food
Security Nexus – Solutions for the Green Economy” and fosters the inter-sectoral
planning and management of urban/ metropolitan areas. The Urban NEXUS approach
can support a transition to sustainability by reducing trade-offs and generating
additional benefits that outweigh the transaction costs associated with stronger
integration across sectors (compare (Hoff, 2011)). The approach is focusing on the
system efficiency and not on the efficiency of single/ separated sectors and thereby
increases in overall productivity and resource efficiency. The guiding principles are:




Invest to sustain ecosystem services
Create more with less
Accelerate access, integrate the poorest

A central aspect is the benefit from intact and productive ecosystems. An improved
ecosystem management and targeted investments in natural capital can help to provide
multiple ecosystem services and increase the overall benefits. In many cases, natural
infrastructure (i.e. improved water resources and intact ecosystems), which
complement the built (“hard”) infrastructure, can deliver services more efficiently than
“hard” infrastructure (see (Hoff, 2011)); e.g. green agriculture or a shift towards
integrated “agro-ecosystems” and landscape management can provide additional
benefits like carbon sequestration and resilience to climate risks while improving the
food security. Simultaneously, it is an instrument for poverty reduction. The
sustainable use of resources strengthens the ecosystems services and maintains them as
life support systems. The provision of clean water and energy would immediately
improve health and productivity of the so called “bottom billion”. Furthermore, green
agriculture can generate more rural jobs and increase diversity and resilience of
production systems.
The Urban NEXUS is supported by the UN and therefor the UN definitions for the major
sectors addressed are the basis of the NEXUS activities. According to (Hoff, 2011),
these are:





Water security: Access to safe drinking water and sanitation (became a
human right); in nexus perspective also availability of and access to water for
other human and ecosystem uses is important,
Energy security: “Access to clean, reliable and affordable energy services for
cooking and heating, lighting, communications and productive use” and
“uninterrupted physical availability [of energy] at a price which is affordable,
while respecting environment concerns”,
Food security (FAO): availability and access to sufficient, safe and nutritious
food to meet dietary needs and food preferences for an active and healthy life
(also a human right),
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For all: emphasis on access implies that security is not about average (e.g.
annual) availability of resources, but has to encompass variability and extreme
situations such as droughts or price shocks, and the resilience of the poor.

The aim is to stimulate development through economic incentives, policies,
regulations and investments (Food and Agriculture Organization of the United Nations,
2014). These are mainly the support of innovations to improve the resource use
efficiency, which need investments, and the reduction of economic distortions.
Instruments to achieve the goals are e.g. the pricing of resources and ecosystem
services, the establishment of water markets, introducing tradeable rights, payments
for ecosystem services and the avoidance of “sunk costs”, i.e. investments that lock
development into non-sustainable pathways. Furthermore, the Urban NEXUS addresses
issues of Good Governance, institutions and policy coherence. Regulation and
collective action helps to guide investments and innovations to minimize the negative
externalities of investments and actions and to share the benefits equitably. Horizontal
and vertical policy coherence is a prerequisite for enable a sustainable development of
all addressed sectors. The implementation of the Urban NEXUS need institutional
capacity building, political will, change agents and awareness-raising at all levels.
Capacity building and awareness-raising helps to deal with the increasing
complexity of cross-sectoral approaches.
The present document mainly addresses the energy demand and energy supply for
the housing sector. However the results are transferable to other sectors (e.g.
commercial or administrative buildings) and of cause also to other countries with
similar climate zones. The NEXUS-sectors Water and Food have been taken into
account during the design discussions of developing a zero energy building.. The
document deals with the sustainable design of residential buildings in Southeast Asian
countries (focus Bangkok, Thailand). The main challenge in tropical climates is the
cooling and dehumidification of the room air. In a first step, the climatic conditions
and associated challenges as well as legal and regulatory boundary conditions are
described. In a second step, design options for reducing the energy demand of
buildings are shown taking into account experience from different parts of the world.
The reduction of the energy demand is essential to achieve a net-zero energy balance
or even generate more energy in a building than is needed on-site (plus-energy
building). Besides design options, different efficient technologies for energy generation,
storage and distribution are described technically and economically.
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In the project “Energy efficient buildings as central part of integrated resource
management in Asian cities” the methodology pictured in Figure 1 was developed and
applied. In order to analyze the possibilities of energy efficient buildings ((nearly) zeroenergy buildings) in the NEXUS-context, different boundary conditions were analyzed
first and discussed with different stakeholders. The boundary conditions as well as
(technological) approaches towards (nearly) zero-energy buildings were presented and
discussed in several workshops in Bangkok with different stakeholders. The compiled
background information and findings from the workshops were used to simulate and
optimize a standard building design (row-house design for low- to mid-income
households) and find solutions to make the standard design a (nearly) zero-energy
building. In order to assure the know-how transfer and make information available
beyond the workshops, the findings from the workshops, simulations and desk
research are summarized in the report at hand. Additionally, a technology catalogue
for (nearly) zero-energy buildings in tropical regions was developed.

Introduction

Figure 1: Project overview
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Survey of relevant climatic
conditions

2
Survey of relevant climatic conditions
The analysis of climatic conditions is necessary for determining active and passive
technologies for energy efficient buildings. Thailand is hot and humid. There is not a
huge difference of air temperature throughout the year; however, the climate can be
divided into the following seasons,




Winter: November to February (natural ventilation most suitable in winter
season)
Summer: March to June
Rainy Season: July to October(Tantasavasdia et al., 2001)

Based on weather data for Bangkok taken from the software meteonorm 7 the climatic
conditions are analyzed. The software provides weather data from three weather
stations; Bangkok (13.7°N, 100.6°E), Bangkok/Don Muang (13.9°N, 100.6°E) and
Bangkok TH (13.7°N, 100.5°E). These weather stations show almost the same
measurements for temperature, solar irradiance and relative humidity. The weather
station used in the following is Bangkok (13.7°N, 100.6°E). In order to classify the
average of the period 2000 until 2009, the temperature data is also compared with
older data (1961 – 1990; (World Meteorological Organization (WMO), 2014)) and
actual data for Bangkok (2016/2017) and central Thailand (2015) received from (Thai
Meteorological Department, 2017).

2.1
Temperature
The average ambient air temperature in Bangkok does not show significant seasonal
changes. Temperature data for Bangkok from the years 2000 to 2009 show that the
mean annual temperature is around 29°C. On a monthly basis, the highest measured
temperature of 30.9°C occurs during the hot season in April, while the lowest
temperature occurs during December and January (27.6°C). The average monthly
temperature data for Bangkok is presented in Figure 2.

Figure 2: Average monthly air temperature in Bangkok using Bangkok weather station
data (Based on the period 2000-2009; Source: data from meteonorm 7)

Figure 3 shows the comparison of the average monthly air temperature measured at
the three weather stations in Bangkok available in meteonorm with weather data from
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the Thai Meteorological Department and data from the World Meteorological
Organization (WMO).
The three meteonorm weather stations (bars in Figure 3) are located in different parts
of the city. Their locations are also marked in Figure 5. Since the temperatures shown
in Figure 2 are the average monthly temperatures, the differences in the measured
temperatures for these three locations are not high enough for conducting an analysis
of urban heat island (UHI) effects. Bangkok and Bangkok TH weather stations, which
are situated in the denser part of the city, show higher air temperatures during the
winter season compared with the Bangkok/Don Muang weather station which is
situated near the airport in the northern part of the city. The temperature difference
between Bangkok TH and Don Muang weather stations is 1.5 K in December. During
the summer these weather stations only show slight variations in air temperature and
during the rainy season between July and September the temperature difference is
negligible at these three locations.

Survey of relevant climatic
conditions

From the WMO the mean minimum and maximum temperature in Bangkok in the
period between 1961 and 1990 is taken, from which an average temperature (mean of
minimum and maximum temperature) is calculated (big red line in Figure 3) (World
Meteorological Organization (WMO), 2014). From the Thai Meteorological Department
monthly mean temperature data for central Thailand in the year 2015 (grey line) and
for Bangkok in the period July 2016 until May 2017 (purple line) was received (Thai
Meteorological Department, 2017). It can be seen in Figure 3 that the annual changes
in temperature can be relatively high (up to 3 K in January). Furthermore, the difference
between the mean minimum and maximum changes monthly between 7.6 and 11 K.
Figure 3 also shows that the data taken from meteonorm, the average of the minimum
and maximum temperature of the period 1961 until 1990 and the monthly
temperature between July 2016 and May 2017 are similar. The temperature difference
between the weather station “Bangkok” (orange bar) and the 2016/17 period is only
between -0.7 and +0.2 K (annual mean: -0.2 K). Compared to the period 1961 to
1990, the meteonorm data show slightly higher average monthly temperatures (0.1 –
1.6 K; annual average temperature 0.6 K higher). This is an indicator for global
warming and increasing heat island effects in the Bangkok metropolitan area.
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Figure 3: Comparison of different weather data sets of Bangkok and central Thailand
(long term average, meteonorm, annual data 2015 and 2016/17). Sources: data from
software meteonorm 7, (World Meteorological Organization (WMO), 2014; Thai
Meteorological Department, 2017)

For the simulations conducted in the case study (see chapter 8), hourly weather data is
needed, which is only available from meteonorm. Therefore, and due to the fact that
the differences between the sources is not significant, the weather data analysis in the
following sub-chapters is based on the data received from that software. Based on the
hourly data of the year 2005 taken from meteonorm 7, daily temperature profiles are
examined. As an example, temperature variation during a winter day (1 st January) and a
summer day (1st April) are given in Figure 4. The Temperature differences between day
and night are 7.1 K and 8.8 K respectively.
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Figure 4: Daily temperature profile for Bangkok on 1st January, 2005 andon 1st April,
2005 using Bangkok weather station data (Source: data from meteonorm 7)

Urban heat islands (UHI), the phenomena of higher temperatures in inner, densely
populated urban parts of a city, are also occurring in Bangkok. As a result, the energy
consumption for e.g. air conditioning is higher in inner cities than in suburban or rural
areas. According to (Arifwidodo and Tanaka, 2015) the UHI intensity (UHII) is higher
during the dry season in Bangkok with the highest UHII (ca. 5 K) observed in December
(winter) and during summer (around 2-3 K). In winter and summer the UHI effect is
higher during the night time. It continues to rise after sunset and reaches its maximum
at sunrise at around 6-7 am and after that it starts to decrease. However, during the
rainy season the UHII is the same during night and in the morning. In Figure 5, the
temperature difference between the inner and outer parts of the city is illustrated.
Inner parts (red) have higher air temperatures compared to the suburban areas (blue)
(Sreshthaputra, 2016).
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Figure 5: Presence of Urban heat island in Bangkok city (Source: (Sreshthaputra, 2016)

2.2
Humidity
Humidity in Bangkok is high throughout the year. Data from Bangkok weather station
are illustrated in Figure 6. The mean relative humidity is between 60% and around
76%. During the rainy season the air temperature is lower than during the rest of the
year resulting in the highest relative humidity (September, October).

Figure 6: Relative Humidity for Bangkok (Source: data from meteonorm 7)

During the night time the relative humidity is much higher compared to the day time.
Figure 7 shows the interdependency between relative humidity and temperature during
the rainy season on 1st of October. The temperature during the day is highest (30.2°C)
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at 4 pm; on the other hand relative humidity decreases during the day time to the
lowest value of 49% at 2 pm. Temperature decreases throughout the night time to its
lowest value (24.3°C) at 6 am while the relative humidity increases to its highest value
of 86% at 12 am. Humidity control is an important factor to be considered in buildings
in the tropics. Lowering the temperature in buildings can increase the relative humidity
to a much higher level without the use of humidity control. A high humidity level can
cause problems like mold growth in the building.

Survey of relevant climatic
conditions

Figure 7: Relative humidity and temperature variation for Bangkok on 1stOctober 2015
using Bangkok weather station (Source: data from meteonorm 7)

2.3
Solar radiation
Thailand has a high global irradiation throughout the year. Variations in the solar
irradiation are an important factor to be considered while designing strategies like
orientation or shading for energy efficient buildings. Figure 8 shows the mean global
horizontal irradiation data for Bangkok, measured from 1991 to 2010. Solar irradiation
is lowest in the rainy season and highest in April (243 W/m2).

Figure 8: Mean global horizontal solar irradiation for Bangkok using Bangkok weather
station data (Based on 1991-2010 period; Source: data from meteonorm 7)
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On a daily basis, global horizontal irradiation in Bangkok peaks at around noon. As an
example, Figure 9 shows the daily profile of the global horizontal irradiation on 1st of
January 2005. Sun rises at 7 am, after that solar irradiation increases and the peak is at
12 pm (597 W/m2). After 12 pm irradiation starts to decrease and sun sets at 6 pm.
Due to the high solar radiation throughout the year there is a high potential for using
solar energy, both for providing hot tap water (solar thermal) and electricity generation
by PV.

Figure 9: Global horizontal solar irradiation for Bangkok on 1stJanuary 2015 using
Bangkok weather station data (Source: data from meteonorm 7)

2.4
Wind and rainfall
The wind direction is determined by the monsoon system in Thailand. In Bangkok, the
main wind direction in winter time (November and December) is North-Northeast (NNE)
and North (N) and it is associated with low rain falls. The wind direction starts changing
from January. During summer and rainy season, the main wind direction is South (S)
and South-Southwest (SSW) which brings warm and humid air from the Indian Ocean.
For wind speed the three weather stations showed different results. Bangkok/Don
Muang which is located near the airport shows relatively high wind velocities with an
annual mean of 2.7 m/s. The other two weather stations are located more in the inner
part of the city. One of them is located close to Chao Phraya River (Bangkok TH). It
shows an intermediate wind profile and an annual mean wind speed of 2.3 m/s. The
other weather station (Bangkok) shows the lowest wind speed with an annual mean of
1.2 m/s. Bangkok weather station has relatively higher concentration of skyscrapers in
its neighborhood compared to Bangkok TH weather station, while no skyscraper is
present near Don Muang weather station.
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Figure 10: Monthly mean wind speed at the three weather stations in Bangkok (Source:
data from meteonorm 7)

Among the three weather stations only Bangkok weather station provides precipitation
data, which is shown in Figure 11. The monthly precipitation is lowest during the
North-east monsoon time between November and February and highest between May
and October. Precipitations for September and October are highest with 258 mm and
261 mm respectively.

Figure 11: Precipitation for Bangkok using Bangkok weather station data (Source: data
from meteonorm 7)

2.5
Summary climate conditions
The weather in Bangkok is dominated by a tropical monsoon climate which means
there are three main seasons: hot season from March to June, rainy season from May
to October and cooler season between November and February. The mean annual
temperature is around 29°C, with the highest measured temperature of 30.9°C during
the hot season in April and the lowest temperature during December and January
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(27.6°C). Bangkok weather may not be the warmest in the world every day but,
overall, it is unrelenting simply because it doesn't cool significantly at night.
High humidity all around the year is a large contributor to the individual feeling of high
temperatures. The amount of new constructed building mass in the city of Bangkok is
also factor for higher temperatures measured in the city through the last years. This
leads to even higher temperatures in the inner part of the city due to the so called
urban heat island (UHI) effect. Due to the high temperatures, cooling buildings and
reducing the cooling demand is a major challenge for the design of (nearly) zeroenergy buildings. Besides the high temperature, the high relative humidity is
challenging in air-conditioned buildings. The reason is that reducing the temperature of
the ambient air when it enters a building and cold cooling areas can lead to water
condensation if the supply air is not dehumidified. As a result, the risk of mold grow is
increasing.
An option for reducing the cooling energy demand in buildings is night ventilation as
colder ambient air temperatures can be used for cooling down buildings. This is
possible mainly during winter months in Bangkok. However, the inner city is densely
covered with buildings including many skyscrapers, which shield the wind. Therefore,
natural ventilation in the densely populated part of the city is difficult or even
impossible to realize. Nevertheless, in the suburban areas of Bangkok and other big
cities, night ventilation is an option for achieving high thermal comfort without
mechanical cooling during several months of the year even in tropical regions.
The main reason for the high temperatures is the high solar irradiation in Bangkok. The
high solar radiation is a challenge and a chance. The challenge on the one hand is to
minimize solar heat gains in buildings by different shading measures. The chance on
the other hand is the high potential to generate electricity with PV panels and/ or
supply hot tap water.
In order to be able to build (nearly) zero-energy buildings in Thailand, taking into
account the major climatic challenges, but also the chances to use the natural
environment for reducing the energy demand and/ or supply energy is highly
important. Possibilities for reducing heat gains, using environmental heat sinks and
sources and thereby realizing such a building in Thailand will be discussed in chapter 4.
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Regulatory and technical
specifications for decentral feedin

3.1
General framework
The Electricity Generation Authority of Thailand (EGAT) is the main vertically integrated
body in electricity generation and transmission. EGAT has many power generation
plants and it also purchases power form Independent Power Producers (IPPs), Small
Power Producers (SPPs) and imports power from other countries. Customers with
higher energy demand can purchase electricity directly from EGAT, while smaller
residential and commercial customers purchase electricity from the Metropolitan
Electricity Authority (MEA) or the Provincial Electricity Authority (PEA). MEA purchases
electricity from EGAT and Very Small Power Producers (VSPPs) and supplies electricity to
Bangkok and also to the two densely populated provinces Nonthaburi and Samut
Prakarn (International Energy Agency (IEA)).
Electricity blackouts are not a common issue/ problem in Thailand. Smart grid
technologies like ‘wide area monitoring systems’ (WAMS) are being used by EGAT to
monitor and mitigate power system oscillations in order to avoid blackouts in the
power system.
In order to ensure security of supply in the future, Thailand is focusing on various
options for power generation, which includes for example the increase in the share of
coal and the development of renewable energy resources etc. Thailand already has
plans and future targets in place, namely the “Power development Plan 2015” (PDP
2015), which focuses on investment in electricity generation and transmission, the
“Alternative Energy Development Plan” AEDP, which focuses on renewable energy
resources and the “Energy Efficiency Plan (energy intensity targets) and the Gas Plan”,
which covers the development of natural gas resources (see (International Energy
Agency (IEA))).
The electricity demand in Thailand is constantly rising. Thailand is mainly using natural
gas (70%), coal (20%) and hydro (3%) to meet the electricity demand today. In order
to lower the dependency on natural gas and other conventional energy resources,
Thailand has set targets for energy efficiency and energy generation from renewable
energy resources. According to the Alternative Energy Development Plan (AEDP 2012–
2021)), Thailand targets to achieve 25% of final energy demand supplied from
renewable energy resources by 2021 (Tongsopit, 2015).

3.2
Development of Renewable energies – governmental support
The development of renewable energies and energy efficiency is regulated, supervised,
promoted and assisted by the Department of Alternative Energy Development and
Efficiency (DEDE), which is a department within the Ministry of Energy. To support the
renewable energy development, a feed-in tariff (FiT) mechanism was introduced in
Thailand. Premium-price feed-in tariffs (also called adder measures program)
mechanism was implemented in 2007. The adder program consists of a normal tariff,
which is normally the avoided cost of purchasing power from the utility, and a
premium that is paid on top of the normal tariff. For solar power projects, 8 THB/kWh
is paid on top of the avoided cost of purchasing electricity from the utility. The adder
program is paused since 2010 and a new fixed feed-in tariff scheme was launched in
July 2013 by the Thai government (for details see (Tongsopit, 2015; Chrometzka, 2017;
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Tarragó, 2017)). According to this scheme, a fixed price is paid for 25 years. Under this
scheme, FiT for solar roof top projects is 6.96 THB/kWh for PV-installations with an
installed peak load of less than 10 kW (Tongsopit, 2015). The tariff for small wind
projects (up to 10 MW) is 6.06 THB/kWh (see (Tarragó, 2017). The program expired in
early 2016.
For decentral feed-in of electricity (mainly roof-top PV), several challenges were
identified for the development of this segment in Thailand (Spitzley and Brückmann,
2014). Summarizing the first experiences, the major challenges were the transparency
of application and project selection criteria and processes. Furthermore, technical
prerequisites (available capacities in electricity grid) were no criteria and projects were
selected in a lottery instead of an evaluation process.
The National Energy Policy Council approved regulation No. 2/2556 (B.E. 2556) on 16th
July 2013 (2556). It determined the purchase of power from roof-top PV systems under
a FiT-scheme for 200 MW. The total amount of 200 MW was distributed between two
system types (each type 100 MW), compare (Spitzley and Brückmann, 2014):



Type 1: Residential systems with a capacity of up to 10 kWp
Type 2: Small business building systems with 10 – 250 kWp and medium to big
business building and factory systems with 250 to 1.000 kWp

In the following, only systems of type 1 are discussed more detailed. The FiT of
6.96 THB/kWh for these systems was granted for 25 years. The total amount of 100
MW of type 1 was further distributed between MEA and PEA. The MEA received a total
amount of 40 MW for the whole Bangkok Metropolitan area. The aim was to install
the whole capacity until 31st December 2013 (extended to 31st January 2014) and to
prove a stable commercial operation. A challenge, which was already identified in 2014
by (Spitzley and Brückmann, 2014) and stated in the regulation B.E. 2556, was the
uncertainty of the future of the FiT. It was stated that purchase opportunities will be
announced from time to time in the future, which implies a great uncertainty about the
future application tender rounds and the FiT for roof-top PV installations. This
uncertainty still exists today leading to the fact that almost no PV systems are installed
for feed-in (only self-consumption). It furthermore prevents the development of a PVindustry and associated services (Spitzley and Brückmann, 2014).
The mentioned uncertainties are in contrast to the target of installing 6,000 MW PV
capacity until 2036, as it is defined in the new Alternative Energy Development Plan
2015-2035 (compare (Potisat, 2017)). So far, most PV installations in Thailand are freefield installations (2,761 MW) and roof-top installations only account for 130 MW
(Potisat, 2017), which is less than the target of the first application round for a FiT.
Furthermore, the Thai government is moving away from feed-in tariff schemes towards
the promotion of self-consumption. In mid-2016 the “Rooftop PV Self-consumption
Pilot Scheme” was announced. The application deadline for the first round was on 7 th
October 2016 and systems had to be installed until 31st January 2017; the short-term
target was 100 MW installed PV capacity for self-consumption on buildings but only
38 MW were achieved (Potisat, 2017). The National Reform Council (NRC) suggested
to set a long-term target of 10,000 MW for roof-top solar (Potisat, 2017), of which
50% should be installed on residential buildings (Deutsche Gesellschaft für
Internationale Zusammenarbeit (GIZ) GmbH, 2016).

3.3
Summary
Thailand has high potentials for developing renewable energies. Especially PV can
supply a high share of the electricity demand in the future due to the high solar
irradiance which matches with the cooling load times. Until now, mainly the free-field
PV market developed rapidly in the past, while the roof-top market more or less
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stagnates. The main reason is that there were many uncertainties about the regulatory
framework, future targets and the future focus (feed-in vs. self-consumption).
Currently, there is no law or ordinance regulating the installation of small-scale
residential PV systems, but several programs and campaigns supported by DEDE. Since
2016, the focus is on self-consumption and the programs, which included feed-in
tariffs for small scale PV installations expired in 2016 (solar roof-top campaign; only
installations on community level in rural areas are still supported) without establishing
new, comparable programs. This has impacts for the development of (nearly) zero- or
plus-energy buildings. Realizing plus-energy buildings is usually only economically
feasible when the electricity grid can be used as a kind of a “long-term storage” for
electricity and the surplus-energy can be fed into the grid and sold. This is still not
possible/ difficult, which implies that the focus in the context of highly energy efficient
buildings with a high share of renewables for meeting the energy demand of a building
should be on (nearly) zero-energy buildings and not on realizing plus-energy buildings
under the current market and regulatory framework. Additionally, depending on the
connection of the PV panels with the electricity system, power limitations can limit the
installed capacity of the PV system. When the system is only connected to one phase
the maximum installed capacity is 5 kWp (more can be installed, when the PV system is
connected to more than one phase; power limitations see (Potisat, 2017)).
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4
Assessment of building-relevant framework conditions
and energy related designs
This chapter describes the energy related components of a building and focusses on
the building envelope and HVAC components. A detailed overview of available
materials, designs and technologies can be found in the technology catalogue for
nearly zero-energy buildings in Thailand, which was developed in this project (Annex
5).

4.1
Defining a nearly zero-energy building
The definition of a nearly zero-energy building defined on a European level is applied as
no information, policy or standard is found in Thailand that defines a nearly zeroenergy building. The central directive for the energy efficiency of buildings on European
level is the Energy Performance in Buildings Directive (EBPD), which was introduced in
2002. In the last revision in 2010, the term “Nearly Zero-Energy Building” was
introduced.
Nearly zero-energy buildings are defined in Article 2-2 of the Directive as,
“a building that has a very high energy performance, as determined in
accordance with Annex I. The nearly zero or very low amount of energy
required should be covered to a very significant extent by energy from
renewable sources, including energy from renewable sources produced on-site
or nearby;” (European Parliament and the Council, 2010).
The EPBD does not provide specific details regarding the following questions for a
nearly ZEB and leaves a lot of space for interpretation:



How much annual energy savings should such high performance building
have?
How much energy demand of such a building should be covered using
renewable energy sources (RES)? And what is the maximum amount of energy
that should be imported from the grid in a month?

It is important to answer the questions above in order to analyse and define a nearly
zero-energy building in the context of this study. Therefore, the following assumptions
are made in order to answer the above questions:
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The high performance building design should have at least 50% annual energy
savings compared with a building that does not have energy efficient active
and passive strategies incorporated in its design.
At least 80% of the remaining primary energy demand should be met by onsite RES and a nearly zero-energy should import a maximum of 1 kWh/m2
(electrical) energy from the grid on a monthly basis.
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4.2.1.1 Insulation materials
Based on the physical form, the following common insulation materials can be
distinguished ((Sadineni et al., 2011),








Mineral fiber blankets, for example fiberglass and rock wool. Fiberglass can be
used for insulating almost all building elements. Rock wool has good insulation
properties and can also act as fire resistant.
Loose-fill products (fiberglass and rock wool)
Poured-in, or mixed with concrete (cellulose, perlite and vermiculite)
Foams (polyurethane, extruded polystyrene (XPS), polyisocynaurate and
polyicynene foam)
Boards (perlite and vermiculite)
Insulated concrete blocks
Reflective materials (aluminum foil, ceramic coatings)

Further insulation types are:


Vacuum insulation panels: high performance thermal insulation materials
consisting of evacuated foil-encapsulated porous material; low thermal
conductivity of around 0.003 W/(m*K) at 50 mbar and 0.02 W/(m*K) at
ambient pressure in dry condition (Sadineni et al., 2011).



Structurally insulated panels (SIPs):insulation material sandwiched between two
structural boards; pre-fabricated composite building elements and can be used
as walls, floors and roofs; easy and fast installation; most common are
prefabricated Polystyrene foam and polyurethane (Sadineni et al., 2011).

Table 1 lists several common insulation materials and their thermal conductivity λ.
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Table 1: Comparison of thermal conductivity of different insulation materials;Source: (Bürger et
al., 2016)

Material

Thermal Conductivity [W/(m*K)]
From

to

Aerogel

0.012

0.016

Cotton

0.039

0.041

Expanded glass

0.06

0.07

Fiberglass

Approx. 0.035

Blowing clay

0.08

0.16

Calostat12

0.019

0.019

Flax

0.04

0.045

Hemp

0.065

0.07

Wood fiber

0.04

0.05

Wood wool

0.065

0.15

Calcium silicate

0.06

0.08

Coconut fiber

0.045

0.05

Perlite

0.04

0.055

Polyethylene foam

0.035

0.05

Expanded Polystyrene (EPS)

0.045

0.06

Extruded Polystyrene (XPS)

0.03

0.04

Polyurethane (PUR)

0.02

0.04

Sheep wool

0.04

0.045

Foam glass

0.04

0.05

Reed

0.045

0.065

Vacuum insulation materials

0.002

0.008

Vermiculite

0.069

0.071

Cellulose

0.04

0.045

4.2.1.2 External wall
The external wall is the dominant part of the building envelope. The thermal resistance
(R-value) of external walls is of significant importance for energy efficient building
envelopes as it highly affects the energy consumption of the whole building, especially
in buildings with a high wall to envelop ratio (Sadineni et al., 2011). Based on the
materials used for construction, walls can be classified as masonry, wooden and metal
walls. Furthermore some advanced wall technologies are discussed below (Sadineni et
al., 2011).
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Light weight concrete (LWC) walls:
Lightweight concrete (LWC) has a density of the concrete below 2,000 kg/m3. For
improving the thermal resistance of LWC it can be mixed with light weight aggregates.
Autoclaved aerated concrete is produced by mixing aluminum powder in the LWC. It
has a high thermal resistance (Sadineni et al., 2011).
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Ventilated or double skin walls:
These walls have an air gap between two masonry layers of the wall. These walls are
used mostly for passive cooling in the building. According to the results of the
mathematical model developed by (Ciampi et al., 2003) it was found that the
performance of ventilated wall improves as the air gap width is increased up to 0.15 m.
For higher widths no significant improvement was observed. It was concluded that
carefully designed ventilated walls can save around 40% of cooling energy in the
summer (for the reference summer climatic conditions; outdoor temperature: 28°C,
indoor temperature: 24°C and solar radiation: 400 W/m2) (Ciampi et al., 2003; Sadineni
et al., 2011).
Walls with latent heat storage:
This kind of wall technology has phase change material (PCM) impregnated in the light
weight wall structure (commonly gypsum or concrete). The thermal heat storage
capacity of the wall depends on the percentage by weight of the PCM material
impregnated in the wall (Sadineni et al., 2011). According to the experimental results
of (Kuznik and Virgone, 2009) the use of PCM wall boards in the building envelop
reduces the room temperature by 4.2 K.
Wall insulation:
(Sreshthaputra, 2003) recommended that exterior walls with a high thermal resistance
(R-value) should be used in Thailand. Fiberglass and Styrofoam are examples of such
insulation materials. Fiberglass insulation should be placed at the inner side of the wall
in order to prevent moisture problems. If Styrofoam insulation is used, it should be
placed at the exterior side of the wall. The thickness of the wall insulation depends on
whether external walls are shaded or not. External walls are exposed to solar radiation
at high irradiation angle. Using highly insulated exterior walls might not be as
technically and cost effective as a perfectly insulated roof (Sreshthaputra, 2003).
Thermally insulated exterior walls increase the potential of surface condensation on the
wall, especially when the relative humidity is higher than 80% and provided convective
and radiative coefficients of the exterior wall are smaller. This is more severe in the
winter and can result in microbial growth on the wall (Sadineni et al., 2011).
Different thicknesses of the additional insulation (fiberglass insulation (widespread
material in Thailand), λ = 0.035 W/(m*K)) of the walls was simulated in EnergyPlus and
compared (1…10 cm) in order to identify an optimal thickness of the insulation for
tropical climates. The results show that increasing the thickness of insulation leads to a
decrease of the annual energy demand compared with the base case. However, the
additional savings for each cm of insulation added is decreasing (see Figure 12). As an
optimal thickness for wall insulation (also taking economic parameters into account)
7 cm was identified. Besides the thickness also the position of the insulation (interior or
exterior side of the wall) was assessed. The simulation showed that an installation on
the exterior leads to slightly higher energy savings.
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Figure 12: Annual energy savings of different thicknesses of fiberglass insulation

4.2.1.3 Roof
A high share of solar heat gains in buildings are received through the roof. In tropical
climates, passive cooling designs that are being used to improve the performance of
the roof include compact cellular roof layout, domed or vaulted roofs, naturally
ventilated roofs and high roofs (Sadineni et al., 2011). These technologies and designs
are discussed in detail below. Based on the design, type of construction material and
used technologies roofs can be classified into the following categories.
Masonry roofs:
Masonry roofs use concrete as a construction material. These roof types are more
common in South Asia and the Middle East. A problem occurring with concrete is that
it absorbs a large amount of heat from the outside environment. As a result the roof
temperature increases and therefore also the indoor temperature increases during the
day. During the night time, heat absorbed in the concrete is still released to the inside
of the buildings and the environment, which increases the heat gains in the building.
Compound roof structures such as thermal insulation and radiation reflectors on the
outside roof area can help to lower the heat gain during the day (Sadineni et al.,
2011).Compound roof systems, in which anti-solar coating and thermal insulation were
added to the concrete roof, gave good results in a study done in Pakistan (Ahmad,
2010). The overall heat transfer coefficient of the roof was reduced from 3.3 W/(m2K)
to 0.54 W/(m2K). The roof heat gain was reduced by 45 kWh per day in summer for a
208 m2 roof area.
Lightweight roofs:
Lightweight aluminum standing seam roofing systems (LASRS) (common in commercial
buildings) like the masonry roof also have bad thermal characteristics. Thermal
insulation and light colored coating can improve the thermal performance of such
roofs. It was found in a study conducted by (Han et al., 2009, 2009) that the use of
light colored surfaces white, off-white, brown, and green resulted in reductions of
9.3%, 8.8%, 2.5% and 1.3% in the cooling load compared to black coated surfaces of
LASRS. It was also found that the combined use of insulation polyurethane and white
coated outer roof surface saved 53.8% of the peak cooling load compared to a dark
coated outer roof surface used with wool as insulation material (roof area 51 m x
41 m) (Han et al., 2009; Sadineni et al., 2011).
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Ventilated roofs:
Ventilated roofs which enable an air flow through a duct between the two slabs also
saves on the cooling load during hot summers. Air flow can either be natural or passive
(stack effect) or active (fan induced ventilation). Ventilated roof systems can save 30%
of energy during summer in Italy compared to non-ventilated roof systems (Ciampi et
al., 2005).

Assessment of building-relevant
framework conditions and energy
related designs

Vaulted and Domed roofs:
Vernacular architecture, which is common in Middle East and used to be common in
Thailand, commonly has vaulted or domed roofs. (Tang et al., 2006) developed a finite
element model for vaulted roofs and flat roofs. It was confirmed that, for a nonconditioned building, during the day time indoor temperature in buildings with a
vaulted roof is lower compared with flat roofs. Vaulted roofs release more energy
during the night time by natural convection and thermal radiation compared with flat
roofs. The half rim angle for these roof systems should be between 50° and 60°.
Results also showed that such roofs are more suitable for buildings in hot dry regions
than for buildings in hot and humid regions. This is due to the distinct feature of high
variation in the air temperature during the daily cycle in hot dry regions. Air
temperature during the night is much lower, which facilitates the faster heat
dissipation into the outside environment from a vaulted roof during the night time in
hot and dry regions. In hot and humid regions, during the nighttime temperature does
not decrease much. As a result, heat dissipates from vaulted roofs increases the heat
inside the building (Tang et al., 2006; Sadineni et al., 2011).
Solar-reflective roofs:
These roofs have a high solar reflectance and a high infrared emittance. High solar
reflectance (SR) and high infrared emittance can lower the roof surface temperature.
Solar reflective coatings (e.g. aluminum coating) can raise the SR value to more than
0.6. In order to understand the relation of solar reflective roofs with energy saving a
study was conducted by (Akbari et al., 2005). Highly reflective white coating or white
PVC single-ply were added to the roof for six different commercial buildings situated in
different climatic locations in California. Results of the study concluded that energy
savings can be achieved. For these single-story buildings, cooling energy demand
savings of about 5 – 40% and peak load savings of about 5 – 10% were achieved
(Akbari et al., 2005; Sadineni et al., 2011).
Thermal roof insulation systems:
In order to lower the high heat gain or heat loss through the roof, thermal insulation
roof systems are used. Thermal insulation when used with a reflective surface can also
be termed as radiant-transmittive barrier; it can also reflect infrared radiation. Common
roof insulations in Middle-East and Asia are polystyrene, fiberglass, rock wool or
mineral wool.
(Alvarado et al., 2009) conducted an experimental study in a laboratory setting, to
understand the effects of passive cooling systems on concrete roofs (see Figure 13). To
select the best combination of insulation layer and reflector polystyrene, polyurethane,
polyethylene and an air gap were used as thermal insulation layers and aluminum
1100-H14 and galvanized steel were used as radiation reflectors. The combination of
aluminum 1100 and polyurethane insulator on a concrete roof reduces the heat flux by
up to 88%. The results showed that aluminum is a better reflectance material
compared with galvanized steel.

Fraunhofer ISE

The Urban Nexus II

31 | 432

Assessment of building-relevant
framework conditions and energy
related designs

Figure 13: Roof insulation system in combination with a reflector on a concrete roof
(Source: (Alvarado et al., 2009)

The thermal performance of an insulated roof was analyzed in the tropical climate of
Sri Lanka (see (Halwatura and Jayasinghe, 2008)). The building used for the test was
occupied. Expanded cellular polyethylene with different thicknesses was used. Results
showed that a soffit temperature reduction of 10 K is possible with the insulated roof
compared to a non-insulated roof. The details of the insulated roof system are shown
in Figure 14. Common and innovative insulation materials are presented in chapter
4.2.1.1.

Figure 14: Thermal roof insulation system (Source: (Halwatura and Jayasinghe, 2008)

Like for the external wall, several thicknesses for roof/ top-floor ceiling insulation
(fiberglass) were simulated with EnergyPlus and analyzed in order to find a reasonable
(in terms of energy savings and economic feasibility). The results show that – like for
external walls – a thickness of 7 cm leads to a good relation between energy savings
and investment costs.
4.2.2
Transparent building envelope, windows
Windows serve various purposes such as providing natural light, heat and air from
outside to the building. In hot, tropical climates heat gains inside the room through the
window should be minimized throughout the year without having too high losses in
natural light. Due to the high temperatures in tropical climates, the surface
temperature of windows can be very high leading to temperature asymmetries in the
building and discomfort. The main reason is the high U-values leading to a higher
thermal conduction and heat gains through windows than through other envelope
areas such as walls or roofs.
In hot climates it is desirable to have a window with a low solar heat gain coefficient
(SHGC), U-value, glass temperature and room heat gain. An effort to have lower SHGC
also reduces visible transmittance (VT, fraction of visible light transmitted). Since higher
VT is desirable for maximizing the use of daylight, a right balance between SHGC and
32 | 432

Fraunhofer ISE

The Urban Nexus II

VT should be achieved. Modern window technologies focus on having spectrally
selective glazing, which provides better visible transmittance with a lower SHGC. Stateof-the-art window technologies are discussed below. The most important properties of
different single-glazed window types are compared in Table 2 and of double-glazed
windows in Table 3.
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4.2.2.1 Single Glazing
Single glazed windows are used in the majority of residential houses in hot regions of
the world including Thailand. Different technologies of single glazed windows include
tinted glazing, reflective glazing, low-emissivity glazing, smart windows and
photovoltaic glazing. Table 2 compares visible transmittance, glass temperature and
room temperature gain for some of the above mentioned technologies (1 m x 1 m
glass pane incorporated in all cases) (compare (Chow et al., 2006; Chow et al., 2007;
Chow et al., 2009; Chow et al., 2010)). The thickness of all single-pane vertical
windows used is 5.7 mm except PV laminated glass, which has a thickness of
10.55 mm. All results are obtained for cooling demand climate conditions (sunny and
hot conditions) (Chow et al., 2010).
Tinted Glazing:
Windows with tinted glazing have a higher absorption of solar radiation compared to
clear glass. Absorbed solar radiation is transformed into heat within the tinted glass
initially and it has a higher glass temperature compared to clear glass. Higher values of
glass temperature create uncomfortable conditions within a distance of around 1 m
from the window. Another problem is that the reduction in visible transmittance which
is higher than the reduction in SHGC in the case of tinted glass (Chow et al., 2010).
Reflective glazing:
Reflective coatings like metal oxide coating can be added to the glass to enhance the
reflectivity of the solar radiation. Application of reflective coating on tinted or clear
glass results in better values for room heat gain and SHGC. A major issue with this kind
of coating is the very low value of VT (see (Chow et al., 2010)).
Low-emissivity glazing:
With low-emissivity (low-e) glazing, low emissivity over the long wavelength of the light
spectrum can be achieved. Low-e glazing gives good results for U-value and SHGC but
higher glass temperatures. If low e-coating is at the outer surface, the glass
temperature can be reduced but it will increase the room heat gain (Chow et al.,
2010).
Chromogenic Windows:
Chromogenic windows use chromogenic technologies like electrochromic (respond to
electric voltage), thermogenic (respond to temperature), photochromic (respond to UV)
and gas-chromic (respond to gas). These windows work with a variable tint, based on
the outside temperature and brightness, and focus on selective spectral glazing.
Windows with electrochromic coating (most mature chromic technology) uses a low
switching voltage (0 – 10 V) and switches color from almost clear to fully colored state.
During the switching action the upper and lower limits of VT are within 0.5 – 0.7 and
0.02 – 0.25 for electrochromic technology. SHGC changes between 0.1 and 0.5. Major
challenges of the windows in the market include long switching times, insufficient
color rendering, reliability and high investment cost (Chow et al., 2010).

Fraunhofer ISE

The Urban Nexus II

33 | 432

Assessment of building-relevant
framework conditions and energy
related designs

Table 2: Energy performance at the centre of the glass for various single glazed window
technologies, under steady-state summer conditions: Solar irradiance = 1000 W/m2;
Angle of incidence = 60°; Ambient Temperature = 33°C; Room Temperature = 25°C; heat
transfer
coefficient
outside
=
22.7 W/(m2*K);
heat
transfer
coefficient
2
inside = 8.29 W/(m *K) (Source: Modified from (Chow et al., 2010).

Glass type

VT1

U-value

SHGC2

Glass
temp
[°C]

Room heat
gain [W/m2]

[W/(m²K)]

Clear glass

0.888

6.010

0.777

34.0

465

Tinted glass

0.534

6.017

0.524

40.6

361

Reflective coating on
clear glass

0.311

6.023

0.348

35.4

256

Reflective coating on
tinted glass

0.122

6.020

0.293

37.0

223

Low-e3 coating on clear 0.792
glass

2.406

0.467

40.1

241

Low-e coating on
tinted glass

0.506

2.406

0.423

46.6

189

Low-e & reflective
coating on clear glass

0.305

2.423

0.341

48.4

134

PV laminated glass

0.106

5.701

0.280

43.5

213

1

VT: Visible transmittance, 2SHGC: Solar heat gain coefficient, 3Low-e: Low-emissivity

4.2.2.2 Double glazing
In order to have windows with a high energy performance, double or triple glazing
techniques are used. Performance results of various double glazing windows are given
in Table 3. These reference results used double glazed windows with a thickness of
5.7 mm (10.55 mm in case of PV laminated) and a cavity space of 12.7 mm (0.12 mm
for vacuum) (Chow et al., 2010). Insulation in case of double glazing is increased by
adding an additional glass pane and a cavity space between the two panes. Air, gas or
vacuum filled double glazing is commonly used, which have comparably low U-values
and SHGC. Room temperature gains and inner glass temperature are also much lower
compared to single glazed windows.
Multiple glazing windows also act as a moisture barrier and limit the water
condensation inside the room. Keeping the gas or maintaining the vacuum inside the
cavity between two glass panes for a longer period is a design challenge for these
windows. Therefore, the most widespread designs use ambient air for filling the cavity
space.
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Table 3: Energy performance at center of glass for double glazing technologies under
steady-state summer conditions: Solar irradiance = 1000 W/m2; Angle of incidence = 60°;
Ambient Temperature = 33°C; Room Temperature = 25°C; heat transfer coefficient
outside = 22.7 W/(m2*K); heat transfer coefficient inside = 8.29 W/(m2*K) (Source:
Modified from (Chow et al., 2010).

Glass type

VT1

U-value
[W/(m²K)]

SHGC2 Outer
Inner
Room heat
glass temp glass
gain
[°C]
temp [°C] [W/m2]

Clear+Air+Clear

0.793

3.035

0.596

37.1

34.9

380

Tinted+Air+Clear 0.476

3.037

0.388

44.7

36.0

256

Reflective
on 0.286
clear+Air+Clear

3.038

0.273

38.1

32.5

187

Reflective
on 0.110
tinted+Air+Clear

3.038

0.216

40.0

32.7

153

Low-e3
on 0.706
clear+Air+Clear

1.625

0.303

41.7

30.8

194

Low-e
on 0.450
tinted+Air+Clear

1.636

0.209

48.8

30.5

138

Low-e
& 0.274
reflective
on
clear+Air+Clear

1.625

0.121

50.6

29.7

85

PV
laminated 0.095
glass+Air+Clear

2.700

0.177

47.3

35.2

127

Clear+Argon+Cl
ear

0.793

2.883

0.598

37.1

34.9

380

Low-e
on 0.629
clear+Argon+Lo
w-e on clear

0.912

0.283

42.1

32.6

176

Low-e
on 0.629
clear+Vacuum+L
ow-e on clear

0.806

0.222

42.8

31.8

139

1
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VT: Visible transmittance, 2SHGC: Solar heat gain coefficient, 3Low-e: Low-emissivity
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4.2.3
Protection against overheating
The protection against overheating is of major importance in hot climate regions.
Furthermore, the orientation and share of transparent building envelope elements has
a high influence on the thermal conditions and overheating in the building, but also on
the possibilities to avoid too high solar heat gains. Overheating is highly depending on
the building design (see chapter 4.3), but also on strategies and technologies for
cooling, ventilation and shading.
Solar heat gains can be minimized by several design strategies. It is of major
importance to avoid direct irradiation to transparent envelope elements by adapting
the orientation of the building itself, but also the position of windows in the building/
façade to the local sun position during the day and throughout the year. Furthermore,
an adequate insulation of the building envelope is of major importance for avoiding
too high heat gains (especially roofs and/ or top-story ceiling).
If the possibilities for adapting are limited, active and passive shading systems are
necessary to reduce the irradiation especially during the hottest hours of the day.
Possibilities are overhangs, sun blinds or special window types, which have a lower
transmittance than standard windows, or which transmittance can be adjusted to the
current irradiation. Another possibility is the use of plants to minimize direct solar
irradiation to the transparent, but also opaque building elements. Possibilities are e.g.
trees around the building. If the space is limited, climbing plants can be used for
shading, either directly at the wall or by using a climbing frame in a distance to the
walls and windows, at which the plants can climb up (see also chapter 6). An
advantage of using such systems is that plants are cooling down the air around them
by evapo-transpiration through/ in their leaves, which leads to an overall colder microclimate close to the building.
In addition to strategies and technologies, which are reducing the solar gains during
the day, active and passive night ventilation concepts can help to reduce temperatures
during the night and thereby overheating and cooling demand. The idea behind these
strategies is that the colder air during the night is used to cool down the whole
building structure as much as possible (but still comfortable). During the day, the
building is then storing heat gains inside the structure, which leads to lower air
temperatures inside the building.

4.3
Building design concepts and building systems
The design of a building affects the sources of energy the building can use to provide
the required comfort and needs of its occupants. It furthermore influences the
undesired heat gains of the building. Climate appropriate passive building design
focuses on using natural energy sources with low or no auxiliary energy to meet the
energy demand of the building. Most of the currently available information on passive
building design is applicable for moderate climates. This information is not always
suitable for a passive building in the tropics. This section will discuss the guidelines for a
passive building design in the tropical climate.
4.3.1
Traditional design concepts
Traditional Thai houses were built according to the vernacular architecture which uses
wooden construction materials like wooden pillars and timber frames. Traditional Thai
houses were built in a way that it uses prevailing wind for natural ventilation. It has an
elevated floor from the ground, steep roofs, overhangs and terraces. Elevated floors in
the traditional houses provide protection against flooding and also allow wind breezes
to pass through under the floor and through the living space. Steep pitched roofs
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provide rain protection and large overhangs provide shading against solar radiation.
These traditional designs also have thermal stratification with the air temperature in the
lower parts of the house being lower than in upper parts (Tantasavasdia et al., 2001).
4.3.2
Passive building design
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Modern houses in Thailand are based on air conditioning (AC) systems to keep the
inside temperature comfortable. Almost 90% of urban houses have ACs in the indoor
areas. ACs are mainly used in the summer while in winter people normally tend to
open the windows for natural ventilation. Passive cooling designs are not common in
modern buildings in Thailand and most of the houses do not have overhangs and other
passive designs for shading. Building materials used for construction have high thermal
masses and are mainly the same as in Europe. With rising electricity prices and a need
to lower the carbon footprint of buildings, passive building designs appropriate for the
Thai climate should be developed (Tantasavasdia et al., 2001).
To cover the cooling demand for the whole year; Thai houses need two types of
cooling systems, which are AC and passive systems. In (Tantasavasdia et al., 2001) a
prototype developed for Thailand is described, which has a compact shape to reduce
the heat gains in the air conditioned building, while buildings based on natural
ventilation should ideally have a large envelope and irregular shape. (Tantasavasdia et
al., 2001) suggested that since passive cooling systems can only meet the comfort level
for four months in a year (during winter), the prototype was designed to optimize the
air conditioning in the building. The resulting design has a compact shape to reduce
the heat gains and wider windows to enhance natural ventilation. (Tantasavasdia et al.,
2001) suggested that building design should use traditional technologies from the
vernacular architecture. Ground floor should be open, large overhangs should be used
to provide shading. The CFD analysis conducted by (Tantasavasdia et al., 2001) for a
building in Bangkok’s suburbs showed that the air velocity at the first/ ground floor is
higher compared to higher floors. The first floor should be used as a living room, which
needs more ventilation and the second floor should be used for sleeping (Tantasavasdia
et al., 2001).
Passive building design works with the surrounding environment and makes full use of
natural breezes and sun to meet cooling or heating demands. In tropical climates
passive buildings should focus on shading, natural ventilation and appropriate building
materials to make use of the cool breeze at night and sun light (Cairns Regional
Council, 2011). Furthermore, appropriate building insulation is essential. Simulation
results of (Florides et al., 2002) showed that the annual saving in the cooling load are
approximately 24% in a perfectly insulated house (50 mm thick insulation layer applied
to the roof and the wall) with low-e double glazing windows (196 m2 area of the
model house).
Window sizes and ventilation:
Increasing the air velocity inside the building can help to achieve lower temperatures
inside naturally ventilated buildings. The use of low absorption coatings for roof,
shading devices at the exterior of the building and nighttime-only ventilation are
helpful for improving the overall internal thermal condition of the building (Liping and
Hien, 2007). As suggested by (Sreshthaputra, 2003) nighttime-only ventilation is
recommended in Thailand. Windows should be opened between 7 pm and 6 am,
during which the outdoor air is cooler. Cooler air absorbs the internal heat in the
building in nighttime-only ventilation (Sreshthaputra, 2003) and transports the heat out
of the building. (Tantasavasdia et al., 2001) conducted a study to analyze the potential
of naturally ventilated cooling strategies in new building designs in Thailand. They
concluded that it is possible to have a thermal comfort condition in the building using
naturally ventilation strategies during 20% of the year in the suburbs of Bangkok. It
has to be mentioned that wind velocity is higher in the suburban areas of Bangkok,
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while in the denser part of the city wind is blocked by neighboring buildings. Due to
the lower wind speed in these areas natural ventilation is insufficient (Tantasavasdia et
al., 2001). The results of (Sreshthaputra, 2003) showed that the wind normally comes
from the north east or south east direction of the building in Thailand. Windows with a
wider area were recommended in order to have higher airflow rates in the building.
The use of vertical fins (subjected to its acceptance for its negative impact on the
building appearance) with the window further improves the air flow inside the
building. The inlet aperture area should be around 20% of the total floor area to have
adequate natural ventilation to create a sufficient thermal comfort level (Tantasavasdia
et al., 2001; Liping and Hien, 2007).
Infiltration and airtightness:
The movement of air through cracks or leaks in the building envelope into the building
is called infiltration, while the outside movement is called exfiltration. Infiltration affects
the air conditioning, moisture level and temperature inside the building. If infiltrated air
passes over colder areas of building the envelop, water vapor condenses which can
lead to mold growth (Sadineni et al., 2011). Buildings should be sealed to avoid air
leakage and minimize infiltration which can improve the efficiency of the building
(especially concerning cooling and dehumidification) (Sadineni et al., 2011). However, if
no ventilation is available in the building, airtightness can also lead to the deterioration
of the air quality (International Energy Agency (IEA), 2013). Simulation results on a
large number of buildings in different climates show that energy savings from 5 to
40% on heating and cooling is possible by reducing air leakage (Sadineni et al., 2011;
International Energy Agency (IEA), 2013).
Orientation:
In the tropics, buildings should be oriented in such a way that most of the fenestration
does not receive direct sun while a maximum airflow is allowed into the building.
Houses should be staggered in order to reduce the wind blockage by the neighboring
houses. In linear arrangements of houses, low pressure is created at the back end of
the houses. Houses should be staggered according to the prevailing wind direction
(Tantasavasdia et al., 2001). Windows and louvres should be aligned on the opposite
walls to have a better air flow and louvres or vents should be at the highest points of
the building (roofs) from where hot air can leave the building (Cairns Regional Council,
2011). In order to have lower solar heat gains in the houses, the long side of the house
should face north and south in Thailand. If wind is not blowing north-south during the
most months of the year it will create a conflict between the two parameters for
orientation (wind alignment and solar alignment) (Tantasavasdia et al., 2001).
According to (Olgyay, 2015) the width to length ratio of a house in tropical climates
should be 1:1.7 with the longer side facing north and south. For Bangkok the
prevailing wind direction is North-North-Northeast (NNE) and North (N) during winter
and during summer and rainy season the prevailing direction is South (S) and SouthSouthwest (SSW). So there is no conflict between the wind and solar alignment for
Bangkok and this design seems optimal especially in suburban areas. (Tantasavasdia et
al., 2001) also found that for small land lot areas (240 – 250 m2) and house floor areas
of around 160 m2 square shaped buildings are better to have a good natural
ventilation.
Daylighting:
Natural light should be utilized for the lighting needs in a building as much as possible
to reduce the electricity consumption for lighting and associated internal heat gains.
The controlled combination of daylighting and efficient artificial lighting can serve as an
efficient source of lighting in different load conditions (Kristensen, 1994). Windows on
walls or roof are used for daylighting. For an energy efficient design of windows for
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daylighting application in Thailand, (S. Chungloo et al., 2001) modeled and simulated a
20-storey office reference building. The results showed that glazing with high shading
coefficients (SC) and a high visible transmittance (VT) is the best option for reducing
electric lighting. According to (S. Chungloo et al., 2001), the largest savings on electric
lighting are possible with clear glazing, followed by electrochromic (EC), tinted and
reflective glazing. Simulations are done for different window to wall ratios (WWR).
Electric light savings for different glazing types at WWR of 0.4, (S. Chungloo et al.,
2001) are:
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Clear glass (SC=0.95, VT=0.88): 47 – 49%
Tint (SC=0.53, VT=0.25): 44 – 47%

Shading:
In tropical climates the use of shading devices provides a number of benefits like e.g.
lower heat gains, reduced need for cooling appliances, minimal glare problems and
avoiding environment deterioration of windows and doors (e.g. against rain). Shading
is useful for improving thermal comfort inside the building in both ventilated and nonventilated buildings. However, natural daylight coming in the building is also reduced
because of shading (Mirrahimi et al., 2016). Large overhangs in the façade are
traditionally used for shading. (Florides et al., 2002) concluded in their study that with
an increasing overhang length the cooling load decreases and the heating load
increases. Verandahs and large balconies should also be built to provide shade and cool
the incoming air in tropical climates (Cairns Regional Council, 2011).
(Palmero-Marrero and Oliveira, 2010) studied the impact of using louver shading
devices on the building energy consumption for the climatic conditions of Mexico,
Cairo, Lisbon, Madrid and London. They assessed the performance of louver shading
devices and indicated that the thermal comfort can be achieved inside the buildings as
well as energy savings on space cooling. Energy savings are higher for cities with high
solar radiation and outdoor temperatures. (Vechaphutti) simulated the heat gains in a
building through the building envelope in Bangkok. Simulations indicated that glass
areas located at different sides of the building have different heat gains. Glass area
facing northwest contributes most to the heat gains while the glass area facing north
has the lowest heat gains. Trees and other plants can also be used for shading. They
should be located at the east and west side of a house (if possible).
Micro-climate modification:
Micro-climate modification includes the use of plants or vegetables at the roof and
façade, trees and water bodies etc. near the building to lower the ambient temperature
and heat gains. Green roofs have plants or vegetables at the roof area. (Liu and Minor,
2005) concluded that green roofs reduce the heat flow through the roof in a study
done on two buildings in Toronto. During the first year when vegetation was minimal
and light weight growing medium was around 75 to 100 mm. Heat flow through the
roof was reduced by 70 – 90% in summer and 10 – 30% in winter. Another study
conducted in the tropical environment in Singapore found that green roofs have lower
thermal re-radiation effect compared to bare roofs (Wong et al., 2003; Sadineni et al.,
2011).
(Stec et al., 2005) developed a simulation model to study the use of plants in double
skin façades of buildings and found that plants provide more effective shading
compared with blinds. When plants were used the temperature of the double skin
façade was lower than in the case with blinds for shading. Energy consumption for
cooling was reduced (Cooling capacity reduced by around 20%) and the operation
time of the ventilation system was reduced in summer in naturally ventilated buildings
by using plants in the double skin façade (Stec et al., 2005). (Wong et al., 2010)
studied the thermal performance of vertical greenery systems (VGS) for walls. Overall
surface temperature and the fluctuation in the surface temperature of the wall were
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reduced with VGS (surface temperature reduced by 6 – 10 K). A reduction of the
ambient temperature around the VGS was also observed (Stec et al., 2005).
Trees can act as a natural shade for the building and can reduce the heat gains due to
the intense solar radiation in Thailand. In an experimental investigation conducted by
(Papadakis et al., 2001) plants were used for shading a building and it was found that
radiative and thermal loads were lower for the areas shaded with the plants. Cooling
effects due to evapo-transpiration of plants caused lower temperatures on the wall
near the plants. Another study conducted in Bangkok showed that room temperatures
in a building can be reduced by 0.9 K on average (maximum 4.7 K) if it is shaded by
plants (shade from tropical vine) compared to neighboring, unshaded room (Sunakorn
and Yimprayoon, 2011). Trees also absorb water from the ground and reduce the air
temperature (Boonyatikarn, 2004). Water areas like a pool near the building also help
in creating cooler surroundings. Water evaporation from the pool helps to cool down
the temperature in the surrounding area. Since the heat capacity of the water pool is
higher it can help maintain a relatively constant temperature in the winter
(Boonyatikarn, 2004).
Thermal mass:
Thermal mass includes building components like walls, roof and floor which have a
high heat capacity. During the day these materials absorb heat and store it in the form
of thermal energy. The masses release the heat progressively when the outside/
surrounding temperature is lower. This process helps in reducing the peak cooling load,
however it is more effective in office and commercial buildings which are not occupied
during the night time compared to residential buildings (Sadineni et al., 2011).
In tropical climates the temperature difference between day and night is not very high.
So for residential buildings, light weight construction materials are more suitable
according to (Cairns Regional Council, 2011). Materials with a low thermal mass cool
down quickly. Insulation materials should be used with these materials to lower the
heat gains due to solar radiation. If high thermal mass material is used, buildings
should have sufficient shading and insulation (Cairns Regional Council, 2011).

4.4
Building HVAC systems and energy consumption
In Thailand, the major challenges in buildings are the cold supply and dehumidification.
In the following, basic information about central cooling and ventilation technologies
(incl. dehumidification) are provided. More detailed information is available in the
technology catalogue developed in this project.
4.4.1
Cooling and dehumidification
Compression cooling:
There are different types of compression cooling systems. The main types are:





Reciprocating compressors
Scroll compressors
Rotary Screw compressors
Centrifugal compressors or radial compressor

The most common cooling technologies in Thailand include single- or multi-split air
conditioning systems. The compressor of these air conditioners can be one of the types
mentioned above and all of these compressors are electricity driven. Advanced cooling
concepts include PV-driven compression cooling systems, thermal-driven cooling (ad-/
absorption cooling) and district cooling.
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Single-Split air conditioners:
Single-split air conditioners (AC) are widely used in Thailand. A typical single-split AC
consists of an indoor unit, which can be mounted on the wall or concealed in the
ceiling inside the room, and an outside unit. The indoor and outdoor units are
connected by a refrigerant pipe. The waste heat from the outdoor condenser unit is
released to the ambient air, which is usually used as heat sink for ACs. An advantage of
single-split units is that no duct work is required and the operation is comparably silent.
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Air conditioner units should have a high energy efficiency ratio (EER)/ seasonal energy
efficiency ratio (SEER) for energy savings and they should be reliable throughout their
life time. Typical SEERs of available single-split units are between 16.7 and
26 Btu/(Wel*h).
Multi-Split:
A multi-split air conditioner has different indoor units in different rooms connected to a
single outdoor unit. It allows different temperatures in each room. Similar to the single
split unit the condenser and the compressor are located outside.
Multi-split air conditioners are used in large homes where multiple numbers of rooms
need to be cooled with the air conditioner. In large homes, lower installation space and
costs are achieved by using a multi-split air conditioner. Depending on the
requirements, wall mounted, concealed ceiling and floor standing indoor units can be
used in different rooms. Thereby, a right indoor unit can be selected for each room.
PV-driven compression cooling:
In PV driven compression cooling systems, the PV system is used to generate the
electricity needed for operating the AC-system. A battery storage system can also be
installed to provide backup power and store electricity generated during the day for the
evening/ night. The battery is charged during the time when the compressor is not
running during the daytime and the power generated by the PV is exceeding the load
demand.
Thermal-driven cooling (ad-/ absorption):
A solar thermal system can utilize more of the sunlight compared with a PV system.
The thermal energy can then be used for cooling applications. As described by
(Otanicar et al., 2012) solar thermal cooling systems have four main components: a
solar collector, a thermal storage, a thermal conditioning unit and a heat exchange
system (see Figure 15).

Figure 15: A typical solar thermal cooling system (Source: Own illustration based on
(Otanicar et al., 2012)
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Thermal air conditioning units can be one of the following options:
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Desiccant cooling
Absorption cooling
Adsorption cooling

A desiccant cooling system consists of two wheels which turn in tandem. The two
wheels are; a desiccant wheel, which has a material that absorbs water, and a thermal
wheel which heats or cools. Ambient warm and humid air enters the desiccant wheel
where it is dried. Dry air then enters into the thermal wheel where it is pre-cooled. It is
further cooled by being re-humidified. When leaving, this air cools the thermal wheel.
Then it is heated by solar heat and at the end it dries the desiccant material in the
desiccant wheel (Otanicar et al., 2012).
The main technical parameters for thermally driven cooling systems are listed in Table
4.
Table 4: The technical and economical values for a thermal-driven cooling system

Unit

COP /
Efficiency

Source

Solar thermal collector

26 – 38%

(Otanicar et al., 2012)

Thermal storage

90%

(Otanicar et al., 2012)

Absorption cooling (LiBr)

0.76 – 0.83

(Otanicar et al., 2012)

Absorption cooling (NH3)

0.57 – 0.62

(Otanicar et al., 2012)

Adsorption cooling

0.4– 0.61

(Otanicar et al., 2012)

Desiccant evaporative cooling

1.06 – 1.22

(Otanicar et al., 2012)

4.4.2
Ventilation
High quality of indoor air in the buildings is essential for ensuring good health
conditions for the occupants. In many buildings ventilation through the window is not
sufficient or opening the window is impossible or not desired during occupancy due to
the traffic noise, pollution or high ambient temperatures. Ventilation systems, which
filter the supply air and remove the exhaust air, can provide good air quality in
buildings at any time. Furthermore, heat/ cold can be recovered from the exhaust air by
using energy efficient heat recovery systems (Treberspurg and Smutny, 2011).
Ventilation systems influence the comfort and health level of the occupants of a
building in the following ways (Coydon, 2016):
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Hygrothermal comfort: The homogeneity of the inside air temperature, inside
wall temperature, relative humidity and air speed is very important. A big
difference between the inside air temperature and supply air temperature
creates a sense of discomfort for the occupants. Air speed and air flow control
should be optimized.
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Indoor air quality: The ventilation rate and airflow control are important
parameters that characterize the capacity of the system to remove pollutants
from the inside air. Air inlets and air outlets should be positioned far away
from each other to avoid short circuiting risk in order to ensure that the whole
volume of the room is uniformly ventilated.
Acoustics: Noise decreases the acceptance of ventilation systems. Noise
disturbances are created from the ventilation system components (fans, high
air speed in ductwork and rotor), from outside and noise transmitting in
between the dwellings through the duct work (Coydon, 2016).
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To further evaluate ventilation system two main categories, central and decentral
ventilation, will be described.
Central ventilation:
In central ventilation systems, for a single building one ventilation unit is used. Air flow
can be controlled in different rooms, e.g. with variable air volume boxes (Treberspurg
and Smutny, 2011). According to (Coydon, 2016), central ventilation is defined as, “all
ventilation systems for which one ventilation device is implemented for several or for all
dwellings of one building”.
Decentral ventilation:
In decentral ventilation systems, generally each service unit (e.g. 1-2 rooms) has its own
ventilation unit. Intake of fresh air and discharge of exhaust air is also generally
decentral (Treberspurg and Smutny, 2011; Coydon, 2016). ”Fenstermaschine”
(window machine) is an innovative decentral ventilation technology. In this technology,
existing window holes in the façade are used to connect the ventilation system with
the indoor air. The Fenstermaschine technology can be successful in reducing the cost
as well as the disturbance of the occupants when new ventilation systems are installed
subsequently during retrofit projects. Depending on the manufacturer of
Fenstermaschine based ventilation systems, the disadvantages of such a system can be
the reduction in the window size and lower performance and inability to reach
sufficient ventilation/ air change rates for residential buildings (Coydon, 2016).
The technical values calculated by (Coydon, 2016). for the façade integrated decentral
ventilation system are based on two market available devices, one device with counter
flow heat exchanger and the other with regenerative heat exchanger.
The technical values for a decentral ventilation system are summarized below (Coydon,
2016):



Heat recovery efficiencies for device with recuperative counter flow heat
exchanger: 64.6 – 70%
Heat recovery efficiencies for device with regenerative heat exchanger: 72.8 –
80.2%

Energy efficiencies for device with recuperative counter flow heat exchanger (Coydon,
2016):



Instant final energy efficiency: 75.4%
Instant primary energy efficiency: 69.1%

Energy efficiencies for device with regenerative heat exchanger (Coydon, 2016):



Instant final energy efficiency: 69.5%
Instant primary energy efficiency: 63.4%
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4.5
Legal and regulatory boundary conditions for buildings
In Thailand, the building regulatory system is a top-down system. The Building Control
Bureau of Thailand enforces the laws related to building regulations. The Ministry of
Natural Resources and Environment and the Ministry of Energy are the state institutions
addressing environmental, as well as energy and water related issues. In the Bangkok
Metropolitan Area, the Building Control Division, Department of Public Work, Bangkok
Metropolitan Administration (BMA) is responsible for the enforcement of building
regulations and issuance of permits (Chong and Ricciarini, 2013).
Most of the reference standards in the regulation are developed by the Thai Industrial
Standards Institute (TISI). Some of the reference standards are also adopted from
international standard institutions like ASTM international, Uniform Building Code and
American Concrete Institute (Chong and Ricciarini, 2013).
The building control regulations of Thailand also have green features (e.g. energy
efficiency standards). The Ministry of Natural Resources and Environment and the
Ministry of Energy also enforce some green features. The private sector in Thailand also
offers more firm green standards in the Thai Rating of Energy and Environment
Sustainability (TREES) (Chong and Ricciarini, 2013).
The mandatory building codes in Thailand are (Chong and Ricciarini, 2013):










The Building Control Act (1975, amended 2006)
Building Inspection Regulation
Fire Safety Regulation for High-rise Buildings and Special Large Buildings
Regulation on Fire Prevention for general buildings
Regulation on Building Drainage Equipment
Regulation on improvement of building in inappropriate safety condition
Regulation on fire-resistant construction
Regulation on seismic building design (administered by the Building Control
Bureau of Department of Public Works and Town and City Planning, under the
Ministry of Interior),
Energy Conservation Promotion Act and Building Energy Code (administered by
the Department of Energy).

The mandatory building codes are applicable in the Bangkok Metropolitan Region,
regions under the Town Planning Act and buildings with an area larger than 1,000 m2
or with more than 500 occupants. Ministerial regulations related to the building control
are also developed under the Building Control Act (for more information see (Chong
and Ricciarini, 2013)).
4.5.1
Green features and laws
The Energy Conversation Promotion Act (1992) is a mandatory energy efficiency act,
which includes three ministerial regulations. The first ministerial regulation prescribes
the details about the standards, criteria and procedures for designated building. The
second regulation prescribes details about the data of energy consumption and
conservation and about the machinery and equipment that affect energy consumption
and conservation. The third regulation prescribes criteria and procedures for the owner
of a designated building to set energy conservation targets (Chong and Ricciarini,
2013).
The act also includes the Building Energy Code (the Royal Decree on Designated
Buildings 1995) and is mandatory in the Bangkok Metropolitan region. It covers new
and retrofit buildings, building components performance (building envelope, lighting
and air-conditioning) and building energy compliance. The minimum overall thermal
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transfer value (OTTV) for the building envelope is also specified. Energy conservation,
energy modelling methods, daylighting, use of renewable energy sources, energy
consumption per floor area, indoor air quality and the minimum performance of
absorption chillers, heat pumps and boilers (Chirarattananon et al., 2004;
Rakkwamsuk, 2010; Chong and Ricciarini, 2013) are also addressed. The OTTV and
roof thermal transfer value (RTTV) of office building envelopes are 50 W/m2and 15
W/m2 (the Building Energy Code) (Himmler, 2016).

Assessment of building-relevant
framework conditions and energy
related designs

In the Bangkok Metropolitan Area, several additional codes and plans contain topics,
which aim to promote the development of more sustainable buildings. The
implementation and control is organized by the City Planning Department, which is
part of the Bangkok Metropolitan Administration. The topics do not only address
energy saving, efficiency and generation, but also other important topics like public,
unsealed space, rainwater harvesting, Green Building Certification etc.
In the Land Use Zoning Plan, different values and factors to control the density, bulk
and open spaces in the city are defined. The main factors are (see (Bangkok
Metropolitan Administration)):


Floor Area Ratio (FAR): describes the relation between useful area in a building
and the lot area to control lot coverage and building height



Open Space Ratio (OSR): control of required open space around the building
depending on the floor area and density of specific areas of the city



Land Use Plan Regulation / Biotope Area Factors (BAF): to assure sufficient
biotope areas for plants and animals in the city

Depending on the Floor Area Ratio, a bonus system is established to encourage the
following developments (compare (Bangkok Metropolitan Administration)):


Low income housing development: bonus related to FAR; developer can
increase floor area of new development when living space for low income
houses or people, who lived in the area before the development started, is
provided; increase of up to four times the area provided for low income
households or previous residents



Provision of green open space in urban area: developers of public buildings
provide public and green open space in front of the building and can increase
the useful floor area by up to 5 times the provided public area



Public parking space in public buildings: developers of public buildings provide
public parking space; only possible if the building has a maximum distance of
500 m to a rail-based public transport station; bonus of maximum 30 m² per
car



Rain water storage: Developers provide rain water storage in projected area;
for 1 m³ storage volume per 50 m² floor area leads to a FAR bonus of 5%



Green Building Construction: Development is certified by a system approved by
the Thai Green Building Institute (TGBI); depending on the achieved certificate
(certified, silver, gold, platinum), the FAR can be increased by 5%, 10%, 15%
or 20% respectively.

The maximum FAR bonus is 20%, which means the floor area on one lot can be
increased by a maximum of 20% of the original FAR of the district/ neighborhood.
4.5.2
Thermal comfort
As there is no law or regulations setting minimum (thermal) comfort requirements for
buildings in Thailand, the European framework is described in the following. These
parameters can be used for designing an energy efficient building, in which good
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(thermal) conditions for the occupants are achieved. According to the standard DIN EN
15251, for buildings without mechanical cooling, the acceptable indoor temperatures
(for category I, II and III, where category I provides the highest comfort) are set related
to the running mean of the ambient air temperature. When the ambient temperature is
27°C, the upper boundary of acceptable operative room temperature for category I is
29.7°C and the lower boundary is 25.7°C. When the ambient temperature is 30°C, for
category I, the upper and lower boundaries are 30.7°C and 26.7°C respectively. The
comfort boundaries are presented in Figure 16. In buildings with mechanical cooling,
the boundaries are demanding and fixed. The boundaries according to DIN EN 15251
are presented in Figure 17. Usually, meeting category II is considered as sufficiently
comfortable providing a good thermal comfort in buildings.

Figure 16: Comfort boundaries according to DIN EN 15251 in buildings without
mechanical cooling.

Figure 17: Comfort boundaries according to DIN EN 15251 in buildings with mechanical
cooling.
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4.6
Summary of active and passive measures for realizing (nearly)
zero-energy buildings

Assessment of building-relevant
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For realizing (nearly) zero-energy buildings four major steps have to be followed (see
also Figure 18). Reducing the energy demand of a building is the most import topic. In
tropical climates the reduction of the cooling energy demand is in the centre of
attention. Possibilities for reducing this demand are shading devices at windows and
partly also at the façade, insulation the building envelope (walls and roof) and using
better insulating windows (double-glazing instead of single-glazing) and optimize the
building’s ventilation (free night ventilation and/ or ventilation with heat recovery).
Concepts and approaches are described in chapters 4.2 and 4.3. In order to supply the
remaining energy demand as efficient as possible the use of heat sources and sinks
(e.g. ground (water), ambient air) in combination with efficient cooling technologies is
essential (see chapter 4.4 for efficient HVAC systems). The remaining energy demand
of the building (after reducing the demand and optimizing the energy supply) should
be supplied by on-site renewable energy sources. In Thailand, in particular PV can be
used on/ at the building for generating the electricity needed in the building. It is
essential that the goal of realizing a highly energy efficient building is in the centre of
the planning process and is considered from the very beginning of that process. In
order to assure that energy saving and efficiency as well as other sustainability/ green
topics are addressed in each step of the planning process, several planning tools/
methodologies are available (e.g. the so called Green overlay approach 1).

Figure 18: Approach for realizing (nearly) zero-energy buildings: (i) reduce energy
demand, (ii) use environmental heat sources and sinks, (iii) apply efficient technologies
and (iv) cover the remaining energy demand with onsite renewable energy sources.

1

Gething, B. (editor): Green Overlay to the RIBA Outline – Plan of Work. Royal Institute of British Architects.
London, November 2011
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Sanitation and water supply
5.1
Water supply
According to (Netherlands Embassy in Bangkok, 2016), almost all households in
Thailand are provided with fresh and clean water, in Bangkok almost 100% of
households are served. Concerning water management Thailand is facing several
challenges and risks. The main risks are the risk of floods and droughts (Netherlands
Embassy in Bangkok, 2016). The major reasons are (illegal) deforestation along the
main rivers (Mekong and Chao Phraya), which increases the risk of floods (especially
flash floods), but also erosion and landslides. Besides these reasons there are other
factors influencing the risk of floods, which are a decline of flood retention and flood
plains due to urbanization and the intensification of agriculture (Netherlands Embassy
in Bangkok, 2016).
In Bangkok, water shortages occurred more frequently, which resulted in overpumping of groundwater (Netherlands Embassy in Bangkok, 2016). Another critical
issue is the water quality. The reason is that until know not all households and
companies have an adequate wastewater treatment or are not connected to a sewage
system (see below). As a result, a large proportion of mainly the grey water is released
to canals and waterways without adequate treatment (due to several programs in the
past years, the situation was improved). All described issues (risk of floods and
droughts, wastewater treatment, water pollution, security of supply with clean, fresh
water) need a better governance and coordination between local and national
authorities on water management (Netherlands Embassy in Bangkok, 2016).
An option for reducing the risks of floods in the city and over-pumping of groundwater
is rainwater harvesting. The emphasis is to store the water from the roof of a building
in tanks, jars or cisterns. During heavy rains in the rainy season, the amount of run-off
water, which is one of the major reasons for floods in urban areas, in which the
possibilities for water to seep to the ground are limited due to ground sealing, can be
reduced by installing decentral storage tanks or cisterns in the gardens of buildings or
underneath the garden or building. Furthermore, the stored water can partly reduce
the fresh or ground water demand during the dry season. The harvested rainwater can
be used for watering the garden or roof-top/ vertical gardens as well as the toilet flush.
Rainwater harvesting is a traditional practice all over the world and the needed
materials are cheap and available almost everywhere. In Thailand, a huge rainwater jar
program was initialized in the 1980s by the Government of Thailand mainly in the
Northeastern part of the country with the aim to conserve water and support selfsufficiency (compare (Luong, 2002)). The developed and built jars were affordable also
for low-income households and it shows that the know-how and materials are
available in the country.

5.2
Wastewater
Seven wastewater treatment plants for municipal wastewater are in operation (1 under
construction in 2016) in Bangkok (Netherlands Embassy in Bangkok, 2016). In addition
there are 12 “Cluster Wastewater Treatment Plants” (WWTPs) in the metropolitan area
(Boontanon, 2014). In Bangkok and Pattaya around 2.5 million cubic meters of
wastewater are generated per day and the mentioned seven wastewater treatment
facilities only have a capacity of 992,000 m³ per day (World Bank, 2008). The service
coverage ratio for wastewater treatment services in urban areas was only about 34% in
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2006, which is already an improvement compared to 2003 when only 24% were
covered (World Bank, 2008). Until 2014 the percentage of people with access to
sewage systems was further increased to 40% (Boontanon, 2014). More recent
numbers about the coverage ratio of the Bangkok Metropolitan Area with wastewater
treatment services are not available.

Sanitation and water supply

The situation in other parts of the country is not better (only approx. 100 wastewater
treatment plants all over Thailand (Ministry of Foreign Affairs of the Kingdom of
Thailand, 2016)), resulting in a high pollution of rivers (also due to insufficient industrial
wastewater treatment, which is excessively discharged to rivers; industrial wastewater is
not treated in public treatment plants but in own facilities inside industrial plants; see
also (World Bank, 2008)). Only about 14% of the total wastewater generated was
treated in 2006 (World Bank, 2008). According to (World Bank, 2008) many of the
wastewater treatment facilities in Thailand operated at less than 50% of their capacity
in the past. Reasons are that the network coverage is not sufficient in many areas and
some households have not connected their own drainage system with the central
system (if available). As a result a large proportion of the wastewater is discharged in
public waterways (especially grey water). This is one of the reasons why the United
Nations urged Thailand to focus on investments in water sanitation (Netherlands
Embassy in Bangkok, 2016).
In the legislation and management around wastewater as well as its treatment several
ministerial departments and agencies are involved. The main governmental bodies are
the Department of Industrial Works (DIW) under the Ministry of Industry, which is
focusing on and responsible for the industrial wastewater management, and the
Department of Pollution Control under the Ministry of Agriculture and Cooperatives,
which is focusing on and responsible for the quality of (natural) water resources, but
also for waste water from the agricultural sector (Netherlands Embassy in Bangkok,
2016). Besides that, local authorities belonging to ministry of Interior are responsible
for community wastewater management under the Building Control Act, the
Wastewater Management Authority and Department of pollutant Control (Ministry of
Natural Resources and Environment) are in charge of national community wastewater
management policy and gives technical advice to local authorities (compare
(Chokewinyoo and Khanayai, 2013)). The responsibilities are illustrated in Figure 19.
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Wastewater

Ministry of
National Resources
& Environment

Ministry of Interior

Wastewater
Management
Authority

Local Government
or Municipalities

Bangkok
Metropolitan
Administration

15 Wastewater
treatment plants

78 Wastewater
treatment plants

8 Wastewater
treatment plants

40% of total

Wastewater not
treated by central
plants

several decentral,
indutsrial
wastewater
treatment plants

60% of total

Figure 19: Organization of wastewater treatment in Thailand; based on (Netherlands
Embassy in Bangkok, 2016)

The wastewater treatment system in Bangkok can be separated in two main systems:
grey water discharge (wastewater without fecal contamination) and black water
discharge (wastewater from toilet). For grey water discharge, 77% of the households
are connected to a sewage system (Boontanon, 2014). However, most of the collected
grey water is not treated and discharged to the nearby water environment (canals,
rivers...). In approx. 90% of the households, the black water is already collected and
treated separately from the grey water in cesspool or septic tanks (see Figure 20 and
(Boontanon, 2014)). From the tanks, the septage is mainly collected by trucks (83%;
private and public companies; (Boontanon, 2014)). However, the named decentral
facilities only have very low treatment capabilities. Furthermore, the pollutant load of
grey water in Bangkok is higher than the load of black water, but still, the grey water is
usually not treated before released to the environment. Therefore (Boontanon, 2014)
suggests to upgrade the on-site treatment (probably with governmental subsidies) and
include the grey water in the decentral treatment in order to reduce the pollutant
discharge to the environment and improve the water quality. An improved decentral
water treatment also offers possibilities of water reuse (e.g. for watering the garden or
as flushing water). Water reuse for services in buildings is also suggested by
(Chokewinyoo and Khanayai, 2013). The study conducted by Chokewinyoo and
Khanayai also showed that it is possible to use the effluent of wastewater treatment
plants (central or decentral) in crop cultivation without health risks (contamination
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levels of harvested plants within permission limit; see (Chokewinyoo and Khanayai,
2013))1.

Sanitation and water supply

Figure 20: Wastewater collection and processing in households; source (Boontanon,
2014)

There are several decentral wastewater treatment facilities available world-wide. The
main focus of all is to eliminate or at least reduce the organic and pollutant load of the
wastewater before it is released to the environment. Available procedures are based on
biological, mechanical and physico-chemical processes. In order to find the right
solutions for Bangkok it is essential to analyze the composition of the waste-water
from typical households in detail. Generally, there are several possibilities, which need
more or less maintenance, auxiliary energy and have different pros and cons. The
available decentral wastewater treatment facilities are able to clean the water
effectively enough to release the treated water to the environment, use it for watering
plants in the garden or reuse part of it for e.g. the toilet flush. According to (Economic
and Social Commission for Asia and the Pacific and United Nations Human Settlement
Programme, 2015), decentral wastewater treatment solutions are not more expensive
than central wastewater treatment facilities and have the advantage that the treatment
can be improved step by step instead of investing several millions at once. It is
mentioned in the study that improving decentral wastewater treatment in Bangkok in
parallel with improving and extending the existing central systems can be a good
solution for the Bangkok Metropolitan Area. However, installing effective decentral
systems costs ten to twenty times more than just installing septic tanks, which are
currently installed (30,000 – 60,000 THB instead of 3,000 – 12,000 THB; compare
(Boontanon, 2013)). Therefore, (Boontanon, 2013) suggested a subsidy system to

1

More information about laws, regulations and standards/ limits for the water quality in Thailand can be
found here: http://www.wepa-db.net/policies/measures/currentsystem/thailand.htm
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improve the on-site treatment, especially of grey water as this is seen as the key issue
to improve wastewater treatment and the water quality of canals and rivers in the area.
As a best practice example Nonthaburi Municipality is mentioned, where septage is
treated and transformed to a fertilizer for farms and gardens.
Additionally, it is technically possible to generate biogas from wastewater and organic
kitchen waste in small, decentral biogas-plants. However, the composition of the waste
water and organic kitchen waste has to be analyzed in detail as some components can
disturb the gasification process (e.g. chemicals from detergents). The generated gas
from one household is enough for preparing up to three meals on a gas stove per day
for a family, which reduces the demand for external energy supply. The remaining
liquid waste can either be treated in a wastewater plant in order to release it to the
environment or be used as a liquid fertilizer for the garden, vertical and roof-top
garden. An assessment of the regulatory framework for generating (and storing) biogas
in residential areas cannot be conducted in the frame of the project. Furthermore, the
acceptance of gas-stove in the populace has to be examined before following up this
possibility. Solutions for application in tropical areas are already available 1.

5.3
Summary
A high share of wastewater is not treated in Thailand. Especially grey water is often
released to the environment without treatment. On the other hand, Thailand faced
floods and droughts in past years and the ground water level in the Bangkok area falls
due to an overuse of the water resources. The treatment and reuse especially of grey
water can play an important role in protecting the ground water sources and mitigate
droughts. Furthermore, it improves the quality of surface water and hygiene. Decentral
wastewater treatment plants (especially for grey water) can be a cost effective option in
areas, in which no public, central wastewater treatment plants and/ or wastewater
channels are available. Wastewater contains raw material resources which should be
recycled and used. The treated water can be used e.g. for watering gardens (and
thereby “refill” the groundwater) or toilet flush.

1
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6.1
Possibilities of urban agriculture
Ensuring access to basic services like water, food and energy in urban areas is
increasingly challenging in metropolitan areas and the challenge will increase with a
changing climate (Dubbeling, 2015). Several organizations including the
Intergovernmental Panel on Climate Change (IPCC) expect a reduction in yields of up
to 50% until 2050 in some parts of the world (Dubbeling, 2015). Reasons are
(amongst others) an increasing risk of floods and droughts (see also chapter 5) and a
loss in arable land. It is expected that especially the urban poor will be hit by an
increasing vulnerability in food supply and food prices. Therefore, new strategies to
ensure food security especially in urban areas have to be found and developed. Urban
and peri-urban agriculture and forestry can play a major role for the future food
security and in the same time reduce greenhouse gas emissions and help to stabilize
the hydrologic balance in cities. Furthermore, there is the possibility to reuse
wastewater, harvest rainwater and close nutrient cycles by composting organic waste
and use the compost as fertilizer for growing vegetables and fruits. Urban agriculture
thereby is not only possible on the ground, but also at façades and on roof-tops. As
described in chapter 4.3.2 and 8.3, plants on and around a building can have positive
effects on the microclimate around the building, provide shading and thereby reduce
the cooling demand of buildings.
In Thailand and especially in Bangkok there is existing experience with urban
agriculture and several research and lighthouse projects were implemented in the past.
Furthermore, the influence of plants at the façade on the thermal conditions in
buildings was analyzed in several studies. As an example, (Sunakorn and Yimprayoon,
2011) analyzed the effects of blue trumpet vine (Thunbergia grandiflora) at a building’s
façade on the air temperature in a room behind the “biofaçade”. Furthermore,
(Sunakorn and Yimprayoon, 2011) state that especially in tropical areas it is important
that plants at façades and on roof-tops have a high leave coverage in order to absorb
as much sunlight as possible and reduce the heat gains of the building. Plants can
reduce the temperature of the air between the plants and the building by shading and
evapo-transpiration in tropical regions below the ambient air temperature and thus
reduce the cooling demand. However, the temperature reduction is not high enough
for achieving comfortable indoor temperatures and thus biofaçades are more suitable
for pre-cooling and increasing the efficiency of air-conditioners. Plants on roof-tops can
furthermore reduce the surface temperature of roofs and thereby help to reduce urban
heat island effects (compare e.g. (Yok and Sia, 2008)). The focus in this chapter is on
agriculture on (roof-top farming) and at (vertical farming at façade) the buildings as
these methods are directly connected to the building and influence its energy demand.
An additional possibility is growing fruits and vegetables in the garden/ open areas
around the building.
There are several factors to be considered for the plant selection in the tropics.
According to (Yok and Sia, 2008) the substrate depth for the plants is a limiting factor
especially for roof-top farming, but also if planters or any kind of “flower pots” are
used at the façade. A deeper substrate offers more possibilities and a higher plant
variety and it can furthermore store more (rain) water. On the other hand substrates
with a great depth can have an influence on the statics of a building and can result in
stronger building structures (and higher construction costs). Depending on the
substrate depth principally all fruit and vegetable plants common in Thailand can be
used. Constraints can be their ability to deal with droughts and high sun irradiation and
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in the same time high moisture levels in the root zone (Yok and Sia, 2008). For the
maintenance efforts and irrigation needs the plant’s water efficiency is also an
important issue to consider.
For vertical farming (i.e. growing fruits and vegetables vertically e.g. at the façade)
there are in principal two possibilities. One option is the vertical installation of planters
at the façade (see Figure 21) with an additional irrigation system. Generally, all fruit
and vegetable plants, which do not need deep substrates, can be used in such a
system. Another option is planting climbing plants in the garden and offering a
climbing frame close to the façade allowing the plants to grow high. An example is
presented in Figure 22. The second system needs less material and technical
installations.

Figure 21: Example systems for planting plants vertically in planters/ pots at building
façades. Left: Frame for (flower) pots at the Pruksa+ Project in Bangkok (photo taken by
Fraunhofer ISE). Right: vertically installed planters on the roof-top garden test-sight at
Kasetsart University, Bangkok (Source: (Alimurung, 2012))

Figure 22: Test side for climbing plants in front of a façade at Kasetsart University,
Bangkok. For the blue trumpet vine, a metal frame was installed for climbing. Source:
(Sunakorn and Yimprayoon, 2011)
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For vertical gardening/ farming, especially climbing plants, which can be planted in the
garden and just need a frame close to the façade for climbing up, are a promising
option. They shade the building and in the airgap between plants and façade, the air is
colder than the ambient air. The shading and evapo-transpiration cooling effects
depend on the plants their leaf coverage. There are several edible plants available for
the usage in the tropics (compare e.g. (Engels, 2016)):



Urban agriculture

Fruit vines: Passion fruit, Kiwi, grapes, scarlet runner beans, Chayote,
groundnuts, Loofah
Leaf and flower vines: Malabar spinach, Nasturtium, Jasmine

Besides edible plants, other climbing plants can be used for shading (and cooling) a
building. According to (Sunakorn and Yimprayoon, 2011) the blue trumpet vine as a
fast growing plant with a high leaf coverage is a suitable plant for the climate in
Bangkok.
Further information about the right plant selection for living/ green roofs and facades
can be found in the following publications:





Neo Green Space Design, Japan (Organization for Landscape and Urban Green
Technology Development, 1996)
Green Roof Plants: A Resource and Planting Guide (Snodgrass and Snodgrass,
2006)
Planting Green Roofs and Living Walls (Dunnett and Kingsbury, 2008)
A Selection of Plants for Green Roofs in Singapore (Tan and Sia, 2008)

Besides systems for planting directly adjacent to the building, also trees in the gardens
can be used for shading (and providing fruits). Common trees in Southeast Asia are
e.g. Mango, coconut, banana and others (Fraser, 2002). A challenge with trees is the
required distance from the building or other trees. For being able to grow to full size, a
mango tree for example needs a minimum distance of approx. 7.6 m, which is usually
not available in densely populated areas, but could be available in parks, green
corridors or community gardens.
Concerning green roofs and façades no legislative constraints are known. In contrast,
green, living elements in and at buildings are an important element in e.g. building
certification systems like LEED, DGNB or TREES. However, until now, the positive effects
and additional insulation of plants on roofs and at façades is not taken into account in
the OTTV and RTTV calculation, which is the necessary for receiving a construction
permit in Thailand. Furthermore, effective support systems, which take into account the
manifold positive effects of living roofs and façades, are missing (but not only in
Thailand).

6.2
Summary
Green façades and roofs have several advantages. From the building’s perspective, the
help reducing the cooling energy demand by shading the building and also reducing
the ambient temperature and thereby the inlet temperature for cooling and/ or
ventilation devices due to evapo-transpiration. Additionally, there is the possibility to
produce food at or on the building. Another advantage for the whole area/ city is that
plants improve the air quality and reduce the Urban Heat Island effect. However, green
façades and roofs are still relatively expensive (see chapter 8.3.4) but have a high
potential to be a cost effective contribution to the improvement of the built
environment.
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7
Summary of demand and requirement analysis
The main challenges in Thailand are the high temperatures, sun irradiation and
humidity. Therefore, the focus for designing (nearly) zero- or plus-energy buildings is
the reduction of the cooling demand and regulation of humidity.
For reducing the cooling energy demand there are several possibilities. In order to
realize nearly zero- or plus-energy buildings it is essential to adjust and optimize the
whole building design to the local climate and requirements.
In the Thai context “keeping” heat out of the building is of major importance.
Adequate shading of all openings in the façade (doors, windows) is important. Good
shading can be realized with overhangs, balconies, jalousie/ sunblind or even with
plants at the façade or in the garden. In Thailand, shading is needed on every side of
the building as it lies close to the equator and the sun position changes during the
course of the year. Plants have the advantage that they create high-quality living zones
and due to evapo-transpiration they also cool down the surrounding air slightly and
thereby improve the micro-climate conditions around the building. Furthermore, they
can provide food if fruit and vegetable plants are used for shading. Another necessary
measure for reducing the heat gains in the building and thereby the cooling demand is
insulation of the roof and external walls as well as improved energetic properties of the
windows (double instead of single glazing).
Another essential element is the efficient cold supply and provision of good thermal
(comfort) conditions with the least possible electricity consumption. During the night
the ambient air temperature is below the comfort temperature for residential buildings
during most months of the year. In order to make use of the lower ambient
temperatures allowing free air flow during night is important. Therefore a north-south
orientation of the building with the longer side of the building facing north and south
is suggested. Furthermore, it has to be assured that air can flow freely through the
building, which also cools down the building structure.
The energy demand of a building cannot be reduced to zero by design and passive
measures. Therefore, improvements of technical equipment of the building are
required. Light and cold can be provided highly efficient when latest technologies are
applied (LED, highly efficient ACs). In order to supply the remaining end-energy
demand of the building efficiently and without emissions, the usage of on-site
renewable energy is essential. In Thailand, roof-top PV systems in combination with
battery systems have the potential to supply the complete energy demand of a singlefamily residential building with a reduced energy demand from the available roof area.
To check and proof the measures, which were more generally described in the chapters
above, and develop an implementation concept the described options are simulated
and analyzed in detail in the following chapter.
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Case study – measures for
realizing plus energy buildings

This chapter describes practical measures to transform a typical given single family row
house with its typical energy consumption towards a zero energy building.
To analyze the energy-saving potential of different passive and active strategies for
realizing a plus energy building in Thailand, the typical row house, a design from the
National Housing Authority NHA (see Figure 23), was analyzed and optimized. The
energy performance was analyzed with a simulation tool, with the given parameters.
During next steps different material and design options have been applied. The energy
performance of the building is assessed with EnergyPlus, a freely available and
widespread building modeling tool. The different passive and active design strategies
are combined with HVAC components and matched with the respective cost.

Figure 23: Typical row houses in Bangkok Thailand (Source: Picture and additional
specifications provided by National Housing Authority, Bangkok)

It has been important to see during use of simulation tools and during the workshops,
that it might be important to have detailed information about the available materials,
HVAC components and there relevant parameters. Therefor a catalogue was created
describing these technologies and parameters (Annex). This catalogue can be used by
stakeholders and should be completed and updated through users and stakeholders.

8.1

Energy balancing

For the analysis of nearly zero-energy buildings it is important to analyze the energy
balance of a building. In order to analyze the energy balance of a nearly ZEB it is
necessary to clearly define the system boundary for the energy balance. Within the
system boundary of a building, the energy demand and generation of a building are
compared. The system boundary consists of two important parts (Köhler, 2015):
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Physical boundary of the building: This takes into account the energy
generation inside the building or on the building envelope but not the energy
generation remote from the building
Balance boundary of the building: It defines the energy uses inside a building
that are included in the balance. Energy uses are heating, hot water, cooling,
ventilation, lighting and other appliances used in the building (Köhler, 2015).

According to EN 15603 only those energy uses which are not dependent on the user
behavior are balanced. This includes heating, hot water, cooling, dehumidification/
humidification, ventilation, and lighting (lighting only in non-residential buildings).
According to (Köhler, 2015) the energy uses which are needed for the normal
operation of the building that include, heating, domestic hot water, cooling, lighting
and plug loads (in many standards plugs-load are accounted as internal heat gains and
not as (electrical) load in the energy balance) are considered in the energy balance. The
monthly balancing period is considered in the following analysis in accordance with
“Energieeinsparverordnung EnEV” (German Energy Saving Ordinance).

8.2
Base-Case design
The base-case building is a typical row-house (end-terrace house) for a 4-people
household in Bangkok. The building has two floors with an overall useful floor area of
48 m². In the ground floor there is the living area, kitchen and bathroom and in the
upper floor are two bedrooms. The building has a sloped roof (see (Suendermann,
2015). The characteristics of the building envelope elements are given in Table 5.
Table 5: Base-case building envelope characteristics based on (Suendermann, 2015)

Type

Construction

Layer Thickness
[cm]

Wall

Stucco

2.0

LWC1

10.16

Stucco

2.0

LWC

12.5

Gypsum Board

0.9

LWC

12.5

Gypsum Board

2.5

Single glazed, Clear
glass

0.6

Roof Ceiling

Floor

Window

1

U-value [W/(m2*K)]

4.04

3.42

2.55

5.78

LWC: Lightweight construction

The roof consists of a layer of LWC with a thickness of 1 cm and slate tiles.
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8.2.1
Building orientation and geometry:
For the analysis it was assumed that the building has a North-South orientation.
Openings in the façade (windows and doors) are only at the north and south, which
leads to minimal direct sun irradiation (shading from roof) and a maximum air flow as
North-South is the main wind-direction in Bangkok (compare (Tantasavasdia et al.,
2001)).The design of the base case building is illustrated in Figure 24. The front side of
the building is facing south; the width of this side is 4 m. The length of the building
(east and west façade) at the lower and upper floor is 5.5 m and 6.5 m respectively.
The west is assumed to be adjacent to the neighboring building. The ceiling height of
both floors is 2.36 m. The tilt angle of the sloped roof is 35.05°.The building has two
thermal zones; the lower (zone 1) and the upper (zone 2) floor.

Case study – measures for
realizing plus energy buildings

Figure 24: Base-case building orientation and geometry (top left: south side, top right:
north side, bottom left: east side and bottom right: west side)

8.2.2
Schedules and set-points
For building simulations, the definition of schedules for the occupancy and usage of
technical equipment and appliances as well as shading devices (if applicable) is of major
importance and can have a high influence on the overall energy demand of a building.
As there were no standard schedules available for a typical low- and mid-income
household in Bangkok, standard schedules from Europe and North-America were taken
as a starting point and adjusted according to information received during the workshop
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in March 2017 (see chapter 9.2) and provided by Dr. Atch Sreshthaputra from
Chulalongkorn University in Bangkok. Schedules were defined for:






Occupancy
Hot tap water usage
Artificial lighting
Electric equipment/ plug-loads
HVAC-system

Furthermore, several set-points were defined:





Set-point temperature for cooling during summer: 26°C during occupancy,
32°C when building is not occupied
Set-point temperature for cooling during winter: outdoor temperature usually
in comfortable range and no cooling needed  set-point temperature 31°C
during whole day
Hot tap water temperature: 60°C during occupancy, 40°C when building is
not occupied
Internal loads:
o Lighting: 8 W/m²
o Electrical equipment/ plug-loads: 8 W/m²

8.2.3
HVAC system
An HVAC-system is installed in both thermal zones of the building and controlled
separately. The base-case system is a constant volume, direct-expansion system, which
is usually a packaged rooftop system or a split system (EnergyPlus, 2016). The single
speed DX coil was selected as cooling coil type. The coefficient of performance (COP)
of the cooling coil is 3 (systems with higher COPs of 3 – 4.6 are already available. The
dehumidification set point is at 60% (appropriate relative humidity set point inside a
Thai building) (Yamtraipat et al., 2005).
8.2.4
Energy performance of the base-case building
In Table 6, the energy demands for cooling, lighting and interior equipment, as well as
the total and specific energy demand of the base-case building are listed.
Table 6: The annual energy performance of the base-case building

Option

Cooling Lighting Interior
Total energy
Specific total
[kWh/a] [kWh/a] Equipment demand[kWh/a] energy
[kWh/a]
demand[kWh/(m2a)]

Base-case 6,031

883

1,192

8,106

169

8.3
Options
In order to optimize the base-case building and realize a (nearly) zero- or plus-energy
building by reducing the energy demand and provide the remaining demand by on-site
renewable energy generation, several passive and active design and technology options
are assessed, compared and combined. For achieving the goal of (nearly) zero- or plusenergy building the reduction of the end- and primary-energy demand is essential.
Therefore, energy efficiency and demand reducing measures are of main interest.
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8.3.1
Passive options and strategies
In this section, different passive strategies are described and analyzed with the building
model implemented in EnergyPlus. The resulting reductions in energy demand are
compared with each other and the base-case. The analyzed options are insulation of
the external walls and the top floor ceiling (7 cm fiberglass insulation), natural
ventilation with an increased window area, double glazing windows (clear and
electrochromic), an open-air area (bedroom) and greening of roof and façade. The
options are briefly described in the following. All results are compared in Table 7.

Case study – measures for
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Building envelope insulation:
As insulation material, fiberglass is chosen, which is installed at the exterior side of
external walls and the top-floor ceiling. Between the insulation layer and the LWC-wall
a small airgap is considered, which further increases the energy savings compared to a
direct installation of the insulation on the wall and ceiling. The simulation results
showed that insulating the ground floor area of the building increases the annual
energy demand of the building, as the heat transfer to the ground from the building is
reduced due to insulation. Also insulating the ground with 7 cm fiberglass insulation
leads to a total energy demand of the building, which is approximately 17 kWh/a
higher than with an uninsulated ground. Therefore, ground insulation was not
considered in the following additional analysis (ground acts as a heat sink).
Natural Ventilation:
Natural ventilation during night time can reduce the energy demand for cooling even
though the ambient temperature in Thailand is relatively high. Nevertheless, the
ambient temperature during the night often drops below the set point temperature for
cooling and therefore ambient air can be used for cooling (compare (Sreshthaputra,
2003)). For natural ventilation it is essential that the air can flow freely from one side of
the building to the other and that all (or almost all) windows are opened.
The comfort temperature for Thai people in naturally ventilated buildings is on average
28°C (between 25.5°Cand 30.5°C, 90% acceptability; see chapter 4.5.2). These values
were set for the summer season, however the climate of Bangkok does not vary
significantly throughout the year and summer is the most uncomfortable season
(Rangsiraksa, 2006). Based on the acceptable indoor temperatures described in chapter
4.5.2 and to assure a sufficient usage of natural ventilation for cooling, the cooling setpoint temperature was adjusted (27°C instead of 26°C in mechanically cooled
buildings). In order to increase the effectiveness of natural ventilation the window
opening area was also increased from 5.2 m2 to 9.5 m2, which corresponds to 20% of
the total floor area instead of 11% in the base-case (see (Tantasavasdia et al., 2001;
Liping and Hien, 2007)).
Double glazing windows and vertical fins:
The single glazing windows in the base-case building model are replaced by double
glazing windows (clear glass and electrochromic). Clear and electrochromic glass lead
to similar results (approx. 8,094 kWh/a total energy demand). The main reason for the
similar results achieved for clear and electrochromic glass and the low reduction in total
annual energy demand is that all windows in the base case design are not exposed to
direct irradiation and are shaded by overhangs. The window types were also applied for
the design with an increased window area, in which higher reductions can be
observed.
In a separate design vertical fins are added to the base-case building’s facade. Different
sizes of the vertical shadings (or fins) are assessed to find an optimal size and position
(with respect to energy savings). The results show that vertical fins with a length of
0.5 m, which are perpendicular to windows and doors, lead to the highest energy
demand reductions (longer fins do not lead to significantly higher reductions).
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Opening a part of the building leads to a reduction of mechanically cooled/ conditioned
area. An area, which can be used for e.g. sleeping with no massive walls around is
naturally ventilated and can be comfortable in terms of thermal conditions and air
quality. If such an approach is implemented, the privacy of the inhabitants is assured by
e.g. installing screens, which assure that no one can look inside and the air can still
flow freely. For analyzing the effect on cooling and total energy demand, one of the
bedrooms in the upper floor is designed as an “open-air area” (see Figure 25). It can be
seen that a new roof area is added with an air gap between the roof, which is directly
connected with the conditioned building volume and the additional roof above the
open-air area. This leads to a reduction of the conditioned area from 48 to 36 m².

Figure 25: Design with open-air area at the upper floor (Left side: sides facing south and
west, right side: sides facing north and east)

It has to be mentioned that there could be some retentions to such a design. During
the workshops conducted in March 2017 in Bangkok (see chapter 9.2), participants
expressed several concerns, especially about the air quality in the Bangkok area, wild
animals and privacy. However, with some adjustments (e.g. additional screens and
protections against wild animals), the design is realizable and should be considered as
the reduction in cooling and total energy demand compared with the base case
building are very high.
Green roof and green façade:
Plants can act as natural shading and reduce the solar heat gains of the building. How
a green façade could possible look like at the row-house design (with single-pitch roof)
was designed by students during the workshop at Chulalongkorn University in March
2017 and is illustrated in Figure 26. Two different options for adding plants to the
building and use them for shading are assessed:



Plants on the rooftop and
Plants on the east façade of the building (no plants on north and south façade
due to fenestration  assure natural lighting possibilities).

Due to the fact that the rooftop is not directly connected to the conditioned building
volume (unconditioned air volume between roof and top-floor ceiling) the saving effect
of a green roof is relatively small (approx. 200 kWh/a). Adding plants to the east façade
leads to significant energy savings (total energy demand of 7,144 kWh/a compared
with 8,106 kWh/a in the base case). Combining a green roof with the green façade
leads to almost the same results as the variant with plants only at the façade. Green
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roofs and façades can be principally used for growing fruits and vegetables and thereby
provide additional services and can contribute to the food security and resilience in
urban areas (see chapter 6). These additional positive effects/ possibilities are not taken
into account in the economic analysis in chapter 8.3.4 as there are no authoritative
sources and studies providing values for this topic.
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Figure 26: Example of a green façade (Source: (Chulalongkorn University Bangkok,
2017)

Fraunhofer ISE

The Urban Nexus II

63 | 432

Case study – measures for
realizing plus energy buildings

Table 7: Annual energy performance of a naturally ventilated building with an
increased window area

Option

Cooling Lighting Interior
Total energy
Specific total
[kWh/a] [kWh/a] Equipment demand[kWh/a] energy
[kWh/a]
demand[kWh/(m2a)]

Insulation 3,472

883

1,192

5,547

116

Natural
5,347
ventilation

883

1,192

7,422

155

DG
window

5,900

883

1,192

7,975

166

5,747

883

1,192

7,822

163

DG1 +
Vertical
fins

5,642

883

1,192

7,717

161

Open-air
area

4,739

883

1,192

6,8143

142

Plants

4,956

883

1,192

7,031

146

Vertical
fins

1

DG: Double Glazing

8.3.2
Active options and strategies
Besides the passive strategies, several active possibilities for increasing the energy
efficiency of the technical equipment are analyzed. The assessed options are energy
efficient lighting and air conditioning. The results are presented in Table 8.
LED lighting:
With LEDs, the electricity demand for lighting can be reduced tremendously.
Furthermore, the internal heat gains are reduced due to the more efficient conversion
from electricity to light and lower heat losses. For LEDs, a lumen efficacy of 80 m/W
and an illuminance requirement for residential buildings of 150 lx is assumed. The
assumptions lead to an area specific installed power of approx. 2 W/m2. With LEDs, the
annual energy demand for lighting is reduced by 75% and the annual energy demand
for cooling by 2%. This leads to an overall reduction of the energy demand of 10%
compared to the base-case.
Energy efficient air conditioner:
The COP of the air conditioner used in the base-case is 3; however air conditioners with
higher COPs are already available (compare chapter 8.2.3). A COP of 4.5 is a realistic
value for newly installed, relatively efficient air conditioners. The higher COP reduces
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the annual energy demand for cooling by 28% and the overall energy demand is
reduced by 21% compared to the base-case.
Table 8: The annual energy performance of the base-case building with LED lighting
and energy efficient air-conditioning

Option

Cooling Lighting Interior
Total energy
[kWh/a] [kWh/a] Equipment demand
[kWh/a]
[kWh/a]

Specific total
energy demand
[kWh/(m2a)]

LED light

5,897

219

1,192

7,308

152

Efficient air
conditioning 4,367

883

1,192

6,442

134
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8.3.3
Energy performance comparison
The results of the passive and active strategies/ options described above are
summarized in Figure 27. The resulting specific overall energy demand is illustrated in
Figure 28. It can be seen that insulating the wall and top floor ceiling leads to the
highest reduction of the overall annual energy demand of all options, followed by the
installation of a more energy efficient air-conditioner with a COP of 4.5. The lowest
reductions are achieved with double glazed windows and the installation of vertical
fins. The different measures lead to the following reductions of the overall annual
energy demand:








Building envelope insulation: -32%
Plants: -13%
Natural ventilation: -8%
Double glazing window and vertical fins: -5%
Open-air area/ aerated volume: -16%
LED Lighting: -10%
Energy efficient air conditioner (COP 4.5): -21%
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Figure 27: The comparison of energy consumption of the active and passive strategies,
simulated individually in the base-case building

Figure 28: Specific overall annual energy demand of the analyzed measures.

8.3.4
Economic Analysis
In order to identify the most economically feasible measures, an economic analysis of
all options described above is carried out. Thereby, only the additional costs compared
with the base case building are described and taken into account. Some of the options
also lead to lower construction costs than the base case building, leading to negative
additional costs in the descriptions below.
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The costs of the measures are calculated for the year base 2017. For the materials for
which no cost information is found for the year 2017, the costs of the earlier years are
adjusted according to the Thai inflation rate until April 2017 (for details see (Kaiser,
2017). The total investment costs given below include the investment and labor cost
for installation.
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Insulation:
The investment cost for fiberglass insulation is increasing linearly with its thickness. The
calculated costs are based on (Al-Khawaja, 2004; Suendermann, 2015) and (AlKhawaja, 2004). According to (Al-Khawaja, 2004; Suendermann, 2015) the total
investment cost per cm fiberglass insulation is 45 THB/m2 and according to (AlKhawaja, 2004) the total investment cost per cm is 26 THB/m2 in the base year 2017.
The average total investment cost of the two sources is 35.6 THB/m2 per cm. As the
information about the costs for insulation has high uncertainties and only two sources
are available, an additional safety factor of 20% is considered leading to total
investment costs of 42.7 THB/m2 per cm. In the base-case building the total area to be
insulated (wall and top-floor ceiling) is 157 m2. The resulting total investment cost for
different thicknesses is shown in Figure 29. The total investment cost for a thickness of
7 cm is 46,944 THB.

Figure 29: The total investment cost (investment and installation cost) of different
thicknesses of fiberglass insulation Source: based (Al-Khawaja, 2004; Suendermann,
2015)

Double glazing and increased window area:
In order to increase natural ventilation in the building the window area is increased
from 5.2 m2 to 9.5 m2. The specific cost of a clear glass window is approx. 530 THB/m2
(information provided by a supplier). The cost for the increased window area is
2,281 THB. Furthermore, for replacing the single glazed windows by double glazed
windows, an additional investment of 5,034 THB is required (9.5 m2window area).
For vertical fins/ shading it is assumed that they consist of LWC material with a
thickness of 1 cm. Vertical fins are installed at all windows and doors in order to
provide shading. The specific construction cost is 87.5 THB/m2 (including LWC and
cement layer material cost as well as labor costs)and the total cost is 1,504 THB (based
on (Suendermann, 2015) and adjusted to base year 2017).
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Creating an open-air bedroom in the first floor reduces the construction material
needed for the building. The wall and ceiling area is reduced by 35.6 m². However, in
order to assure shading and protection against rain, the roof area has to be increased
by 8 m². The cost savings sum up to 36,570 THB and the additional costs for the roof
are approx. 6,800 THB leading to an overall cost reduction of approx. 29,870 THB.
Green façade:
For ground based plants, cost information is taken from (Pfoser et al., 2013). They
include the cost of materials (plants and frame etc. required for growing the plants)
and labor cost. However, the source is not providing the cost information separately for
the parts included (i.e. labor and investment cost). Furthermore, it is based on the
German market as no source presenting the required information for the Thai or
Southeast Asian market is available. As labor and material costs in Germany are higher
than in Thailand, several assumptions had to be made:



50% of the costs presented in (Pfoser et al., 2013) are assumed to be labor
costs, 50% are material/ investment costs
The average labor cost in Germany is approx. 10.8 times higher than in
Thailand

Based on the values presented in the source and the assumptions made, the specific
investment cost for ground based plants and a climbing frame for plants are
1,467 THB/m². In the design, only the east façade is greened, which has an overall area
of 35.7 m². The overall costs for a green east façade are 52,429 THB.
LED lighting:
The lumen efficacy of LED light bulbs is 80 lm/W and the total installed power required
is 90 W. With the assumption that one LED light bulb has a power of 4 W, the total
number of LEDs needed is 23. The cost of a 4 W LED light bulb is approx. 300 THB
compared with a standard 40W incandescent bulb, which costs 23 THB (Suendermann,
2015). Installing LED instead of standard incandescent bulbs leads to additional costs of
6356 THB.
Energy efficient air conditioning:
For the building (base case, three conditioned rooms), three split type air-conditioners
are needed. An energy efficient air-conditioner with a COP of 4.5 – 5 costs approx.
42,000 THB and an air-conditioner with a COP of 3 – 3.75 about 29,000 THB
(according to supplier information). The overall additional cost for 3 efficient airconditioners with a COP of 4.5 is 39,000 THB.
The additional costs of all active and passive strategies are illustrated in Figure 30. It can
be seen that the green façade has the highest additional cost. The open-air area leads
to negative additional (lower investment cost than base-case building).
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Figure 30: The additional cost comparison of the active and passive strategies for the
base-case building

Annual cost savings:
In the following, the annual cost savings and payback periods for each measure are
presented. For the analysis additional investment costs, annual cost savings and the
simple payback period are calculated without considering an increase in electricity
prices. The considered electricity prices are based on (Provincial Electricity Authority,
2015) and presented in Table 9.
Table 9: Electricity prices for households in Thailand (Source: (Provincial Electricity
Authority, 2015)

Category

Monthly electricity consumption

Energy charge per kWh
[THB]

1

0-150 kWh

2.7628

2

151-400 kWh

3.7362

3

above 400 kWh

3.9361

The annual cost savings (THB) for all active and passive measures described above are
shown in Figure 31.
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Figure 31: The annual cost savings comparison of the active and passive strategies for
the base-case building

The simple payback period of all measures is calculated by dividing the total additional
cost of the efficiency measure in THB by the annual cost savings in THB/a. The results
are shown in Figure 32.

Figure 32: The simple payback period comparison of the active and passive strategies
for the base-case building

The economic analysis shows that all active and passive strategies are economically
suitable to be used in the final building design. The simple payback periods for a green
east façade, building insulation, energy efficient air-conditioning and double glazing
windows are 12.4, 4.6, 6.0 and 5.3 years respectively. For natural ventilation, LED
lighting and vertical fins the simple payback periods are 0.8, 2.0, 1.3 and 0.8 years. As
the open-air area reduces the overall investment cost for the building, the payback
period is 0.
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8.3.5
Combination of active and passive strategies
In this section the active and passive measures described above are combined and
simulated together in order to analyze the overall reduction of the annual energy
demand. Two different combinations are assessed (design-1, design-2):
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Design-1: all active and passive strategies described above are combined,
except open-air area
Design-2: all the active and passive strategies including open-air area are
combined.

The results for design-1 (fully closed building) and design-2 (open-air area) are shown
in Table 10.
Table 10: The annual energy performance of building design-1 and building design-2

Option

Cooling
[kWh/a]

Lighting
[kWh/a]

Interior
Equipment
[kWh/a]

Total
energy
demand
[kWh/a]

Specific total
energy
demand
[kWh/(m2a)]

Design-1

1,644

219

1,192

3,056

64

Design-2

1,394

219

1,192

2,806

58

With design-1, the total energy demand of the building is reduced by more than
5,000 kWh/a (from 8,106 to 3056 kWh/a). With design-2 the reduction is even higher
(from 8,106 to 2806 kWh/a). The reduction of the annual energy demand equals 62%
(design-1) and 65% (design-2).
In order to realize a zero- or plus-energy building, on-site renewable energy generation
is necessary in order to provide the remaining energy demand, which cannot be further
reduced economically by efficiency measures. In order to meet the energy demand of
the building on each day of the year, the hourly results from the simulation for the
months with the highest loads are used for designing a PV-system for the two final
building designs. Based on the hourly energy demand data for the hottest months
(March to May), an average daily load is calculated. The average daily load for design-1
is 8.8 kWh per day, for design-2 it is 8 kWh per day, which has to be generated by the
PV-system during one day. As there is also an electricity demand during times, in which
the PV-system cannot provide enough electricity, an additional battery storage system
is considered, which is able to store enough electricity to meet the demand between
6 pm and 8 am. The PV-system is designed with the tool PVsyst. The solar panels are
installed on the roof top. The resulting components needed to meet the average daily
load of design-1 are summarized in Table 11.
Table 11: PV system components required for design-1

System Components

Quantity Investment Cost [THB] Source

PV panels (250W, 24 V)

14

240,100

(Schoch, 2017)

Batteries (250Ah, 6V)

8

48,000

(Supplier information)
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According to the results from PVsyst, the nominal power generated by 14 panels of
250 W is 3.4 kW at standard test conditions. The required roof area is 23 m² (available
roof area: 32.5 m²). The total number of charging cycles of the batteries is 1,475 at
50% depth of discharge (DOD) rate. The monthly electricity generation from the PVsystem and the monthly energy demand of design-1 are shown in Figure 33. It can be
seen that the annual electricity generation form PV is slightly exceeding the annual
energy demand. Only during months with high cooling loads, the electricity generation
from PV is slightly lower than the electricity demand of the building.

Figure 33: The comparison of monthly energy PV production and monthly electrical load

The simulations and analysis presented above show, that designing a zero- or even
plus-energy building is possible economically. It is essential to reduce the energy
demand of the building as much as possible and there are several different options,
which are economically feasible. However, some of the designs (especially the open-air
area) might face retentions. There are different possibilities to assure privacy and keep
animals outside, like e.g. a combination of textile lamellas, which allow free airflow and
prevent views from the outside with insect screens to hinder wild animals (according to
the participants of the University workshop in March 2017 (see chapter 9.2), there is
the fear of e.g. snakes entering the building/ sleeping area) from entering the building.
Furthermore, energy plus buildings are only possible when effective energy efficiency
measures are combined with on-site renewable energy generation, e.g. from PV. The
measures and designs described above show a possibility for designing an energy
efficient row-house in Thailand at affordable and competitive costs. The additional
costs of design-1 and design-2 are 151,446 and 121,575 THB (without PV) and
472,000 and 422,846 THB with PV system (including battery storage). The simple
payback period of design-1 is 8 years without PV and approximately 21 years with the
PV and battery system. The payback period for design-2 is 6 years without PV and 19
years with the PV and battery system. The results show, that the payback period for
both designs with a PV system including battery storage is very high and close to the
technical lifetime of a PV-system. The main reasons are the investment costs for a
battery storage system (designs without battery are more feasible economically), the
relatively low electricity prices and that it is impossible to sell surplus electricity to the
public-grid. Therefore, nearly zero-energy buildings should be designed without battery
storage until the prices for batteries further decrease. The situation changes, when
dynamic investment calculation methods are applied and changes in the electricity
prices during the lifetime of the system are considered. In this case, the discounted
payback period of design-1 + PV is 13 years and for design-2 + PV 12 years (for details
see Annex 5 (Technology catalogue)).
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8.4
Summary and Conclusion of the case study

Case study – measures for
realizing plus energy buildings

A simulation tool like EnergyPlus is a very good instrument to validate different options
of design and technical equipment. The design of green facades and roofs is not yet
well developed and implemented within the design process. However, it is not possible
to evaluate the effects of green façades/ roofs and different plants on the energy
demand of a building with simulation tools, which are already available on the market.
It seems that there will be a big potential for green façades also in terms of providing
food for the inhabitants. It could also be possible to use the greywater for watering the
green façades and roofs when treated properly (see chapter 5). The influence and
interdependencies of wastewater treatment, the use for green façades and roofs and
the production of food must be developed.
In order to realize (nearly) zero- or even plus-energy buildings, in which all three Nexus
sectors “water security”, “energy security” and “food security”, integrated planning,
considering energy related issues at each planning step and for each subsection of the
building and the consideration of natural resources and possibilities at the building is of
major importance. For building a zero- or plus-energy building, it is essential to focus
on energy efficiency in each planning and design stage. A focus should be on passive
design strategies for reducing the energy demand. This includes, among other options,
shading of at least all openings in the façade (windows, doors) either by fins,
overhangs or with plants, which can be used for food production, as well as an
appropriate insulation of the building envelope (mainly roof and external walls). It has
to be mentioned that most available planting systems for roofs and facades are
currently relatively expensive (see chapter 8.3.4) as many of the systems have to be
imported. However, if a system is installed at the façade or on the roof, the cost
differences between plants for food production and plants, which do not produce
food, are negligible. Additionally, the time of use (processes in the building, number of
occupants, occupant behavior etc.) should be considered. The energy demand during
the time of use can be minimized by assuring the use of highly efficient technical
equipment and HVAC systems. Besides more energy related issues (Nexus sector
“Energy security” including reduction of energy demand, energy efficiency and use of
renewable energies on-site) possibly in combination with food production (Nexus sector
“Food security”; see chapter 6), water security plays a major role for sustainable Nexus
(plus-energy) buildings. The use of rainwater for services inside a building and watering
of gardens and green façades and roofs as well as decentral wastewater treatment and
reuse can improve the water security and reduce environmental impacts like water
pollution and the overuse of natural water resources (see descriptions in chapter 5).
The main phase for designing and building are the preparation, design, preconstruction and construction. In order to assure that energy efficiency and
sustainability topics are considered in each phase of a building’s lifecycle, the Royal
Institute of British Architects developed and published so called Green Overlay to the
RIBA Outline1.
The Green Overlay provides a good orientation for planners and architects about the
sustainability topics to be considered when planning, building and operating a building.
It follows a “business as usual” workflow and defines tasks, checks and benchmarks

1

Gething, B. (editor): Green Overlay to the RIBA Outline – Plan of Work. Royal Institute of British Architects.
London, November 2011
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for sustainability and thereby energy efficiency and energy supply for each step in the
planning process/ lifecycle. The considered steps are:
1. Preparation (Appraisal, Design Brief)
2. Design (Concept, Design Development, Technical Design)
3. Pre-Production (Production Information, Tender Documentation, Tender
Action)
4. Construction (Mobilization, Construction to Practical Completion)
5. Use (Post Practical Completion)
Possible tasks, checks and benchmarks were presented during the workshops in
Bangkok, from which the slides are available in the annexed documents of the report
at hand. They are also summarized in the source given below.

8.5
Existing examples in Thailand
8.5.1
ThaiHealth Center
The ThaiHealth Center (see Figure 35) is a public building in Bangkok (99/8 Soi
Ngamduplee, Thungmahamek, Sathorn, Bangkok 10120), which was designed as a
green building that meets international standards. It is the first learning center in
Thailand to promote well-being and health. There are three different routes for visitors
in the building, in which they can learn about different aspects of health and wellbeing. Route one addresses architecture and lifestyle (“Green Building, Green Living”),
route two (“The Path of Happiness”) shows exhibitions, which aim to create inspiration
and positive energy to live a life with increased well-being and route three (“Art from
Inspiration”) shows art to transmit happiness to viewers (see (Thai Health Promotion
Foundation (ThaiHealth), 2013)). The building was designed in a way that the endenergy demand for cooling, ventilation and lighting was reduced and the well-being of
occupants is supported. The focus in the building design was to use passive design
concepts to reduce the overall energy demand for the building operation as much as
possible. The main features are efficient automatic moveable fins for shading at the
façade and openings in the façade in the main wind direction connected to an atrium
from the bottom to the top of the building allowing natural ventilation and fresh
breezes on each floor of the building in the corridors and on staircases (offices,
working and meeting rooms are separated). Parts of the façade, roof and atrium were
greened including organic urban farming (vegetables, spices). Additionally, different
innovative solutions are demonstrated in the building. These include “light shelves”,
which allow the use of sunlight for illumination in the rooms but avoid the high
thermal gains from direct sun irradiation, “light pipes”, which channel sunlight to the
underground parking area reducing the electricity demand for lighting, a decentral
biogas-plant and rainwater harvesting as well as water-reuse. In addition, PV panels are
installed on the roof-top to supply electricity from renewable sources to the building
and meet at least part of the electricity demand.
8.5.2
Pruksa Plus House
Pruksa Real Estate Public Company Limited (Plc.) is a real estate developer founded in
1993 in Thailand. The focus of the company is on townhouses, single-detached houses
and condominiums. The Pruksa Plus House is a demonstration building in a real estate
development area in Bangkok’s suburbs (Plant Estique Pattanakarn 38). It addresses
four customer trends (safe and durable housing, hygiene-oriented and comfortable
houses for everyone, energy saving and modern buildings with technologies for more
convenience; see (Pruksa Holding Public Company Limited, 2016)) with a focus on
energy –saving and environmentally friendly materials. It achieved DGNB-platinum
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level, the highest certificate of the German Sustainable Building Council (compare
(Pruksa Holding Public Company Limited, 2016)). The building was developed with
several stakeholders including EGS-plan (Bangkok) Co., Ltd. The building is a single
family building for mid- or high-income households. Major elements of the building are
shading devices (overhangs, fins around the windows, trees) and insulation of the
building envelope to reduce the solar heat gains and cooling energy demand.
Furthermore, the infiltration rate was reduced massively compared to current standard
building and building is equipped with an efficient decentral ventilation system with
heat recovery in each room. The cooling energy is provided by a water cooled cold
water chiller (exhaust hot water used for hot tap water generation). The building’s
electricity demand is met by a roof-top PV-system. In order to use as much renewable
electricity from the PV system, an ice-storage is part of the cold supply system, which
allows the cold production during the day when the PV-system generates electricity
and the usage during the evening and night, when the occupants are at home.

Case study – measures for
realizing plus energy buildings

8.5.3
Chiang Mai Health Care Center
The Chiang Mai Health Care Center was planned by the Chiang Mai Municipality as a
standard building according to the Thai laws and regulations. In the final design phase
in 2016, an analysis of the building design was mandated by GIZ Urban Nexus in order
to increase the energy efficiency of the building upon request of Chiang Mai
Municipality. Several active and passive design options were identified, which can
improve the energetic performance of the building, which are described in the final
report of the project (Study of Chiang Mai Health Care Center, (Schoch, 2017)). The
identified active measures are the installation of a PV system on the roof-top, split type
evaporators with inverters and LED lighting. The passive measures are exterior shading,
an improvement of the openings in the façade (mainly improved windows), the
insulation of the ceiling below the roof and an adjustment of the cooling temperature.
Not all of the suggested measures were analyzed in a simulation study. The nonselected measures are the installation of a lighting control system, reflective coating on
the roof and the insulation of the exterior wall. The simulation of the described options
and the combination of some of the possible measures resulted in the recommendation
of two combination options, which lead to energy savings of 30% to 40% (Schoch,
2017). The combinations are:
1. Combination 1: Installation of LEDs and insulating the roof
2. Combination 2: Installation of LEDs, insulating the roof and installing an ACsystem with inverter
3. Combination 3: Installation of LEDs, insulating the roof, installing an ACsystem with inverter and a PV system
The resulting additional investment costs and the simple payback times are (see
(Schoch, 2017):
1. Combination 1: Additional investment: 187,646 THB; Simple payback time:
1.7 years
2. Combination 2: Additional investment: 270,037 THB; Simple payback time:
4.9 years
3. Combination 3: Additional investment: 347,180 THB; Simple payback time: 7.0
years
Further topics, which were not part of the simulation study, but discussed with the
different stakeholders of the project in several meetings, are the improvement of the
visual comfort and well-being, which seemed to be not sufficiently addressed in the
original design. Furthermore, the integration of green areas/ plants inside the building
and on balconies could improve the comfort and wellbeing of the occupants.
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9
Workshops
9.1
Stakeholder workshops August 2016
Between 15th and 19th August, three Workshops with different stakeholders have been
conducted in Bangkok. The stakeholders were:




Workshop 1: National Housing Authority (NHA): 15th August 2016
Workshop 2: Chulalongkorn University: 17th August 2016
Workshop 3: Architects and planners from Thailand, Nexus-partners from
China, the Philippines and Vietnam: 18th – 19th August 2016

The topics of the workshops are summarized in Table 12.
Table 12: Topics of Workshops in August 2016

Workshop

Topics

Workshop 1

Methodology for realizing zero energy buildings (laws and regulations in
Germany and Europe, Control mechanisms, balancing, Building
Information Modelling (BIM), certification schemes), Good practices,
Bioclimatic Design, Identification of risks and their avoidance, Thermal
activation of Building Structures, Working Group 1 (Technical feasibility
of Energy Plus Houses – Opportunities and Challenges), Working Group
2 (Marketability of Energy Plus Houses – Opportunities and Challenges)

Workshop 2

Methodology for realizing zero energy buildings (balancing, planning
process, Building Information Modelling (BIM)), Good practices,
Building-grid interaction, Role and importance of education and
research, Identification of risks and their avoidance

Workshop 3

Methodology for realizing zero energy buildings (balancing, planning
process, Building Information Modelling (BIM), passive and active
design), Good practices, Introduction and discussion of inventories and
suggestions for possible implementation, Bioclimatic Design, Energy Plus
Buildings in Thailand – Concepts and Examples &Thermal activation of
Building Structures, Definition of criteria for possible tenders,
Presentation from Nexus partners from China, the Philippines, Vietnam,
Working Group (Construction of marketable Energy Plus Houses –
Opportunities and Challenges), Site visits

In the following the results of and discussions during the workshops are summarized.
9.1.1
Workshop 1: National Housing Authority
In the workshop, several presentations were held by experts from Chulalongkorn
University, Bangkok, EGS Plan and Fraunhofer ISE (the presentation slides from
Fraunhofer ISE can be found in an extra document annexed to the final report). The
participants were from different departments of the National Housing Authority (NHA)
in Bangkok. The topics addressed are summarized in Table 12 and impressions are
presented in Figure 34.
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Figure 34: Impressions from workshop at National Housing Authority on 15 th August
2016 (Top: audience following presentations, below: group work).

9.1.1.1 Topics in discussions
A challenge for Thailand and especially Bangkok is the high demand for
accommodation units of about one million for low-income households in the coming
years. A major challenge in this sector is that the construction costs are limited as the
NHA is operated like a private company and thus has to generate profits. In order to
realize buildings for low-income households usually profits from projects for mid- and
high-income households are taken to “subsidize” those buildings internally (“crosssubsidization”), which is still not enough for realizing high efficiency or even zeroenergy buildings in this sector. The limiting factor for the NHA is the official poverty line
of 40.000 THB/month, from which approx. 15% are usually used for accommodation.
With the expected lifetime of the buildings this is the upper boundary for investments/
investment calculations for the NHA. Furthermore, decisions about investments are only
based on the investment costs and not on the lifecycle costs. Therefore, possible cost
savings due to additional energy efficiency measures during the building’s operation
are not taken into account.
The NHA on the other hand already did a lot of research on different energy efficient
building designs and the usage of new buildings materials. Furthermore, renewable
energies (mainly PV) are used in some projects and a guideline for sustainable buildings
was already developed. However, there is no strategy/ action plan for using renewable
energies in buildings of the NHA, which is essential for a broad application and capacity
building in the company. The same is true for zero-energy/ green buildings and there
are no goals set due to unclear leadership (status August 2016). The NHA is currently
not using findings from research and applying available efficiency measures in its
standard buildings. This is partly due to the fact that the focus of the NHA is the user
and political needs and demands, which are in the center of attention. A building has
to be affordable and has to function all the time; the implementation of new
Fraunhofer ISE
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technologies or approaches is associated with risks private or semi-private companies
want to avoid.
Another topic, which was raised in the discussion several times, was the absence of at
least one demonstrator showing the possibility of building high efficient/ nearly zeroenergy buildings even for low- or at least mid-income households at affordable/
competitive costs. Furthermore, effective support schemes for establishing or at least
demonstrating highly efficient/ nearly zero- or plus-energy buildings in the Thai market
are missing. One question, which arose, was if and how such a project could be
realized with international financial support. However, the possibilities are very limited
and there are only few funding schemes. Funding schemes are also missing on the
national level and the political discussions about (nearly) zero-energy buildings were
described as “difficult”. This is seen is a major challenge and one of the main reasons
for the slow development in the area of green/ sustainable buildings. One suggestion,
which arose, is providing additional funds for the NHA (e.g. 10%) if they define
ambitious energetic targets for new developments in its tenders. Nevertheless, there
are already some incentives in place in Bangkok: e.g. a green building certificate allows
developers to build larger buildings.
9.1.1.2 Group work
The participants worked in two groups and answered/ discussed two questions:
1. Technical feasibility of Energy Plus Houses – Opportunities and Challenges:
a.

What are the main technical issues obstructing the construction of
plus energy buildings?

b. What technical conditions should be given to motivate you to
promote plus energy buildings?
2. Marketability of Energy Plus Houses – Opportunities and Challenges:
a.

What are the main obstacles preventing you from the construction of
plus energy buildings?

b. What conditions are required to promote plus energy buildings?
c.

What role should the government play?

d. What role can financing institutions play?
The main issues raised are listed in the following.
1. Technical feasibility
a.

Challenge is the lack of know-how and understanding of needed
technologies for energy plus houses  education (planning,
construction, engineering,, but also demonstration projects needed

b. Existing laws, regulations and building codes do not cover all
technologies and/ or are not established yet political and regulatory
support needed
c.

Governmental support for education and PR-campaigns needed

d. Support and boost of “green” certification can help to develop
market for plus energy buildings; also here governmental support
important
2. Marketability:
a.
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b. Budgetary constraints in NHA and other real estate companies
c.

Preferences of users is a challenge: especially low-income households
do not use much energy anyway, which reduces the economic
feasibility of increased investments in energy saving; furthermore, also
for users important to see the benefits of plus energy buildings
(demonstration project needed)

Workshops

d. Possible incentives are low interest rates and other financial support
from ministries and (local/ municipal) authorities
The discussions showed that it is essential to raise awareness for the importance and
benefits of nearly zero- and plus-energy buildings on different levels and for all
stakeholders from ministries and regulatory bodies to the end-user/ occupant. In order
to improve the situation PR-campaigns, but also educational programs and workshops
were suggested. Furthermore, participants suggested adjusting the current building
regulations and laws as they are – from their point of view – not appropriate for energy
plus buildings. A central issue was the cost for energy plus buildings. For many
measures, the up-front investment cost is higher than for standard/ business as usual
residential buildings. The problem is that the investment cost is currently the main
decision criterion for an investment and not the life cycle costs. The case study in
chapter 8 showed that many measures, which are required for realizing a (nearly) zeroenergy building are more expensive in the beginning but are economically feasible
when the lifetime of a building is considered. Another problem in this context is that
mainly the occupants are profiting from energy saving measures during usage, but not
the investor (investor-user dilemma). So far, no business model was found to overcome
this dilemma in Thailand. Furthermore, participants suggested that the government
establishes support schemes for energy plus buildings. Suggestions were direct financial
support, subsidies for some technologies or materials, credits with low interest rates or
tax incentives. However, the discussion with politicians about additional financial
support is difficult and long-lasting.
In the discussion it was mentioned that there are already some supporting schemes in
place in Bangkok. Developers are allowed to build bigger buildings when they do have
a green certificate, which can be a good incentive in densely populated areas, in which
the area prices are high. Furthermore it was mentioned that the NHA already has a
high market power due to the size of the company. Therefore, it would be possible to
“force” engineers and/ or construction companies to increase their know-how and
bring down costs for nearly zero- or plus-energy buildings by including energetic
requirements in calls for bids.
9.1.1.3 Summary and learnings
The learnings from the workshop can be summarized as follows. So far, a clear strategy
concerning energy efficient building designs/ developments is missing within the NHA.
Convincing colleagues and superiors of the importance to establish processes for
realizing zero- or plus-energy buildings in/ for the future is a challenge even though
knowledge about the importance exists. The challenge is to transfer the knowledge
and know-how into reality (processes, real buildings…). Therefore, employees usually
follow the business as usual procedures and therefore, energy efficiency measures are
not implemented. Furthermore, the need to earn money reduces the possibilities to
realize more efficient (or even zero-energy) buildings as the main investment decision is
based on the investment costs and efficiency measures often have higher investment
costs, but can save money during a building’s lifecycle. Besides the internal strategy, a
clear framework for energy efficient buildings is not implemented yet, which is
hindering the implementation of (nearly) zero- or plus-energy buildings within the NHA
but also in the overall Thai building market. Furthermore, a lot of research was and is
conducted on (nearly) zero-energy single-family buildings, but not on large multi-family
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buildings in Thailand. This market is of major importance for the NHA, but know-how
about the transferability of findings from small buildings to large ones is missing.
9.1.2
Workshop 2: Chulalongkorn University
9.1.2.1 Topics in discussions
The presentation slides from Fraunhofer ISE from the workshop can be found in an
extra document annexed to the final report. During the workshop at the
Chulalongkorn University, in which mainly architecture students were participating,
several questions were raised and discussed. A central issue is that there is no
integrated education (HVAC and architects), which is similar to the situation in
Germany. As a result there is little awareness for energy efficiency among architecture
students. The discussions also showed that the knowledge about the meaning and
definition of “nearly zero-energy building” is limited. Another topic, which is closely
linked to the definition of nearly ZEB, is the general definition of “sustainable
buildings”. The participants emphasized that a sustainable building is not necessarily a
building with a low/ zero energy demand. Furthermore, other topics like the building
materials, grey energy and recyclability are also relevant factors to be considered. The
discussion showed that for a comprehensive sustainability analysis the whole building
life-cycle should be taken into account.
Furthermore, students explained that they are usually dealing with building types,
which are not relevant in their later working live (e.g. theaters, museums) and not with
most relevant buildings types, which are residential and commercial buildings. They
also expressed the wish to learn more about available tools, which allow the integrated
planning of the architecture/ building structure and technical building equipment and
also allow the analysis of the energy demand/ energetic performance.
Like in the first workshop the question about the costs and economic feasibility of a
nearly ZEB was discussed. The central question was whether these buildings are more
expensive than standard buildings and how clients can be convinced of the advantages
of such building designs. (Investment) costs are a central criteria and it is difficult to
persuade clients of the benefits during the whole lifecycle due to lower operating and
energy costs.
Some of the discussed topics were too theoretical/ abstract and far away from the
topics the participants are dealing with. They criticized that the need to use hourly
energy balances for planning and analyzing a nearly zero-energy building was not
explained sufficiently detailed. The same was true for the topic of the building-grid
interaction. So far, this is not a central issue in Thailand. However, it can become more
important with an increasing share of fluctuating renewable energy generation and
feed-in from many different and wide-spread suppliers/ households. The management
of an energy system based on decentral renewable energy generation differs from the
current situation (few, central power plants). In such a system, flexible consumers can
become more and more important to balance and stabilize the electricity grid.
Electrically conditioned buildings in combination with decentral storages can play a
major role in the future electricity grid for balancing, buffering energy and grid
management.
9.1.2.2 Summary and learnings
The learnings from the workshop can be summarized as follows. Students are very
interested in energy efficient and especially in zero-/ plus-energy building concepts and
possibilities for their realization. One reason is that it is a topic of major importance
world-wide, which offers broad working and business opportunities for young Thai
architects. However, from the student’s point of view, technical issues (energy efficient
building technologies, interaction of technical building equipment and design) are not
addressed during university to the necessary degree, which is needed for realizing such
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buildings. Furthermore, the sectoral planning of the technical building equipment and
definition of technical equipment to be used is usually done by developers and not by
independent qualified engineers.
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Another challenge many participants named is the difficulty to convince colleagues of
the importance for realizing more efficient or zero- and plus-energy buildings especially
when they are at the starting point of their career.
9.1.3
Workshop 3: Architects, planners and Nexus-partners
In the third workshop architects and planners from Thailand took part. Furthermore,
several partners from other Asian and Southeast Asian countries, who take part in the
urban nexus program, took part and also presented projects in their countries and cities
(the presentation slides from Fraunhofer ISE can be found in an extra document
annexed to the final report). The focus of the workshop, presentations and discussions
was on residential buildings. However, one participant mentioned that especially large
commercial buildings should be considered in the future as their energy demand is
already very high. In Bangkok for example large commercial buildings and shopping
centers consume approx. 25% of the whole electricity consumed in the city, even
though they only represent a small share of the building stock (in terms of number of
buildings).
9.1.3.1 Discussions during workshop
During the workshop several topics were raised and discussed. Many participants
highlighted the importance of clear, consistent and strict laws and regulations for the
development of highly efficient buildings. Therefore, there was great interest in the
regulatory framework in Europe, where the general framework is set by the European
Union/ European Commission. The European directives and regulations are
implemented on national level by Member States governments. Additionally, states and
local communities have the possibility to set even stricter requirements for new
buildings and refurbishments than required by the EU or national governments. One
question during the workshop was about the possibilities to set stricter requirements
on local levels. In Germany, many communities set local building standards, which are
more demanding than national and European requirements. Usually, communities only
sell own building plots to investors when they comply with the local standards and
thereby enforce and support highly efficient buildings. However, national, state and
local governments always have to comply with the European law, which sets minimum
requirements for buildings.
Besides the requirements and efforts for realizing new (nearly) zero-energy buildings,
the transformation of the existing building and building system (particularly HVACsystems) stock was an important issue. So far, in most Asian countries the focus for
realizing highly efficient buildings is on new buildings and not on the existing stock.
And also in Europe the transformation of the existing stock is a major challenge.
For both, new and existing buildings, laws and regulations are focusing on the energy
demand for building services (heating, cooling, hot water, ventilation, and lighting) and
not on the usage induced energy demand. It was mentioned during the workshop that
handling high peak loads in e.g. laboratories or servers on a university campus is a
major challenge for (i) the energy management and (ii) the possibility to realize zeroenergy buildings. In the scientific discussion about zero-energy buildings the question
of including these usage dependent energy demands in the energy balance or not as
their share in the total energy demand of a building is increasing the lower the energy
demand for conditioning the building is (so far, they are usually not taken into
account). Therefore, and due to the fact that energy costs for usage induced energy
demands are more and more important, energy efficient solutions for server,
laboratories etc. are gaining importance for the users of buildings. It was emphasized in
the discussions that additional know-how about efficient solutions is missing and
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demanded. Generally, it was emphasized that more know-how and knowledge transfer
should take place internationally on solutions for highly efficient buildings, districts and
cities. In the context of know-how transfer the question about available planning and
simulation tools for (nearly) zero-energy buildings was raised. Internationally there are
many simulation and planning tools available and providing a consisting overview with
pros and cons of the different tools is not possible in the frame of this project.
However, it can be mentioned that tools for planning highly efficient buildings should
allow detailed, at least hourly simulations of the energy demand of a building 1.
Beyond the challenges and chances on the building level, the increasing importance for
the consideration of the whole neighborhood and integrated planning of districts and
cities (including all relevant sectors and new and existing buildings) was mentioned by
the participants. In booming Asian cities, very often large real estate development
projects are realized; however the energy supply is usually planned and realized on
building and not on district level. The (nearly) zero-energy project development on
community level can provide the several opportunities:





Combined cooling, heating and power (CCHP) systems are more effective at a
larger scale. The same is true for community sized boilers and chillers.
Load diversification in a community: Peak load in offices during the day while
for residential buildings it’s usually in the morning and evening. By supplying
different building types, the load curve of the whole system can be smoothed
leading to a higher utilization rate of the installed energy supply units.
Better control over orientation of buildings in a community for optimal daylight
and passive solar cooling and heating (Malin, 30th 2010).

Besides the regulatory and technical issues, the economic feasibility of (nearly) zeroenergy buildings, financial support and challenges were of major interest for
participants. An important issue in many Southeast Asian countries and China is that
there are high subsidies on energy carriers/ energy prices. Therefore, energy prices for
households (electricity, natural gas, fuel oil,…) are relatively low, which decreases the
economic feasibility of investments in energy efficiency measures and (nearly) zeroenergy buildings, as for some designs, technologies and efficiency measures, the
investment costs are too high compared to the achievable energy cost savings. A
possibility to overcome that challenge is to decrease subsidies for energy and instead
use that money for increasing the energy efficiency. According to the participants, a
challenge for this switch (support energy efficiency instead of subsidizing the energy
supply) is the social stability. The reduced subsidies increase the energy prices, which
hits low-income households the most as their relative expenditures for energy strongly
increase. This can lead to energy poverty if the people cannot afford the energy they
need anymore. The state has to make sure that reduced subsidies for energy do not
lead to energy poverty for low-income households, by e.g. establishing other support
mechanisms for low-income households. Low-income households are households with
a monthly income of approx. 40,000 THB (for comparison: the poverty line is 6,000
THB per month). Closely linked to the economic feasibility was the question about
international support/ financing possibilities for (nearly) zero-energy buildings. In
Germany, the KfW bank is one of the leading public banks in the field of financing
energy efficient buildings. The bank is furthermore supporting several international
projects with its KfW Development Bank and other subsidiaries. The focus is reducing
poverty, create better living conditions and protect the climate and environment. It is
supporting e.g. renewable energy projects in the world and possibly also highly

1
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efficient buildings and demonstration projects. Subsidiaries of the KfW, which are in
principle supporting the boost of climate-friendly technologies in Thailand are the DEG
- Deutsche Investitions- und Entwicklungsgesellschaft mbH1 (German Investment and
Development Corporation), which has an office in Bangkok, but also the KfW-IPEX,
which is mainly supporting export activities of German and European companies2. The
topics and to what extend nearly zero-energy buildings in Thailand can be supported
has to be negotiated and assessed directly with the bank and its subsidiaries in an early
project phase; general statements are not possible. To what extend other international
institutions (e.g. The World Bank Group and the Asian Development Bank) are offering
financial resources for (nearly) zero-energy buildings has to be assessed in a separate
study.
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9.1.3.2 Country presentations
During the workshop NEXUS partners from China, Philippines and Vietnam presented
their work and projects to the participants.
China:
In China, the focus is on the development of large housing projects with several multifamily buildings and thereby on the development of whole quarters and districts and
not on small, single buildings. Furthermore, it was emphasized that there are strict
regulations concerning the energy efficiency of buildings. Nowadays, many new
projects go beyond the legal requirements and “passive houses” are becoming the
standard, whereas the demand for standard buildings is decreasing. The investment
costs for passive houses are approximately 10% (approx. 835 RMB/m²) higher than for
a standard building.
Philippines:
The focus in the Philippines is on social housing; therefore, low-cost solutions were
examined. One of the major challenges is the strong winds/ typhoons. These winds
make the installation of PV-systems on the roof-top difficult. Within the project, a
prototype of an energy efficient building for low-income households was developed,
which provides good comfort and the needed services with a reduced energy demand.
Furthermore, the model house in its basic variant is cheaper than current standard
houses and it can be gradually upgraded depending on the available budget.
Vietnam:
In Vietnam, a “National Energy Efficiency Building Code QCVN” entered into force in
September 2013. The code provides mandatory technical standards for achieving
energy efficiency in the design, new construction or retrofit of buildings with a gross
floor area of 2,500 m² or more. In the presentation, it was highlighted that in Da Nang
the first highly efficient buildings were privately funded without subsidies or other
financial support. However, concepts for highly efficient social housing are missing so
far.
9.1.3.3 Group work
The participants worked in three groups in order to answer the following questions
about “Construction of Marketable Energy Plus Houses – Opportunities and
Challenges”:

1

https://www.deginvest.de/International-financing/DEG/

2

https://www.kfw-ipex-bank.de/International-financing/KfW-IPEX-Bank/
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What are the obstacles for plus energy buildings?



What are the conditions for plus energy buildings?



What is the role of the government (in establishing a market for plus energy
buildings)?



What is the role of financial institutions in the market for plus energy
buildings?

The groups presented their results to the plenum. The main results are summarized in
Table 13.
As a general result it can be stated that in the presented countries some regulation
actions have been developed. The transfer of the knowledge on how to create energy
efficient and sustainable buildings has to be developed and implemented into the
several systems and institutions. The building industry has to be informed and
convinced as well as the additional benefits have to be presented.
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Table 13: Results of the group work on “Construction of Marketable Energy Plus Houses
– Opportunities and Challenges”

Question Group 1
Q1:
Obstacles
for plus
energy
buildings

Group 2

Workshops

Group 3

No assistance of policy

Limitations on
cost Budget
(labor and materials)
Technologies
and
Buddhists live in present
materials missing/ not Lack of knowhow
and don’t think about
available
future
Availability of materials
Renewables not always
available
Time needed to adapt
concept
Not enough human
resources/ knowhow
Applicability to settings,
especially
for
high
energy
consuming
buildings (labs, machine
parks…)

Q2:
Condition
s for plus
energy
buildings

Information
dissemination
Product
support

and

industry

Demand and business Benefit
from
plus
opportunities
energy buildings must
be visible/ feel-able

Governmental support
 building codes
Resilient materials and
technologies for climate
conditions
Q3: Role Financial incentives
Formulation of policy on
of
the
national and regional
Building codes and
governme
level
monitoring
of
nt
implementation
Promoter

Feed-in tariff
Financial incentives 
too low energy costs
(increase
of
these
possible?)

Q4: Role Priority loans for energy Housing loans (national Easy loan at low interest
of
and buildings
and local)
rates
financial
Combination of private
institutes
developers and public
housing
20%
of
profit to social housing
programs

Fraunhofer ISE

The Urban Nexus II

85 | 432

9.1.3.4 Site visits
Workshops

On the second day of the workshop two good practice buildings in Bangkok were
visited. The first one was the ThaiHealth Center (see Figure 35). The building was
designed in a way that the end-energy demand for cooling and ventilation was
reduced and the well-being of occupants is supported. The main features are efficient
automatic moveable fins for shading at the façade and openings in the façade in the
main wind direction connected to an atrium from the bottom to the top of the building
allowing natural ventilation and fresh breezes everywhere in the building. Additionally,
air conditioning systems are installed. Furthermore, parts of the façade, roof and atrium
were greened including organic urban farming (vegetables, spices). Furthermore,
different innovative solutions are demonstrated in the building. These include “light
shelves”, which allow the use of sunlight for illumination in the rooms but avoid the
high thermal gains from direct sun irradiation, “light pipes”, which channel sunlight to
the underground parking area reducing the electricity demand for lighting, a decentral
biogas-plant and rainwater harvesting as well as water-reuse.
The second sight visit was to a demonstration plus energy building in a real estate
development area in Bangkok’s suburbs. The building is a single family building for
mid- or high-income households. Major elements of the building are shading devices
(overhangs, fins around the windows, trees) and insulation of the building envelope to
reduce the solar heat gains and cooling energy demand. Furthermore, the infiltration
rate was reduced massively compared to current standard building and building is
equipped with an efficient decentral ventilation system with heat recovery in each
room. The cold is provided by a water cooled cold water chiller (exhaust hot water used
for hot tap water generation). The building’s electricity demand is met by a roof-top
PV-system. In order to use as much renewable electricity from the PV system, an icestorage is part of the cold supply system, which allows the cold generation during the
day when the PV-system generates electricity and the usage during the evening and
night, when the occupants are at home.
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Figure 35: Impressions from the site visit to the ThaiHealth Center on 19th August 2016
(Top left: open atrium and openings in the façade allowing natural ventilation, top
right, bottom left and bottom right: automatic moveable fins for shading as well as
daylight and glare control; top left, bottom left and bottom right: plants at almost all
levels provide shading and support ventilation and cooling as well as food (organic
urban farm)).
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Figure 36: Site visit to the Pruksa+ Project in Bangkok on 19th August 2016.

9.1.3.5 Summary and learnings
The learnings from the workshop can be summarized as follows. Real estate developers
determine the building sector and real estate market. Their main interest is to develop
projects, which generate high profits and not necessarily to develop highly efficient,
sustainable buildings. Furthermore, participants highlighted that a clear regulatory
framework for zero- or plus-energy buildings is missing in most of the countries, which
were present at the workshop. This is especially true for missing ambitious and binding
maximum energy demands and other energy related parameters for buildings (e.g.
maximum specific primary energy demand in kWh/(m²a) for the whole building, for
cooling or other energy applications (lighting, ventilation etc.), maximum u-values of
different building envelope elements, minimum share of renewable energies in the
overall end energy demand). Another topic, which was discussed and is hindering the
development especially of plus-energy buildings, is the fact that feed-in tariffs for
electricity from decentral roof-top PV systems are missing, which makes the
development of plus-energy buildings impossible. Plus-energy buildings need the
possibility to feed-in the surplus energy generated on-site into the public grid, which is
currently not possible in Thailand. Without this possibility, the maximum standard,
which can be achieved, is a zero-energy building, but this is only achievable with large
energy storages (batteries and others) in order to balance daily, but also seasonal
demand and supply fluctuations as it is not possible to use the public grid as storage.
The associated costs are very and from an economic point of view realizing nearly zeroenergy buildings under the current legislative framework is the most feasible building
concept. Close to the topic of missing FiTs is missing financial support schemes for
energy efficiency in buildings. In Germany for example, the state owned KfW-bank
supports buildings with higher energetic standards than required by law and other
measures for realizing an almost climate neutral building stock until 2050. The
question, whether there are similar programs available in Southeast Asia and whether
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international financial institutions like the KfW-development bank, the World Bank and
others are financially supporting efforts for realizing (nearly) zero- and plus-energy
buildings in the region could not be answered during the workshop. A detailed
assessment of the financing possibilities could help to develop the market for these
buildings in Southeast Asia.

Workshops

A challenge most participants named is the difficulty to establish processes for realizing
more efficient buildings within the organizational structures of their companies or
public bodies. Often, knowledge about the importance of realizing zero- or plus-energy
buildings exists. However convincing colleagues and/ or clients to transfer the
knowledge and know-how into reality (processes, real buildings…) is difficult. How
processes for supporting zero- or plus-energy buildings can be established in the
respective organizational structures has to be evaluated individually, but supporting
documents and political support can be very helpful for experts inside organizations to
advance the topic.

9.2
University workshop March 2017
9.2.1.1 Approach, topics and discussion
In contrast to the first workshops, the workshop in March 2017 was more practically
oriented. During the two-days’ workshop (13th & 14th March 2017), students of the
Chulalongkorn University worked on a concrete standard row-house design provided
by the National Housing Authority (see chapter 8 and Figure 23) and analyzed different
solutions to reduce the energy demand and design of a (almost) zero energy building in
Bangkok. After some short introductory presentations, the participants worked in small
groups, which were supported and guided by experts from Chulalongkorn University,
Unexpected Co. Ltd. and Fraunhofer ISE. The topics of the introductory presentations
were the goal of the workshop, the Green Overlay Approach as a planning
methodology for sustainable buildings, the Technology catalogue for zero/ plus energy
buildings developed by Fraunhofer ISE during this project, possible energy saving
applications including investment costs on the basis of a concrete building design and
the presentation of the building design to be optimized.
For the base case building, participants said that typically there are only single-glazing
windows built-in and the external walls consist of light weight concrete without any
insulation. The u-value of such walls is approx. 4.3 W/(m²K). The roof and the floor are
usually comparable with a U-value not better than 3.0 W/(m²K) in the base-case.
Critical issues for building simulations are the internal loads, schedules for the technical
equipment and HVAC-systems and other factors influencing the energy demand.
Therefore, these topics have been discussed in detail with the participants and Prof. Dr.
Atch from the Chulalongkorn University. Usually, a Thai household has four members
(two adults, two children). Living areas are often not air-conditioned during the week
as people are not at home during the day. Furthermore, people usually shower two
times a day (morning before 8 am and evening between 9 and 10 pm) for about 15
minutes using approx. 50 liters of hot water per shower. This determines the daily hot
water demand of a typical single-family building in Bangkok. Concerning the internal
heat gains due to plug-loads (refrigerators, TVs and others) the discussions did not
come to a common understanding and conclusion. The discussion showed that there is
hardly any knowledge about the number of appliances in households, their maximum
power and electricity consumption patterns. Therefore, the different groups had
different assumptions about the internal loads implemented in their simulation models.
One option for reducing the energy demand of buildings, which each group identified
as essential, is the installation of inverter ACs instead of conventional ACs.
Some design options for (nearly) zero-energy buildings in Bangkok developed by the
groups and the experts from Unexpected Co. Ltd. and Fraunhofer ISE were questioned
Fraunhofer ISE
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and critically discussed. An option for reducing the energy demand, which was
addressed by all groups, was a green roof. Participants noted that most plants do need
some shade and the sun irradiance on roofs in Bangkok might be too strong for most
plants. Concerning green façades it was mentioned, that these could attract wild and
often poisonous animals (mainly snakes) to come too close to the buildings and
endanger the inhabitants. Therefore, if green roofs and façades are installed an
adequate protection from wild animals has to be considered especially at the windows.
An unusual suggestion/ design concept was a water-roof. The idea behind that is that
the evaporation of the water, which runs down over the sloped roof and maybe also
creates a water curtain in front of the building or at least in front of some parts of the
building, cools down the air around the building and thereby reduces the electricity
demand for air-conditioning. However, water (reservoirs) on or close to the building
could be ideal for mosquitos to settle there, which is undesirable. A final solution for
this problem was not found and has to be further examined. Furthermore, there is no
validated simulation tool/ model, with which such a design can be modelled in detail.
Another option, which is already implemented in other Southeast-Asian countries, is
the formation of open-air areas/ open spaces. These spaces don’t have walls around
and thereby allow free, natural ventilation. Furthermore, they are not equipped with
active cooling devices. However, participants raised the concern that the air pollution in
Bangkok is too high and therefore people would not accept such a design. On the
other hand, most participants explained, that they usually open the windows during
the night during most months of the year and dust/ air pollution is coming into the
buildings anyway.
9.2.1.2 Summary and learnings
It can be stated that the education level at Chulalongkorn University concerning energy
efficiency of buildings is comparable to the level e.g. in Germany. However – like in
Germany- there is a gap of transfer of this knowledge in the working environment of
industry companies and engineering companies. These companies have to be
convinced to bring energy efficiency into the focus of daily work.
The learnings from the workshop can be summarized as follows. For most students,
applying the simulation software was no problem, as some of the participants already
worked with it before. Also, the graphical presentation of the different design ideas in
3D-models was not a big challenge. The reduction potentials of the different efficiency
measures were clearly visible from the simulation results. However, the participants said
that pushing new ideas and solutions in established architectural or engineering
companies can be challenging and difficult.
The students, who took part in the workshop, received a certificate for their successful
participation.
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Conclusion and recommendation

Due to the climatic conditions in Thailand, the major challenges for realizing (nearly)
zero- or plus-energy buildings are the high solar irradiation, temperature and humidity.
Assuring comfortable indoor temperatures, humidity levels and air quality requires
adequate ventilation and cooling of a building combined with good ventilation. To
reduce the energy needs, especially passive design strategies are essential. Many of the
passive strategies are economically feasible already under current economic and
regulatory boundaries. Passive measures include, among other options, shading of at
least all openings in the façade (windows, doors) either by fins, overhangs or with
plants, which can be used for food production, as well as an appropriate insulation of
the building envelope (mainly roof and external walls). Furthermore, designing the
building in a way that solar heat gains are minimized and natural ventilation is enabled
can reduce the energy demand for cooling and ventilation tremendously without any
additional costs. In Thailand, an optimal orientation of the longer façade facing North
and South with overhangs and/ or other shading systems at least at all openings.
Only with passive strategies it is difficult to assure good comfort conditions for a
building’s occupants and technical equipment is needed for providing enough cooling,
ventilation and other services in the building. Each appliance and technical item in a
building implies internal heat gains, which are undesired especially in hot, tropical
regions. Therefore, using highly efficient equipment with reduced losses (= heat gains
to the building) is important for minimizing the cooling energy demand. Besides the
installation of efficient lighting (LED) in a building, real estate developers usually only
have limited influence on the efficiency of electrical devices like e.g. TV refrigerators
etc.; using efficient technologies is in the area of responsibility of the occupants.
Developers can however influence the efficiency of the whole HVAC system and all
associated technologies (active strategies for realizing (nearly) zero- or plus-energy
buildings). It is of major importance that only highly efficient devices are installed.
Furthermore, realizing zero- or plus-energy buildings is only possible with on-site
generation of electricity from renewable sources; for plus-energy buildings the
possibility of feeding-in electricity from decentral renewables is essential a clear
regulatory framework for the feed-in is necessary (currently unclear in Thailand).
The usage of plants for e.g. shading the building has additional positive effects. For
shading purposes, fruits and vegetables can be used, which can improve the food
security in Thailand and offers especially for low-income households to enhance their
(economic) situation. Furthermore, plants can reduce the urban heat island effect by
improving the micro-climate around the building (shading plus evapo-transpiration) and
improve the air quality by filtering pollutants from the ambient air. Thereby, coupling
the nexus sectors energy security and food security offers multiple benefits. Both
sectors can also be coupled with the third nexus sector “water security”. By harvesting
rain water and storing it for usage in the dry season (drought prevention), the usage of
groundwater and the amount of runoff water, which regularly causes floods, can be
reduced. The water can be used e.g. for watering plants on and around the building
and for the toilet flush. Besides rainwater usage, a good wastewater treatment
eliminating all pollutants from the wastewater is necessary to secure the fresh water
supply in the long-term. Waste water can be treated either centrally or decentral.
Decentral treatment offers the possibility to use the treated water (like rainwater) for
watering and toilet flush. Furthermore, some of the nutrients in the water can be used
as fertilizer for plants, when hygienic standards are met. In order to assure that all
nexus sectors are considered in planning a “Nexus plus-energy building” (or nearly
zero-energy building) it is essential to take all sectors and possibilities into account from
the very first planning step.
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Besides the already named (additional) benefits of (nearly) zero-/ nexus plus-energy
buildings (reduced urban heat island effect, water and food security, better air quality),
there is another major benefit. The reduction of the energy demand and increased
usage of renewable energy sources reduces the import dependency of the energy
sector of a country and the “energy bills” of the citizens.
The workshops conducted in Bangkok showed that a lot of know-how/ knowledge
about energy efficient buildings already exists. However, a challenge is the
transformation of theoretical knowledge to real life. On the one hand, existing and
long-established structures in companies and public bodies can hinder the
establishment of new planning processes and/ or new goals for buildings. On the other
hand, a clear, consistent and ambitious regulatory frame is missing in Thailand. For the
development of a market for new building concepts like e.g. nearly zero-energy
buildings a clear regulatory framework and planning reliability is essential. In order to
establish (nearly) zero- or plus-energy buildings as the building concept for a
sustainable future development, several binding parameters need to be defined. This
includes e.g. maximum U-values for the building envelope elements, maximum energy
demands for buildings and minimum efficiencies for HVAC technologies. The named
parameters mainly address the nexus sector “energy security”; if it is desired to
improve the food and water security by solutions, which can be implemented in single
buildings, requirements and interactions have to be defined in building laws/
regulations as well (e.g. increased minimum green, unsealed area around building for
infiltration, rain water tanks with useful floor area dependent storage volume,
minimum wastewater treatment and reuse requirements,…).
As an accompanying measure to setting strict regulatory boundaries (including
monitoring, evaluation, control and enforcement possibilities for the government),
efficient support schemes are essential especially in the beginning of the development
of a new market. As long as the design concepts and strategies are not established in
the building sector/ market, there is the risk of increasing prices/ too high costs. The
risk should not be ignored and measures to avoid high prices have to be established as
high prices are mainly a challenge for low- and mid-income households. In order to
realize competitive prices (i.e. comparable to the prices of standard buildings) for new
nearly zero-energy buildings, also other additional incentives are possible. One example
is the possibility to build more useful floor area when the building is a certified “Green
building” in the Bangkok Metropolitan Area (see “Bangkok Comprehensive Plan“ and
associated plans described in chapter 4.5.1).
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Annex 1: Workshop 1: National Housing Authority
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Annex 2: Workshop 2: Chulalongkorn University

o

Annex 3: Workshop 3: Architects, planners and Nexus-partners
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Annex 4: University workshop March 2017

Annex 5: Technology catalogue
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ANNEX 1: WORKSHOP 1: NATIONAL
HOUSING AUTHORITY
EFFICIENT BUILDINGS AS A CENTRAL PART OF AN INTEGRATED RESOURCE
MANAGEMENT IN ASIAN CITIES: The Urban Nexus II
Annex 1 to the Final Report
Project number: 271810 PN:
15.2201.0 – 001.00, VN: 81200843

© Fraunhofer ISE

FRAUNHOFER INSTITUTE
FOR SOLAR ENERGY SYSTEMS ISE
The urban Nexus II: Efficient buildings as a central part of an integrated
resource management in Asian Cities
Arnulf Dinkel
Benjamin Köhler
Fraunhofer Institute for Solar
Energy Systems ISE
Workshop on Planning Concept of
“Nexus Plus Energy Buildings”
National Housing Authority,
15th August 2016
www.ise.fraunhofer.de
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AGENDA
 Methodology for realizing zero energy buildings
 Good practice: Zero energy building in Korea, district development
Germany
 Energy plus buildings in Thailand – Concepts and Examples
 Bioclimatic Design
 Working Group 1: Technical feasibility of Energy Plus Houses
 Identification of risks of implementation concept and suggestions for
their avoidance
 Thermal Activation of Building Structures
 Working Group 2: Marketability of Energy Plus Houses
 Wrap up
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AGENDA
 Methodology for realizing zero energy buildings
 Introduction and background
 Laws and regulations in Germany and Europe
 Control mechanisms
 Building related methods/ tools:
 Energy balancing
 Green Overlay
 Building Information Modelling (BIM)
 Certification
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The Fraunhofer-Gesellschaft
Locations in Germany
 66 institutes and research units
 Staff of nearly 24,000

Zentrale
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Performing Research for the Energy Transformation

Director: Prof. Eicke R. Weber
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Established: 1981
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Fraunhofer ISE
12 Business Areas

 Silicon Photovoltaics

 Solar Thermal Technology

 III-V and Concentrator
Photovoltaics

 Energy Efficient Buildings

 Energy Efficient Power
 Dye, Organic and Novel Solar Cells
Electronics
 Photovoltaic Modules and Power  Zero-Emission Mobility
Plants
 System Integration and Grids –
 Storage Technologies
Electricity, Heat, Gas
 Hydrogen and Fuel Cell
Technology
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 Energy System Analysis

Photos: screenshot google

Floods in Germany -2016
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Photos: google
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Photos: screenshot google

Climate change also in Thailand?

Thailand

© 2003-2010, Stanford Kay

Carbon footprint (2013)

272,000kt - 4t/capita

Germany
767,000kt -9,3t/capita
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8QLWHG1DWLRQV)UDPHZRUN&RQYHQWLRQRQ&OLPDWH
Change (UNFCCC) “Paris Agreement“
 (a) Holding the increase in the global average temperature to well
below 2 °C above pre-industrial levels and to pursue efforts to limit the
temperature increase to 1.5 °C above pre-industrial levels, recognizing
that this would significantly reduce the risks and impacts of climate
change;
 (b) Increasing the ability to adapt to the adverse impacts of climate
change and foster climate resilience and low greenhouse gas emissions
development, in a manner that does not threaten food production;
 (c) Making finance flows consistent with a pathway towards low
greenhouse gas emissions and climate-resilient development."
Countries furthermore aim to reach "global peaking of greenhouse gas
emissions as soon as possible".
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 In EU Buildings are responsible for
 40% of energy consumption
 36% of CO2 emissions
 New buildings generally need less than three to five liters of heating
oil per square meter per year,
 Older buildings consume about 25 liters on average. Some buildings
even require up to 60 liters.
 Currently, about 35% of the EU's buildings are over 50 years old.
 By improving the energy efficiency of buildings,
 reduce total EU energy consumption by 5% to 6%
 and lower CO2 emissions by about 5%.
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(8.H\/DZ -the 2010 Energy Performance of Buildings
Directive
 energy performance certificates are to be included in all
advertisements for the sale or rental of buildings
 EU countries must establish inspection schemes for heating and air
conditioning systems or put in place measures with equivalent effect
 all new buildings must be nearly zero energy buildings by 31
December 2020 (public buildings by 31 December 2018)
 EU countries must set minimum energy performance requirements for
new buildings, for the major renovation of buildings and for the
replacement or retrofit of building elements (heating and cooling
systems, roofs, walls, etc.)
 EU countries have to draw up lists of national financial measures to
improve the energy efficiency of buildings
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Source:
https://ec.europa.eu/energy/en/topics/energ
y-efficiency/buildings

Europe

(8.H\/DZ -the 2012 Energy Efficiency Directive

 EU countries make energy efficient renovations to at least 3% of
buildings owned and occupied by central government
 EU governments should only purchase buildings which are highly
energy efficient
 EU countries must draw-up long-term national building renovation
strategies which can be included in their National Energy Efficiency
Action Plans

Some plans very detailed,
some rather moderate
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*HUPDQODZVDQGDFWLRQV






National plan for increasing the number of nearly zero-energy buildings


EnEG: Energy Conservation Act



EnEV: Energy Saving Ordinance



Information, consulting services



Exemplary role of the public sector



Intermediate targets

Research, pilot projects


Nearly zero-energy buildings;



Roadmap to the EnergyEfficiencyPlus + electro mobility

Financial support by government’s bank Kreditanstalt für Wiederaufbau (KfW)


Energy efficient construction



Energy efficient refurbishment



Market incentive programs



Financial assistance for combined heat and power generation



Energy-efficient urban renewal
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*HUPDQODZVDQGDFWLRQV- a long history
laws
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1980

EG-RL 1992

decrees
ordinances

EnEG 1976

WärmeschutzV 1977
W

Energy Conservation Act

Heat Insulation Ordinance
H

EnEG 1980

WärmeschutzV 1982/84
W

EG-RL 1993
1995

WärmeschutzV 1995
W
Change to €

2001

EnEV 2002
E

EG-RL
RL 2003

EnEV 2004
4

EnEG 2005
E

2005

EnEV 2007
E
2009
EU-RL 2010
2013

EnEG 2009
200

EnEV 2009
E

EnEG 2013
E

EnEV 2014/ 2016
E
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6HWWLQJJRDOVDQGSDYLQJDPDUNHWZLWKOHJLVODWLRQ
)UDPHZRUNLQ*HUPDQ\
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Source: Fraunhofer ISE

zero
energy
buildings
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EnOB: Energy-optimized Buildings
German Research Program



funded by the German Ministry
of Economics and Technology



demonstration of new
concepts, materials and
technologies in new constructions
and refurbishment as case study
projects



39 demonstration buildings all
over Germany



Monitoring and evaluation of
buildings

Source: EnOB
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Monitoring Projects at Fraunhofer ISE

www.enob.info

Source: Fraunhofer ISE
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http://enob.ise.fraunhofer.de/data.html

Control Mechanism
EU, Germany
 Building energy performance certificates:
 Given by certified engineers
 New Buildings (mandatory)
 Selling Buildings (mandatory)
 Existing buildings (not, so far)

Source: EcoConsulting
(http://ecoconsulting.net/www/E
nergy%20certificate%20label%2
0A-G.jpg )
Source: EnEV 2015 (https://www.gesetze-iminternet.de/enev_2007/index.html)

 Equipment certificates :
 Given by certified institutions
 New HVAC equipment
 New electrical equipment
 For some existent equipment also!
Source: http://eur-lex.europa.eu
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Building related methods/ tools

 Energy balancing
 Green Overlay
 Building Information Modelling (BIM)
 Certification
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Balancing methods
Approaches and different building concepts
 Plus-energy refers to annual
primary energy balance,
which means at or in a
building more energy is
generated than used on
annual basis

Primary energy credit
Credit > Usage
„Plus energy building“

 Only achievable through triad
of energy saving/ energy
efficiency, on-site generation
to cover energy demand and
credits for feed-in of surplus
energy

3
Electricity
generation

Credit < Usage

 Grid supportive operation:
Load management to support
operation of (electricity-)
grids

2

Reduction usage / demand
1
Primary energy use / -demand

4

Source: Fraunhofer ISE
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Balancing Methods
Introduction
 Usually monthly balance in standards and requested by laws/
regulations:
 Load shifting possibilities (e.g. night ventilation) during day difficult/
impossible to indicate in monthly balance
 For detailed energy analysis of buildings at least hourly examination
 Different standards for residential and non-residential buildings
 Different levels of balance: (i) useful, (ii) end and (iii) primary energy
 With balancing methods calculation of (theoretical) energy demand Æ
can differ highly from actual energy usage
 Focus in German standards is heating

24
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Balancing methods
The most important standard in Germany: DIN V 18599
DIN V 18599-1: Overall balance, definitions,
primary energy factors etc.

DIN V 18599-2: useful energy
energetic air conditioning

Source: Fraunhofer ISE

DIN V 18599-2: useful energy heating and cooling
Source: own illustration

DIN V 18599-5: end energy demand heating system
and hot water
DIN V 18599-6/-7: end energy demand ventilation
and cooling
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Balancing Methods
Parameters to be defined






System boundary:


Physical boundary: building itself or group of buildings; boundary defines
whether RE are supplied on- or off-site and which other energy flows are
accounted.



Balance boundary: defines energy uses included in balance; possible uses
are heating, hot water, cooling, ventilation, lighting and other appliances/
plug loads.

Metric:


Common metric for all energy carriers used in building is needed; usually
primary energy, but also CO2 equivalent, exergy, cost or others



Weighting system: for demand and supply, symmetry

Balancing period:




Year, lifecycle,…; annual, monthly or hourly balancing

Type of balance and balancing concept:


Between: use and generation, delivered energy and feed-in,…



Import/ export balance; load/ generation balance
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Balancing methods
'LVFXVVLRQVLQWKHIUDPHZRUNRISOXVHQHUJ\EXLOGLQJV
 Is a monthly balance sufficient in the context?
 Problems are e.g. credits for renewable generation, changing primary
energy factors over time, load shifting
 In scientific discussion hourly balance preferred Æ load shifting,
use of thermal mass as storage etc. better/ easier to address
 Which time period should be considered?
 What has to be included in energy balance?
 Are primary energy consumption/ demand, CO2-equivalents or energy
costs appropriate indicators and how are they converted?
 How are the buildings implemented technically and what influence
does it have on the architecture?
 Is only on-site renewable generation considered or also near-site/
imported renewable energy?
27
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Integrated planning
Challenges
 Challenges in current/ former projects:
 Plans not complete; changes in plans not communicated to all
stakeholders Æ questions after building: What exactly was built in
the end?
 Sustainability and/ or goal of maximum energy efficiency not
necessarily part of all planning steps
 Information flow
 Management of interfaces in planning process difficult Æ error
source in planning process
 Defects liability/ warranty: with complete and detailed planning
documents easier
 Commissioning: Start of operation of all components/ whole
building without cut in information flow; all necessary information
immediately available
28
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Integrated planning
Planning process –
Green overlay approach
 Business as usual
 Define your green overlay
and tasks
 Checks and benchmarks

Source: Gething (2011).
https://www.architecture.com/files/ribaprofessionalservices/practice/general/greenoverlaytotheribaoutlineplanofwork2007.pdf
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Integrated planning
Planning process –
Green overlay approach
BAU

Tasks

Quality check

Source: Gething (2011).
https://www.architecture.com/files/ribaprofessionalservices/practice/general/greenoverlaytotheribaoutlineplanofwork2007.pdf
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Integrated planning
Building Information Modeling (BIM) – What is it?

 Conceptual design

 Documentation

 Detailed design

 Construction Planning &
Fabrication

 Analysis (energy,
costs, daylight etc.)

 Construction

 Construction Logistics
 Operation and Maintenance
 Renovation and Retrofit
Source: Prinzen, T.; Rust, C. (2016). Digitales BIM Aufmaß im
Bestand für das FM. Presentation at 14th BIM-user forum. June
2016, Essen

31
© Fraunhofer ISE

Integrated planning
Building Information Modeling (BIM) – Why to use?
 Standardized and easier information flow
 Resource for transparent collaboration of client, planners and building
partners
 Reduction of change orders in planning process
 Digitalization of planning, building and operation processes
 Functional checks
 Interference checks
Source:
https://www.hilti.ch/so
ftware-profis-bim

 Generation of plans, cost analysis, quantity determination
 Data set for building operation and automation
32
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Certification
Why certification?
 Instrument for quality management in planning, construction and
operation
 Transparency and planning reliability
 Usually whole lifecycle taken into account
 Consideration of ecological, economical and socio-cultural factors
 Proven, comparable minimum standard is met
 Increase in building value
 Sustainable building quality
 Image and visibility
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Certification
Sustainable rating systems/tools
 Certification Systems do not replace Energy performance certificates
(EU, Germany)
 Additional Tool
 Good basis to fulfill mandatory certificates
 Some labels do not check the performance after commissioning

Source: Rating associations
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DGNB

Certification
Sustainable rating systems/tools
 Certification Systems include aspects like
 Different sustainability criteria
 environmental, economic, sociocultural and
functional aspects, technology, processes and
site
 Energy (efficiency) is part
 Give a complete picture
 High efforts

Source: http://thailand.ahk.de/fileadmin/ahk_thailand/Projects/AHKGeschaeftsreise__Energy_Efficiency_in_Buildings/Keynote_Address_by_Dr._Preecha_Maneesatid_TGBI.pdf
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AGENDA
 Methodology for realizing zero energy buildings
 Good practice: Zero energy building in Korea, district development
Germany
 Energy plus buildings in Thailand – Concepts and Examples
 Bioclimatic Design
 Working Group 1: Technical feasibility of Energy Plus Houses
 Identification of risks of implementation concept and suggestions for
their avoidance
 Thermal Activation of Building Structures
 Working Group 2: Marketability of Energy Plus Houses
 Wrap up
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Good practice
Energy Dream Center in Seoul (South Korea)
Korea - benchmarks
 High new benchmarks – in Korea
 development of net-zero energy
buildings (ZEB)
 new houses must be built for zero
carbon emissions by 2025
 consultancy in planning process
 collaboration with industry and
scientific institutions

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul
(South Korea)
 Exhibition
 Education
 Office
 4000 m²
Source: Fraunhofer ISE/ PB

ISE contribution:
 Lead of planer consortium
 Development of net-zero energy
building (ZEB)
 Technical concept and simulation
 Construction quality control; long
term monitoring
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Source: Fraunhofer ISE/ PB

Good practice
Energy Dream Center in Seoul (South Korea)
Organization of Fraunhofer ISE Consortium
SeoulMetGov
SMIH /SMED

Technology

PB Korea
Henning Kuehn / Lee Won-Ki

FH Korea
Joe Kim / Joohwan Kim

Project Management

Fraunhofer ISE

- Coordination of
Teams

J.Wienold, Energy
Concept

- Concept Design
- Design development

sol·id·ar

- Technical design

G. Löhnert

- Control of technical Input

GAP

- Quality Management

Th. Winkelbauer,
Architect

- Control of Energy related
topics
- Execution of von
Workshops
- Dokumentation of
Results

+

Solares Bauen

=

G. Hintennach,
Supervision

Solares Bauen
M. Ufheil, HVAC

- Coaching Integrated
Design and innovative
technologies

M&R
D. Rentzsch, Struct. Design

GermanTeam

KoreanTeam

Contract Relations

Workflow
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Good practice
Energy Dream Center in Seoul (South Korea)
Optimization Approach
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Source: Fraunhofer ISE

Landscape

Techscape

Good practice
Energy Dream Center in Seoul (South Korea)
Daylight simulations
 Daylight autonomy
(percentage of working time,
when daylight is sufficient)

First Floor, 300lux

 Hourly data of the
consumption of the electric
lighting
DA [%]

Input loads

100

50

 Thermal simulations
0
Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Thermal simulations
 Results
 Hourly temperatures

First Floor, 300lux

 Hourly heating demand
 Hourly cooling demand
floor
 Hourly cooling +
dehumidification
demand air

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Air tightness
Improvements
and
Steps to reach energy
goals
tests

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)

light

Steps to reach energy goals

81 %

transmission W

secondary
heat transfer
8%
Total solar
energy
transmittance
64 %
reflection
25 %
transmission

radiation

56 %

convection
8%

Triple heat mirror glazing
UV = 0,7 W/m²K

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Source: Fraunhofer ISE

47
© Fraunhofer ISE

Good practice

Escaping air

Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals
Exhaust
air
Inlet air

Source: Fraunhofer ISE
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Fresh air

Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Heat Pump

Borehole Heat Exchanger

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Approach – make it efficient!
Construction Design

System Design

70% Reduction

Reduction of
Energy
demand
70%

+
Energy
Generation (PV)
30%

Zero Energy Building
Source: Fraunhofer ISE
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Balanced 0 kWh/a

Passive and active design
Passive elements

Source: Fraunhofer ISE
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September 30, 2011



Energy Dream Center, Seoul, South Korea
Active design cooling and ventilation

Source: Fraunhofer ISE
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September 30, 2011



Good practice
Energy Dream Center in Seoul (South Korea)
nergy Demand
Energy

Much more energy
demand in summer
than in winter!

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Energy balance – Zero Energy
Total electrical energy demand 275 MWh
PV-Generator: 272 kWpeak
Annual PV-generation 275 MWh

electricity can
be sold to the
electricity
provider

gap must be
covered by
the electricity
provider



Source: Fraunhofer ISE

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul
(South Korea)
Learnings
Approach
Zero Energy Building Korea

Source: Fraunhofer ISE

At each step research and development has to be done
– adapted to the region and construction site
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Good practice
Energy Dream Center in Seoul (South Korea)
Areas of business and QHZ developments
 Adapted insulations for different
climate zones
 Solar Control Glass (had to be
imported)

section

 Triple Pane Low-E Glazing (had to be
imported)
 Radiant heating and cooling devices difficult to find (TABS)
 Heat pumps had to be imported and
adapted
 Ventilation dimensioning not adequat
 AHU with heat recovery had to be
imported

Source:
Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Areas of business and QHZ developments
 No effective turbo chillers available on
local market
 Steering LED lamps and dimming
systems

section

 Knowledge of effective BMS systems
with monitoring functions
 Sensors and meters adaption
 Efficient PV panels and grid
connection
 Efficient thermal collectors
 Knowledge of geothermal energy and
dimensioning

Source:
Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
.QRZOHGJHgeneration and transfer
Development of tools and services

Teams developed a common approach

Zero Energy Building, Seoul, Korea -- Integrated Holistic Approach
Definition of building
envelope
parameters
Definition of window
and glass
parameters

3D Model of Building

Space calculations

Daylight simulation
DAYSIM
Radiation calculation
RADIANCE 3D

Heatbridge Calculation
THERM

Thermal simulation
TRNSYS (heating,
Cooling)

Energy simulation
PHPP

Adapted parameters of
(earth) cooling

Adapted parameters of
HVAC machinery

Definiton of use of space
Electric load calculations
HVAC systems

Adapted parameters of
electrical devices

Definition and calculation of
occupancy
Electric load calculations
exhibition

Definition of HVAC
systems
Definition balance
system limits

Source: Fraunhofer ISE

Overall energy balance
calculation
Adapted parameters for PV
System

Electric load calculations,
lights, building, BMS

PV Performance ZENITH

Zero Energy Building
Balanced 0 kwh/a

Source: Fraunhofer ISE
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Some impressions

Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE

75
© Fraunhofer ISE

Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE

78
© Fraunhofer ISE

Source: Fraunhofer ISE
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Good practice
Retrofit in Germany
 Owner: local housing
company (Freiburger
Stadtbau)
 3 building types with
4, 8 and 16 floors
 ~1200 dwellings
 ~5800 inhabitants
 Objective:
50% Primary energy
reduction
 Exemplary refurbishment
of high rise residential
building to the Passive
House Standard
Source: Fraunhofer ISE
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Good practice
Retrofit in Germany

Built 1968
70 kWh/m2
Heating
Retrofit 2012
Monitoring 2014
14 kWh/m2
Heating

Source: Fraunhofer ISE
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Good practice
Retrofit in Germany
Energy Demand
 80% Reduction of
heat energy demand
 38% Reduction of
PE-demand
(42% with PV)
 Long term objective:
50% Reduction of
PE-demand as long
term objective due
to improvments on
the district heating
system and use of
more efficient
electricity appliances
in households
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End & Primary Energy Demand [kWh/m²a]
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-38%/-42%

140
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20
0
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15
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26
21
14
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2-3 years
monitoring

26
-10

-20
EE
PE
Status Quo
Heating

DHW

Losses

EE
PE
Objectives 2020
Auxiliary energy

EE
PE
Design 2010
Household

EE
PE
Operation
Heat

Electricity

PV

Source: Fraunhofer ISE

Good practice
Freiburg Vauban (2000)

 5500 residents, 1900
dwellings
 50% better than 2000
national building code,
passive houses

Source: http://www.freiburg.de/pb/,Lde/229272.html
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Good practice
Freiburg Vauban (2000)
 City demands higher energy standards than national law
 Wood chips and biomass heating
 100% carbon neutral for heating
 Facade and roof insulation , double glazed windows
 10 % dwellings under social housing scheme
 Cars in central car parks
 Rainwater infiltration on site
 Some single family houses
 occupants cooperatives design and buy their appartment
block, few developpers
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Good practice
Freiburg Gutleutmatten (2015)

 1300 residents, 500 dwellings
 KfW 55 funding - 55% better
than reference building,
passive house standards
Source: http://www.freiburg.de/pb/,Lde/543831.html
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Good practice
Freiburg Gutleutmatten (2015)
 City demands higher energy standards than national law
 Integration of decentral solar thermal collectors and thermal
storages in district heating system (biogas-CHP)
 Disconnection of neighbourhood from district heating system
during summer Æ 100% solar thermal heat supply
 100% carbon neutral for heating, electricity
 Facade and roof insulation , triple glazed windows
 50% under social housing scheme
 Cars in central car parks Æ large parts closed for cars
 Rainwater infiltration on site
 Mix of multi-family and row houses, child care, shops and central
green areas for all generations
 occupants cooperatives design and buy their appartment block
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Good practice
Summary
 Zero-Energy Buildings are feasible - in different climate zones
 The existent building stock is a challange
 Use of renewable energies is mandatory
 Districts can be designed with high energy and other standards
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AGENDA
 Methodology for realizing zero energy buildings
 Good practice: Zero energy building in Korea, district development
Germany
 Energy plus buildings in Thailand – Concepts and Examples
 Bioclimatic Design
 Working Group 1: Technical feasibility of Energy Plus Houses
 Identification of risks of implementation concept and suggestions for
their avoidance
 Thermal Activation of Building Structures
 Working Group 2: Marketability of Energy Plus Houses
 Wrap up
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Energy plus buildings in Thailand
Concepts and Examples
 EGS plan
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 Good practice: Zero energy building in Korea, district development
Germany
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Bioclimatic Design
First Element of Energy Plus House in Tropical Climates
 EGS plan
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AGENDA
 Methodology for realizing zero energy buildings
 Good practice: Zero energy building in Korea, district development
Germany
 Energy plus buildings in Thailand – Concepts and Examples
 Bioclimatic Design
 Working Group 1: Technical feasibility of Energy Plus Houses
 Identification of risks of implementation concept and suggestions for
their avoidance
 Thermal Activation of Building Structures
 Working Group 2: Marketability of Energy Plus Houses
 Wrap up
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Working Group 1:
Technical feasibility of Energy Plus Houses –
Opportunities and Challenges
Use of heat sources/
Reduction of energy
demand

sinks in the
environment

- Building envelope

- Ground

- Shading

- Air (T, x)

- Ventilation

(Fractional) covering
of remaining demand
using onsite
renewable energies
- Solar thermal
- PV
- (Biomass)

maximize
comfort
minimize energy
& cost

- Building thermal
mass
Efficient conversion
(minimize exergy
losses)
- Combined heat,
(cooling), power
- Minimize parasitic
consumption
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Working Group 1:
Technical feasibility of Energy Plus Houses –
Opportunities and Challenges
 Central questions:
 What are the main technical issues obstructing the construction of
plus energy buildings?
 What technical conditions should be given to motivate you to
promote plus energy buildings?
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AGENDA
 Methodology for realizing zero energy buildings
 Good practice: Zero energy building in Korea, district development
Germany
 Energy plus buildings in Thailand – Concepts and Examples
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Identification of risks of implementation
Concept and suggestions for their avoidance
 EGS plan
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AGENDA
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Thermal Activation of Building Structures
Option for Energy Saving in Buildings in Thailand
 EGS plan
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AGENDA
 Methodology for realizing zero energy buildings
 Good practice: Zero energy building in Korea, district development
Germany
 Energy plus buildings in Thailand – Concepts and Examples
 Bioclimatic Design
 Working Group 1: Technical feasibility of Energy Plus Houses
 Identification of risks of implementation concept and suggestions for
their avoidance
 Thermal Activation of Building Structures
 Working Group 2: Marketability of Energy Plus Houses
 Wrap up
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Working Group 2:
Marketability of Energy Plus Houses – Opportunities and
Challenges
 Central questions:
 What are the main obstacles preventing you from the construction of plus
energy buildings?
 What conditions are required to promote plus energy buildings?
 What role should the government play?
 What role can financing institutions play?
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AGENDA
 Methodology for realizing zero energy buildings
 Good practice: Zero energy building in Korea, district development
Germany
 Energy plus buildings in Thailand – Concepts and Examples
 Bioclimatic Design
 Working Group 1: Technical feasibility of Energy Plus Houses
 Identification of risks of implementation concept and suggestions for
their avoidance
 Thermal Activation of Building Structures
 Working Group 2: Marketability of Energy Plus Houses
 Wrap up
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Wrap up
 Necessity to built efficient buildings in order to achieve global climate
change mitigation goals
 Clear regulations for buildings needed in combination with efficient
control mechanisms, but: some freedom for technical implementation/
design of buildings and building systems needed
 Motivations and incentives are needed to push the market
 Planning tools and methods help to build and operate efficient buildings
 There are already many good lighthouse projects in Thailand and other
countries demonstrating that plus energy buildings are realizable under
different climate conditions
 Technologies, materials etc. for building zero energy buildings are
already available
 We identified main challenges, ways to overcome barriers and found out
what the advantages of plus energy buildings for Thailand are.
 We identified ways to increase the market share of plus energy buildings and
market opportunities.
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Thank you for your attention!

Fraunhofer Institute for Solar Energy Systems ISE
Arnulf Dinkel, Benjamin Köhler
www.ise.fraunhofer.de
arnulf.dinkel@ise.fraunhofer.de, benjamin.koehler@ise.fraunhofer.de
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Annex

12.2
Annex 2: Workshop 2: Chulalongkorn University
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Fraunhofer ISE

The Urban Nexus II

ANNEX 2: WORKSHOP 2:
CHULALONGKORN UNIVERSITY
EFFICIENT BUILDINGS AS A CENTRAL PART OF AN INTEGRATED RESOURCE
MANAGEMENT IN ASIAN CITIES: The Urban Nexus II
Annex 2 to the Final Report
Project number: 271810 PN:
15.2201.0 – 001.00, VN: 81200843

© Fraunhofer ISE

FRAUNHOFER INSTITUTE
FOR SOLAR ENERGY SYSTEMS ISE
The urban Nexus II: Efficient buildings as a central part of an integrated
resource management in Asian Cities
Arnulf Dinkel
Benjamin Köhler
Fraunhofer Institute for Solar
Energy Systems ISE
Workshop on Planning Concept of
“Nexus Plus Energy Buildings”
Chulalongkorn University,
Bangkok, 17th August 2016
www.ise.fraunhofer.de
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AGENDA
 Methodology for realizing zero energy buildings
 Good practice: Zero energy building in Korea, district development
Germany
 Energy plus buildings in Thailand – Concepts and Examples
 Building-grid-interaction
 Role and importance of education
 Bioclimatic Design
 Identification of risks of implementation concept and suggestions for
their avoidance
 Wrap up

3
© Fraunhofer ISE

The Fraunhofer-Gesellschaft
Largest Organization for Applied Research in Europe
 66 institutes and research units
 Staff of nearly 24,000
 More than €2 billion annual research budget, of which around
€1.7 billion is generated through contract research
 Roughly 70 percent of contract research is generated on behalf of
industry and publicly funded research projects.
 Roughly 30 percent is contributed by the German federal and state
governments in the form of base funding.
 International cooperation throughout the world

»Fraunhofer-Linien«
“Fraunhofer lines”
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The Fraunhofer-Gesellschaft
Locations in Germany
 66 institutes and research units
 Staff of nearly 24,000

Zentrale

ō Main locations
o Other locations
• Headquarters
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The Fraunhofer Gesellschaft
&RQQHFWHG:RUOGZLGH

*ODVJRZ

San José

Vancouver London
East Lansing
Boston

Gothenburg

Dublin Southampton
:URFîDZ
Brussels
Vienna
Paris
Budapest
Bolzano
Graz
Porto

Beijing

Plymouth
Storrs
Maryland 1HZDUN

Seoul

Jerusalem

Sendai
Tokyo
Osaka

Cairo
Dubai
Bangalore

Ampang
Singapore

Salvador
Campinas
São Paulo
Santiago de Chile

Fraunhofer Subsidiary
Center
ICON / Strategic Cooperation
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Jakarta

Pretoria
Stellenbosch

Project Center
Representative / Marketing Office
Senior Advisor

Sydney

Fraunhofer ISE
Performing Research for the Energy Transformation

Director: Prof. Eicke R. Weber
Staff: ca. 1200
Budget 2014: € 86.2 million

Established: 1981
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Fraunhofer ISE
12 Business Areas

 Silicon Photovoltaics

 Solar Thermal Technology

 III-V and Concentrator
Photovoltaics

 Energy Efficient Buildings

 Energy Efficient Power
 Dye, Organic and Novel Solar Cells
Electronics
 Photovoltaic Modules and Power  Zero-Emission Mobility
Plants
 System Integration and Grids –
 Storage Technologies
Electricity, Heat, Gas
 Hydrogen and Fuel Cell
Technology
8
© Fraunhofer ISE

 Energy System Analysis

Photos © Fraunhofer ISE

Energy Efficient Buildings

Building Energy Concepts

Lighting Technology

Smart Home
Technologies

Electrically and Thermally
Driven Heat Pumps

Building Management
and Operation

Heat Transfer in Building
Energy Systems

Facades and Windows

Cooling and AirConditioning in Buildings
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AGENDA
 Methodology for realizing zero energy buildings
 Balancing
 Planning process
 Building Information Modelling (BIM)
 Certification
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Photos: screenshot google

Floods in Germany -2016
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Photos: google

12
© Fraunhofer ISE

Photos: screenshot google

Climate change also in Thailand?

Thailand

© 2003-2010, Stanford Kay

Carbon footprint (2013)

272,000kt - 4t/capita

Germany
767,000kt -9,3t/capita

13
© Fraunhofer ISE

8QLWHG1DWLRQV)UDPHZRUN&RQYHQWLRQRQ&OLPDWH
Change (UNFCCC) “Paris Agreement“
 (a) Holding the increase in the global average temperature to well
below 2 °C above pre-industrial levels and to pursue efforts to limit the
temperature increase to 1.5 °C above pre-industrial levels, recognizing
that this would significantly reduce the risks and impacts of climate
change;
 (b) Increasing the ability to adapt to the adverse impacts of climate
change and foster climate resilience and low greenhouse gas emissions
development, in a manner that does not threaten food production;
 (c) Making finance flows consistent with a pathway towards low
greenhouse gas emissions and climate-resilient development."
Countries furthermore aim to reach "global peaking of greenhouse gas
emissions as soon as possible".
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 In EU Buildings are responsible for
 40% of energy consumption
 36% of CO2 emissions
 New buildings generally need less than three to five liters of heating
oil per square meter per year,
 Older buildings consume about 25 liters on average. Some buildings
even require up to 60 liters.
 Currently, about 35% of the EU's buildings are over 50 years old.
 By improving the energy efficiency of buildings,
 reduce total EU energy consumption by 5% to 6%
 and lower CO2 emissions by about 5%.
15
© Fraunhofer ISE

(8.H\/DZ -the 2010 Energy Performance of Buildings
Directive
 energy performance certificates are to be included in all
advertisements for the sale or rental of buildings
 EU countries must establish inspection schemes for heating and air
conditioning systems or put in place measures with equivalent effect
 all new buildings must be nearly zero energy buildings by 31
December 2020 (public buildings by 31 December 2018)
 EU countries must set minimum energy performance requirements for
new buildings, for the major renovation of buildings and for the
replacement or retrofit of building elements (heating and cooling
systems, roofs, walls, etc.)
 EU countries have to draw up lists of national financial measures to
improve the energy efficiency of buildings
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Source:
https://ec.europa.eu/energy/en/topics/energ
y-efficiency/buildings

Europe

(8.H\/DZ -the 2012 Energy Efficiency Directive

 EU countries make energy efficient renovations to at least 3% of
buildings owned and occupied by central government
 EU governments should only purchase buildings which are highly
energy efficient
 EU countries must draw-up long-term national building renovation
strategies which can be included in their National Energy Efficiency
Action Plans

Some plans very detailed,
some rather moderate
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*HUPDQODZVDQGDFWLRQV






National plan for increasing the number of nearly zero-energy buildings


EnEG: Energy Conservation Act



EnEV: Energy Saving Ordinance



Information, consulting services



Exemplary role of the public sector



Intermediate targets

Research, pilot projects


Nearly zero-energy buildings;



Roadmap to the EnergyEfficiencyPlus + electro mobility

Financial support by government’s bank Kreditanstalt für Wiederaufbau (KfW)


Energy efficient construction



Energy efficient refurbishment



Market incentive programs



Financial assistance for combined heat and power generation



Energy-efficient urban renewal
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*HUPDQODZVDQGDFWLRQV- a long history
laws
1976
1980

EG-RL 1992

decrees
ordinances

EnEG 1976

WärmeschutzV 1977
W

Energy Conservation Act

Heat Insulation Ordinance
H

EnEG 1980

WärmeschutzV 1982/84
W

EG-RL 1993
1995

WärmeschutzV 1995
W
Change to €

2001

EnEV 2002
E

EG-RL
RL 2003

EnEV 2004
4

EnEG 2005
E

2005

EnEV 2007
E
2009
EU-RL 2010
2013

EnEG 2009
200

EnEV 2009
E

EnEG 2013
E

EnEV 2014/ 2016
E
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6HWWLQJJRDOVDQGSDYLQJDPDUNHWZLWKOHJLVODWLRQ
)UDPHZRUNLQ*HUPDQ\
End Energy Demand in kWh/m²/year
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Hot Water
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for HVAC
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House
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House

PV

with
solar
systems
Source: Fraunhofer ISE

zero
energy
buildings
20
© Fraunhofer ISE

EnOB: Energy-optimized Buildings
German Research Program



funded by the German Ministry
of Economics and Technology



demonstration of new
concepts, materials and
technologies in new constructions
and refurbishment as case study
projects



39 demonstration buildings all
over Germany



Monitoring and evaluation of
buildings

Source: EnOB
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Control Mechanism
EU, Germany
 Building energy performance certificates:
 Given by certified engineers
 New Buildings (mandatory)
 Selling Buildings (mandatory)
 Existing buildings (not, so far)

Source: EcoConsulting
(http://ecoconsulting.net/www/E
nergy%20certificate%20label%2
0A-G.jpg )
Source: EnEV 2015 (https://www.gesetze-iminternet.de/enev_2007/index.html)

 Equipment certificates :
 Given by certified institutions
 New HVAC equipment
 New electrical equipment
 For some existent equipment also!
Source: http://eur-lex.europa.eu
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Financial Scheme
Germany: KFW bank (state-RZQHG
Clients:
 Private Investors
 Companies
 Public Institutions
 International
financing

Source: https://www.kfw.de/kfw.de-2.html
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Financial Scheme
Germany: KFW bank (state-RZQHG
 Support of many
topics
 Combination of
funding
 Subsidized low
interest rates

Source: https://www.kfw.de/inlandsfoerderung/Privatpersonen/Neubau/F%C3%B6rderprodukte/F%C3%B6rderprodukte-PB-Neubau.html

 KFW covers probably
90% of energy related
financial support
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Building related methods/ tools

 Energy balancing
 Planning Process/ Green Overlay
 Building Information Modelling (BIM)
 Certification
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Balancing methods
Approaches and different building concepts
 Plus-energy refers to annual
primary energy balance,
which means at or in a
building more energy is
generated than used on
annual basis

Primary energy credit
Credit > Usage
„Plus energy building“

 Only achievable through triad
of energy saving/ energy
efficiency, on-site generation
to cover energy demand and
credits for feed-in of surplus
energy

3
Electricity
generation

Credit < Usage

 Grid supportive operation:
Load management to support
operation of (electricity-)
grids

2

26

1
Primary energy use / -demand
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Reduction usage / demand

Source: Fraunhofer ISE

Balancing Methods
Introduction
 Usually monthly balance in standards and requested by laws/
regulations:
 Load shifting possibilities (e.g. night ventilation) during day difficult/
impossible to indicate in monthly balance
 For detailed energy analysis of buildings at least hourly examination
 Different standards for residential and non-residential buildings
 Different levels of balance: (i) useful, (ii) end and (iii) primary energy
 With balancing methods calculation of (theoretical) energy demand Æ
can differ highly from actual energy usage
 Focus in German standards is heating
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Balancing methods
The most important standard in Germany: DIN V 18599
DIN V 18599-1: Overall balance, definitions,
primary energy factors etc.

DIN V 18599-2: useful energy
energetic air conditioning

Source: Fraunhofer ISE

DIN V 18599-2: useful energy heating and cooling
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DIN V 18599-5: end energy demand heating system
and hot water
DIN V 18599-6/-7: end energy demand ventilation
and cooling

Balancing Methods
Parameters to be defined






System boundary:


Physical boundary: building itself or group of buildings; boundary defines
whether RE are supplied on- or off-site and which other energy flows are
accounted.



Balance boundary: defines energy uses included in balance; possible uses
are heating, hot water, cooling, ventilation, lighting and other appliances/
plug loads.

Metric:


Common metric for all energy carriers used in building is needed; usually
primary energy, but also CO2 equivalent, exergy, cost or others



Weighting system: for demand and supply, symmetry

Balancing period:




Year, lifecycle,…; annual, monthly or hourly balancing

Type of balance and balancing concept:


Between: use and generation, delivered energy and feed-in,…



Import/ export balance; load/ generation balance
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Balancing methods
'LVFXVVLRQVLQWKHIUDPHZRUNRISOXVHQHUJ\EXLOGLQJV
 Is a monthly balance sufficient in the context?
 Problems are e.g. credits for renewable generation, changing primary
energy factors over time, load shifting
 In scientific discussion hourly balance preferred Æ load shifting,
use of thermal mass as storage etc. better/ easier to address
 Are primary energy consumption/ demand, CO2-equivalents or energy
costs appropriate indicators and how are they converted?
 How are the buildings implemented technically and what influence
does it have on the architecture?
 Is only on-site renewable generation considered or also near-site/
imported renewable energy?
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Integrated planning
Planning process
Planning

Goal definition

Concept

Completion

Detailed
planning

Construction

Commissioning

Usage

Operation/
Operation
optimization

Conversion

deconstruction

Locking up of project costs
Influence on energy and comfort
Source: Fraunhofer ISE

 All stakeholders have to work together to generate best results
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Integrated planning
Challenges
 Challenges in current/ former projects:
 Plans not complete; changes in plans not communicated to all
stakeholders Æ questions after building: What exactly was built in
the end?
 Sustainability and/ or goal of maximum energy efficiency not
necessarily part of all planning steps
 Information flow
 Management of interfaces in planning process difficult Æ error
source in planning process
 Defects liability/ warranty: with complete and detailed planning
documents easier
 Commissioning: Start of operation of all components/ whole
building without cut in information flow; all necessary information
immediately available
32
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Integrated planning
Planning process –
Green overlay approach
 Business as usual
 Define your green overlay
and tasks
 Checks and benchmarks

Source: Gething (2011).
https://www.architecture.com/files/ribaprofessionalservices/practice/general/greenoverlaytotheribaoutlineplanofwork2007.pdf
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Integrated planning
Planning process –
Green overlay approach
BAU

Tasks

Quality check

Source: Gething (2011).
https://www.architecture.com/files/ribaprofessionalservices/practice/general/greenoverlaytotheribaoutlineplanofwork2007.pdf
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Integrated planning
Building Information Modeling (BIM) – What is it?

 Conceptual design

 Documentation

 Detailed design

 Construction Planning &
Fabrication

 Analysis (energy,
costs, daylight etc.)

 Construction

 Construction Logistics
 Operation and Maintenance
 Renovation and Retrofit
Source: Prinzen, T.; Rust, C. (2016). Digitales BIM Aufmaß im
Bestand für das FM. Presentation at 14th BIM-user forum. June
2016, Essen
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Integrated planning
Building Information Modeling (BIM) – Why to use?
 Standardized and easier information flow
 Resource for transparent collaboration of client, planners and building
partners
 Reduction of change orders in planning process
 Digitalization of planning, building and operation processes
 Functional checks
 Interference checks
Source:
https://www.hilti.ch/so
ftware-profis-bim

 Generation of plans, cost analysis, quantity determination
 Data set for building operation and automation
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Certification
Why certification?
 Instrument for quality management in planning, construction and
operation
 Transparency and planning reliability
 Usually whole lifecycle taken into account
 Consideration of ecological, economical and socio-cultural factors
 Proven, comparable minimum standard is met
 Increase in building value
 Sustainable building quality
 Image and visibility
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Certification
Sustainable rating systems/tools
 Certification Systems do not replace Energy performance certificates
(EU, Germany)
 Additional Tool
 Good basis to fulfill mandatory certificates
 Some labels do not check the performance after commissioning

Source: Rating associations
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DGNB

Certification
Sustainable rating systems/tools
 Certification Systems include aspects like
 Different sustainability criteria
 environmental, economic, sociocultural and
functional aspects, technology, processes and
site
 Energy (efficiency) is part
 Give a complete picture
 High efforts

Source: http://thailand.ahk.de/fileadmin/ahk_thailand/Projects/AHKGeschaeftsreise__Energy_Efficiency_in_Buildings/Keynote_Address_by_Dr._Preecha_Maneesatid_TGBI.pdf
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AGENDA
 Methodology for realizing zero energy buildings
 Good practice: Zero energy building in Korea, district development
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 Wrap up
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Good practice
Energy Dream Center in Seoul (South Korea)
Korea - benchmarks
 High new benchmarks – in Korea
 development of net-zero energy
buildings (ZEB)
 new houses must be built for zero
carbon emissions by 2025
 consultancy in planning process
 collaboration with industry and
scientific institutions

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul
(South Korea)
 Exhibition
 Education
 Office
 4000 m²
Source: Fraunhofer ISE/ PB

ISE contribution:
 Lead of planer consortium
 Development of net-zero energy
building (ZEB)
 Technical concept and simulation
 Construction quality control; long
term monitoring
42
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Source: Fraunhofer ISE/ PB

Good practice
Energy Dream Center in Seoul (South Korea)
Organization of Fraunhofer ISE Consortium
SeoulMetGov
SMIH /SMED

Technology

PB Korea
Henning Kuehn / Lee Won-Ki

FH Korea
Joe Kim / Joohwan Kim

Project Management

Fraunhofer ISE

- Coordination of
Teams

J.Wienold, Energy
Concept

- Concept Design
- Design development

sol·id·ar

- Technical design

G. Löhnert

- Control of technical Input

GAP

- Quality Management

Th. Winkelbauer,
Architect

- Control of Energy related
topics
- Execution of von
Workshops
- Dokumentation of
Results

+

Solares Bauen

=

G. Hintennach,
Supervision

Solares Bauen

Landscape

Techscape

M. Ufheil, HVAC

- Coaching Integrated
Design and innovative
technologies

M&R
D. Rentzsch, Struct. Design

GermanTeam

KoreanTeam

Contract Relations

Workflow

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Reduction of energy
demand

Use of heat sources/
sinks in the
environment

- Building envelope

- Ground

- Shading

- Air (T, x)

- Ventilation

(Fractional) covering
of remaining demand
using onsite
renewable energies
- Solar thermal
- PV
- (Biomass)
44
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maximize
comfort
minimize energy
& cost

- Building thermal
mass
Efficient conversion
(minimize exergy
losses)
- Combined heat,
(cooling), power
- Minimize parasitic
consumption

Good practice
Energy Dream Center in Seoul (South Korea)
Optimization Approach

45
5
© Fraunhofer ISE

Good practice
Energy Dream Center in Seoul (South Korea)
Daylight simulations
 Daylight autonomy
(percentage of working time,
when daylight is sufficient)

First Floor, 300lux

 Hourly data of the
consumption of the electric
lighting
DA [%]

Input loads

100

50

 Thermal simulations
0
Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Thermal simulations
 Results
 Hourly temperatures

First Floor, 300lux

 Hourly heating demand
 Hourly cooling demand
floor
 Hourly cooling +
dehumidification
demand air

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Air tightness
Improvements
and
Steps to reach energy
goals
tests

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)

light

Steps to reach energy goals

81 %

transmission W

secondary
heat transfer
8%
Total solar
energy
transmittance
64 %
reflection
25 %
transmission

radiation

56 %

convection
8%

Triple heat mirror glazing
UV = 0,7 W/m²K

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Source: Fraunhofer ISE
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Good practice

Escaping air

Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals
Exhaust
air
Inlet air

Fresh air

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Heat Pump

Borehole Heat Exchanger

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Approach – make it efficient!
System Design

Construction Design

70% Reduction

Reduction of
Energy
demand
70%

+
Energy
Generation (PV)
30%

Zero Energy Building
Source: Fraunhofer ISE

Balanced 0 kWh/a

55
© Fraunhofer ISE

Passive and active design
Passive elements

Source: Fraunhofer ISE
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September 30, 2011



Energy Dream Center, Seoul, South Korea
Active design cooling and ventilation

Source: Fraunhofer ISE

57
© Fraunhofer ISE

September 30, 2011



Good practice
Energy Dream Center in Seoul (South Korea)
nergy Demand
Energy

Source: Fraunhofer ISE
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Much more energy
demand in summer
than in winter!

Good practice
Energy Dream Center in Seoul (South Korea)
Energy balance – Zero Energy
Total electrical energy demand 275 MWh
PV-Generator: 272 kWpeak
Annual PV-generation 275 MWh

electricity can
be sold to the
electricity
provider

gap must be
covered by
the electricity
provider



Source: Fraunhofer ISE

Source: Fraunhofer ISE

59
© Fraunhofer ISE

Good practice
Energy Dream Center in Seoul
(South Korea)
Learnings
Approach
Zero Energy Building Korea

Source: Fraunhofer ISE

At each step research and development has to be done
– adapted to the region and construction site
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Good practice
Energy Dream Center in Seoul (South Korea)
Areas of business and QHZ developments
 Adapted insulations for different
climate zones
 Solar Control Glass (had to be
imported)

section

 Triple Pane Low-E Glazing (had to be
imported)
 Radiant heating and cooling devices difficult to find (TABS)
 Heat pumps had to be imported and
adapted
 Ventilation dimensioning not adequat
 AHU with heat recovery had to be
imported

Source:
Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Areas of business and QHZ developments
 No effective turbo chillers available on
local market
section

 Steering LED lamps and dimming
systems
 Knowledge of effective BMS systems
with monitoring functions
 Sensors and meters adaption
 Efficient PV panels and grid
connection
 Efficient thermal collectors
 Knowledge of geothermal energy and
dimensioning

Source:
Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
.QRZOHGJHgeneration and transfer
Development of tools and services

Teams developed a common approach

Zero Energy Building, Seoul, Korea -- Integrated Holistic Approach
Definition of building
envelope
parameters
Definition of window
and glass
parameters

3D Model of Building

Space calculations

Daylight simulation
DAYSIM
Radiation calculation
RADIANCE 3D

Heatbridge Calculation
THERM

Thermal simulation
TRNSYS (heating,
Cooling)

Energy simulation
PHPP

Adapted parameters of
(earth) cooling

Adapted parameters of
HVAC machinery

Definiton of use of space
Electric load calculations
HVAC systems

Adapted parameters of
electrical devices

Definition and calculation of
occupancy
Electric load calculations
exhibition

Definition of HVAC
systems
Definition balance
system limits

Overall energy balance
calculation
Adapted parameters for PV
System

Electric load calculations,
lights, building, BMS

PV Performance ZENITH

Source: Fraunhofer ISE

Zero Energy Building
Balanced 0 kwh/a

Source: Fraunhofer ISE
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Some impressions

Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Good practice
Retrofit in Germany
 Owner: local housing
company (Freiburger
Stadtbau)
 3 building types with
4, 8 and 16 floors
 ~1200 dwellings
 ~5800 inhabitants
 Objective:
50% Primary energy
reduction
 Exemplary refurbishment
of high rise residential
building to the Passive
House Standard
Source: Fraunhofer ISE
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Good practice
Retrofit in Germany

Built 1968
70 kWh/m2
Heating
Retrofit 2012
Monitoring 2014
14 kWh/m2
Heating
86
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Source: Fraunhofer ISE

Good practice
Retrofit in Germany
Energy Demand
 80% Reduction of
heat energy demand
 38% Reduction of
PE-demand
(42% with PV)
 Long term objective:
50% Reduction of
PE-demand as long
term objective due
to improvments on
the district heating
system and use of
more efficient
electricity appliances
in households

End & Primary Energy Demand [kWh/m²a]
180
160

-38%/-42%

140
120

81

25

100
80

-50%

25

60
40

88

70

20
0

20

60

20
15

23

26
21
14

81

2-3 years
monitoring

26
-10

-20
EE
PE
Status Quo
Heating

DHW

Losses

EE
PE
Objectives 2020
Auxiliary energy

EE
PE
Design 2010
Household

EE
PE
Operation
Heat

Electricity

PV

Source: Fraunhofer ISE
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Good practice
Freiburg Vauban (2000)

 5500 residents, 1900
dwellings
 50% better than 2000
national building code,
passive houses
88
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Source: http://www.freiburg.de/pb/,Lde/229272.html

Good practice
Freiburg Vauban (2000)
 City demands higher energy standards than national law
 Wood chips and biomass heating
 100% carbon neutral for heating
 Facade and roof insulation , double glazed windows
 10 % dwellings under social housing scheme
 Cars in central car parks
 Rainwater infiltration on site
 Some single family houses
 occupants cooperatives design and buy their appartment
block, few developpers
89
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Good practice
Freiburg Gutleutmatten (2015)

 1300 residents, 500 dwellings
 KfW 55 funding - 55% better
than reference building,
passive house standards
Source: http://www.freiburg.de/pb/,Lde/543831.html
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Good practice
Freiburg Gutleutmatten (2015)
 City demands higher energy standards than national law
 Integration of decentral solar thermal collectors and thermal
storages in district heating system (biogas-CHP)
 Disconnection of neighbourhood from district heating system
during summer Æ 100% solar thermal heat supply
 100% carbon neutral for heating, electricity
 Facade and roof insulation , triple glazed windows
 50% under social housing scheme
 Cars in central car parks Æ large parts closed for cars
 Rainwater infiltration on site
 Mix of multi-family and row houses, child care, shops and central
green areas for all generations
 occupants cooperatives design and buy their appartment block
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Good practice
Summary
 Zero-Energy Buildings are feasible - in different climate zones
 The existent building stock is a challange
 Use of renewable energies is mandatory
 Districts can be designed with high energy and other standards
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AGENDA
 Methodology for realizing zero energy buildings
 Good practice: Zero energy building in Korea, district development
Germany
 Energy plus buildings in Thailand – Concepts and Examples
 Building-grid-interaction
 Role and importance of education
 Bioclimatic Design
 Identification of risks of implementation concept and suggestions for
their avoidance
 Wrap up
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Energy plus buildings in Thailand
Concepts and Examples
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AGENDA
 Methodology for realizing zero energy buildings
 Good practice: Zero energy building in Korea, district development
Germany
 Energy plus buildings in Thailand – Concepts and Examples
 Building-grid-interaction
 Role and importance of education
 Bioclimatic Design
 Identification of risks of implementation concept and suggestions for
their avoidance
 Wrap up
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Building-grid-interaction: Modelling energy systems
Identify optimal balance EHWZ. efficiency & en. generation
Characteristics
of sustainable urban energy systems:
• High efficiency
• Decentralized generation
• High share of fluctuating solar & wind energy
• Growing interdependency of electricity,
heating, cooling and mobility sectors
• Use of thermal and electrical storages
Î To identify the cost-effective target system
temporal highly resolved modelling is
needed
Roadmap development concept:

Modelling
Energy
system
2014

Roadmap
robust, flexible

Energy
system
2050

Backwarding

1) Modelling the target energy system 2050
2) Developing the roadmap by backwarding
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Source: Fraunhofer ISE

([DPSOHUHQHZDEOHHQHUJ\VXSSO\IRU)UDQNIXUW
Main
The city of Frankfurt / Main (700,000 citizens) asked
Fraunhofer ISE to simulate how its energy system
must be designed to enable an energy supply of
100% renewable energies.
Result: A 100% renewable energy supply for
Frankfurt / Main is possible by 2050, if the potential
of solar, wind, biomass and waste is used from the
region. Import / export of electricity should be allowed,
wind potential from longer distances should be used.

Electric power [MW]

Modelling result of the energy system of Frankfurt / Main:
electricity demand & supply for one week in summer

Main measures
1)

Strongly increased efficiency

2)

Maximal use of local renewable energy sources

3)

Energy co-operation with the region

4)

Smart solutions: smart grids, e-vehicles, ...

Import

Gas CHP

Heat pumps

Electrical storage

Waste gas CHP

Export

Wind

Solid waste CHP

Consumption

PV facades

Biomass CHP

Storage charching

PV roof-top

Hydro Power

Source: Fraunhofer ISE
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9

Energy System Frankfurt / Main: 100% 5HQHZDEOH Energies
Variant
Windimport

Region »FrankfurtRheinMain«

City area Frankfurt / Main
Generation within
the city area

Large cities
must
co-operate
with the
region to
establish a
sustainable
energy
system

City / district
level
-6%

13%
Wind

14%

PV
Hydro

0,3%

Waste

38%

0,7% Import

Export
Electricity

61%

35%

Boiler

All figures:
final energy

20%

Total generation 10282 GWh

from fuel + electricity
to elctricity only

- 79%

and

65% Industry

- 64%
- 72%

8%
21%

Commercial
30%
18%

CHP

Biogas
District
heating

Locall transport
t
t
13%

R id
d i
Residential
Heat
pump

CHP

9%

Consumer

9% -0,2%

CHP

15%

10%

Electricity store
3 GWh
4691 GWh
100%

CHP

solid
Biomass

Solar
thermal

Building level

Efficiency:
Reduction of
consumption
from 2012 to 2050

IIndustry
d t

15%
5267 GWh
100%

Heat

- 53%
- 78%

49%
61%

- 11%
- 10%

Heat store
2,3 GWh
Source: Fraunhofer ISE
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High share of UHQHZDEOH energies
Challanges
Challenges with a high share of fluctuating
renewable energy generation

I

Local Mismatches between renewable
generation (e.g. roof-top PV) and load

II

Mismatch between electricity supply and
demand at regional/national level

III

Overload of transmission or distribution
grids („congestion“)

IV

Short-term demand for balance energy due
to forecasting errors

Simulation of voltage in a distribution grid. Source:
Fraunhofer ISE
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Building-grid-interaction
Challenges and goals of grid-supportive building
operation
Challenges with a high share of fluctuating
renewable energy generation

Goals of grid-supportive
building operation
Maximize coverage of local
supply and load

I

Local Mismatches between renewable
generation (e.g. roof-top PV) and load

I

II

Mismatch between electricity supply and
demand at regional/national level

II

III

Overload of transmission or distribution
grids („congestion“)

III

Minimize congestions in
grid

IV

Short-term demand for balance energy due
to forecasting errors

IV

Supply balance energy and
load
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Maximize the (market-)
efficiency of electricity
generation

2011

2012

2013

2023

2033

2011

EEX price

60
50
40

Not
predicted

30

0

8

16

24 0

8

16

24 0

8

16

24 0

8

16

24 0

8

2012

2012

16

20

2033

Residual load
0

24

8

16

24 0

8

16

24 0

8

16

24 0

8

16

24 0

8

16

24

Tageszeit [h]

2013

2023

2033

2011

2.2

2012

2013

2023

2033
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CEC

Anteil Wind + PV [%]

KEV [ kWhprim./kWhel.]

2023

40

Tageszeit [h]

2011

2013

60

Residuallast [GW]

EEX Day-ahead Preis [EUR/MWh]

Availability of electricity on national level quantifiable
by different indicators

2.0

Not
predicted

Share
wind+PV

60

30

0

8

0

16

24 0

8

16

24 0

8

16

24 0

8

16

24 0

8

16

0

24

8

16

24 0

Tageszeit [h]

8

16

24 0

8

16

24 0

8

16

24 0

Tageszeit [h]

8

16

24

Source: Fraunhofer ISE

 Requirements for „grid-supportive“ electricity consumers
 EEX price, Residual load (RES): Best time for purchaising el.: night
 CEC, Share wind+PV (WPV): Best time for purchaising el.: about noon
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Approaches to increase grid-supportive operation
Postponement of el. loads
Building
HP
Boiler

Battery
storage

El.
grid
El.
purchase

Heat
generator

El. load

Heat
generation

Water
storage

Zone

Heat
delivery

Source: Fraunhofer ISE



Battery storage: Time offset between el. purchase and el. load



Fuel-Switch: Manipulation of relation between heat generation and el. load



Water storage: Time offset between heat generation and heat delivery



Building mass as storage: Manipulation of time response of heat delivery
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$OOLQWURGXFHGDSSURDFKHVDVVRFLDWHGZLWKRSSRUWXQLWLHV
and challenges
Opportunity

Challenges

Direct reuse of electricity,
usage independent from
therm. load throughout year

High costs, limited
technical life time

Practically unlimited storage
capacity (gas grid)

Surplus capacity needed,
possibly difficult refunding

Waterstorage

Control unproblematic,
storage existing in stock

Storing decreases efficiency of
HP/Compression cooling

Building
mass

High capacity with small
temp. spread

Control, comfort, activation
ability of mass needed

Battery
FuelSwitch

HP
Boiler

The favorable approach for increasing the grid
support depends on facility typology and usage
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Conclusion


The need for flexible (complementary) electricity generation and flexible
electrical loads will considerably increase in medium-term



Demand-Side-Management and short-term storages can supply substantial
contribution for short time periods (hours, day-night)



Evaluation of grid supportive operation depends on specific goals and
considered balance boundary.



There are different possibilities for the increase of grid support of buildings
(Fuel-Switch, usage of batteries and water storages, usage of building mass as
storages).



In order to bring grid-supportive operation concepts of buildings to the market
new economic incentives are needed.
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Role and importance of education
Introduction

Source: http://apnipsp.com/education/importance-of-education/
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Role and importance of education
Introduction
 Buildings and communities are the foundation of increasingly urbanized
and global population
 In increasingly complex scenarios design, construction and operation
of buildings and communities can set sustainable paradigm for structure
of social systems
 Building and community design can:
 Reduce ecological footprint of built environment
 Produce healthy, vibrant places for living and working
 Make economic sense Æ reduced costs for O&M
 Why is education important for realizing sustainable/ green buildings?
 Ensure people are prepared to meet challanges of the century
 Understand and apply smart solutions for complex problems
 Prepare people to enter new professional landscape
107
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greenhome+ ZEB, Seoul, South Korea NQRZOHGJH
transfer and generation
 Fraunhofer ISE supports:
 development of net-zero energy
building (ZEB)
 consultancy in planning process
 collaboration with industry
(KOLON) and scientific institutions
(KICT)
 monitoring and evaluation

Source: KOLON; KICT
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greenhome+ZEB, Seoul, South Korea
NQRZOHGJH transfer and generation
Knowledge generation for students,
academics, industry:
 How to plan a building
 How to plan and chose HVAC systems
 How to install HVAC systems
 Setup a Building Management System
 Operate and optimize the HVAC system
 Setup of a monitoring system

Source: KOLON; KICT, ozartsetc.com

 Learn about sensors, meters, test equipment,
weather station etc.
 Evaluation of the monitored data
 Evaluation of the HVAC system
Source: inhabitat.com
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Role and importance of education
Solar Decathlon
 Competition for (university) students to demonstrate and show how
buildings can be designed sustainable:
 High energy efficiency and comfort
 Use solar potential on and at the buildings as good as possible
 Combination of innovative technologies with formidable design
 Goal: design a house which is affordable, attractive for consumers
and excelantly designed with a maximum (energy) efficiency and
an optimal on-site energy generation
 Bring together different disciplines Æ integral panning
 Apply theoretical know-how practically in interdisciplinary teams to
create a sustainable future building
 Competitionas in North America, Europe, China, Latin America and
Caribbean, Middle East
110
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Role and importance of education
Solar Decathlon - examples

http://www.solardecathlon2014.fr/en/photos
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Bioclimatic Design
First Element of Energy Plus House in Tropical Climates
 EGS
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Identification of risks of implementation
Concept and suggestions for their avoidance
 EGS
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Wrap up
 Necessity to built efficient buildings in order to achieve global
climate change mitigation goals
 Clear regulations for buildings needed in combination with efficient
control mechanisms, but: some freedom for technical
implementation/ design of buildings and building systems needed
 Planning tools and methods help to build and operate efficient
buildings
 There are already many good lighthouse projects in Thailand and other
countries demonstrating that plus energy buildings are realizable
under different climate conditions
 Technologies, materials etc. for building zero energy buildings are
already available
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Thank you for your attention!

Fraunhofer Institute for Solar Energy Systems ISE
Arnulf Dinkel, Benjamin Köhler
www.ise.fraunhofer.de
arnulf.dinkel@ise.fraunhofer.de, benjamin.koehler@ise.fraunhofer.de
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Annex

212 | 432

12.3
Annex 3: Workshop 3: Architects, planners and Nexuspartners

Fraunhofer ISE

The Urban Nexus II

ANNEX 3: WORKSHOP 3: ARCHITECTS,
PLANNERS AND NEXUS-PARTNERS
EFFICIENT BUILDINGS AS A CENTRAL PART OF AN INTEGRATED RESOURCE
MANAGEMENT IN ASIAN CITIES: The Urban Nexus II
Annex 3 to the Final Report
Project number: 271810 PN:
15.2201.0 – 001.00, VN: 81200843

© Fraunhofer ISE

FRAUNHOFER INSTITUTE
FOR SOLAR ENERGY SYSTEMS ISE
The urban Nexus II: Efficient buildings as a central part of an integrated
resource management in Asian Cities
Arnulf Dinkel
Benjamin Köhler
Fraunhofer Institute for Solar
Energy Systems ISE
Workshop on Planning Concept of
“Nexus Plus Energy Buildings”
Swissotel Nai Lert Park, Bangkok,
18th August 2016
www.ise.fraunhofer.de
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AGENDA
 Methodology for realizing zero energy buildings
 Balancing
 Planning process
 Building Information Modelling (BIM)
 Passive and active design
 Good practice: Zero energy building in Korea, district development Germany
 Introduction and discussion of inventories and implementation
 Energy plus buildings in Thailand – Concepts and Examples
 Possibilities of Thermal Activation of building Structures
 Identification of risks of implementation concept and suggestions for their
avoidance
 Definition of criteria for tenders for planning and construction
 Wrap up
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The Fraunhofer-Gesellschaft
Locations in Germany
 66 institutes and research units
 Staff of nearly 24,000

• Main locations
o Other locations
• Headquarters
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Zentrale

The Fraunhofer Gesellschaft
Connected Worldwide
Glasgow

San José

Vancouver London
East Lansing
Boston

Gothenburg

Dublin Southampton
Wrocîaw
Brussels
Vienna
Paris
Budapest
Bolzano
Graz
Porto

Beijing

Plymouth
Storrs
Maryland Newark

Seoul

Jerusalem

Sendai
Tokyo
Osaka

Cairo
Dubai
Bangalore

Jakarta

Salvador
Campinas
São Paulo
Santiago de Chile

Fraunhofer Subsidiary
Center
ICON / Strategic Cooperation

Ampang
Singapore

Pretoria
Stellenbosch

Sydney

Project Center
Representative / Marketing Office
Senior Advisor
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Fraunhofer ISE
Performing Research for the Energy Transformation

Director: Prof. Eicke R. Weber
Staff: ca. 1200
Budget 2014: € 86.2 million

Established: 1981
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Fraunhofer ISE
12 Business Areas

 Silicon Photovoltaics

 Solar Thermal Technology

 III-V and Concentrator
Photovoltaics

 Energy Efficient Buildings

 Energy Efficient Power
 Dye, Organic and Novel Solar Cells
Electronics
 Photovoltaic Modules and Power  Zero-Emission Mobility
Plants
 System Integration and Grids –
 Storage Technologies
Electricity, Heat, Gas
 Hydrogen and Fuel Cell
Technology

 Energy System Analysis
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Photos: screenshot google

Floods in Germany -2016
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Photos: google
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Carbon footprint (2013)
Thailand
272,000kt - 4t/capita

Germany
767,000kt -9,3t/capita
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© 2003-2010, Stanford Kay

© Fraunhofer ISE

Photos: screenshot google

Climate change also in Thailand?

United Nations Framework Convention on Climate
Change (UNFCCC) “Paris Agreement“
 (a) Holding the increase in the global average temperature to well
below 2 °C above pre-industrial levels and to pursue efforts to limit the
temperature increase to 1.5 °C above pre-industrial levels, recognizing
that this would significantly reduce the risks and impacts of climate
change;
 (b) Increasing the ability to adapt to the adverse impacts of climate
change and foster climate resilience and low greenhouse gas emissions
development, in a manner that does not threaten food production;
 (c) Making finance flows consistent with a pathway towards low
greenhouse gas emissions and climate-resilient development."
Countries furthermore aim to reach "global peaking of greenhouse gas
emissions as soon as possible".
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Europe

 In EU Buildings are responsible for
 40% of energy consumption
 36% of CO2 emissions
 New buildings generally need less than three to five liters of heating
oil per square meter per year,
 Older buildings consume about 25 liters on average. Some buildings
even require up to 60 liters.
 Currently, about 35% of the EU's buildings are over 50 years old.
 By improving the energy efficiency of buildings,
 reduce total EU energy consumption by 5% to 6%
 and lower CO2 emissions by about 5%.
12
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Source:
https://ec.europa.eu/energy/en/topics/energ
y-efficiency/buildings

© Fraunhofer ISE

EU Key Law -the 2010 Energy Performance of Buildings
Directive
 energy performance certificates are to be included in all
advertisements for the sale or rental of buildings
 EU countries must establish inspection schemes for heating and air
conditioning systems or put in place measures with equivalent effect
 all new buildings must be nearly zero energy buildings by 31
December 2020 (public buildings by 31 December 2018)
 EU countries must set minimum energy performance requirements for
new buildings, for the major renovation of buildings and for the
replacement or retrofit of building elements (heating and cooling
systems, roofs, walls, etc.)
 EU countries have to draw up lists of national financial measures to
improve the energy efficiency of buildings

13
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EU Key Law -the 2012 Energy Efficiency Directive

 EU countries make energy efficient renovations to at least 3% of
buildings owned and occupied by central government
 EU governments should only purchase buildings which are highly
energy efficient
 EU countries must draw-up long-term national building renovation
strategies which can be included in their National Energy Efficiency
Action Plans

Some plans very detailed,
some rather moderate

14
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German laws and actions


National plan for increasing the number of nearly zero-energy buildings





EnEG: Energy Conservation Act



EnEV: Energy Saving Ordinance



Information, consulting services



Exemplary role of the public sector



Intermediate targets

Research, pilot projects





Nearly zero-energy buildings;



Roadmap to the EnergyEfficiencyPlus + electro mobility

Financial support by government’s bank Kreditanstalt für Wiederaufbau (KfW)


Energy efficient construction



Energy efficient refurbishment



Market incentive programs



Financial assistance for combined heat and power generation



Energy-efficient urban renewal
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German laws and actions - a long history
laws
1976
1980

EG-RL 1992

decrees
ordinances

EnEG 1976

WärmeschutzV 1977

Energy Conservation Act

Heat Insulation Ordinance

EnEG 1980

WärmeschutzV 1982/84

EG-RL 1993
1995

WärmeschutzV 1995
Change to €

2001

EnEV 2002

EG-RL 2003

EnEG 2005

2005

EnEV 2004
EnEV 2007

2009
EU-RL 2010
2013
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EnEG 2009
EnEG 2013

EnEV 2009
EnEV 2014/ 2016

Setting goals and paving a market with legislation
Framework in Germany
End Energy Demand in kWh/m²/year

0

Space Heating

50

100

150

200

250

300

Building
Stock

Hot Water

WschVo
1995

Electricity
for HVAC

EnEV 2002

Electricity

3-Liter
House
Passive
House

PV

with
solar
systems
Source: Fraunhofer ISE

zero
energy
buildings
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Control Mechanism
EU, Germany
 Building energy performance certificates:
 Given by certified engineers
 New Buildings (mandatory)
 Selling Buildings (mandatory)
 Existing buildings (not, so far)

Source: EcoConsulting
(http://ecoconsulting.net/www/E
nergy%20certificate%20label%2
0A-G.jpg )
Source: EnEV 2015 (https://www.gesetze-iminternet.de/enev_2007/index.html)

 Equipment certificates :
 Given by certified institutions
 New HVAC equipment
 New electrical equipment
 For some existent equipment also!
Source: http://eur-lex.europa.eu
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Building related methods

 Energy Balancing and tools
 Green overlay
 BIM Building Information Modeling
 Certification

19
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Balancing Methods
Introduction
 What is an energy balance?
 Calculation of energy demand for building operation
 Balanced with energy generation at building site
 What is it used for?
 To know in advance how much energy is needed and for what
usages
 To find out the major energy consumers and find solutions for
reducing the energy demand
 To be able to plan HVAC and lighting systems
 To know if building is designed according to national/ local laws
and regulations
20
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Balancing Methods
Introduction
 To be defined/ clarified:
 Balance for each hour/day/week/month/year? Æ the higher the
time resolution, the better a HVAC system can be designed (tailored
to the needs of the building/ client)
 User behavior (reference for standard user given by simulation
program)
 Boundary (conditions):
 System boundary: building itself or group of buildings
 Energy needed for: HVAC systems, lights, also plug loads?
 Metric: Common metric for energy carriers used in building;
primary energy, but also CO2 equivalent, exergy, cost or others?
 Others: Weather data, set-temperatures,…
 In Germany settings and methods for simulation are described by
legislation
21
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Balancing methods
From energy production to the consumer
Balance

Source: Fraunhofer ISE

 Each step is considered
 Simulation shows where to change the system, opportunities
22
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Balancing methods
Approaches and different building concepts
 Plus-energy refers to annual
primary energy balance,
which means at or in a
building more energy is
generated than used on
annual basis

Primary energy credit
Credit > Usage
„Plus energy building“

 Only achievable through triad
of energy saving/ energy
efficiency, on-site generation
to cover energy demand and
credits for feed-in of surplus
energy

3
Electricity
generation

Credit < Usage

 Grid supportive operation:
Load management to support
operation of (electricity-)
grids

Reduction usage / demand

2

1
Primary energy use / -demand

4

Source: Fraunhofer ISE
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Integrated planning
Planning process
Planning

Goaldefinition

Concept

Completion

Detailed
planning

Construction

Commissioning

Usage

Operation/
Operation
optimization

Conversion

deconstruction

Locking up of project costs
Influence on energy and comfort
Source: Fraunhofer ISE

 All stakeholders have to work together to generate best results

24
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Integrated planning
Challenges
 Teamwork
 Defining goals
 Sustainability and/ or goal of maximum energy efficiency not
necessarily part of all planning steps
 Information flow
 Management of interfaces in planning process difficult Æ error source
in planning process
 Commissioning: Start of operation of all components/ whole building
without cut in information flow; all necessary information immediately
available

25
© Fraunhofer ISE

Integrated planning
Planning process –
Green overlay approach
 Business as usual
 Define your green overlay
and tasks
 Checks and benchmarks

Source: Gething (2011).
https://www.architecture.com/files/ribaprofessionalservices/practice/general/greenoverlaytotheribaoutlineplanofwork2007.pdf
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Integrated planning
Planning process –
Green overlay approach
BAU

Tasks

Quality check

Source: Gething (2011).
https://www.architecture.com/files/ribaprofessionalservices/practice/general/greenoverlaytotheribaoutlineplanofwork2007.pdf
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Integrated planning
Building Information Modeling (BIM) – What is it?

 Conceptual design

 Documentation

 Detailed design

 Construction Planning &
Fabrication

 Analysis (energy,
costs, daylight etc.)

 Construction

 Construction Logistics
 Operation and Maintenance
 Renovation and Retrofit
Source: Prinzen, T.; Rust, C. (2016). Digitales BIM Aufmaß im
Bestand für das FM. Presentation at 14th BIM-user forum. June
2016, Essen
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Integrated planning
Building Information Modeling (BIM) – What is it?
 Process/ method including generation and management of digital
representations/ models of a building
 Consistent inclusion of all relevant data and information for
recording, management and transparent communication between
partners involved in planning and operation
 Provision of data and information for all partners and for e.g.
detailed simulations
 Addresses whole building life cycle
 Allows usage of different software/ tools for planning of
different subsections of building, e.g. for planning (e.g. architecture,
building physics), analysis and simulation, cost planning, calendar
management, construction site management, model and document
management, facility management,…

29
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Integrated planning
Building Information Modeling (BIM) – Why to use?
 Standardized and easier information flow
 Resource for transparent collaboration of client, planners and
building partners
 Reduction of change orders in planning process
 Digitalization of planning, building and operation processes
 Functional checks
 Interference checks
Source:
https://www.hilti.ch/so
ftware-profis-bim

 Data set for building operation and automation
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Certification
Why certification?
 Instrument for quality management in planning, construction and
operation
 Transparency and planning reliability
 Usually whole lifecycle taken into account
 Consideration of ecological, economical and socio-cultural factors
 Proven, comparable minimum standard is met
 Increase in building value
 Sustainable building quality
 Image and visibility

31
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Certification
Sustainable rating systems/tools
 Certification Systems do not replace Energy performance certificates
(EU, Germany)
 Additional Tool
 Good basis to fulfill mandatory certificates
 Some labels do not check the performance after commissioning

Source: Rating associations
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DGNB

Certification
Sustainable rating systems/tools
 Certification Systems include aspects like
 Different sustainability criteria
 environmental, economic, sociocultural and
functional aspects, technology, processes and
site
 Energy (efficiency) is part
 Give a complete picture
 High efforts

Source: http://thailand.ahk.de/fileadmin/ahk_thailand/Projects/AHKGeschaeftsreise__Energy_Efficiency_in_Buildings/Keynote_Address_by_Dr._Preecha_Maneesatid_TGBI.pdf
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AGENDA
 Methodology for realizing zero energy buildings
 Balancing
 Planning process
 Building Information Modelling (BIM)
 Passive and active design
 Good practice: Zero energy building in Korea, district development Germany
 Introduction and discussion of inventories and implementation
 Energy plus buildings in Thailand – Concepts and Examples
 Possibilities of Thermal Activation of building Structures
 Identification of risks of implementation concept and suggestions for their
avoidance
 Definition of criteria for tenders for planning and construction
 Wrap up
34
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Good practice
Energy Dream Center in Seoul (South Korea)
Korea - benchmarks
 High new benchmarks – in Korea
 development of net-zero energy
buildings (ZEB)
 new houses must be built for zero
carbon emissions by 2025
 consultancy in planning process
 collaboration with industry and
scientific institutions

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul
(South Korea)
 Exhibition
 Education
 Office
 4000 m²
Source: Fraunhofer ISE/ PB

ISE contribution:
 Lead of planer consortium
 Development of net-zero energy
building (ZEB)
 Technical concept and simulation
 Construction quality control; long
term monitoring
36
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Source: Fraunhofer ISE/ PB

Good practice
Energy Dream Center in Seoul (South Korea)
Organization of Fraunhofer ISE Consortium
SeoulMetGov
SMIH /SMED

Technology

PB Korea
Henning Kuehn / Lee Won-Ki

FH Korea
Joe Kim / Joohwan Kim

Project Management

Fraunhofer ISE

- Coordination of
Teams

J.Wienold, Energy
Concept

- Concept Design
- Design development

sol·id·ar

- Technical design

G. Löhnert

- Control of technical Input

GAP

- Quality Management

Th. Winkelbauer,
Architect

- Control of Energy related
topics
- Execution of von
Workshops
- Dokumentation of
Results

+

Solares Bauen

=

G. Hintennach,
Supervision

Solares Bauen

Landscape

Techscape

M. Ufheil, HVAC

- Coaching Integrated
Design and innovative
technologies

M&R
D. Rentzsch, Struct. Design

GermanTeam

KoreanTeam

Contract Relations

Workflow

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Reduction of energy
demand

Use of heat sources/
sinks in the
environment

- Building envelope

- Ground

- Shading

- Air (T, x)

- Ventilation

(Fractional) covering
of remaining demand
using onsite
renewable energies
- Solar thermal
- PV
- (Biomass)
38
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maximize
comfort
minimize energy
& cost

- Building thermal
mass
Efficient conversion
(minimize exergy
losses)
- Combined heat,
(cooling), power
- Minimize parasitic
consumption

Good practice
Energy Dream Center in Seoul (South Korea)
Optimization Approach
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Good practice
Energy Dream Center in Seoul (South Korea)
Daylight simulations
 Daylight autonomy
(percentage of working time,
when daylight is sufficient)

First Floor, 300lux

 Hourly data of the
consumption of the electric
lighting
DA [%]

Input loads

100

50

 Thermal simulations
0
Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Thermal simulations
 Results
 Hourly temperatures

First Floor, 300lux

 Hourly heating demand
 Hourly cooling demand
floor
 Hourly cooling +
dehumidification
demand air

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Air tightness
Improvements
and
Steps to reach energy goals
tests

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)

light

Steps to reach energy goals

81 %

transmission W

secondary
heat transfer
8%
Total solar
energy
transmittance
64 %
reflection
25 %
transmission

radiation

56 %

convection
8%

Triple heat mirror glazing
UV = 0,7 W/m²K

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Source: Fraunhofer ISE
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Good practice

Escaping air

Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals
Exhaust
air
Inlet air

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Steps to reach energy goals

Source: Fraunhofer ISE
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Fresh air

Good practice
Energy Dream Center in Seoul (South Korea)
Approach – make it efficient!
System Design

Construction Design

70% Reduction

Reduction of
Energy
demand
70%

+
Energy
Generation (PV)
30%

Zero Energy Building
Source: Fraunhofer ISE

Balanced 0 kWh/a
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Passive and active design
Passive elements

Source: Fraunhofer ISE
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September 30, 2011



Energy Dream Center, Seoul, South Korea
Active design cooling and ventilation

Source: Fraunhofer ISE
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September 30, 2011



Good practice
Energy Dream Center in Seoul (South Korea)
Energy Demand

Source: Fraunhofer ISE
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Much more energy
demand in summer
than in winter!

Good practice
Energy Dream Center in Seoul (South Korea)
Energy balance – Zero Energy
Total electrical energy demand 275 MWh
PV-Generator: 272 kWpeak
Annual PV-generation 275 MWh

electricity can
be sold to the
electricity
provider

gap must be
covered by
the electricity
provider



Source: Fraunhofer ISE

Source: Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul
(South Korea)
Learnings
Approach
Zero Energy Building Korea

Source: Fraunhofer ISE

At each step research and development has to be done
– adapted to the region and construction site
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Good practice
Energy Dream Center in Seoul (South Korea)
Areas of business and new developments
 Adapted insulations for different
climate zones
 Solar Control Glass (had to be
imported)

section

 Triple Pane Low-E Glazing (had to be
imported)
 Radiant heating and cooling devices difficult to find (TABS)
 Heat pumps had to be imported and
adapted
 Ventilation dimensioning not adequat
 AHU with heat recovery had to be
imported

Source:
Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Areas of business and new developments
 No effective turbo chillers available on
local market
section

 Steering LED lamps and dimming
systems
 Knowledge of effective BMS systems
with monitoring functions
 Sensors and meters adaption
 Efficient PV panels and grid
connection
 Efficient thermal collectors
 Knowledge of geothermal energy and
dimensioning

Source:
Fraunhofer ISE
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Good practice
Energy Dream Center in Seoul (South Korea)
Knowledge generation and transfer
Development of tools and services

Teams developed a common approach

Zero Energy Building, Seoul, Korea -- Integrated Holistic Approach
Definition of building
envelope
parameters
Definition of window
and glass
parameters

3D Model of Building

Space calculations

Daylight simulation
DAYSIM
Radiation calculation
RADIANCE 3D

Heatbridge Calculation
THERM

Thermal simulation
TRNSYS (heating,
Cooling)

Energy simulation
PHPP

Adapted parameters of
(earth) cooling

Adapted parameters of
HVAC machinery

Definiton of use of space
Electric load calculations
HVAC systems

Adapted parameters of
electrical devices

Definition and calculation of
occupancy
Electric load calculations
exhibition

Definition of HVAC
systems
Definition balance
system limits

Overall energy balance
calculation
Adapted parameters for PV
System

Electric load calculations,
lights, building, BMS

PV Performance ZENITH

Source: Fraunhofer ISE

Zero Energy Building
Balanced 0 kwh/a

Source: Fraunhofer ISE
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Some impressions

Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE

67
© Fraunhofer ISE

Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE

73
© Fraunhofer ISE

Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Good practice
Retrofit in Germany
 Owner: local housing
company (Freiburger
Stadtbau)
 3 building types with
4, 8 and 16 floors
 ~1200 dwellings
 ~5800 inhabitants
 Objective:
50% Primary energy
reduction
 Exemplary refurbishment
of high rise residential
building to the Passive
House Standard
Source: Fraunhofer ISE
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Good practice
Retrofit in Germany

Built 1968
70 kWh/m2
Heating
Retrofit 2012
Monitoring 2014
14 kWh/m2
Heating
80
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Source: Fraunhofer ISE

Good practice
Retrofit in Germany
Energy Demand
 80% Reduction of
heat energy demand
 38% Reduction of
PE-demand
(42% with PV)
 Long term objective:
50% Reduction of
PE-demand as long
term objective due
to improvments on
the district heating
system and use of
more efficient
electricity appliances
in households

End & Primary Energy Demand [kWh/m²a]
180
160

-38%/-42%

140
120

81

25

100
80

-50%

25

60
40

88

70

20
0

20

60

20
15

23

26
21
14

81

2-3 years
monitoring

26
-10

-20
EE
PE
Status Quo
Heating

DHW

Losses

EE
PE
Objectives 2020
Auxiliary energy

EE
PE
Design 2010
Household

EE
PE
Operation
Heat

Electricity

PV

Source: Fraunhofer ISE
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Good practice
Freiburg Vauban (2000)

 5500 residents, 1900
dwellings
 50% better than 2000
national building code,
passive houses
82
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Source: http://www.freiburg.de/pb/,Lde/229272.html

Good practice
Freiburg Vauban (2000)
 City demands higher energy standards than national law
 Wood chips and biomass heating
 100% carbon neutral for heating
 Facade and roof insulation , double glazed windows
 10 % dwellings under social housing scheme
 Cars in central car parks
 Rainwater infiltration on site
 Some single family houses
 occupants cooperatives design and buy their appartment
block, few developpers
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Good practice
Freiburg Gutleutmatten (2015)

 1300 residents, 500 dwellings
 KfW 55 funding - 55% better
than reference building,
passive house standards
Source: http://www.freiburg.de/pb/,Lde/543831.html
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Good practice
Freiburg Gutleutmatten (2015)
 City demands higher energy standards than national law
 Integration of decentral solar thermal collectors and thermal
storages in district heating system (biogas-CHP)
 Disconnection of neighbourhood from district heating system
during summer Æ 100% solar thermal heat supply
 100% carbon neutral for heating, electricity
 Facade and roof insulation , triple glazed windows
 50% under social housing scheme
 Cars in central car parks Æ large parts closed for cars
 Rainwater infiltration on site
 Mix of multi-family and row houses, child care, shops and central
green areas for all generations
 occupants cooperatives design and buy their appartment block
85
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Good practice
Summary
 Zero-Energy Buildings are feasible - in different climate zones
 The existent building stock is a challange
 Use of renewable energies is mandatory
 Districts can be designed with high energy and other standards
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AGENDA
 Methodology for realizing zero energy buildings
 Balancing
 Planning process
 Building Information Modelling (BIM)
 Passive and active design
 Good practice: Zero energy building in Korea, district development Germany
 Introduction and discussion of inventories and implementation
 Energy plus buildings in Thailand – Concepts and Examples
 Possibilities of Thermal Activation of building Structures
 Identification of risks of implementation concept and suggestions for their
avoidance
 Definition of criteria for tenders for planning and construction
 Wrap up
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Introduction & discussion of inventories & implementation
Definitions and building concepts
Solar building (grid connected):
 Active and passive usage of solar
energy (thermal, el.)
 Active: Solar thermal collectors,
PV
 Passive: Orientation, design
(transparent areas)
 Goal: maximize contribution of
solar energy in total energy
supply
 Energy efficient construction
mandatory
Source: Fraunhofer ISE
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Introduction & discussion of inventories & implementation
Definitions and building concepts
Solar building (off-grid):

„Solarhaus“ Freiburg; built 1997

 Like grid connected solar
building, but additional
storages needed
 Storage possibilities:
 Battery
 Large thermal storage (in
Central Europa seasonal)
 H2: Hydrogen generation
and storage in
combination with fuel cell
(Solarhaus Freiburg)

Source: Fraunhofer ISE
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Introduction & discussion of inventories & implementation
Definitions and building concepts To passive house standard renovated apartment block
Passive house: New and retrofit
 Annual heat demand
<15 kWh/(m²a)
 Ventilation with heat recov.
 U-values: external wall
<0.15 W/(m²K), transparent
envelope <0.8 W/(m²K)
 Spec. PE-demand (h, hw, v, l, pl)
<120 kWh/(m²a)

Source: Fraunhofer ISE
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Introduction & discussion of inventories & implementation
Definitions and building concepts
Residential (nearly) zero
and plus energy buildings:
 Primary energy balance
ů 0 kWh/(m²a)
 If “nearly zero energy
building”: coverage of
remaining demand mainly
by RE
 Storages needed
 Integration e-mobility

Efficiency plus house, Berlin

Source:
https://de.wikipedia.org/wiki/Effizienzhaus_Plus_mit_Ele
ktromobilit%C3%A4t#/media/File:EffizienshausPlus,Berlin.JPG
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Introduction & discussion of inventories & implementation
Plus energy childcare
Definitions and building concepts
building, Höhenkirchen
Non- residential
(nearly) zero and plus
energy buildings:
 Similar technologies as
in residential buildings

Source:
http://www.enob.info/de/
neubau/projekt/details/en
ergieinnovationen-implusenergie-kinderhaus/

 Diff. user profiles;
heterogeneous
typology
 High comfort
requirements

“Sonnenschiff” (“Sun ship”), Freiburg
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Source:
https://en.wikipedia.org/wiki/Sonn
enschiff#/media/File:Solarschiff_So
larsiedlung_Freiburg_im_Breisgau
_september_2014.jpg /

Introduction & discussion of inventories & implementation
Definitions and building concepts
Other concepts:
 Net-zero-energy building
 CO2-neutral building
 Zero heat demand building
 3-liter-house
 …

¾ Attention: Most of presented concepts and terms for building concepts
not standardized or defined in norms/standards/laws etc.
93
© Fraunhofer ISE

Introduction & discussion of inventories & implementation
Zero-energy buildings worldwide (2013)

Source:
https://ec.europa.eu/energ
y/sites/ener/files/documen
ts/nzeb_full_report.pdf

Source:
https://ec.europa.eu/energ
y/sites/ener/files/document
s/nzeb_full_report.pdf

Map developed in IEA-SHC Task 40 / Annex 52 (“Towards Net Zero Energy Solar Buildings”); http://batchgeo.com/map/net-zero-energy-buildings

94
© Fraunhofer ISE

EnOB: Energy-optimized Buildings
German Research Program



funded by the German Ministry
of Economics and Technology



demonstration of new
concepts, materials and
technologies in new constructions
and refurbishment as case study
projects



39 new and 34 refurbishment
demonstration buildings all over
Germany



Monitoring and evaluation of
buildings
Source: EnOB
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Introduction & discussion of inventories & implementation
Zero-energy buildings in Germany
 Approx. 30 “Efficiencyplus” buildings
(negative annual net
end- and primary
energy balance)

Map developed in IEA-SHC Task 40 / Annex 52 (“Towards Net Zero Energy Solar Buildings”); http://batchgeo.com/map/net-zero-energy-buildings
Source:
http://www.bmub.bund.de/fileadmin/Daten_BMU/Pools/Brosch
ueren/effizienzhaus_plus_broschuere_bf.pdf
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Monitoring Projects at Fraunhofer ISE

www.enob.info

Source: Fraunhofer ISE
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http://enob.ise.fraunhofer.de/data.html

Introduction & discussion of inventories & implementation
Bringing plus energy buildings to the market
 Frontrunners/ lighthouse projects
 Research programs:
 Demonstration projects important to show feasibility
 In Germany research program “EnOB” to develop the building of the
future since 1998
 Support schemes:
 For new and existing buildings
 Programs by KfW for whole buildings, new technologies, storages,
planning
 Cheap loans, grants
 Always coupled with strict requirements concerning energy efficiency
and applied technologies
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Introduction & discussion of inventories & implementation
Definition and financial scheme in Germany
Low energy building/ KfWefficiency house:
 Term not clearly defined
 KfW-efficiency house: term
connected to support
program
 Generally: Building, which
energy demand way
below national standard
 Numbers indicate percentage
below energy demand
according to laws/ ordinances

KfW-Efficiency
standard

Characteristic

KfW100

QP. = 100% QP Ref

KfW70

QP. = 70% QP Ref

KfW55
KfW40

QP. = 55% QP Ref
H‘T = 70% H‘T Ref
QP. = 40% QP Ref
H‘T = 55% H‘T Ref
QP. = 400% QP Ref
H‘T = 55% H‘T Ref

KfW40 Plus

Additionally RE, Battery,
ventilation with heat
recov., visualization el.
Gen. and demand
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Financial Scheme
Germany: KFW bank (state-owned)
Clients:
 Private Investors
 Companies
 Public Institutions
 International
financing

Source: https://www.kfw.de/kfw.de-2.html

100
© Fraunhofer ISE

Financial Scheme
Germany: KFW bank (state-owned)
 Support of many
topics
 Combination of
funding
 Subsidized low
interest rates

Source: https://www.kfw.de/inlandsfoerderung/Privatpersonen/Neubau/F%C3%B6rderprodukte/F%C3%B6rderprodukte-PB-Neubau.html

 KFW covers probably
90% of energy related
financial support
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Introduction & discussion of inventories & implementation
Bringing plus energy buildings to the market
 Laws/ ordinances:
 In Germany/ Europe (nearly) zero energy buildings mandatory from
1st January 2019 (public) and 1st January 2021 (private)
 Already nowadays cities can set stricter rules for new buildings than
national laws Æonly sell public ground for new buildings if specific,
ambitious energy goal is met (e.g. in Freiburg)
 “Soft” factors:
 Emotions: “built climate change mitigation”, independency from
energy market, clean conscience,…
 Marketability, increased value, PR, reputation (sustainability position)
Æunique selling proposition
 Comparability of total rent of plus energy and standard building
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AGENDA
 Methodology for realizing zero energy buildings
 Balancing
 Planning process
 Building Information Modelling (BIM)
 Passive and active design
 Good practice: Zero energy building in Korea, district development Germany
 Introduction and discussion of inventories and implementation
 Energy plus buildings in Thailand – Concepts and Examples
 Possibilities of Thermal Activation of building Structures
 Identification of risks of implementation concept and suggestions for their
avoidance
 Definition of criteria for tenders for planning and construction
 Wrap up
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Energy plus buildings in Thailand
Concepts and Examples
 EGS plan
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Possibilities of Thermal Activation of building Structures

 EGS plan
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Identification of risks of implementation concept and
suggestions for their avoidance
 EGS plan
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AGENDA
 Methodology for realizing zero energy buildings
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 Planning process
 Building Information Modelling (BIM)
 Passive and active design
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Definition of criteria for
possible tenders for
planning and construction
activities
Approach
Zero Energy Building Korea
Source: Fraunhofer ISE

At each step research and development has to be done
– adapted to the region and construction site
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Definition of criteria for possible tenders for planning
and construction activities

Goal definition:
 Thermal, acoustic and visual comfort
 Energy goals:
 Maximum primary energy demand (non-renewable)
 Annual energy balance (net): e.g. zero or plus energy
 Energy performance of building envelope (e.g. max. U-values) and
HVAC
 In case of strived certification additional goals possible
¾ Define goals in specification sheet/ tender documents!
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Definition of criteria for possible tenders for planning
and construction activities (examples)

Building envelope
•
•
•
•

U-values opaque elements < 0.5 W/(m²K)
G-value glazing/ glare shield: 0.6/ 0.15
Avoid heat bridges: ųUHB ů 0.01 W/(m²K)
Air-tightness: n50 < 0.6 h-1

Usage of daylight, glare shield and artificial light
•
•
•
•

Day light autonomy Ű 80%
Reflection rate surfaces inside the building Ű 70%
Min. light emitting efficiency 80 lm/W
Max. spec. Load (lighting): 1.5 W/m²/100lux
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Definition of criteria for possible tenders for planning
and construction activities (examples)

Heat and cold distribution
• Pressure loss secondary side max, 300 Pa/m
• Secondary pumps < 20Wel/kWtherm
• Temperature level cold distr. Ű 16 °C

Heat recovery
• Heat/ cold recovery > 80%

Ventilation
• Specific fan power < 1650 W/m³s (total supply and exhaust air)

Heat pumps
• Air-heat pump: COP > 3.5 (heating)
• Ground-source heat pump: COP > 4.0 (heating)
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Definition of criteria for possible tenders for planning
and construction activities
 Client (private and public) should ask for
 Special Tenders for architects and engineers (energy, sustainability)
 Define the tools for simulation
 Additional clauses defining building performances
 Add special materials/ services in your tender tool
 Criteria to control the performance and quality
 Add monitoring after commissioning
 Add optimization after commissioning
 Ask for the committed and trained staff
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Definition of criteria for possible tenders for planning
and construction activities
 Contractors should ask for:
 Sub-contractor should deliver performance certification
 Add quality checks during construction
 Add special materials in your tender tool
 Add documentations
 Provide independent certifications
 Sub-contractor should provide committed and trained staff
 Operate buildings as efficient as possible
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Definition of criteria for possible tenders for planning
and construction activities
 Material providers should provide:
 Full declaration of materials, LCA
 Guarantees for long use
 Repair materials/ HVAC-systems
 Replacement, taking back of used material and recycling
 Second hand/ recycled materials if available
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Definition of criteria for possible tenders for planning
and construction activities
 Conclution:
 Define your goals
 All partners should be committed
 Define the tenders
 Implement checks and controls
 Present your good practice -> energy efficient and sustainable
building
 Go step by step and learn
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Wrap up
 Necessity to built efficient buildings in order to achieve global climate
change mitigation goals
 Planning tools and methods help to build and operate efficient buildings
 There are already many good lighthouse projects in Thailand and other
countries demonstrating that plus energy buildings are realizable under
different climate conditions
 Technologies, materials etc. for building zero energy buildings are
already available
 There are business opportunities
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Thank you for your attention!

Fraunhofer Institute for Solar Energy Systems ISE
Arnulf Dinkel, Benjamin Köhler
www.ise.fraunhofer.de
arnulf.dinkel@ise.fraunhofer.de, benjamin.koehler@ise.fraunhofer.de
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MARCH 2017
EFFICIENT BUILDINGS AS A CENTRAL PART OF AN INTEGRATED RESOURCE
MANAGEMENT IN ASIAN CITIES: The Urban Nexus II
Annex 4 to the Final Report
Project number: 271810 PN:
15.2201.0 – 001.00, VN: 81200843
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FRAUNHOFER INSTITUTE
FOR SOLAR ENERGY SYSTEMS ISE
Energy Efficient Building Design Workshop for “Nexus Plus Energy
Buildings”
Arnulf Dinkel
Benjamin Köhler
Fraunhofer Institute for Solar
Energy Systems ISE
Chulalongkorn University,
Bangkok
14-15th March 2017
www.ise.fraunhofer.de
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Fraunhofer worldwide - 60 Institutes

Göteborg
Glasgow
Brussels
Paris

San José

London
Boston
Cambridge
Plymouth
Newark
Maryland

East Lansing

Bozen

:URFîDZ
Vienna
Budapest
Graz

Porto

Seoul

Peking

Thessalonca

Sendai
Tokyo

Cairo
Dubai
Bangalore

Selangor
Singapore

60 Fraunhofer Institutes

Salvador
Campinas
São Paulo

Santiago de Chile
Fraunhofer Subsidiary
Center
Project Center / Strategic Cooperation
Representative/Marketing Office
Senior Adviser
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Jakarta

Sydney

Fraunhofer - Applied Research

 Research Dedicated to the Future
 Fraunhofer is Europe’s largest application-oriented research
organization
 Our research orientated to: health, security, communication, energy
and the environment.
 We are creative
 We shape technology
 We design products
 We improve methods and techniques
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Fraunhofer Institute for Solar Energy Systems ISE

Director:
Prof. Hans-Martin Henning

Staff: 1100
Budget: >€ 80 million
Established: 1981

6
© Fraunhofer ISE

Photos © Fraunhofer ISE

Energy Efficient Buildings

Building Energy Concepts

Lighting Technology

Smart Home
Technologies

Electrically and Thermally
Driven Heat Pumps

Building Management
and Operation

Heat Transfer in Building
Energy Systems

Facades and Windows

Cooling and AirConditioning in Buildings
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History - the self-sufficient solar house 1992

 opening in 1992
 the first self-sufficient house
 seasonal energy storage using
hydrogen
 transparent insulation
 today: office and laboratory

+

-

H2
8

..

=

..
~
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+

PV

Residential Buildings and Communities
New Construction and Retrofit
NEW CONSTRUCTION: zero-energy building

RETROFT: high-rise buildings

Germany
DEVELOPMENT OF GREEN COMMUNITIES

Germany
BUILDINGS IN HOT AND HUMID CLIMATES
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Germany

Seoul, Korea

Energy Dream Center
A Zero- Energy Building
Seoul, South Korea
 Exhibition
 Education
 Office
 4000 m²

 Lead of planer consortium
 Development of net-zero energy
building (ZEB)
 Technical concept and simulation
 Construction quality control; long
term monitoring
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Thailand

© 2003-2010, Stanford Kay

Carbon footprint (2013)

272,000kt - 4t/capita

Germany
767,000kt -9,3t/capita
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Urban Heat Map It should be colder - like in rural areas

Mapping Where People Tweet in Bangkok
http://www.gregtodiffer.com/tourists-vs-locals-mapping-people-tweet-bangkok/
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Transport, Streets Buildings, Cooling

+
Thermal mass of the
buildings

Cars are heating

=
Buildings must be cooled
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Focus on buildings,
adapted and energy efficient
 You should be the master of the
process
 Phases for Design and Build

Preparation

14
© Fraunhofer ISE

Design

PreConstruction

Construction

Use

Green Overlay
Tool for better
orientation
 Green Overlay can be used
as an orientation on what
to do during the phases
 Business as usual
 Define your green overlay
and tasks
 Checks and benchmarks
 Building baseline simulation - optimization
is part of the process
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Catalogue of technologies
 Can be used for Input
(e.g. for simulation tools,
planning process)
 Envelope characteristics
 HVAC characteristics
 Some characteristics are
implemented in
simulation software tools
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Catalogue of technologies - Headlines
 Working Dokument

 Technology assessment

 Will be completed

 Cooling technologies

 Content:

 Ventilation technologies

 Building envelope and design
 Insulation

 Artificial lighting
 Electricity

 External wall
 Roof
 Windows
 Floor
 Building design
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Goals for the building - working in groups

 Today

 Tomorrow

 Baseline

 Optimization

 Creation of the baseline
in the tool

 Variation of HVAC
systems

 Simulation of the
baseline as a reference

 Identify cost for
measures and
components

 Generation of output

 Pay back times

 Energy consumption

 Choose the best
appropriate solution

 Optimization
 Variation of envelope
parameters

 Present your status/
results

 Variation of geometry
 Present your status
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Simulation of the building
 Input

 Output

 Building geometry
 Envelope characteristics
 Comfort definition
 Climate zone
 HVAC characteristics

 Global/dynamic energy
consumption
 Comfort
 Optimized envelope
 Optimized HVAC

 Tools (http://www.buildingenergysoftwaretools.com/)


DOE EnergyPlus Energy Simulation Software



DesignBuilder



IDA Indoor Climate and Energy (IDA ICE)



TRNSYS - a component based transient simulation package.



Dymola/ Modelica, MATLAB,…
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The Building: Row Houses

21
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Simulation of end-house
North

South
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Elevation
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Building Data
 Surfaces:
 Gross wall area: Total (94.4 m²); S, N (18.88 m²), E, W (28.32 m²)
U-Value: 0.559 W/(m²K)
 Window area: Total (5.2 m²); N (2.43 m²), S (2.78 m²)
U-Value: 3.61 W/(m²K)
 Door area (2.96 m²), S, N (1.48 m²)
U-Value: 1.18 W/(m²K)
 Gross roof area: 26 m²
U-Value: 0.334 W/(m²K)
 Gross floor area: 22 m²
U-Value: 1.45 W/(m²K)
 Volume:
 Building area: 48 (75) m²
 Air volume: 113 (177) m³
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Building Data – weather data
Solar irradiation: approx. 1,800 kwh/m²a
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Example for evaluation
Total
(kWh/yr)

EUI
(kWh/m2.yr)

Energy
Saving
(kWh/yr)

Money
Saving
(Baht/yr)

Lighting
(kWh/yr)

Equipment
(kWh/yr)

Cooling
(kWh/yr)

1 Basecase

4,018

713

459

5,190

36.29

-

-

-

2 Option 1: Lightweight concrete

4,018

713

662

5,393

37.71

-203

-609

68,000

3 Option 2: Foam Core concrete

4,018

713

852

5,583

39.04

-393

-1,179

42,500

4 Option 3: Foam bead concrete

4,018

713

721

5,452

38.13

-262

-786

68,000

Options

Overcost
(Baht)

5 Option 4: Green glass (SC=0.70)

4,018

713

453

5,184

36.25

6

18

-

6 Option 5: Reflective glass (SC=0.40)
Option 6: Reflective glass +
7
lightweight concrete
Option 7: 6" fiberglass roof
8
insulation

4,018

713

450

5,181

36.23

9

27

6,900

4,018

713

645

5,376

37.59

-186

-558

74,900

4,018

713

21

4,752

33.23

438

1,314

42,350

Annual Elec. Use =
Annual Elec. Cost =
Monthly Elec. Cost =
Annual Cooling Energy =
Conditioned Area =
Wall area =
Window area =
WWR =

1,730
5,190
433
1,377
75
170
23
11.9%
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kWh/unit.yr
Bath/unit.yr
Bath/unit.month
Bath/year
m2
m2
m2

Your solution? Describe your measures
Roof:
Mineral Wool
(10 cm, U < 0,3
W/m2K)

Wall:
Mineral Wool
((5 cm, U < 0,6 W/m2K)

External
Shading

Window:
Glazing: Ug = 1,7 W/m2.J Ĳ 
2
27Frame: Uf = 1,7 W/m K
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Your proposals - some general remarks
 Very good, intensive group-work
 Create a baseline needs some time
 Feeling for options is created
 Many good ideas, but mainly “standard”
 Some results were surprising Æ re-check!
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Some general remarks - what do you think?
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Some general remarks - what do you think?
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Some general remarks - what do you think?
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Some general remarks - what do you think?
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Some general remarks - what do you think?
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Some general remarks - what do you think?
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Feedback on results of day 1
Reduction of cooling energy demand by measure
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%
Wall insulation Roof insulation Tinted glazing
Group 1
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Group 2

Group 3

Low-E glazing
Group 4

Shading

Feedback on results of day 1
 Next steps:
 Technical solutions:
 Cooling
 Ventilation
 Lighting
 Others? Æ Use your knowledge and phantasy! Solutions
can be solutions, which are uncommon, but worth thinking
about and maybe also solutions, which are not depending
on technologies, which you can buy (Split-AC,…)!
 Plausibility check of insulation and shading parameters: we
individually with you in the groups
 Questions before we start with the next step?
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Goals for the building - working in groups

 Yesterday

 Today

 Baseline

 Optimization

 Creation of the baseline
in the tool

 Variation of HVAC
systems

 Simulation of the
baseline as a reference

 Identify cost for
measures and
components

 Generation of output
 Energy consumption
 Optimization
 Variation of envelope
parameters
 Variation of geometry
 Present your status
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 Pay back times
 Choose the best
appropriate solution
 Present your status/
results

Our proposal
 More and better aeration
 Compact insulated cooled volumes
 Better windows
 Complete shading of the envelope
 cool roof
 Evaporation cooling with plants
 Upgraded open air spaces
 Night-cooling possibilities
 Urban gardening possibilities

43
© Fraunhofer ISE

Our simulated results
 Baseline
 Row end-house; relatively good building envelope
 Whole building air-conditioned
 Our Optimization (Step by step implementation)
 Reduction of conditioned area
 Shading
 Plant shading
 Insulation
 LEDs
 Reduction of interior loads
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Proposal for improvements

Breeze
Air
conditioned
volume

Second
shadeenvelope
with plants

insulated

Full aerated
volume
Full aerated
volume
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Row Houses
Baseline

Envelope shading layer
Screens
Open aerated spaces
with plants
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Impressions with aerated areas in the building,
Shading with plants

http://www.a21studio.com.vn/the-nest-2013-22
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Plants, Shading, Farming
 Kasetsart University:
 Green roof mats made from coconut and coffee waste with added
nutrients
 Biofacade with vine and climbing plants also shadowing building for
cooling down the air by the plants evapo-transpiration (right)

Source: inhabitat
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Our simulated results
Energy demand
10.000
8.000
6.000

kWh/a

4.000
2.000
0
Basecase

-2.000
-4.000

Option 1:
Opt 1 +Option 2: Opt 1,2 +Option
Opt 1,2,3
shading devices,
additional
3: envelope
+Option 4: LED
smaller air
shading with
insulation
lights
conditionned
plants
area

Option 5: PV
roof 3kWp

-6.000
Cooling (kWhr/yr)

Interior Lighting (kWh/yr)

Interior Equipment (kWh/yr)
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Our simulated results
Costs
300.000
200.000
100.000
0
THB

Basecase
-100.000
-200.000

Option 1:
Opt 1
shading
+Option 2:
devices,
additional
smaller air shading with
conditionned
plants
area

Opt 1,2
+Option 3:
envelope
insulation

Opt 1,2,3
+Option 4:
LED lights

-300.000
-400.000
-500.000
Overcost (Baht)
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Cost over 20yr, savings (Baht)

Option 5: PV
roof 3kWp

Our simulated results
Energy demand
9000

0%

0%
-11%

8000

-10%

-14%

7000

-22%

-24%

6000

-20%
-33%

-30%
-43% -40%

5000

-50%

4000

-60%

3000

-70%

2000

-80%

1000

-90%
-100%

0
Basecase

Cooling

Part taken Additional Plants close Additional
out of
shading
to the
insulation
conditioned (overhangs) building
(8cm)
volume
Interior Lighting

Interior Equipment

LEDs

Reduction
interiour
loads

Change compared to BaseCase
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Wrap up
 Creation of a baseline simulation model needs some
time
 New design ideas need to be discussed
 The nearby areas, gardens, open spaces are important
 District and city design with green areas are essential
 User behavior is important
 Energy generation and storage on site
 Cost and payback time - lifecycle - well-being
 Is it possible to build Zero-Energy Buildings?
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Thank you for your attention!

Fraunhofer Institute for Solar Energy Systems ISE
Arnulf Dinkel, Benjamin Köhler
www.ise.fraunhofer.de
arnulf.dinkel@ise.fraunhofer.de, benjamin.koehler@ise.fraunhofer.de
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ANNEX 5: TECHNOLOGY CATALOGUE
ENERGY EFFICIENT BUILDINGS AS CENTRAL
PART OF INTEGRATED RESOURCE
MANAGEMENT IN ASIAN CITIES:
The Urban Nexus II
Arnulf Dinkel
Peter Engelmann
Benjamin Köhler
Majid Hussain
Fraunhofer Institute for Solar Energy Systems ISE
Freiburg, 11th July 2017

Project number: 271810 PN: 15.2201.0 – 001.00, VN: 81200843
Project partner: GIZ Regional Integrated Resource Management in Asian Cities: the urban Nexus Project

The project is funded by the German Federal Ministry for Economic Cooperation and Development (BMZ).

Foreword
Designing and realizing nearly zero- or plus-energy buildings is a challenge and knowhow in many different (technical) fields is required. So far, most research on the topic
has been conducted in Europe and North America and therefore most publications and
literature are focusing on the specific demands in rather moderate or cold climate
regions. However, the challenges and focus in tropical areas like Southeast Asia is
different. Buildings do not have to be heated, but cooled and in many cases the air has
to be dehumidified. The passive and technical possibilities differ from the solutions for
buildings, in which the focus is to keep them warm during cold winters.
The technology catalogue at hand addresses the specific climatic challenges in tropical
regions with a focus on Thailand. It provides technical and economic data and
specifications of a multitude of design possibilities and technologies, which can be used
by architects, engineers, students, politicians and other stakeholders in the building
sector for simulating and evaluating new building designs, technical building services in
the planning process, for know-how transfer and decision making. Figure 1 presents
main topics discussed in different chapters in the catalogue.

Chapter 1:
Introduction

• Brief introduction to Urban Nexus

Chapter 2: Boundary
Conditions

• Climate and other site conditions
• Overview over legal and regulatory boundaries

Chapter 3: Building
envelope and design

• Optimizing / adjusting the building envelope to
reduce the energy demand of a building
• Suitable passive measure for optimizing energy
performance of a building

Chapter 4:
Technology
assessment

• Evaluation of different available and innovative
technologies e.g. cooling, lighting and on-site
renewable energy technologies

Chapter 5: Case study

• Design for a zero-energy (single-family rowhouse) building
• Assessment of energetic effects of different
active and passive measure and the
economic feasibility

Figure 1: Outline of the catalogue

Furthermore, the catalogue includes manufacturer information (for cooling, ventilation
or other technologies). It has to be mentioned that the list of named/ listed
manufacturers is not exhaustive. Information provided in the catalogue does not
support/ promote any specific manufacturer. The purpose of the information is to have
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an idea of technical and economical (investment and operation and maintenance
(O&M) costs) values of the technologies that are available in Thailand, or in other
countries of Southeast Asia. In this document, information of different (manufacturers)
websites and documents is used. However, as the content of these documents is not
under our control, we cannot assure any liability for such external content. In all cases,
the provider of information of the linked websites is liable for the content and accuracy
of the information provided. At the point in time when the links were placed, no
infringements of the law were recognizable to us. As soon as an infringement of the
law becomes known to us, we will immediately remove the link in question.
Furthermore, the technology catalogue at hand can be seen as a working document,
which can be extended and updated with new information as the technological
development in the world is fast and information presented in such a document can be
outdated within a few years. All users are invited to give feedback and share their
know-how by adding new findings and information to the catalogue and thereby make
and keep a valuable assistance for stakeholders in the building sector.
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Introduction

1
Introduction
The urban population in Asian cities is growing by 44 million people annually. This
rapid urbanization is an enormous challenge for the urban supply-infrastructures
(water, energy, food) and the available land area for buildings and infrastructure.
Therefore, an efficient land, energy and water use is essential for the sustainability of
cities. Energy saving, efficient energy supply and the sustainable design of building
(including on-site energy generation and if applicable water treatment and re-use as
well as façade greening combined with food production) is a major possibility to
address the challenges of the future and foster a sustainable urban development in
Asian cities.
The Urban NEXUS traces back to the Bonn 2011 Conference “The Water-Energy-Food
Security Nexus – Solutions for the Green Economy” and fosters the inter-sectoral
planning and management of urban/ metropolitan areas. The Urban NEXUS approach
can support a transition to sustainability by reducing trade-offs and generating
additional benefits that outweigh the transaction costs associated with stronger
integration across sectors (compare (Hoff, 2011)). The approach is focusing on the
system efficiency and not on the efficiency of single/ separated sector and thereby
increases in overall productivity and resource efficiency. The guiding principles are:




Invest to sustain ecosystem services
Create more with less
Accelerate access, integrate the poorest

A central aspect is the benefit from intact and productive ecosystems. An improved
ecosystem management and targeted investments in natural capital can help to provide
multiple ecosystem services and increase the overall benefits. In many cases, natural
infrastructure (i.e. improved water resources and intact ecosystems), which
complement the built (“hard”) infrastructure, can deliver services more efficiently than
“hard” infrastructure (see (Hoff, 2011)); e.g. green agriculture or a shift towards
integrated “agro-ecosystems” and landscape management can provide additional
benefits like carbon sequestration and resilience to climate risks while improving the
food security. Simultaneously, it is an instrument for poverty reduction. The
sustainable use of resources strengthens the ecosystems services and maintains them as
life support systems. The provision of clean water and energy would immediately
improve health and productivity of the so called “bottom billion”. Furthermore, green
agriculture can generate more rural jobs and increase diversity and resilience of
production systems.
The Urban NEXUS is supported by the UN and therefor the UN definitions for the major
sectors addressed are the basis of the NEXUS activities. According to (Hoff, 2011),
these are:
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Water security: Access to safe drinking water and sanitation (became a
human right); in nexus perspective also availability of and access to water for
other human and ecosystem uses is important,
Energy security: “Access to clean, reliable and affordable energy services for
cooking and heating, lighting, communications and productive use” and
“uninterrupted physical availability [of energy] at a price which is affordable,
while respecting environment concerns”,
Food security (FAO): availability and access to sufficient, safe and nutritious
food to meet dietary needs and food preferences for an active and healthy life
(also a human right),
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For all: emphasis on access implies that security is not about average (e.g.
annual) availability of resources, but has to encompass variability and extreme
situations such as droughts or price shocks, and the resilience of the poor.

Introduction

The aim is to stimulate development through economic incentives. These are mainly
the support of innovations to improve the resource use efficiency, which need
investments, and the reduction of economic distortions. Instruments to achieve the
goals are e.g. the pricing of resources and ecosystem services, the establishment of
water markets, introducing tradeable rights, payments for ecosystem services and the
avoidance of “sunk costs”, i.e. investments that lock development into non-sustainable
pathways. Furthermore, the Urban NEXUS addresses issues of Good Governance,
institutions and policy coherence. Regulation and collective action helps to guide
investments and innovations to minimize the negative externalities of investments and
actions and to share the benefits equitably. Horizontal and vertical policy coherence is a
prerequisite for enable a sustainable development of all addressed sectors. The
implementation of the Urban NEXUS needs institutional capacity building, political will,
change agents and awareness-raising at all levels. Capacity building and awarenessraising helps to deal with the increasing complexity of cross-sectoral approaches.
The present document mainly addresses the energy demand and energy supply for
the housing sector. However, the results are transferable to other sectors (e.g.
commercial or administrative buildings) and of cause also to other countries with
similar climate zones. The NEXUS-sectors Water and Food have been taken into
account during the design discussions of developing a zero energy building.. The
document deals with the sustainable design of residential buildings in Southeast Asian
countries (focus Bangkok, Thailand). The main challenge in tropical climates is the
cooling and dehumidification of the room air. In a first step, the climatic conditions
and associated challenges as well as legal and regulatory boundary conditions are
described. In a second step, design options for reducing the energy demand of
buildings are shown taking into account experience from different parts of the world.
The reduction of the energy demand is essential to achieve a net-zero energy balance
or even generate more energy in a building than is needed on-site (plus-energy
building). Besides design options, different efficient technologies for energy generation,
storage and distribution are described technically and economically.
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2
Boundary conditions
Solutions for energy efficient buildings strongly depend on on-site climate conditions as
well as other site conditions such as availability of ambient heat sources and sinks,
available ground area, noise or access to infrastructure. The main boundary conditions
are described in the following.

2.1

Climate and other site conditions

Thailand is a hot and humid country. There is not a huge difference in air temperature
throughout the year; however, the climate can be divided into the following seasons,




Winter: November to February (natural ventilation is most suitable for
winter season)
Summer: March to June
Rainy Season: July to October (Tantasavasdia et al., 2001)

As Thailand is located in the tropics, the analysis of its climatic conditions is necessary
for determining active and passive technologies for energy efficient buildings.
Based on weather data for Bangkok, taken from the software meteonorm (version 7),
the climatic conditions are analyzed. The software provides the option to use weather
data from three weather stations; Bangkok (13.7°N, 100.6°E), Bangkok/Don Muang
(13.9°N, 100.6°E) and Bangkok TH (13.7°N, 100.5°E). These weather stations show
almost the same measurements for temperature, solar irradiance and relative humidity
data. The weather station used in the following is Bangkok (13.7°N, 100.6°E).
2.1.1

Temperature

The average ambient air temperature in Bangkok does not show significant seasonal
changes. Temperature data for Bangkok from the years 2000 to 2009 shows that the
mean annual temperature remains around 29°C. On a monthly basis, the highest
measured temperature of 30.9°C occurred during the hot season in April, while the
lowest temperature occurs during December and January (27.6°C) as shown in Figure
2.

Figure 2: Average monthly air temperature in Bangkok using Bangkok weather station
data (Based on the period 2000-2009; Source: data from meteonorm)
10 | 130
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For the simulations conducted in the case study (see chapter 5), hourly weather data is
needed, which is only available from meteonorm. Based on the hourly data of the year
2005 taken from meteonorm, daily temperature profiles are examined. As an example
the temperature variation during a winter day (1st January) and during a summer day
(1st April) are presented in Figure 3. The temperature differences between day and
night are 7.1 K and 8.8 K on 1st of January and 1st of April respectively. The minimum
temperature during night time is 26.5°C on 1st of January and 26.6°C on 1st of April.

Boundary conditions

Figure 3: Daily temperature profile for Bangkok on 1st January, 2005 and on 1st April,
2005 using Bangkok weather station data (Source: data from meteonorm)

Urban heat island (UHI), the phenomena of higher temperatures in inner, densely
populated urban parts of a city, is also present in Bangkok. As a result the energy
consumption for e.g. air conditioning is higher in inner cities than in suburban or rural
areas. According to the study of (Arifwidodo and Tanaka, 2015), the UHI intensity
(UHII) is higher during the dry season with the highest UHII (around 5 K) observed in
December (winter) and during summers (around 2-3 K) in Bangkok. In winter and
summer the UHI effect is higher during the night time. It continues to rise after sunset
and reaches its maximum at sunrise at about 6-7 am and after that it starts to
decrease. However, during the rainy season the UHI intensity is the same during night
time (7 pm-7 am) and morning (7 am-12 pm).
Figure 4 shows the comparison of the average monthly air temperature measured at
the three weather stations in Bangkok available in meteonorm with weather data from
the Thai Meteorological Department and data from the World Meteorological
Organization (WMO).
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The three meteonorm weather stations (bars in Figure 4) are located in different parts
of the city. Their locations are also marked in Figure 5. Since the temperatures shown
in Figure 2 are the average monthly temperatures, the differences in the measured
temperatures for these three locations are not high enough for conducting an analysis
of urban heat island (UHI) effects. Bangkok and Bangkok TH weather stations, which
are situated in the denser part of the city, show slightly higher air temperatures during
the winter season compared with the Bangkok/Don Muang weather station, which is
located near the airport in the northern part of the city. The temperature difference
between Bangkok TH and Don Muang weather stations is 1.5 K in December. During
summer, these weather stations only show slight variations in air temperature and
during the rainy season between July and September the temperature difference is
negligible at these three locations.
From the WMO the mean minimum and maximum temperature in Bangkok in the
period between 1961 and 1990 is taken, from which an average temperature (mean of
minimum and maximum temperature) is calculated (big red line in Figure 4) (World
Meteorological Organization (WMO), 2014). From the Thai Meteorological Department
monthly mean temperature data for central Thailand in the year 2015 (grey line) and
for Bangkok in the period July 2016 until May 2017 (purple line) was received (Thai
Meteorological Department, 2017). It can be seen in Figure 4 that the annual changes
in temperature can be relatively high (up to 3 K in January). Furthermore, the difference
between the mean minimum and maximum changes monthly between 7.6 and 11 K.
Figure 4 also shows that the data taken from meteonorm, the average of the minimum
and maximum temperature of the period 1961 until 1990 and the monthly
temperature between July 2016 and May 2017 are similar. The temperature difference
between the weather station “Bangkok” (orange bar) and the 2016/17 period is only
between -0.7 and +0.2 K (annual mean: -0.2 K). Compared to the period 1961 to
1990, the meteonorm data show slightly higher average monthly temperatures (0.1 –
1.6 K; annual average temperature 0.6 K higher). This is an indicator for global
warming and increasing heat island effects in the Bangkok metropolitan area.

Figure 4: Comparison of different weather data sets of Bangkok and central Thailand
(long term average, meteonorm, annual data 2015 and 2016/17). Sources: data from
software meteonorm 7, (World Meteorological Organization (WMO), 2014; Thai
Meteorological Department, 2017)
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Urban heat islands (UHI), the phenomena of higher temperatures in inner, densely
populated urban parts of a city, are also occurring in Bangkok. As a result, the energy
consumption for e.g. air conditioning is higher in inner cities than in suburban or rural
areas. According to (Arifwidodo and Tanaka, 2015) the UHI intensity (UHII) is higher
during the dry season in Bangkok with the highest UHII (ca. 5 K) observed in December
(winter) and during summer (around 2-3 K). In winter and summer the UHI effect is
higher during the night time. It continues to rise after sunset and reaches its maximum
at sunrise at around 6-7 am and after that it starts to decrease. However, during the
rainy season the UHII is the same during night and in the morning. In Figure 5, the
temperature difference between the inner and outer parts of the city is illustrated.
Inner parts (red) have higher air temperatures compared to the suburban areas (blue)
(Sreshthaputra, 2016).

Boundary conditions

Figure 5: Presence of Urban heat island in Bangkok city (Source: (Sreshthaputra, 2016))

2.1.2

Solar radiation

Thailand has a high global irradiation throughout the year. According to
(Chirarattananon et al., 2002) the tropical sky is luminous. Due to the geometrical
location of the tropical region with respect to the sun, the sun rays travel a shorter
distance in the atmosphere compared to moderate climate regions like Central Europe.
The maximum illuminance and irradiance is high in tropical regions like Thailand
(Chirarattananon et al., 2002). Variations in the solar irradiation present an important
factor to be considered while designing strategies like orientation of the building,
shading devices and on-site photovoltaic (PV) systems. Figure 6 shows the mean global
horizontal irradiation data for Bangkok, measured from 1991 to 2010. Solar irradiation
is lowest in the rainy season between August and October. After that it increases
slightly. It starts increasing significantly from February and is highest in April (243
W/m2).
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Figure 6: Mean global horizontal solar irradiation for Bangkok using Bangkok weather
station data (Based on 1991-2010 period; Source: data from meteonorm)

On a daily basis, global horizontal irradiation in Bangkok peaks at around noon. As an
example, Figure 7 shows the daily profile of the global horizontal irradiation on 1st of
January 2005. The sun rises at 7 am, after that solar irradiation increases and the peak
is at 12 pm (597 W/m2). After 12 pm irradiation starts to decrease and sun sets at
6 pm. Due to the high solar radiation throughout the year there is a high potential for
using solar energy, both for providing hot tap water (solar thermal) and electricity
generation by PV.

Figure 7: Global horizontal solar irradiation for Bangkok on 1st January, 2015 using
Bangkok weather station data (Source: data from meteonorm)

According to (Chirarattananon et al., 2002) mean hourly irradiance and illuminance
values are significant from 7 am till 18 pm throughout the year. For PV system design,
irradiance values are significantly high from 8pm till 18 pm throughout the year.
2.1.3

Wind and rainfall

The wind direction is determined by the monsoon system in Thailand. In Bangkok, the
main wind direction in winter time (November and December) is North-Northeast (NNE)
and North (N) and it is associated with low rain falls. The wind direction starts changing
from January. During the summer and rainy season, the main wind direction is South
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(S) and South-Southwest (SSW), which brings warm and humid air from the Indian
Ocean.

Boundary conditions

For wind speed, the three weather stations available in meteonorm showed different
results. Bangkok/Don Muang which is located near the airport, shows relatively high
wind velocities with an annual mean of 2.7 m/s. The other two weather stations are
located more in the inner part of the city. One of them is located close to Chao Phraya
River (Bangkok TH). It shows an intermediate wind profile and an annual mean wind
speed of 2.3 m/s. The other weather station (Bangkok) shows the lowest wind speed
with an annual mean of 1.2 m/s. Bangkok weather station has a relatively high
concentration of skyscrapers in its neighborhood compared to Bangkok TH weather
station, while no skyscraper is present near Don Muang weather station. The data is
illustrated in Figure 8.

Figure 8: Monthly mean wind speed at the three weather stations in Bangkok (Source:
data from meteonorm)

Among the three weather stations only Bangkok weather station provides precipitation
data, which is shown in Figure 9. The monthly precipitation is lowest during the Northeast monsoon time between November and February and highest between May and
October. Precipitations for September and October are highest with 258 mm and
261 mm respectively.
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Figure 9: Precipitation for Bangkok using Bangkok weather station data (Source: data
from meteonorm)

2.1.4

Humidity

Humidity in Bangkok is high throughout the year. Using meteonorm, all three weather
stations show almost the same mean relative humidity. Data from Bangkok weather
station (13.7°N, 100.6° E) is illustrated in Figure 10. The mean relative humidity is
between 60% and 76%. During the rainy season, the air temperature is lower than
during the rest of the year resulting in the highest relative humidity (September,
October). The relative humidity is lowest from November to January whereas it is high
during summer.

Figure 10: Relative Humidity for Bangkok (Source: data from meteonorm)

During the night time the relative humidity is much higher than during the day. Figure
11 shows the interdependency between relative humidity and temperature during the
rainy season on 1st of October, 2005. On this date, temperature during the day was
highest (30.2°C) at 4 pm; on the other hand the relative humidity decreases during the
day time to the lowest value of 49% at 2 pm. Temperature decreased throughout the
night and reached the minimum (24.3°C) at 6 am while relative humidity increased up
to the highest value of 86% at 12 am.
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Humidity control is an important factor to be considered in buildings in hot tropics. An
effort to lower the temperature in the buildings can increase the humidity to a much
higher level without the use of humidity control. A high humidity level causes problems
like comfort and health issues and mold growth in the building.

Boundary conditions

Figure 11: Relative humidity and temperature variation for Bangkok on 1 st October,
2015 using Bangkok weather station (Source: data from meteonorm)

2.1.5

Ambient heat sources and sinks

Ambient air, ground and water (sea, river, lake and pond) can be used as heat sources
or sinks. Ambient air in the inner parts of the city is higher than at the edge of urban
areas (urban heat island, see chapter 2.1.1) and the wind speed is lower. These factors
lower the possibility of using ambient air as an efficient heat sink.
In cold climates, ground can be a good heat source or sink; however, in tropical
climates, the temperature difference between ambient air and ground is lower.
According to the study of (Khedari et al., 2001), the ground temperature was always
lower than the ambient air temperature, particularly during day time. At a depth of 1
meter, the ground temperature in Bangkok was found constant throughout the year
(27-28°C) (compare (Khedari et al., 2001).
Studies show that it is possible to use the ground as a heat sink or for geothermal heat
pump (GHP) based cooling systems. A study conducted by (Takashima et al., 2011)
shows that although tropical climates are not best suited for GHP systems, they still
allow energy savings of around 21 – 45% compared with a standard electric air
conditioner (AC). In the study a horizontal piping system was installed underground at
a shallow depth and high coefficients of performance (COP) of 3 – 4 kWhth/kWhel were
obtained. For tropical countries, the shallow depth of 1 – 1.5 m is the lowest
temperature zone and it is also easy to install heat exchangers at this depth with low
investment costs.
(Permchart and Tanatvanit, 2009) conducted an experiment. In which they used the
ground as a heat sink for a condensing unit of a 12000 Btu/h AC in Bangkok. A
modified AC (referred here as M-AC) was used, which has an improved design of the
condensing unit and no condensing fan. The performance of the M-AC was analyzed
for four different lengths of the condensing coil (67, 50, 40 and 30 m) and compared
with a conventional AC (referred here as C-AC) with a condensing coil length of 22 m.
Results of the experiments are presented in Table 1. The analysis of the results shows
that ground can be used as a heat sink for the condensing unit of a modified AC. COP
Fraunhofer ISE
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values of the M-AC (except in case of 30 m length of condensing coil) are higher than
for a C-AC. Energy consumption is also lower for M-AC because no condensing fan is
used and the energy consumption of the compressor is slightly lower compared to the
C-AC compressor.
Table 1: COP and electrical consumption for different condensing coil lengths of M-AC
compared with C-AC (Source: (Permchart and Tanatvanit, 2009))

AC unit

COP

Electrical Consumption (kW)

M-AC (67 m)

6.9

0.982

M-AC (50 m)

5.5

0.995

M-AC (40 m)

3.3

1.1014

M-AC (30 m)

2.1

1.045

C-AC (22m)

2.5

1.134

2.1.6

Consideration of neighborhood

The consideration of neighboring buildings (high or low rise building structures) and
trees (also tree growth and its height in the future) is important, for example to avoid
the shading of PV panels on the roof top. A decreasing electricity generation from PV
can lead to the effect that the nearly zero-energy balance of a building is not achieved
anymore in the future. On the other hand, the presence of trees close to the house in
tropical regions is beneficial as it can shade the building from irradiation and thereby
lower the energy demand for cooling.
The availability of waste heat and other heat sources and sinks in the neighborhood
should also be considered when planning an energy concept for a building. If waste
heat is available in the neighborhood then its quality, quantity and temporal availability
(available when needed) should be analyzed. Waste heat can lower the energy
consumption and can be utilized in advanced cooling technologies like desiccant,
absorption and adsorption cooling. Available ground area near the building for energy
generation, for example, for ground mounted photovoltaic system should also be
considered.
The net or nearly zero-energy project development at community level can provide the
following opportunities:





2.1.7

Combined cooling, heating and power (CCHP) systems are more efficient at a
larger scale. The same is true for community sized boilers and chillers.
Load diversification in a community: Peak load in offices is during the day while
for houses it’s usually in the morning and evening. By supplying different
building types, the load curve of the whole system can be smoothed leading to
a higher utilization rate of the installed energy supply units.
Better control over orientation of buildings in a community for optimal daylight
and passive solar cooling and heating (Malin, 30th 2010).
Grid connection and security of supply

The Electricity Generation Authority of Thailand (EGAT) is the main vertically integrated
body in electricity generation and transmission. EGAT has many power generation
plants and it also purchases power form Independent Power Producers (IPPs), Small
Power Producers (SPPs) and imports power from other countries. Customers with
higher energy demand can purchase electricity directly from EGAT, while smaller
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residential and commercial customers purchase electricity from the Metropolitan
Electricity Authority (MEA) or the Provincial Electricity Authority (PEA). MEA purchases
electricity from EGAT and Very Small Power Producers (VSPPs) and supplies electricity to
Bangkok and also to the two densely populated provinces Nonthaburi and Samut
Prakarn (International Energy Agency (IEA)).

Boundary conditions

Electricity blackouts are not a common issue/ problem in Thailand. Smart grid
technologies like ‘wide area monitoring systems’ (WAMS) are being used by EGAT to
monitor and mitigate power system oscillations in order to avoid blackouts in the
power system.
In order to ensure security of supply in the future, Thailand is focusing on various
options for power generation, which includes for example the increase in the share of
coal and the development of renewable energy resources etc. Thailand already has
plans and future targets in place, namely the “Power development Plan 2015” (PDP
2015), which focuses on investment in electricity generation and transmission, the
“Alternative Energy Development Plan” AEDP, which focuses on renewable energy
resources and the “Energy Efficiency Plan (energy intensity targets) and the Gas Plan”,
which covers the development of natural gas resources (see (International Energy
Agency (IEA))).
The electricity demand in Thailand is constantly rising. Thailand is mainly using natural
gas (70%), coal (20%) and hydro (3%) to meet the electricity demand today. In order
to lower the dependency on natural gas and other conventional energy resources,
Thailand has set targets for energy efficiency and energy generation from renewable
energy resources. According to the Alternative Energy Development Plan (AEDP 2012–
2021)), Thailand targets to achieve 25% of final energy demand supplied from
renewable energy resources by 2021 (Tongsopit, 2015).
2.1.8

Development of Renewable energies – governmental support

The development of renewable energies and energy efficiency is regulated, supervised,
promoted and assisted by the Department of Alternative Energy Development and
Efficiency (DEDE), which is a department within the Ministry of Energy. To support the
renewable energy development, a feed-in tariff (FiT) mechanism was introduced in
Thailand. Premium-price feed-in tariffs (also called adder measures program)
mechanism was implemented in 2007. The adder program consists of a normal tariff,
which is normally the avoided cost of purchasing power from the utility, and a
premium that is paid on top of the normal tariff. For solar power projects, 8 THB/kWh
is paid on top of the avoided cost of purchasing electricity from the utility. The adder
program is paused since 2010 and a new fixed feed-in tariff scheme was launched in
July 2013 by the Thai government (for details see (; Tongsopit, 2015; Chrometzka,
2017; Tarragó, 2017)). According to this scheme, a fixed price is paid for 25 years.
Under this scheme, FiT for solar roof top projects is 6.96 THB/kWh for PV-installations
with an installed peak load of less than 10 kW (Tongsopit, 2015). The tariff for small
wind projects (up to 10 MW) is 6.06 THB/kWh (see (Tarragó, 2017). The program
expired in early 2016.
For decentral feed-in of electricity (mainly roof-top PV), several challenges were
identified for the development of this segment in Thailand (Spitzley and Brückmann,
2014). Summarizing the first experiences, the major challenges were the transparency
of application and project selection criteria and processes. Furthermore, technical
prerequisites (available capacities in electricity grid) were no criteria and projects were
selected in a lottery instead of an evaluation process.
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The National Energy Policy Council approved regulation No. 2/2556 (B.E. 2556) on 16th
July 2013 (2556). It determined the purchase of power from roof-top PV systems under
a FiT-scheme for 200 MW. The total amount of 200 MW was distributed between two
system types (each type 100 MW), compare (Spitzley and Brückmann, 2014):


Type 1: Residential systems with a capacity of up to 10 kWp



Type 2: Small business building systems with 10 – 250 kWp and medium to big
business building and factory systems with 250 to 1.000 kWp

In the following, only systems of type 1 are discussed more detailed. The FiT of
6.96 THB/kWh for these systems was granted for 25 years. The total amount of 100
MW of type 1 was further distributed between MEA and PEA. The MEA received a total
amount of 40 MW for the whole Bangkok Metropolitan area. The aim was to install
the whole capacity until 31st December 2013 (extended to 31st January 2014) and to
prove a stable commercial operation. A challenge, which was already identified in 2014
by (Spitzley and Brückmann, 2014) and stated in the regulation B.E. 2556, was the
uncertainty of the future of the FiT. It was stated that purchase opportunities will be
announced from time to time in the future, which implies a great uncertainty about the
future application tender rounds and the FiT for roof-top PV installations. This
uncertainty still exists today leading to the fact that almost no PV systems are installed
for feed-in (only self-consumption). It furthermore prevents the development of a PVindustry and associated services (Spitzley and Brückmann, 2014).
The mentioned uncertainties are in contrast to the target of installing 6,000 MW PV
capacity until 2036, as it is defined in the new Alternative Energy Development Plan
2015-2035 (compare (Potisat, 2017)). So far, most PV installations in Thailand are freefield installations (2,761 MW) and roof-top installations only account for 130 MW
(Potisat, 2017), which is less than the target of the first application round for a FiT.
Furthermore, the Thai government is moving away from feed-in tariff schemes towards
the promotion of self-consumption. In mid-2016 the “Rooftop PV Self-consumption
Pilot Scheme” was announced. The application deadline for the first round was on 7 th
October 2016 and systems had to be installed until 31 st January 2017; the short-term
target was 100 MW installed PV capacity for self-consumption on buildings but only
38 MW were achieved (Potisat, 2017). The National Reform Council (NRC) suggested
to set a long-term target of 10,000 MW for roof-top solar (Potisat, 2017), of which
50% should be installed on residential buildings (Deutsche Gesellschaft für
Internationale Zusammenarbeit (GIZ) GmbH, 2016).
Summary:
Thailand has high potentials for developing renewable energies. Especially PV can
supply a high share of the electricity demand in the future due to the high solar
irradiance which matches with the cooling load times. Until now, mainly the free-field
PV market developed rapidly in the past, while the roof-top market more or less
stagnates. The main reason is that there were many uncertainties about the regulatory
framework, future targets and the future focus (feed-in vs. self-consumption).
Currently, there is no law or ordinance regulating the installation of small-scale
residential PV systems, but several programs and campaigns supported by DEDE. Since
2016, the focus is on self-consumption and the programs, which included feed-in
tariffs for small scale PV installations expired in 2016 (solar roof-top campaign; only
installations on community level in rural areas are still supported) without establishing
new, comparable programs. This has impacts for the development of (nearly) zero- or
plus-energy buildings. Realizing plus-energy buildings is usually only economically
feasible when the electricity grid can be used as a kind of a “long-term storage” for
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electricity and the surplus-energy can be fed into the grid and sold. This is still not
possible/ difficult, which implies that the focus in the context of highly energy efficient
buildings with a high share of renewables for meeting the energy demand of a building
should be on (nearly) zero-energy buildings and not on realizing plus-energy buildings
under the current market and regulatory framework. Additionally, depending on the
connection of the PV panels with the electricity system, power limitations can limit the
installed capacity of the PV system. When the system is only connected to one phase
the maximum installed capacity is 5 kWp (more can be installed, when the PV system is
connected to more than one phase; power limitations see (Potisat, 2017)).
2.1.9

Boundary conditions

Comfort conditions in buildings

The comfort level inside buildings in tropical regions can differ from European comfort
levels and definitions. Many studies show that e.g. the upper comfort limit for
temperature in tropical regions is higher.
In a thermal comfort survey conducted by (Yamtraipat et al., 2005), which involved the
participation of 1,520 Thai people from different climatic zones of Thailand, acceptable
thermal comfort standards were developed for three climatic regions in Thailand. The
survey was conducted in different air conditioned buildings in the public and private
sector. Results of the survey were as follows: upper thermal comfort limits for the mean
indoor temperature were 26°C for Chiang Mai in the North, 27.4°C for Bangkok in the
central part and Maha Sarakham in the North East and 26.4°C for Prachuab Khiri Khan
in the South. The survey recommended a nationwide indoor temperature set point for
air conditioned buildings in Thailand of 26°C (accepted by 80% of participants). This
value is similar to the set-pont temperature for air-conditioned building in the European
standard EN 15251. It was found that thermal sensation of occupants was effected by
the high relative humidity only when the temperature was high (around 26 – 27°C). For
the climatic zones considered in the survey, it was found that an appropriate relative
humidity range inside a building should be 50% to 60% (Yamtraipat et al., 2005).
Another field survey of thermal comfort conducted by (Rangsiraksa, 2006), involved
1,377 participants. In this survey, responses were measured for both air conditioned
and naturally ventilated residential buildings in Bangkok. The study showed that the
comfort temperature for Thai people was 25°C (range from 22.5°C to 27.5°C, 90%
acceptability) for air conditioned residential buildings, and 28°C (range from 25.5°C to
30.5°C, 90% acceptability) for naturally ventilated residential buildings. These values
were acquired during the summer season. However, the climate of Bangkok does not
vary significantly throughout the year and summer is the most uncomfortable season
(Rangsiraksa, 2006).
Many studies and campaigns on energy conservation have been done since 1992 on
governmental level which include for example the use of efficient air conditioning,
insulation etc. However, most of them were not successful. Possible reasons are
misunderstanding of the people and poor cooperation of occupants. For example, air
temperature in Bangkok in winter is in the comfortable range, but people tend to turn
on air conditioners. Another reason could be the clothing of people, which is not
suitable for the hot season in Thailand during summer time (Yamtraipat et al., 2005).
For comparison, the European framework and binding standards are described in the
following. These parameters can be used for designing an energy efficient building, in
which good (thermal) conditions for the occupants are achieved. According to the
standard DIN EN 15251, for buildings without mechanical cooling, the acceptable
indoor temperatures (for category I, II and III, where category I provides the highest
comfort) are set related to the running mean of the ambient air temperature. When
the ambient temperature is 27°C, the upper boundary of acceptable operative room
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temperature for category I is 29.7°C and the lower boundary is 25.7°C. When the
ambient temperature is 30°C, for category I the upper and lower boundaries are
30.7°C and 26.7°C respectively. The comfort boundaries are presented in Figure 12. In
buildings with mechanical cooling, the boundaries are demanding and fixed. The
boundaries according to DIN EN 15251 are presented in Figure 13. Usually, meeting
category II is considered as sufficiently comfortable providing a good thermal comfort
in buildings.

Figure 12: Comfort boundaries according to DIN EN 15251 in buildings without
mechanical cooling.

Figure 13: Comfort boundaries according to DIN EN 15251 in buildings with mechanical
cooling.
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2.2 Legal and regulatory boundary conditions for buildings
in Thailand

Boundary conditions

In Thailand, the building regulatory system is a top-down system. The Building Control
Bureau of Thailand enforces the laws related to the building regulations. The Ministry
of Natural Resources and Environment and the Ministry of Energy are the state
institutions addressing environmental, as well as energy and water related issues. In the
Bangkok Metropolitan Area, the Building Control Division, Department of Public Work,
Bangkok Metropolitan Administration (BMA) is responsible for the enforcement of
buildings regulation and issuance of permits (Chong and Ricciarini, 2013).
Most of the reference standards in the regulation are developed by the Thai Industrial
Standards Institute (TISI). Some of the reference standards are also adopted from
international standard institution like ASTM international, Uniform Building Code and
American Concrete Institute (Chong and Ricciarini, 2013).
The building control regulations of Thailand have green features as well (e.g. energy
efficiency standards). The Ministry of Natural Resources and Environment and the
Ministry of Energy also enforce some green features. The private sector in Thailand also
offers more firm green standards in the Thai Rating of Energy and Environment
Sustainability (TREES) (Chong and Ricciarini, 2013).
The mandatory building codes in Thailand are (Chong and Ricciarini, 2013).










The Building Control Act (1975, amended 2006)
Building Inspection Regulation
Fire Safety Regulation for High-rise Buildings and Special Large Buildings
Regulation on Fire Prevention for general buildings
Regulation on Building Drainage Equipment
Regulation on improvement of building in inappropriate safety condition
Regulation on fire-resistant construction
Regulation on seismic building design (administered by the Building Control
Bureau of Department of Public Works and Town and City Planning, under the
Ministry of Interior),
Energy Conservation Promotion Act and Building Energy Code (administered by
the Department of Energy).

The mandatory building codes are applicable in the Bangkok Metropolitan Region,
regions under the Town Planning Act and buildings with an area larger than 1,000 m2
or with more than 500 occupants. Ministerial regulations related to the building control
are also developed under the Building Control Act (for more information see (Chong
and Ricciarini, 2013).
2.2.1

Green features and laws

The Energy Conversation Promotion Act (1992) is a mandatory energy efficiency act,
which includes three ministerial regulations. The first ministerial regulation prescribes
the details about the standards, criteria and procedures for designated building. The
second regulation prescribes details about the data of energy consumption and
conservation along with those for the machinery and equipment that affect energy
consumption and conservation. The third regulation prescribes criteria and procedures
for the owner of a designated building to set the energy conservation targets (Chong
and Ricciarini, 2013).
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The act also includes the Building Energy Code (the Royal Decree on Designated
Buildings 1995) and is mandatory in the Bangkok Metropolitan region. It covers new
and retrofit buildings, building components performance (building envelope, lighting
and air conditioning) and building energy compliance. The minimum overall thermal
transfer value (OTTV) for the building envelope is also specified. Energy conservation,
energy modelling methods, daylighting, use of renewable energy sources, energy
consumption per floor area, indoor air quality and the minimum performance of
absorption chillers, heat pumps and boilers (Chirarattananon et al., 2004;
Rakkwamsuk, 2010; Chong and Ricciarini, 2013) are also addressed. The OTTV and
roof thermal transfer value (RTTV) of the office building envelope are 50 W/m 2 and 15
W/m2 respectively (Himmler, 2016).
In the Bangkok Metropolitan Area, several additional codes and plans contain topics,
which aim to promote the development of more sustainable buildings. The
implementation and control is organized by the City Planning Department, which is
part of the Bangkok Metropolitan Administration. The topics do not only address
energy saving, efficiency and generation, but also other important topics like public,
unsealed space, rainwater harvesting, Green Building Certification etc.
In the Land Use Zoning Plan, different values and factors to control the density, bulk
and open spaces in the city are defined. The main factors are (see (Bangkok
Metropolitan Administration)):


Floor Area Ratio (FAR): describes the relation between useful area in a building
and the lot area to control lot coverage and building height



Open Space Ratio (OSR): control of required open space around the building
depending on the floor area and density of specific areas of the city



Land Use Plan Regulation / Biotope Area Factors (BAF): to assure sufficient
biotope areas for plants and animals in the city

Depending on the Floor Area Ratio, a bonus system is established to encourage the
following developments (compare (Bangkok Metropolitan Administration)):


Low income housing development: bonus related to FAR; developer can
increase floor area of new development when living space for low income
houses or people, who lived in the area before the development started, is
provided; increase of up to four times the area provided for low income
households or previous residents



Provision of green open space in urban area: developers of public buildings
provide public and green open space in front of the building and can increase
the useful floor area by up to 5 times the provided public area



Public parking space in public buildings: developers of public buildings provide
public parking space; only possible if the building has a maximum distance of
500 m to a rail-based public transport station; bonus of maximum 30 m² per
car



Rain water storage: Developers provide rain water storage in projected area;
for 1 m³ storage volume per 50 m² floor area leads to a FAR bonus of 5%



Green Building Construction: Development is certified by a system approved by
the Thai Green Building Institute (TGBI); depending on the achieved certificate
(certified, silver, gold, platinum), the FAR can be increased by 5%, 10%, 15%
or 20% respectively.

The maximum FAR bonus is 20%, which means the floor area on one lot can be
increased by a maximum of 20% of the original FAR of the district/ neighborhood.
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2.2.2

Energy efficiency labelling levels for air conditioners in Thailand

Boundary conditions

The energy conservation label system was introduced in Thailand in the year 2000 and
it is supported by EGAT. In the labelling program, products (e.g. air conditioners and
refrigerators) are classified into five levels depending on the energy saving
performance. Products with the highest energy performance are labeled level 5
(highest energy performance level) (for details see (Kojima and Watanabe, 2016).
The high energy performance standards (HEPS) in Thailand for air conditioners with a
cooling capacity below 12 kW were set at 3.22 (Wth/Wel) in the year 2009 (see (Kojima
and Watanabe, 2016). The energy efficiency labeling levels were changed in 2006 and
revised again in 2011 for ACs below 8 kW cooling capacity. The lower limit of level 5
for the energy efficiency ratio (EER) was increased from 11.0 Btu/h/W (or 3.22 Wth/Wel)
in 2006 to 11.6 Btu/h/W (or 3.41 Wth/Wel) in 2011 (Kojima and Watanabe, 2016).

2.3

Defining a nearly zero-energy building

The definition of a nearly zero-energy building defined on a European level is applied as
no information, policy or standard is found in Thailand that defines a nearly zeroenergy building. The central directive for the energy efficiency of buildings on European
level is the Energy Performance in Buildings Directive (EBPD), which was introduced in
2002. In the last revision in 2010, the term “Nearly Zero-Energy Building” was
introduced. Nearly zero-energy buildings are defined in Article 2-2 of the Directive as,
“a building that has a very high energy performance, as determined in
accordance with Annex I. The nearly zero or very low amount of energy
required should be covered to a very significant extent by energy from
renewable sources, including energy from renewable sources produced on-site
or nearby;” (European Parliament and the Council, 2010).
The EPBD does not provide specific details regarding the following questions for a
nearly ZEB and leaves a lot of space for interpretation:



How much annual energy savings should such high performance building
have?
How much energy demand of such a building should be covered using
renewable energy sources (RES)? And what is the maximum amount of energy
that should be imported from the grid in a month?

It is important to answer the questions above in order to analyse and define a nearly
zero-energy building in the context of this study. Therefore, the following assumptions
are made in order to answer the above questions:



2.4

The high performance building design should have at least 50% annual energy
savings compared with a building that does not have energy efficient active
and passive strategies incorporated in its design.
At least 80% of the remaining primary energy demand should be met by onsite RES and a nearly zero-energy should import a maximum of 1 kWh/m2
(electrical) energy from the grid on a monthly basis.

Energy balancing

For the analysis of nearly zero-energy buildings it is important to analyze the energy
balance of a building. In order to analyze the energy balance of a nearly ZEB it is
necessary to clearly define the system boundary for the energy balance. Within the
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system boundary of a building, the energy demand and generation of a building are
compared. The system boundary consists of two important parts (Köhler, 2015):



Physical boundary of the building: This takes into account the energy
generation inside the building or on the building envelope but not the energy
generation remote from the building
Balance boundary of the building: It defines the energy uses inside a building
that are included in the balance. Energy uses are heating, hot water, cooling,
ventilation, lighting and other appliances used in the building (Köhler, 2015).

According to EN 15603 only those energy uses which are not dependent on the user
behavior are balanced. This includes heating, hot water, cooling, dehumidification/
humidification, ventilation, and lighting (lighting only in non-residential buildings).
According to (Köhler, 2015) the energy uses which are needed for the normal
operation of the building that include, heating, domestic hot water, cooling, lighting
and plug loads (in many standards plugs-load are accounted as internal heat gains and
not as (electrical) load in the energy balance) are considered in the energy balance. The
monthly balancing period is considered in this study in accordance with
“Energieeinsparverordnung EnEV” (German Energy Saving Ordinance), i.e. the
balancing of the energy uses of the building with the energy generation will be
analyzed on a monthly basis (chapter 5.2.5).
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3
Building envelope and design

Building envelope and
design

Nowadays, buildings should not only serve their primary purpose of providing shelter
and safety to its occupants. They should also be built in a way that they consume as
little energy as possible and minimize the energy consumption from external grids. The
overall energy consumption of buildings should and can be reduced by using active and
passive design concepts. The active building design covers the use of renewable energy
sources, energy efficient appliances and energy control and management. The passive
building design covers (amongst others) the use of insulation, sun light, air tightness,
solar gains and passive shading elements, as well as natural ventilation. Required
energy needs should be met locally for example by using renewable energies such as
PV systems (roof, façade or ground mounted), small wind turbines, solar thermal
energy or waste heat. Local climate and legal boundary conditions, as discussed in
chapter 2, play a major role when looking for strategies and concepts for nearly zeroenergy buildings. Furthermore, the overall goal of constructing a nearly zero-energy
building should not affect the indoor comfort, especially concerning temperature and
humidity as discussed in chapter 2.1.8.
In hot tropical climates, the main goal is to keep the ambient heat outside the building.
Moreover, the high humidity is a major challenge in buildings, especially when the
indoor temperature is controlled and reduced below the ambient temperature.
Therefore, buildings should have an optimal shading and orientation in order to reduce
the solar heat gains and raise the utilization of winds for natural ventilation (especially
cold winds during the night). Such building materials should be used which do not add
heat gains inside the building. In this chapter several building envelope technologies
and building designs are described.

3.1

Insulation of building envelope

Solar heat gains or heat losses occur through the building envelope, which includes
windows, roof, external walls and the floor/ basement. Proper insulation of the building
acts as a good thermal barrier and reduces heat losses in cold climate zones or keeps
the heat outside in hot climates. Based on the physical form, the following common
insulation materials can be distinguished ((Sadineni et al., 2011):








Mineral fiber blankets, e.g. fiber glass and rock wool. Fiber glass can be used
for insulating almost all building envelope elements. Rock wool has good
insulation properties and can also act as a fire resistant.
Loose-fill products (e.g. fiber glass and rock wool)
Poured-in, or mixed with concrete (cellulose, perlite and vermiculite)
Foams (polyurethane, extruded polystyrene (XPS), polyisocyanurate and
polyicynene)
Boards (perlite and vermiculite)
Insulated concrete blocks
Reflective materials (aluminum foil, ceramic coatings)

Further insulation types are (Sadineni et al., 2011):



Vacuum insulation panels (thermal conductivity at 50 mbar: 0.003 W/(m²*K),
at ambient pressure: 0.02 W/(m²*K).
Structurally insulated panels (SIPs): pre-fabricated composite building elements
that can be installed easily and fast. The most common materials in SIPs are
prefabricated polystyrene foam and polyurethane.
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Table 2 lists several common insulation materials and their thermal conductivity λ.
Table 2: Comparison of thermal conductivity of different insulation materials; Source:
(Bürger et al., 2016)

Material

Thermal Conductivity [W/(m*K)]
From

to

Aerogel

0.012

0.016

Cotton

0.039

0.041

Expanded glass

0.06

0.07

Fiberglass

Approx. 0.035

Fiberglass

Blowing clay

0.08

0.16

Calostat12

0.019

0.019

Flax

0.04

0.045

Hemp

0.065

0.07

Wood fiber

0.04

0.05

Wood wool

0.065

0.15

Calcium silicate

0.06

0.08

Coconut fiber

0.045

0.05

Perlite

0.04

0.055

Polyethylene foam

0.035

0.05

Expanded Polystyrene (EPS)

0.045

0.06

Extruded Polystyrene (XPS)

0.03

0.04

Polyurethane (PUR)

0.02

0.04

Sheep wool

0.04

0.045

Foam glass

0.04

0.05

Reed

0.045

0.065

Vacuum insulation materials

0.002

0.008

Vermiculite

0.069

0.071

Cellulose

0.04

0.045

3.2

External wall

The external wall is the dominant part of the building envelope. The thermal resistance
(R-value) of external walls is of significant importance for energy efficient building
envelopes as it highly affects the energy consumption of the whole building, especially
in buildings with a high wall to envelop ratio (Sadineni et al., 2011). Based on the
materials used for construction, walls can be classified as masonry, wooden and metal
walls. Furthermore, some advanced wall technologies are discussed below (Sadineni et
al., 2011).
3.2.1

Light weight concrete (LWC) walls

Lightweight concrete (LWC) has a density of the concrete below 2,000 kg/m3. For
improving the thermal resistance of LWC it can be mixed with light weight aggregates.
Autoclaved aerated concrete is produced by mixing aluminum powder in the LWC. It
has a high thermal resistance (Sadineni et al., 2011).
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3.2.2

Ventilated or double skin walls

Ventilated or double skin walls have an air gap between two masonry layers of the
wall. These walls are used mostly for passive cooling in the building. According to the
results of the mathematical model developed by (Ciampi et al., 2003) it was found that
the performance of ventilated walls improves as the air gap width is increased up to
0.15 m. For higher widths no significant improvement was observed. It was concluded
that carefully designed ventilated walls can save around 40% of cooling energy in the
summer (for the reference summer climatic conditions; outdoor temperature: 28°C,
indoor temperature: 24°C and solar radiation intensity: 400 W/m2) (Ciampi et al., 2003;
Sadineni et al., 2011).
3.2.3

Building envelope and
design

Walls with latent heat storage

This kind of wall technology has a phase change material (PCM) inside the light weight
wall structure (commonly gypsum or concrete). The specific heat capacity of the wall
depends on the percentage by weight and the properties of the PCM material
impregnated in the wall (Sadineni et al., 2011). (Kuznik and Virgone, 2009) performed
an experimental study in order to assess the potential of PCM wall boards under three
different climates, a summer day, a winter day and a mid-season day. For the three
different cases it was found that, when PCM wallboards are used, the room air
temperature is reduced. Overall they found that the maximum decrease in the room air
temperature is 4.2 K with PCM wallboards.
3.2.4

Wall insulation

(Sreshthaputra, 2003) recommended that exterior walls with a high thermal resistance
(R-value) should be used in Thailand. Fiber glass and Styrofoam are examples of
insulation materials, which can be mounted to the wall in order to achieve the desired
thermal resistance of light weight concrete walls. The thickness of the wall insulation
depends on whether external walls are shaded (see chapter 3.6.3.4) or not. External
walls in Thailand are exposed to a high solar radiation at high irradiation angles
(Sreshthaputra, 2003).
(Chirarattananon et al., 2012) studied the thermal performance and cost effectiveness
of wall insulation in the Thai climate. Simulation results showed that the insulation of
walls without windows reduces heat gains in the building. E.g. for an office building
with 50 mm polystyrene foam at the external side of the wall the average cooling load
is 35.7 kWhth/(m2*a) and for the uninsulated wall the average cooling load is
83 kWhth/(m2*a). Furthermore, wall insulation is cost effective in this case. In the study,
polystyrene foam was used as external insulation (thicknesses tested: 25 mm and
50 mm) and as internal insulation (thicknesses tested: 25 mm, 50 mm and 75 mm).
External insulation was slightly more effective compared to internal insulation, which
can be seen in slightly lower average cooling loads in buildings with external insulation
(similar results were achieved in the case study in chapter 5). E.g. the average cooling
load with 50 mm polystyrene foam at the internal side of the wall is 35.9 kWhth/(m2*a)
and with the same insulation on the exterior side of the wall the average cooling load is
35.7 kWhth/(m2*a). Additionally, in the case of walls with windows, window to wall
ratios (WWR) of 30% and 60% were analyzed for the thermal performance and cost
effectiveness of wall insulation. Results showed that with a small WWR (30%) the
insulation of external walls reduces the heat gain in the building from solar radiation.
However, when the WWR is larger (60%), direct transmission of solar radiation
through the windows increases the temperature inside the building. In this case the
solar heat gains through the windows are more than the heat transfer to the outside of
the building through the exposed envelope. A major reason for that is the fact that the
wall insulation retards the heat flow towards the outside through the wall. The cost
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effectiveness of wall insulation is also lower in walls with windows (Chirarattananon et
al., 2012).

3.3

Roof

A high share of solar heat gains in buildings are received through the roof. In tropical
climates, passive cooling/ shading designs that are being used to improve the
performance of the roof include compact cellular roof layout, domed or vaulted roofs,
naturally ventilated roofs and high roofs ((Sadineni et al., 2011). These technologies
and designs are discussed in detail below. Based on the design, type of construction
material and used technologies, roofs can be classified into the following categories.
3.3.1

Masonry roofs

Masonry roofs use concrete as a construction material. These roof types are more
common in South Asia and the Middle East. A problem occurring with concrete is that
it absorbs a large amount of heat from the outside environment. As a result the roof
temperature increases and therefore also the indoor temperature increases during the
day. During the night time, heat absorbed in the concrete is still released to the inside
of the buildings and the environment, which increases the heat gains in the building.
Compound roof structures such as thermal insulation and radiation reflectors on the
outside roof area can help to lower the heat gain during the day (Sadineni et al.,
2011).Compound roof systems, in which anti-solar coating and thermal insulation were
added to the concrete roof, gave good results in a study done in Pakistan (Ahmad,
2010). The overall heat transfer coefficient of the roof was reduced from 3.3 W/(m 2K)
to 0.54 W/(m2K). The roof heat gain was reduced by 45 kWh per day in summer for a
208 m2 roof area.
3.3.2

Lightweight roofs

Lightweight aluminum standing seam roofing systems (LASRS) (common in commercial
buildings) also have bad thermal characteristics. Thermal insulation and light colored
coating can improve the thermal performance of such roofs. It was found in a study
conducted by (Han et al., 2009, 2009) that the use of light colored surfaces (white, offwhite, brown, and green) resulted in a reduction of the cooling load of 9.3%, 8.8%,
2.5% and 1.3% respectively compared to a black coated surface for the case of LASRS.
It was also found that the combined use of insulation (polyurethane with a thickness of
15 cm) and white coated outer roof surface saved 53.8% of the peak cooling load
compared to a dark coated outer roof surface used with wool as insulation material
(roof area 51 * 41 m²) (Han et al., 2009; Sadineni et al., 2011).
3.3.3

Ventilated roofs

Ventilated roofs, which allow an air flow through a duct between the two slabs, also
reduce the cooling load during hot summers. Air flow can either be natural/ passive
(stack effect) or active (fan induced ventilation). Ventilated roof systems can save 30%
of cooling energy during summer in Italy compared to non-ventilated roofs (Ciampi et
al., 2005)
3.3.4

Vaulted and domed roofs

Vernacular architecture, which is common in Middle East and used to be common in
Thailand, commonly has vaulted or domed roofs. (Tang et al., 2006) developed a finite
element model for vaulted roofs and flat roofs. It was confirmed that, for a nonconditioned building, during the day time indoor temperature in buildings with a
vaulted roof is lower compared with flat roofs. Vaulted roofs release more energy
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during the night time by natural convection and thermal radiation compared with flat
roofs. The half rim angle for these roof systems should be between 50° and 60°.
Results also showed that such roofs are more suitable for buildings in hot dry regions
than for buildings in hot and humid regions. This is due to the distinct feature of high
variation in the air temperature during the daily cycle in hot dry regions. Air
temperature during the night is much lower, which facilitates the faster heat
dissipation into the outside environment from a vaulted roof during the night time in
hot and dry regions. In hot and humid regions, during the nighttime temperature does
not decrease much. As a result, heat dissipates from vaulted roofs increases the heat
inside the building (Tang et al., 2006; Sadineni et al., 2011).
3.3.5
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Solar-reflective roofs

These roofs have a high solar reflectance and a high infrared emittance. High solar
reflectance (SR) and high infrared emittance can lower the roof surface temperature.
Solar reflective coatings (e.g. aluminum coating) can raise the SR value to more than
0.6. In order to understand the relation of solar reflective roofs with energy saving a
study was conducted by (Akbari et al., 2005). Highly reflective white coating or white
PVC single-ply were added to the roof for six different commercial buildings situated in
different climatic locations in California. Results of the study concluded that energy
savings can be achieved. For these single-story buildings, cooling energy demand
savings of about 5 – 40% and peak load savings of about 5 – 10% were achieved
(Akbari et al., 2005; Sadineni et al., 2011).
(Alvarado et al., 2009) conducted an experimental study in a laboratory setting, to
understand the effects of passive cooling systems on concrete roofs, (see Figure 14). To
select the best combination of insulation layer and reflector; polystyrene, polyurethane,
polyethylene and an air gap were used as insulation layers and aluminum 1100-H14
and galvanized steel were used as reflectors. The combination of aluminum and
polyurethane insulation on a concrete roof reduces the heat flux up to 88%. The
results showed that aluminum is a better reflectance material than galvanized steel.

Figure 14: Passive cooling system using a combination of reflector and insulation
material on a concrete roof (Source: (Alvarado et al., 2009)

3.3.6

Thermal roof insulation systems:

In order to lower the high heat gains or losses through the roof, thermal roof insulation
is of high importance. Common roof insulations in the Middle-East and Asia are
polystyrene, fiber glass, rock wool or mineral wool. According to (Sreshthaputra, 2003),
using perfectly insulated ceilings/ roofs is effective technically and economically as most
of the heat gains due to solar radiation enter the building through the ceiling/ roof.
Thermal insulation when used with a reflective surface can also be termed as radianttransmittive barrier. It can also reflect infrared radiation.
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(Schoch, 2017)suggested measures for energy efficiency improvement in buildings in
Thailand based on the study of Chiang Mai Health Care Center. Measures included the
insulation of the ceiling area below the roof, (see Figure 15). By using 75 mm fiber
glass insulation, the total thermal resistance of the roof was improved from
0.44 (m2*K)/W to 2.40 (m2*K)/W.

Figure 15: Thermal Resistance of roof with insulation (Source: Own illustration based on
(Schoch, 2017)

The thermal performance of an insulated roof was analyzed in the tropical climate of
Sri Lanka (see (Halwatura and Jayasinghe, 2008). The building used for the test was
occupied. Expanded cellular polyethylene with different thicknesses was used. Results
showed that a soffit temperature reduction of 10 K is possible with an insulated roof
compared to a non-insulated roof. The details of the insulated roof system are shown
in Figure 16.

Figure 16: Thermal roof insulation system (Source: (Halwatura and Jayasinghe, 2008)

3.4

Windows

Windows serve various purposes such as providing natural light, heat and air from the
outside to the building. In hot, tropical climates heat gains inside the room through
windows should be minimized throughout the year without having too much loss in
natural light coming into the building. Due to the high temperatures in tropical
climates, the surface temperature of the windows can be very high leading to
temperature asymmetries in the building and discomfort. The main reason is the high
U-values leading to a higher thermal conduction and heat gains through windows than
through other envelope areas such as walls or roofs. In hot climates it is desirable to
have a window with a low solar heat gain coefficient (SHGC), U-value, glass
temperature and room heat gain. An effort to have lower SHGC also reduces visible
transmittance (VT, fraction of visible light transmitted). Since higher VT is desirable for
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maximizing the use of daylight, a good balance between SHGC and VT should be
pursued. Modern windows focus on having spectrally selective glazing, which provides
better visible transmittance with a lower SHGC. State-of-the-art window technologies
are discussed below. The most important properties of different single-glazed window
types are compared in Table 3 and double-glazed windows in Table 4.
3.4.1

Building envelope and
design

Single Glazing

Single glazed windows are used in the majority of residential buildings in hot regions of
the world. Different technologies of single glazed windows include tinted glazing,
reflective glazing, low-emissivity (low-e) glazing, smart windows and photovoltaic
glazing. Table 3 compares visible transmittance, glass temperature and room
temperature gain for some of the above mentioned technologies (1 x 1 m² glass pane
incorporated in all cases). More information about the theory and numerical methods
used for the results provided in Table 3 and Table 4 can be found in (Chow et al.,
2006; Chow et al., 2007; Chow et al., 2009; Chow et al., 2010). The thickness of all
single-pane vertical windows used is 5.7 mm except PV laminated glass, which has a
thickness of 10.55 mm. All results are obtained for cooling demand in sunny and hot
conditions (Chow et al., 2010). Figure 17 shows the energy flow path of a single
glazing window when solar radiation strikes the window.

Figure 17: Energy flow path in a Single Glazing Window (Chow et al., 2010)
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Table 3: Energy performance at the center of the glass for various single glazed window
technologies, under steady-state summer conditions: Solar irradiance = 1000 W/m2;
Angle of incidence = 60°; Ambient Temperature = 33°C; Room Temperature = 25°C; heat
transfer
coefficient
outside
=
22.7 W/(m2*K);
heat
transfer
coefficient
inside = 8.29 W/(m2*K) (Source: Based on (Chow et al., 2010).

Glass type

VT

Clear glass

0.888 6.010

0.777

34.0

465

Tinted glass

0.534 6.017

0.524

40.6

361

Reflective
coating on
clear glass

0.311 6.023

0.348

35.4

256

Reflective coating at surface
1 (facing outside)

Reflective
coating on
tinted glass

0.122 6.020

0.293

37.0

223

Reflective coating at surface
1 (facing outside)

Low-e coating 0.792 2.406
on clear glass

0.467

40.1

241

Low-e coating at surface 2
(facing inside);
Emittance=0.04

Low-e coating 0.506 2.406
on tinted
glass

0.423

46.6

189

Low-e coating at surface 2
(facing inside);
Emittance=0.04

Low-e and
reflective
coating on
clear glass

0.305 2.423

0.341

48.4

134

Reflective+low-e coating at
surface 2 (facing inside);
Emittance =0.043

PV laminated 0.106 5.701
glass

0.280

43.5

213

Electricity
generation=25.7 W (For
glass pane area: 1m*1m)

Low-e coating 0.792 5.404
on clear glass
(reversed)

0.387

35.0

275

Low-e coating at surface 1
(facing outside); Emittance
=0.04

Low-e coating 0.506 5.404
on tinted
glass
(reversed)

0.301

38.1

229

Low-e coating at surface 1
(facing outside); Emittance
=0.04

Low-e and
reflective
coating on
clear glass
(reversed)

0.210

39.4

179

Reflective+low-e coating at
surface 1 (facing outside);
Emittance =0.043

1
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U-value
SHGC Glass Room heat Remarks
[W/(m²K)]
temp gain [W/m2]
[°C]

0.305 5.708

VT: Visible transmittance, 2SHGC: Solar heat gain coefficient, 3Low-e: Low-emissivity
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Single glazing window types are described with the strengths and weaknesses of each
technology in the following sub-chapters. Photovoltaic glazing windows will be
described briefly in chapter 4.5.1.

Building envelope and
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3.4.1.1 Tinted Glazing
Windows with tinted glazing have a higher absorption of solar radiation compared to
clear glass. Absorbed solar radiation is transformed into heat within the tinted glass
initially and, as indicated in Table 3, it has a higher glass temperature compared to
clear glass. Higher values of glass temperature create uncomfortable conditions within
a distance of around 1 m from the window. Another problem is that the reduction in
visible transmittance, which is higher than the reduction in SHGC in the case of tinted
glass (Chow et al., 2010).
3.4.1.2 Reflective glazing
Reflective coating like metal oxide coating can be added to the glass to enhance the
reflectivity of the solar radiation. Application of reflective coating on tinted or clear
glass results in better values for room heat gain and SHGC. A major issue with this kind
of coating is the very low VT as can be seen in Table 3 (Chow et al., 2010).
3.4.1.3 Low-emissivity glazing
Using low-emissivity (low-e) glazing, low emissivity over the long wavelength of the
light spectrum can be achieved. Low-e glazing gives good results for the U-value and
SHGC but higher glass temperatures. If low e-coating is at the outer surface, the glass
temperature can be reduced but it will increase the room heat gain (Chow et al.,
2010).
3.4.1.4 Chromogenic Windows
Chromogenic windows use chromogenic technologies like electrochromic (respond to
electric voltage), thermogenic (respond to temperature), photochromic (respond to
ultraviolet (UV) light) and gas-chromic (respond to gas). These windows work with a
variable tint, based on the outside temperature and brightness, and focus on selective
spectral glazing. Windows with electrochromic coating (most advanced chromic
technology) use a low switching voltage (0 – 10 V) and switch color from almost clear
to fully colored. During the switching process the upper and lower limits of VT are
within 0.5 – 0.7 and 0.02 – 0.25 for electrochromic windows. SHGC changes between
0.1 and 0.5. Major challenges of the windows in the market include long switching
times, insufficient color rendering, reliability and high investment costs (Chow et al.,
2010).
3.4.2

Double glazing

In order to have windows with a higher energy performance, double or triple glazing
techniques are used. Performance results of various double glazing windows are
presented in Table 4. The reference results were obtained using double glazed vertical
windows with a thickness of the glass panes of 5.7 mm (10.55 mm in case of PV
laminated glass) and a cavity space of 12.7 mm (0.12 mm for vacuum) (Chow et al.,
2010).
Insulation in case of double glazing is increased by adding an additional glass pane and
a cavity space between the two panes. Air, gas or vacuum filled double glazing is
commonly used. Very low U-values and SHGC can be achieved. Room temperature
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gains and inner glass temperature are also much lower compared with single glazed
windows.
Multiple glazing windows also act as a moisture barrier and limit the water
condensation inside the room. Keeping the gas or maintaining the vacuum inside the
cavity between two glass panes for a longer period is a design challenge for these
windows. Therefore, the most widespread designs use ambient air for filling the cavity.
Further emerging window technologies also include air and water flow windows. These
windows have an upward flow of air or water between the two glass panes. These
technologies can also be used to lower the room heat gain and inner glass
temperature. Figure 18 shows the energy flow path at a double glazing PV-window
with an airflow between the two glass panes when solar radiation strikes the window.

Figure 18: Energy flow path for naturally ventilated PV-glass double glazing window
(Chow et al., 2010)
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Table 4: Energy performance at center of glass for double glazing technologies, under
steady-state
summer
conditions:
Solar
irradiance = 1000 W/m2;
Angle
of
incidence = 60°; Ambient Temperature = 33°C; Room Temperature = 25°C; heat transfer
coefficient outside = 22.7 W/(m2*K); heat transfer coefficient inside = 8.29 W/(m2*K)
(Source: Based on (Chow et al., 2010).

Glass type

VT1

U-value SHGC2 Outer
[W/(m²K)]
glass
temp
[°C]

Inner
glass
temp
[°C]

Room
Remark
heat
gain
[W/m2]

Clear+Air+Clear

0.793

3.035

0.596

37.1

34.9

380

Tinted+Air+Clear 0.476

3.037

0.388

44.7

36.0

256

Reflective
on 0.286
clear+Air+Clear

3.038

0.273

38.1

32.5

187

Reflective coating at
surface 1 (facing
outside)

Reflective
on 0.110
tinted+Air+Clear

3.038

0.216

40.0

32.7

153

Reflective coating at
surface 1 (facing
outside)

Low-e3
on 0.706
clear+Air+Clear

1.625

0.303

41.7

30.8

194

Low-e coating at
surface 4 (facing
inside);
emittance=0.04

Low-e
on 0.450
tinted+Air+Clear

1.636

0.209

48.8

30.5

138

Low-e coating 4
(facing
inside);
emittance=0.04

Low-e
& 0.274
reflective
on
clear+Air+Clear

1.625

0.121

50.6

29.7

85

Reflective+low-e
coating at surface 4
(facing
inside);
emittance=0.043

PV
laminated 0.095
glass+Air+Clear

2.700

0.177

47.3

35.2

127

Electricity
generation=25.7 W

Clear+Argon+Cle 0.793
ar

2.883

0.598

37.1

34.9

380

Low-e
on 0.629
clear+Argon+Lo
w-e on clear

0.912

0.283

42.1

32.6

176

Low-e coatings at
surface 2 and 3
(both sides of inner
glass);
emittance=0.04

Low-e
on 0.629
clear+Vacuum+L
ow-e on clear

0.806

0.222

42.8

31.8

139

Low-e coatings at
surface 2 and 3
(both sides of inner
glass);
emittance=0.04

1
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VT: Visible transmittance, 2SHGC: Solar heat gain coefficient, 3Low-e: Low-emissivity
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3.5

Floors

As discussed in chapter 2.1.5, the ground temperature in Bangkok is lower than the
ambient air temperature. Based on the computational fluid dynamics (CFD) simulation
results of (Sreshthaputra, 2003) the ground can act as a heat sink and the heat gains in
the room can be dampened into the ground. The use of slab-on-grade floor is
recommended. Having ground contact is better than elevated ground floors, at least in
the densely populated parts of a city. However, in order to avoid moisture rising
upwards, an appropriate water vapor barrier should be installed (Sreshthaputra, 2003).
(Tantasavasdia et al., 2001) studied the potential of natural ventilation to create a
thermally comfortable indoor environment in a house in a suburb of Bangkok.
According to (Tantasavasdia et al., 2001), the ground floor should be elevated from the
ground to introduce an open space between ground and the ground floor to allow a
free air-flow, which can cool down the floor, (see Figure 19). The CFD analysis of such
a building design in Bangkok’s suburban areas showed that ground floors have higher
wind speeds compared to the first floor. Wind velocity in the suburbs of Bangkok is
higher than in the denser part of the city. Better airflow in the building can be achieved
by having an open space below the ground floor in the building in suburban areas.
While in the denser part of Bangkok the wind is blocked by neighboring buildings (and
in this case having ground contacts is better (Sreshthaputra, 2003)) ((Tantasavasdia et
al., 2001).

Figure 19: Ground floor design (elevated from the ground) (Source: Own illustration
based on (Tantasavasdia et al., 2001)

3.6

Building design

The design of a building affects the sources of energy the building can use to provide
the required comfort and needs of its occupant during operation. It furthermore
influences the undesired heat gains of the building. Climate appropriate passive
building design focuses on using natural energy sources with low or no auxiliary energy
to meet the energy demand of the building.
Most of the currently available information on passive building design is applicable for
moderate climates. This information is not always suitable for a passive building design
in tropical climates. This chapter discusses guidelines for a passive building design in
the tropics.
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3.6.1

Traditional design concepts

Traditional Thai houses were built according to the vernacular architecture, which uses
wooden construction materials like wooden pillars and timber frames. Traditional Thai
houses were built in a way that they use prevailing wind for natural ventilation. They
have an elevated floor from the ground, steep roofs, overhangs and terraces. Elevated
floors in the traditional houses provide protection against flooding and also allow wind
breezes to pass through under the floor. Steep pitched roofs provide rain protection
and large overhangs provide shading. These traditional designs also provide thermal
stratification with the air temperature in the lower parts of the house being lower than
in the upper parts (Tantasavasdia et al., 2001).
3.6.2

Building envelope and
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Passive building design

Modern houses in Thailand are based on air conditioning systems to keep the inside
temperature comfortable. Almost 90% of urban houses have air conditioners in the
indoor areas. ACs are mainly used in the summer while in winter people normally tend
to open the windows for natural ventilation (Tantasavasdia et al., 2001). Passive
cooling designs are not common in modern buildings in Thailand and most of the
houses do not have overhangs and other passive designs for shading. Building
materials used for construction have high thermal masses and are mainly the same as
in Europe. With rising electricity prices and a need to lower the carbon footprint of
buildings, passive building designs appropriate for the Thai climate should be
developed (Tantasavasdia et al., 2001).
To cover the cooling demand for the whole year; Thai houses need two types of
cooling systems, which are air conditioning systems and passive systems. In
(Tantasavasdia et al., 2001) a prototype developed for Thai houses is described, which
has a compact shape to reduce the heat gains in the air conditioned building, while
buildings based on natural ventilation should ideally have a large envelope and irregular
shape. (Tantasavasdia et al., 2001) suggested that since passive cooling systems can
only meet the comfort level for four months in a year (during winter), the prototype
was designed to optimize the air conditioning in the building. The resulting design has
a compact shape to reduce the heat gains and wider windows to enhance natural
ventilation. (Tantasavasdia et al., 2001) suggested that building design should use
traditional approaches from the vernacular architecture. Ground floor should be open
(see Figure 19) and large overhangs should be used to provide shading. The CFD
analysis conducted by (Tantasavasdia et al., 2001) for a building in Bangkok’s suburb
showed that the air velocity at the first floor is higher than in the higher floors because
the ground floor is left open. This is due to the reason that, since the area below the
first floor is an open-air area more area of the first floor is in contact with the outside
air compared with the higher floors. The first floor should be used as a living room,
which needs more ventilation and the second floor should be used for sleeping
(Tantasavasdia et al., 2001).
3.6.3

Concepts for passive building designs

Passive building design works with the surrounding environment and makes full use of
natural breezes and sun to meet cooling or heating demands. In tropical climates
passive buildings should focus on shading, natural ventilation and appropriate building
materials to make use of the cool breeze at night and sun light (Cairns Regional
Council, 2011). Furthermore, appropriate building insulation is essential. Simulation
results of (Florides et al., 2002) showed that the annual saving in the cooling load are
approximately 24% in a perfectly insulated house (50 mm thick insulation layer applied
to the roof and the wall) with low-e double glazing windows (196 m2 area of the
model house).
Fraunhofer ISE
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3.6.3.1 Natural ventilation strategies
Increasing the air velocity inside the building can help to achieve lower temperatures
inside naturally ventilated buildings. The use of low absorption coatings for roofs,
shading devices at the exterior of a building and nighttime-only ventilation are helpful
for improving the overall internal thermal condition of the building (Liping and Hien,
2007). As suggested by (Sreshthaputra, 2003) nighttime-only ventilation is
recommended in Thailand. Windows should be opened between 7 pm and 6 am,
during which the ambiant air is cooler. Cooler air absorbs the internal heat from the
building mass (Sreshthaputra, 2003) and transports the heat out of the building.
(Tantasavasdia et al., 2001) conducted a study to analyze the potential of naturally
ventilated cooling strategies in new building designs in Thailand. They concluded that it
is possible to have a thermal comfort condition in the building using natural ventilation
strategies during 20% of the year in the Bangkok’s suburbs.
Simulation results of (Florides et al., 2002) showed that the indoor air temperature and
the cooling load decreases by increasing the ventilation air change rate during night.
However, as mentioned before, in the city center the wind is blocked by neighboring
buildings resulting in too low wind speeds for natural ventilation (Tantasavasdia et al.,
2001).
The CFD simulation results of (Sreshthaputra, 2003) showed that the wind normally
enters a building form the north-east or south-east direction of a building in Thailand.
Windows with a wider area were recommended in order to have higher airflow rates.
The use of vertical fins (ongoing discussion about acceptance for its negative impact on
the building appearance) with the window further improves the air flow inside the
building. The inlet aperture area should be around 20% of the total floor area to have
adequate natural ventilation for creating a sufficient thermal comfort level
(Tantasavasdia et al., 2001; Liping and Hien, 2007).
3.6.3.2 Orientation
In the tropics, buildings should be oriented in such a way that most of the fenestration
does not receive direct sun while a maximum airflow is enabled in the building. Houses
should be staggered in order to reduce the wind blockage by neighboring houses. In a
linear arrangement of buildings, low pressure is created at the back end of the houses.
Buildings should be arranged according to the predominant wind direction
(Tantasavasdia et al., 2001). In order to have lower solar heat gains, the longer sides of
the house should face north and south in Thailand. If wind is not blowing north-south
for most part of the year it will create a conflict between the two parameters for
orientation (wind alignment and solar alignment) (Tantasavasdia et al., 2001).
According to (Olgyay, 2015) the width to length ratio of a house in tropical climates
should be 1:1.7 with the longer sides facing north and south. Width to length ratio of
a house is also important for higher natural ventilation (Tantasavasdia et al., 2001). For
Bangkok, the prevailing wind direction is North-North-Northeast (NNE) and North (N)
during winter and during summer and rainy season the prevailing direction is South (S)
and South-Southwest (SSW) (also see chapter 2.1.3). Therefore, there is no conflict
between the wind and solar alignment for Bangkok and this design seems optimal
especially in the suburban areas. (Tantasavasdia et al., 2001) also found that for small
land areas of 240 – 250 m2 and floor areas of around 160 m2, square shaped buildings
are better for having good natural ventilation. Windows and louvers should be aligned
on the opposite walls to have a better air flow and the internal walls should have air
ducts in order to assure that air flows from one side of the building to the other.
Louvers or vents should be at the highest points of the building (roofs) from where hot
air can leave the building (Cairns Regional Council, 2011).
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3.6.3.3 Daylighting
Daylighting technology aims at maximizing the use of natural light for the illumination
needs in a building. Applying daylighting technology can cut the electricity consumed
by a building and reduce internal thermal loads. It is an inexpensive and efficient light
source if the daylighting is controlled according to the needs. The controlled
combination of daylighting and efficient artificial lighting can serve as an efficient
source of lighting for different illumination needs (Kristensen, 1994). Windows in the
walls or roofs are used for daylighting.

Building envelope and
design

For an energy efficient design of windows for daylighting application in Thailand, (S.
Chungloo et al., 2001) modeled and simulated a 20-storey office reference building
(building dimensions 24.5 m x 40.5 m, with a non-conditioned area of 14.5 m x
14.5 m). The results showed that glazing with a high shading coefficient (SC) and high
visible transmittance (VT) is the best option for reducing the electricity consumption for
lighting. According to the simulation results of (S. Chungloo et al., 2001), the largest
savings on electric lighting are possible with clear glazing, followed by electrochromic
(EC), tinted and reflective glazing, respectively. Simulations are done for a range of
window to wall ratios (WWR) (see (S. Chungloo et al., 2001). Electric light savings for
different glazing types at WWR of 0.4 are:



Clear glass (SC=0.95, VT=0.88): 47 - 49%
Tint (SC=0.53, VT=0.25): 44 - 47%

Solar control is also important i.e. to control the heat gains entering into the building
through the window. For the total electricity consumption reduction the best glazing
options are, EC glazing, reflective glazing of 0.4 < SC< 0.6 and 0.2< VT< 0.3 and
single tinted glazing with SC of 0.71 and VT 0.75 (S. Chungloo et al., 2001).
As mentioned before, indirect sunlight should be used for daylighting as direct sunlight
increases heat gains in the building. Light shelves (horizontal surface) are used for this
purpose, they reflect the daylight inside the building and as a result heat gains and
glare due to the direct sun is avoided while the indirect sunlight illuminates the inside
of the building.
3.6.3.4 Shading systems
In tropical climates the use of shading devices provide a number of benefits like e.g.
lower heat gains, reduced need for cooling appliances, minimal glare problems and
avoiding deterioration of windows and doors from the environment (e.g. against rain).
Shading is useful for improving thermal comfort inside the building in both, ventilated
and non-ventilated buildings. However, natural daylight is reduced because of shading
devices (Mirrahimi et al., 2016).
Large overhangs in the façade are traditionally used for shading. (Florides et al., 2002)
concluded in their study that with an increasing overhang length the cooling load
decreases and the heating load increases. According to their results, overhangs can
reduce the total energy consumption of a building by around 2,000 – 3,000 kWh/a
depending on the construction of the building (projection lengths used in the
simulation are from 0.5 m to 3.5 m) (Florides et al., 2002). Verandahs and large
balconies should also be built to provide shade and cool the incoming air in tropical
climates (Cairns Regional Council, 2011).
(Palmero-Marrero and Oliveira, 2010) studied the impact of using louver shading
devices on the building energy consumption for the climatic conditions of Mexico City,
Cairo, Lisbon, Madrid and London. With the simulations the performance of louver
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shading devices was assessed and the results indicated that the thermal comfort inside
the buildings and energy savings on space cooling can be achieved. Energy savings are
higher in the cities, which have high solar radiation and outdoor temperatures. The
utilization of louvre devices results in energy savings of 55%, 38% and 3% for Cairo,
Lisbon and Madrid, respectively (the ratio of total window to floor area is 25.4%).
Vechaphutti simulated the heat gains in a building through the building envelope in
Bangkok. Simulations indicated that glass areas located at different sides of the
building have different heat gains. Glass areas facing northwest contribute most to the
heat gains while the glass area facing north has the lowest heat gains. As mentioned
before, the prevailing wind direction in Bangkok during summer and rainy season is
South (S) and South-Southwest (SSW). The temperature at the glass areas located at
theses sides is cooled by the wind during the hot season. Therefore, the heat gains
through the glass areas at south and south-southwest side of a building are lower than
at the northwest side. In some distance to the building, trees located at the east and
west side can provide shading as well.
3.6.3.5 Micro-climate modification
Micro-climate modification includes the use of trees, water bodies and/ or plants or
vegetables at the roof and façade etc. near the building to lower the ambient
temperature and heat gains.
Green roofs consist of plants or vegetables on the roof area. (Liu and Minor, 2005)
concluded that green roofs reduce the heat flow through the roof in a study done on
two buildings in Toronto. During the first year, when vegetation was minimal and light
weight growing medium was around 75 to 100 mm, heat flow through the roof was
reduced by 70 – 90% in summer and 10 – 30% in winter. Another study conducted in
the tropical environment of Singapore found that green roofs have lower heat transfer
and thermal re-radiation effects and the plants cool their surrounding by evapotranspiration (maximum temperature difference of 4 K with and without plants)
compared with bare roofs (Wong et al., 2003; Sadineni et al., 2011).
(Stec et al., 2005) developed a simulation model to study the use of plants in double
skin façades of buildings and found that plants provide more effective shading
compared with blinds. When plants were used, the temperature of the double skin
façade was lower than in the case with blinds for shading. Energy consumption for
cooling was reduced (Cooling capacity reduced by around 20%) by using plants in the
double skin façade (Stec et al., 2005). (Wong et al., 2010) studied the thermal
performance of vertical greenery systems (VGS) for building walls. Overall, surface
temperature and the fluctuation in the surface temperature of the wall were reduced
with VGS (surface temperature reduced by 6 – 10 K). A reduction of the ambient
temperature of up to 3.3 K at 1.5 m from the VGS was also observed (Stec et al., 2005;
Wong et al., 2010). Figure 20 shows an example of how a green façade can look like.
Trees can act as a natural shade for the building and can reduce the heat gains due to
the intense solar radiation in Thailand. In an experimental investigation conducted by
(Papadakis et al., 2001), plants were used for shading a building and it was found that
radiative and thermal loads were lower for the areas shaded with plants (wall surface
temperature in the shaded area decreased by up to 8 K). The evaporative cooling effect
of the plants caused lower temperatures on the wall near the plants. Trees also absorb
water from the ground and reduce the ambient air temperature due to evapotranspiration through the leaves (Boonyatikarn, 2004) and can provide fruits. Common
trees in Southeast Asia are e.g. Mango, coconut, banana and others (Fraser, 2002). A
challenge with trees is the required distance from the building or other trees. For being
able to grow to full size, a mango tree for example needs a minimum distance of
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approx. 7.6 m, which is usually not available in densely populated areas, but could be
available in parks, green corridors or community gardens. Water evaporation from
pools can also help to cool down the temperature in the surrounding area. Since the
heat capacity of the water pool is higher it can help maintain a relatively constant
temperature in the winter (Boonyatikarn, 2004).

Building envelope and
design

Figure 20: An example of a green façade (Source: (Chulalongkorn University Bangkok,
2017)

Besides energetic benefits, plants on or at a building can also provide food when fruit
or vegetable plants are used for façade or roof greening. Ensuring access to basic
services like water, food and energy in urban areas is increasingly challenging in
metropolitan areas and the challenge will increase with a changing climate (Dubbeling,
2015). Several organizations including the Intergovernmental Panel on Climate Change
(IPCC) expect a reduction in yields of up to 50% until 2050 in some parts of the world
(Dubbeling, 2015). Reasons are (amongst others) an increasing risk of floods and
droughts and a loss in arable land. It is expected that especially the urban poor will be
hit by an increasing vulnerability in food supply and food prices. Therefore, new
strategies to ensure food security especially in urban areas have to be found and
developed. Urban and peri-urban agriculture and forestry can play a major role for the
future food security and in the same time reduce greenhouse gas emissions and help to
stabilize the hydrologic balance in cities. Furthermore, there is the possibility to reuse
wastewater, harvest rainwater and close nutrient cycles by composting organic waste
and use the compost as fertilizer for growing vegetables and fruits. Urban agriculture
thereby is not only possible on the ground, but also at façades and on roof-tops.
In Thailand and especially in Bangkok there is existing experience with urban
agriculture and several research and lighthouse projects were implemented in the past
(see e.g. (Fraser, 2002; Sunakorn and Yimprayoon, 2011)). Furthermore, the influence
of plants at the façade on the thermal conditions in buildings was analyzed in several
studies. As an example, (Sunakorn and Yimprayoon, 2011) analyzed the effects of blue
trumpet vine (Thunbergia grandiflora) at a building’s façade on the air temperature in a
room behind the “biofaçade”. Furthermore, (Sunakorn and Yimprayoon, 2011) state
that especially in tropical areas it is important that plants at façades and on roof-tops
Fraunhofer ISE
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have a high leave coverage in order to absorb as much sunlight as possible and reduce
the heat gains of the building. Plants can reduce the temperature of the air between
the plants and the building by shading and evapo-transpiration in tropical regions
below the ambient air temperature and thus reduce the cooling demand. However, the
temperature reduction is not high enough for achieving comfortable indoor
temperatures and thus biofaçades are more suitable for pre-cooling and increasing the
efficiency of air-conditioners. Plants on roof-tops can furthermore reduce the surface
temperature of roofs and thereby help to reduce urban heat island effects (compare
e.g. (Yok and Sia, 2008)).
There are several factors to be considered for the plant selection in the tropics.
According to (Yok and Sia, 2008) the substrate depth for the plants is a limiting factor
especially for roof-top farming, but also if planters or any kind of “flower pots” are
used at the façade. A deeper substrate offers more possibilities and a higher plant
variety and it can furthermore store more (rain) water. On the other hand, substrates
with a great depth can have an influence on the statics of a building and can result in
stronger building structures (and higher construction costs). Principally, all fruit and
vegetable plants common in Thailand can be used. Constraints can be their ability to
deal with droughts and high sun irradiation and in the same time high moisture levels
in the root zone (Yok and Sia, 2008). For the maintenance efforts and irrigation needs
the plant’s water efficiency is also an important issue to consider. For vertical farming
(i.e. growing fruits and vegetables vertically e.g. at the façade) there are in principal
two possibilities. One option is the vertical installation of planters at the façade (see
Figure 21) with an additional irrigation system. Generally, all fruit and vegetable plants,
which do not need deep substrates, can be used in such a system. Another option is
planting climbing plants in the garden and offering a climbing frame close to the
façade allowing the plants to grow high. An example is presented in Figure 22. The
second system needs less material and technical installations.
For vertical gardening/ farming, especially climbing plants, which can be planted in the
garden and just need a frame close to the façade for climbing up, are a promising
option. They shade the building and in the airgap between plants and façade, the air is
colder than the ambient air. The shading and evapo-transpiration cooling effects
depend on the plants leaf coverage. There are several edible plants available for the
usage in the tropics (compare e.g. (Engels, 2016)):



Fruit vines: Passion fruit, Kiwi, grapes, scarlet runner beans, Chayote,
groundnuts, Loofah
Leaf and flower vines: Malabar spinach, Nasturtium, Jasmine

Besides edible plants, other climbing plants can be used for shading (and cooling) a
building. According to (Sunakorn and Yimprayoon, 2011) the blue trumpet vine as a
fast growing plant with a high leaf coverage is a suitable plant for the climate in
Bangkok. Further information about the right plant selection for living/ green roofs and
facades can be found in e.g. “Neo Green Space Design, Japan” (Organization for
Landscape and Urban Green Technology Development, 1996), “Green Roof Plants: A
Resource and Planting Guide” (Snodgrass and Snodgrass, 2006), “Planting Green
Roofs and Living Walls” (Dunnett and Kingsbury, 2008) and “A Selection of Plants for
Green Roofs in Singapore” (Tan and Sia, 2008).
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Figure 21: Example systems for planting plants vertically in planters/ pots at building
façades. Left: Frame for (flower) pots at the Pruksa+ Project in Bangkok (photo taken by
Fraunhofer ISE). Right: vertically installed planters on the roof-top garden test-sight at
Kasetsart University, Bangkok (Source: (Alimurung, 2012))

Figure 22: Test side for climbing plants in front of a façade at Kasetsart University,
Bangkok. For the blue trumpet vine, a metal frame was installed for climbing. Source:
(Sunakorn and Yimprayoon, 2011)

Concerning green roofs and façades no legislative constraints are known. In contrast,
green, living elements in and at buildings are an important element in e.g. building
certification systems like LEED, DGNB or TREES. However, until now the positive effects
and additional insulation of plants on roofs and at façades is not taken into account in
the OTTV and RTTV calculation, which is necessary for receiving a construction permit
in Thailand. Furthermore, effective support systems, which take into account the
manifold positive effects of living roofs and façades, are missing.
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3.6.3.6 Evaporative cooling
Evaporative cooling can be used as a passive cooling technique. Water is evaporated
directly or indirectly by the use of fresh air currents and as a result the building cools
down. Direct evaporation is the placement of wet water pads made of fiber in the
windows (Pacheco et al., 2012). Direct evaporation cooling increases the moisture level
inside the room, which increases with a decrease in room air temperature. Indirect
evaporation cooling provides the cooling from evaporation via a heat exchanger.
Thereby, the humidity content of the air does not increase (Santamouris and Kolokotsa,
2013). An example of indirect evaporative cooling is a thatched rooftop and ponds on
the roof. One method suggested by (Raman et al., 2001) involves the installation of
sack-cloth gunny bags on the rooftop also shown in Figure 23. This system works by
cooling the air entering through the roof. To maintain the convective movement in the
building, a solar chimney (modeled by (Raman et al., 2001)) is used. Cool air entering
the room heats up and moves upwards where it leaves through the upper cavities in
the wall. The indoor temperature can be reduced by 10 K with the help of such a
system (Raman et al., 2001; Pacheco et al., 2012).

Figure 23: Example of evaporative cooling (Source : (Raman et al., 2001; Pacheco et al.,
2012)
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3.6.3.7 Thermal mass
The thermal mass includes building components like walls, roof and floors, which have
a high heat capacity. During the day time, when it is hot outside, these materials
absorb heat and store it in the form of thermal energy. The masses release the heat
progressively when the outside/ surrounding temperature is lower. This process helps in
reducing the peak cooling load. However, compared to residential buildings it is more
effective in office and commercial buildings, which are not occupied during the night
time, during which the building mass can be cooled down again efficiently (Sadineni et
al., 2011).

Building envelope and
design

In tropical climates, the temperature difference between day and night is not very high.
Therefore, light weight construction materials are more suitable for residential buildings
as suggested by (Cairns Regional Council, 2011). These materials with a low thermal
mass cool down quickly during night. Insulation materials should be used in
combination with these materials to lower the heat gains due to solar radiation. If
mechanical cooling is used, insulation is helpful for maintaining good thermal
conditions inside the building. If materials with a high thermal mass are used, buildings
should have sufficient shading and insulation (Cairns Regional Council, 2011).
3.6.3.8 Infiltration and airtightness
The inside movement of air through cracks or leaks in the building envelope is called
infiltration, while the outside movement is called exfiltration. Infiltration affects the air
conditioning, moisture level and temperature inside the building. If infiltrated air passes
over colder areas of building envelops, water vapor condenses which can lead to mold
growth (Sadineni et al., 2011). Buildings should be sealed properly to avoid air leakage
and minimize infiltration, which can improve the efficiency of the building especially
concerning cooling and dehumidification (Sadineni et al., 2011). However, if no
ventilation is available in the building, airtightness can also lead to a deterioration of
the air quality. Simulation results of a large number of buildings in different climates
show that energy savings from 5 to 40% on heating and cooling is possible by
reducing air leakage (Sadineni et al., 2011; International Energy Agency (IEA), 2013).
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4
Technology assessment
In this chapter, technologies available for the energy supply and for meeting the
comfort and energy demands in an energy efficient building are described. Different
active technologies (currently and best available or available in the foreseeable future)
for cooling, ventilation, thermal energy storage, on-site renewable energy generation
and battery energy storage etc., which are needed in buildings in Thailand, are
assessed. Some of the economic values used in this chapter are taken from
international projects and costs are converted to the Thai currency (Thai Baht (THB)).
The conversion between the international currencies is based on the average
conversion rates of the year 2016 (for more information about the conversion rates see
(X-Rates)).

4.1

Cooling technologies

This chapter discusses conventional and new energy efficient cooling solutions. The
main types of compression cooling are:







Reciprocating compressors: This is a positive displacement compressor. In a
single-acting reciprocating machine, air is drawn and compressed on one side
of the piston and the other side is connected to the compressor. Air is drawn
in during the downward stroke of the piston and air is compressed during the
upward stroke. In a double-acting reciprocating machine, the air compression
chambers are on both sides of the piston. During the down stroke air is drawn
in on the top side of the piston and it is compressed on the bottom side of the
piston. During the upward stroke, air is drawn in on the bottom side and
compressed on the top side (CASCO USA).
Scroll compressors: This is a type of positive displacement compressor. The
orbital motion machine compresses the cooling fluid with two inter-fitting
spiral shaped scroll members (Carrier Corporation; ASHRAE, 2004).
Rotary Screw compressors: This is a positive displacement compressor. Air and
lubricant are drawn in to the void created when two helical rotors mesh
together and then the air and lubricant mixture is compressed. The compressor
has a high specific heat which leads to lower operating temperatures of these
machines (CASCO USA).
Centrifugal compressors or radial compressor: It is a type of dynamic
displacement compressor. In this type of compressor air is drawn towards the
center of the impeller and then air is accelerated outward towards the
perimeter (CASCO USA).

Most common cooling technologies in Thailand include single- or multi-split airconditioning (AC) systems. The compressor of an AC can be one of the types
described above and all of these compressors are electricity driven. Advanced
cooling concepts include PV-driven compression cooling, thermally-driven cooling
(ad-/ absorption cooling) and district cooling. The air conditioner unit keeps the
temperature and humidity level inside a building at a comfortable level. The energy
efficiency labeling levels for air conditioners are presented in chapter 2.2.2.
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Disclaimer:
The list of manufacturers
(cooling, ventilation or other
technologies), which are
mentioned in this section
and wherever mentioned in
the next sections is not
exhaustive.
Information
provided here does not
support/
promote
any
specific manufacturer. The
purpose of the information
is to have an idea of
technical and economical
values of the technologies
that
are
available
in
Thailand,
or
in
other
countries. In this document,
information of different
(manufacturers)
websites
and documents is used.
However, as the content of
these documents is not
under our control, we
cannot assume any liability
for such external content. In
all cases, the provider of
information of the linked
websites is liable for the
content and accuracy of the
information provided. At the
point in time when the links
were
placed,
no
infringements of the law
were recognizable to us. As
soon as an infringement of
the law becomes known to
us, we will immediately
remove the link in question
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4.1.1

Single-Split

Single-split ACs are commonly used in Thailand.
A typical single-split AC consists of an indoor
unit, which can be mounted on the wall or
concealed in the ceiling inside the room, and an
outdoor unit located outside the house. Indoor
and outdoor unit are connected by a refrigerant
pipe. The waste heat from the outdoor
condenser unit is released to the environment.
It has many advantages over central ACs and
window or wall based AC units e.g. no duct
work required and silent operation.
Figure 24: A single-split type air
conditioner (Source: Daikin)
Air conditioner units should have a high energy
efficiency ratio (EER) for energy savings and
they should be reliable and less noisy during
their operational life time.

Technical values


Efficiency / COP / EER




SEER of Mitsubishi (2.6 kW – 8.2 kW):
16.69 – 25.59 Btu/Wel*h
SEER of Panasonic (2.5 kW – 6.4 kW):
12.7 – 24.4 Btu/Wel*h
SEER of Daikin (2.49 kW – 4.85 kW):
22.55 – 25.74 Btu/Wel*h (Daikin
Thailand)

Economic values
Investment costs [THB]

29,000 – 42,000 THB (information provided by
suppliers)

O&M costs [% of investment]

4% (Swedblom et al., 2014)
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Technology assessment

Design principles / Installation / Operation
Design
A single split AC consists of an indoor unit and an outdoor unit. An indoor unit is located inside
the room and mounted on the wall. Both, indoor and outdoor unit, are connected by a
refrigerating pipe.
Installation
The site selected for the installation of an AC unit should be rigid and strong to hold the weight
of the AC unit. The indoor unit should be installed at a place inside the room from where every
corner of the room can be cooled uniformly. This place should be at a shortest possible distance
from the outdoor unit. The location for the installation of the outdoor unit should be ventilated
and as cool as possible (e.g. shaded part of the building) (Panasonic, 2011).
Operation
Split type ACs are generally reliable and noise free. However, to ensure optimal performance,
single split ACs should be serviced regularly and most importantly the air filters should be cleaned
every two weeks (Panasonic, 2013).
Strengths and weaknesses
Strengths / Pros



Installation is simple and duct work is not needed
Small sizes

Weaknesses / Cons



Outdoor unit can be noisy over the period of its operational life time
High investment cost

Political framework
Available in Southeast Asia/ Thailand
This technology is available in the Thai and Southeast Asian market.
Installation restrictions
In Thailand, the minimum energy performance standards (MEPS) for the split/ separate type air
conditioner (cooling capacity below 12 kW) were set to a value of 2.82 (W th/Wel), in the year
2010 (Kojima and Watanabe, 2016).
Import restrictions
No restrictions known.
Further hints and comments
Positioning of outdoor unit in shaded/ cool area can increase the efficiency.
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4.1.2

Multi-Split

A multi-split AC has different indoor units in different
rooms connected to a single outdoor unit. It allows
different temperatures in each room. Similar to the
single split AC, the condenser and the compressor are
located outside.
Multi-split ACs are used in large homes, in which
multiple numbers of rooms need to be cooled with an
air conditioner. In large homes, lower installation
space and costs are achieved by using a multi-split AC Figure 25: A multi-split type air
compared with single split ACs. Depending on the conditioner (Source: Daikin)
requirements, wall mounted, concealed ceiling and
floor standing indoor units can be used in different
rooms. Thereby, a right indoor unit can be selected for
the bedroom, living room and bathroom depending
on the surface and space available for installation.

Technical values


Efficiency / COP / EER



COP of Fujitsu (2 – 4 rooms, 4
– 8 kW class): 3.60 – 3.77
(Fujitsu General Limited)
EER value of Fujitsu (8 rooms
14 kW): 4.75 Btu/(Wel*h) (50%
load) (Fujitsu General Limited)

Economic values
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Investment costs [THB]

n.a. (strongly depending on number of
indoor units)

O&M costs [% of investment]

4% (Swedblom et al., 2014)
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Technology assessment

Design principles / Installation / Operation
Design
A multi-split AC has multiple indoor units mounted in different rooms. The indoor units are
connected via a refrigerating pipe with a central outdoor unit
Installation
The installation of multi-split ACs is similar to single split ACs. Multiple indoor units are installed
on a rigid and strong surface in different rooms at a location where every corner of the room can
be cooled. As mentioned before, depending on the requirements, wall mounted, concealed
ceiling and floor standing indoor units can be used in different rooms.
Operation
Similar to single-split ACs, multi-split air conditioners should be serviced and maintained regularly
for ensuring optimal performance over the life time.
Strengths and weaknesses
Strengths / Pros




Individual temperature control of each room is possible
Space savings as a single outdoor unit can supply multiple indoor units
No duct work needed

Weaknesses / Cons



Outdoor unit can be noisy over the period of its operational life time.
High initial cost

Political framework
Available in Southeast Asia/ Thailand
This technology is available in the Thai and Southeast Asian market.
Installation restrictions
In Thailand, the minimum energy performance standards (MEPS) for the split/ separate type air
conditioner (cooling capacity below 12 kW) were set to 2.82 (W th/Wel), in 2010 (Kojima and
Watanabe, 2016).
Import restrictions
No restrictions known.
Further hints and comments
Positioning of outdoor unit in shaded/ cool area can increase the efficiency.
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4.1.3

PV-driven compression cooling

In PV driven compression cooling systems, the PV
system is used to generate DC, which is converted
to AC by using an inverter. The AC drives a vapor
compression
refrigeration
system.
Vapor
compression refrigeration systems are the most
commonly used refrigerant systems. In such a
system, the refrigerant undergoes several phase
changes (IIT Kharagpur, 2008). The compressors
used can be any of the compressors described
above. The compressor is the driving force that
moves the refrigerant through the vapor
compressor cycle. A battery storage system can
also be added to provide backup power and store
electricity generated during the day for the
evening/ night. The battery is charged during the
daytime when the power generated by the PV is
exceeding the load. A system schematic of a PVdriven compression cooling system is provided in
Figure 26.

Figure 26: System schematic for a PV
driven compression cooling system
(Source: Own illustration based on
(Otanicar et al., 2012)

Technical values


Efficiency / COP / EER





Vapor compressor: 3 – 6 (Otanicar
et al., 2012)
PV panel: 11 – 21 % (Otanicar et
al., 2012)
Inverter: 90 – 98% (Otanicar et al.,
2012)
Battery: 80% (Otanicar et al., 2012)

Economic values
Investment costs [THB]




(Tongsopit, 2015) (range is based on the three market scenarios in Thailand): PV-system
cost 75 – 104 THB/W
(Otanicar et al., 2012): PV module 44 – 169 THB/W, Inverter 7 – 26 THB/W, Battery 5.3
THB/ (W*h)
Compressor: 29,000 – 42,000 THB (Supplier information)

O&M costs [% of investment]
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Technology assessment

Design principles / Installation / Operation
Design
A PV driven compression cooling system mainly consists of two parts; a PV system for electricity
generation and a compressor, which uses the electrical power to provide cooling energy.
Installation
PV panels are normally installed on the rooftop in residential buildings. Mounting structures are
sometimes used to orient the panels in the direction of the sun. A compressor unit is usually
installed outdoors and connected electrically with the PV system.
Operation
During a sunny day, PV can generate enough electricity to operate the compression cooling of a
residential building (single- & small multifamily buildings). Maintenance of the PV system and
compressor unit is important for ensuring an optimal performance of the system.
Strengths and weaknesses
Strengths / Pros




Power generation independent of the grid
Saving on the electricity bill
Environmentally friendly (low CO2-emissions)

Weaknesses / Cons



Efficiency of PV system is still relatively low
High initial investment costs for the PV system

Political framework
Available in Southeast Asia/ Thailand
PV panels and inverters are developed locally in Thailand. However, the local market price is not
competitive with international prices. Thailand mostly imports PV panels and inverters. Most of
the imported panels come from Taiwan, Japan & China, inverters from the U.S., Germany &
Japan (Department of Alternative Energy Development and Efficiency, Thailand, 2013).
Installation restrictions
There are no restrictions for PV-driven cooling systems. However, the rooftop-PV market
regulation was very unclear in the past years. New policies now focus on self-consumption
rooftop systems (Potisat, 2017).
Import restrictions
There is no import restriction on the components used in the system.

Further hints and comments




Thailand’s 10 years Alternative Energy Development Plan (AEDP)
Thailand’s 20 years Energy Efficiency Development Plan (EEDP 2011-2030)
Focus on self-consumption instead of decentral feed-in (Potisat, 2017)
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4.1.4

Thermal-driven cooling (ad-/ absorption)

Solar thermal systems utilize more energy from
the sun compared with PV systems. The thermal
energy can be used for cooling applications. As
described by (Otanicar et al., 2012), solar
thermal cooling systems consist of four main
components: solar thermal collector, thermal
storage, thermal conditioning unit and heat
exchanger (Figure 27). The efficiency of the solar
thermal collector is expected to stay between
20–40% for the outlet temp. needed for
running a thermal AC until 2030 (Otanicar et al.,
2012). For thermal AC units, there are different
options: desiccant, absorption and adsorption
cooling. A desiccant cooling system consists of
two wheels which turn in tandem (Otanicar et
al., 2012). In absorption cooling systems
different substances can be used as refrigerant
or absorbent. E.g. in LiBr system, LiBr is the
absorbent and water is the refrigerant.

Figure 27: A typical Solar thermal cooling
system (Source: Own illustration based on
(Otanicar et al., 2012)
In adsorption cooling systems, a sealed
container containing a solid absorbent
saturated with the refrigerant is heated with
the solar heat. At a certain temperature and
pressure, refrigerant desorbs and leaves the
container as pressurized vapor. If waste heat is
available, it can also be used for supplying heat
instead of solar heating.

Technical values
Efficiency / COP / EER

According to (Otanicar et al., 2012):







Solar thermal collector: 26 – 38%
Thermal storage: 90%
Absorption cooling (LiBr): 0.76 – 0.83
Absorption cooling (NH3): 0.57 –
0.62
Adsorption cooling: 0.4 – 0.61
Desiccant/evaporative cooling: 1.06 –
1.22

Economic values
Investment costs [THB]
According to (Otanicar et al., 2012):







Solar thermal collector: 7,657 – 11,186 THB/m2
Thermal storage: 741 – 4,764 THB/kWh
Absorption cooling (LiBr): 705,749 THB
Absorption cooling (NH3): 176,437 THB
Adsorption cooling: 705,749 THB
Desiccant/evaporative cooling: 882,186 THB

According to (International Institute for Energy Conservation (IIEC) and Fraunhofer Institute for
Solar Energy Systems ISE, 2007):



Solar thermal collector: 13,000 – 15,000 THB/m2

O&M costs [% of investment]
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Technology assessment

Design principles / Installation / Operation
Design
A solar thermally driven cooling system consists of four main components, solar thermal
collector, storage tank, thermal air conditioning unit and a heat exchange system.
Installation
Solar thermal collectors (flat plate, evacuated tube etc.) are usually installed on the rooftop, the
storage tank, thermal air conditioning unit and heat exchanger system is also part of the overall
system. These components are usually installed indoors (Otanicar et al., 2012).
Operation
The performance of solar thermal collector improves with the rise in the ambient temperature
(efficiency decreases if temperature difference between working fluid and ambient increases)
(Otanicar et al., 2012). Therefore, the right dimensioning and control of the temperature levels is
essential for a high efficiency of the system
Strengths and weaknesses
Strengths / Pros





Solar thermal collector utilizes most of the sunlight as compare to the PV panels
Energy supply independent from the grid
Saving on the cooling bills
Environment friendly

Weaknesses / Cons


High investment cost

Political framework
Available in Southeast Asia/ Thailand:
According to a report by (International Institute for Energy Conservation (IIEC) and Fraunhofer
Institute for Solar Energy Systems ISE, 2007), there are around 15 solar companies operating in
Thailand which either import or use locally made collectors. Local fabrication of solar collector
has become a cheaper option, however with a lower efficiency.
Installation restrictions
There are no specific restrictions for thermally driven cooling systems. Thailand’s 10 years AEDP
aims to develop solar thermal projects with a target of 100 ktoe. The plan aims to promote the
installation of solar heating and cooling (Energy and Environment Partnership / Mekong, 2013).
Import restrictions
There is no import restriction on the components used in the system.
Further hints and comments



Thailand’s 10 years Alternative Energy Development Plan (AEDP)
Thailand’s 20 years Energy Efficiency Development Plan (EEDP 2011-2030)
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4.1.5

District cooling System

District cooling system (DCS) refers to the
circulation of the coolant between a central
cooling plant and the district consisting of
many buildings. Instead of using individual
cooling solutions in the building, a central
solution is used for a group of buildings,
which is more efficient (Chan et al., 2006). A
typical DCS consists of a central cooling
production plant, a distribution network and
an energy transfer station, shown in Figure
28. While designing a DCS, design of the
production line and distribution network are
important (Swedblom et al., 2014). DCS
takes advantage of local conditions and local
resources for example the availability of local
water supply (ocean, lakes etc.), waste heat,
high efficiency chillers or a combination of
the technologies (Swedblom et al., 2014).
Natural cooling (e.g. water from ocean, lake)
if available is a simple, cost effective and
environmentally friendly way of cooling
(Swedblom et al., 2014). For Asian cities
close to the sea, seawater is generally used
as a coolant (Yik et al., 2001; Chow et al.,
2004). The COPs of direct sea-water cooled
systems and indirect seawater cooled
systems used by (Yik et al., 2001) in their
simulation model are presented below.

Figure 28: Flow diagram of District cooling
system (Source: Own illustration based on
(Chow et al., 2004)
Absorption chillers can also be used in a DCS.
Furthermore, if a DCS plant is combined with
other energy services e.g. heating and electricity, it
can improve the overall efficiency of providing
energy services (Yik et al., 2001).
Economic values (investment, installation and
operation and maintenance costs) mentioned
below are for a district cooling project (60 MW
fictitious market) consideration in Europe (cost also
varies depending on the size of the project)
(Swedblom et al., 2014).

Technical values
Efficiency / COP / EER
According to (Yik et al., 2001),



Direct seawater-cooled system: 5.2
Indirect seawater-cooled system: 4.7

According to (Swedblom et al., 2014)




EER Frequency controlled chillers: 5 – 14
EER plant with absorption chiller: 15 – 25
EER of combination system DCS on a monthly basis: 8 – 30

EER of absorption chiller using waste or renewable heat: 20 – 23 (Euroheat & Power)
Economic values
Investment costs [THB]

According to (Swedblom et al., 2014),




O&M costs [THB]
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Cooling plant: 11,479 THB/kW
Distribution grid: 8,590 THB/kW
Energy transfer station: 3,123 THB/kW

Operation: 390 THB/MWh (Swedblom et al., 2014)

Urban Nexus II

District cooling System

Technology assessment

Design principles / Installation / Operation
Design
While designing a DCS, all system components are selected in order to ensure the optimum
system performance and economics. As a result cost minimization and consistency between the
design of all the components and system design parameters (temperature, pressure etc.) is
ensured (Skagestad and Mildenstein).
Installation
A typical district cooling system needs the installation of the central chiller plant, circulating
pumps, a distribution network, a customer substation and heat rejection system. The distribution
network should be insulated especially in warm climates.
Operation
In a DCS, the chilled water is produced at the central chilled plant and is distributed through a
distribution network to a group of buildings. Water absorbs the heat of the conditioned space in
the buildings and returns back through the return pipes.
Strengths and weaknesses
Strengths / Pros






DCS is able to take advantage of varying load of the connected buildings. It can run
efficiently during light load periods (Chow et al., 2004).
DCS provides massive cooling and offers efficient utilization of building space because
installation of the cooling systems inside the house are no longer required (Chow et al.,
2004).
Less efficient equipment in the individual buildings are replaced by a more efficient
central cooling system (Rezaie and Rosen, 2012)
Efficiency of water cooled air conditioner is generally higher than air cooled air
conditioner (Yik et al., 2001)

Weaknesses / Cons






High investment cost
Works better when water source with cold enough water is available in the
neighborhood, which makes it challenging to find appropriate sites for DCS, especially
in densely populated areas in tropical climates (Rezaie and Rosen, 2012)
Technical know-how required for district energy system operation is limited (Rezaie and
Rosen, 2012)
Water loss in cooling tower

Political framework
Available in Southeast Asia/ Thailand
For the distribution network, system components are available in the Thai market. Cooling
technologies are also available.
Installation restrictions
No restrictions known.
Import restrictions
No restrictions known.
Further hints and comments
n.a.

Fraunhofer ISE
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4.2

Ventilation technologies

High quality of indoor air in the buildings is essential for ensuring better health
conditions and better productivity of the occupants. In many buildings ventilation
through the window is not sufficient, for example due to the traffic noise and pollution
in some places, sufficient air quality in the buildings cannot be achieved. As a result a
ventilation system is needed in buildings, which filters the air coming inside and
removes the exhaust air from inside the building. Furthermore, heat can also be
recovered from the exhaust air by using energy efficient heat recovery equipment
(Treberspurg and Smutny, 2011).
Ventilation systems influence the comfort and health level of the occupants of the
building in the following ways (Coydon, 2016) and these should be addressed during
the design phase:






Hygrothermal comfort: The homogeneity of the inside air temperature, inside
wall temperature, relative humidity and air speed is very important. A big
difference between the inside air temperature and supply air temperature
creates a sense of discomfort for the occupants. Air speed and air flow control
should be optimized.
Indoor air quality: The ventilation rate and airflow control are important
parameters that characterize the capacity of the system to remove pollutants
from the inside air. Air inlets and air outlets should be positioned far away
from each other to avoid short circuiting risk in order to ensure that the whole
volume of the room is uniformly ventilated.
Acoustics: Noise decreases the acceptance of the ventilation system. Noise
disturbances are created from the ventilation system components (fans, high
air speed in ductwork and rotor), from outside and noise transmitting in
between the dwellings through the duct work (Coydon, 2016).

To further evaluate ventilation system two main categories, central and decentral
ventilation, will be discussed in this chapter. (Coydon, 2016) used different methods
(EN 308, EN 13050, the evaluation method of PHI and based on exhaust air
temperature) for the calculation of heat recovery efficiency values of central and
decentral ventilation systems. Different methods result in the slightly different efficiency
values and a range of efficiency is provided in this chapter.
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4.2.1

Central ventilation

In central ventilation systems, for a single
building one ventilation unit is used. Air flow
can be controlled in different rooms, e.g.
with variable air volume boxes (Treberspurg
and Smutny, 2011). According to (Coydon,
2016), central ventilation is defined as, “all
ventilation systems for which one ventilation
device is implemented for several or for all
dwellings of one building”.
The costs mentioned below are for central
ventilation systems with a heat recovery unit.
The costs are for three different retrofit
projects in Europe (three cities in Germany
and France) (see (Coydon, 2016). Investment
cost includes costs for material (ventilation
device,
control,
distribution
network
(insulation, silencers and fire protection)),
core holes, construction work (plaster and
paintings) and planning and design.
Variation in the investment cost for three
case studies used by (Coydon, 2016)are
mainly due to the differences in the costs of
the ventilation devices and planning and
design. The costs from simulation for central
ventilation concepts have been evaluated
and validated in (Coydon, 2016) for the
retrofit projects in residential buildings.

Figure 29: Centralized Ventilation System
(Source: Viessmann)
Heat/ energy recovery ventilators can also be used
in the ventilation system. Heat is exchanged
between the inward and outward airflows in heat
recovery units while the exchange of heat and
moisture takes place in an energy recovery unit.

Technical values
Efficiency / COP / EER

Central system with heat recovery (Coydon, 2016):




Average heat recovery efficiency: 0.64 –
0.78
Seasonal heat recovery efficiency: 0.60
Seasonal final energy efficiency: 0.50
(Coydon, 2016)

Economic values
Investment costs (detail of investment cost is Costs from simulations (Coydon, 2016):
discussed in the description) [THB/m2]

With heat recover: 3,058 – 3,589 THB/m2

Without heat recovery: 690 – 1,222
THB/m2
Maintenance costs (preventive and curative
maintenance) [THB/(m2*year)]
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With heat recovery: 81 – 107
[THB/(m2*year)] (Coydon, 2016)
Without heat recovery: 37 – 61
[THB/(m2*year)] (Coydon, 2016)

Central ventilation

Technology assessment

Design principles / Installation / Operation
Design
A central ventilation system has one ventilation device for ventilation purposes in multiple
dwellings of a building. Heat or energy recovery units can be used with the ventilation system.
Dimensioning of the ventilation system should be according to the need (e.g. the availability of
natural ventilation) and not only calculated according to the dwelling surfaces (Coydon, 2016).
Installation
Installation of central ventilation system includes installation of, ventilation devices, fire
protection, acoustic insulation, core holes in walls and floors and the ducts. Installation phase
also includes plastering, coating and painting of air ducts. While installing the central ventilation
system it is very important to ensure that the space requirements, for installation, are compatible
with the geometric configuration of the building (Coydon, 2016).
Operation
During the operation time of central ventilation systems, preventive maintenance (exhaust air
filter exchange, supply filter exchange and air in- & outlet cleaning) and curative maintenance
(fan failure etc.) are important for an optimal performance. During the operation in residential
buildings, comfort perceived by occupants should not be disturbed (i.e. difference between
supply & indoor air temp. should not be large and indoor CO2-concentration should be low).
Strengths and weaknesses
Strengths / Pros




Servicing of filter is simple
Silent operation (Treberspurg and Smutny, 2011)
Façade integration of the central system will help reducing the user disturbance.

Weaknesses / Cons




Difficult dimensioning, adjustment and control of air flow per service unit (Treberspurg
and Smutny, 2011)
Expensive system
User disturbance during retrofit projects, when new system is installed (Coydon, 2016).

Political framework
Available in Southeast Asia/ Thailand
Some international manufacturers are present in the Thailand and Southeast Asian market.
Installation restrictions
There are no specific installation restrictions. The Thailand building control act allows the minister
with the advice of the Building Council to issue regulations for fire protection, environment and
safety etc. Ventilation drainage is also part of building control act .
Import restrictions
No restrictions known.
Further hints and comments
n.a.
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4.2.2

Decentral ventilation

In decentral ventilation systems, generally each
service unit (e.g. 1-2 rooms) has its own
ventilation unit. Intake of fresh air and
discharge of exhaust air is also generally
decentral (Treberspurg and Smutny, 2011;
Coydon, 2016).
Costs from simulation for decentral ventilation
concepts have been evaluated and validated in
(Coydon, 2016) for retrofit projects in
residential buildings. Simulated cost is
presented below for a ventilation system with
Figure 30: Decentralized System (Source:
and without heat recovery.
Lunos)
”Fenstermaschine” (window machine) is an
innovative ventilation technology. In this
technology, existing window holes in the
façade are used to connect the ventilation
system with the indoor air. Another idea is the
integration of the ventilation device in
prefabricated
window
elements.
The
Fenstermaschine technology can be successful
in reducing the cost as well as the disturbance
of the occupants when new ventilation systems
are installed subsequently during retrofit
projects.

Depending
on
the
manufacturer
of
Fenstermaschine based ventilation systems, the
disadvantages of such a system can be the
reduction in the window size and lower
performance and inability to reach sufficient
ventilation/ air change rates for residential
buildings (Coydon, 2016). The technical values
calculated by (Coydon, 2016). for the façade
integrated decentral ventilation system are
based on the two market available devices, one
device with counter flow heat exchanger and
the other with regenerative heat exchanger.

Technical values
Efficiency / COP / EER
According to (Coydon, 2016),




Heat recovery efficiency for device with recuperative counter flow heat exchanger: 64.6
– 70.0%, for device with regenerative heat exchanger: 72.8 – 80.2%
Energy efficiencies for device with recuperative counter flow heat exchanger: Instant
final energy efficiency: 75.4%
Energy efficiencies for device with regenerative heat exchanger: Instant final energy
efficiency: 69.5%

Economic values


Investment costs [THB/m2]


Maintenance costs (preventive and curative
maintenance) [THB/(m2*year)]
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Without heat recovery: 952 THB/m2
(Coydon, 2016)
With heat recovery: 2,520 – 2,973
THB/m2 (Coydon, 2016)
Without heat recovery: 57
[THB/(m2*year)] (Coydon, 2016)
With heat recovery: 71 – 97
[THB/(m2*year)] (Coydon, 2016)

Decentral ventilation

Technology assessment

Design principles / Installation / Operation
Design
Generally each room has its own ventilation unit. Counter flow heat exchanger or regenerative
heat exchanger devices can be used in façade integrated decentral devices (Coydon, 2016).
Installation
In case of decentral ventilation concepts, separate ventilation devices are installed for all the
rooms which need ventilation. Similar to the central ventilation system, decentral ventilation
systems also include the installation of fire protection, acoustic insulation, core holes in walls and
the ducts. Installation phase also includes plastering, coating and painting of air ducts. It is also
important to ensure that the place requirements for installation are compatible with the
geometric configuration of the building (Coydon, 2016).
Operation
Similar to the central ventilation described in the last chapter it is important to conduct
preventive and curative maintenance during the operation of the decentral systems. Similarly, the
operation of the decentral ventilation should improve the indoor comfort conditions for the
occupants of the building (Coydon, 2016).
Strengths and weaknesses
Strengths / Pros



Decentral, window-integrated systems can provide cost savings by reducing the cost
spent for core holes. The user disturbance also decreases (Coydon, 2016)
Simple air flow calculation (Coydon, 2016)

Weaknesses / Cons





High effort on adjustment and servicing of filters.
Weaknesses for Fenstermaschine based ventilation systems are: reduction in window
size, lower performance and inability to provide sufficient ventilation for residential
buildings (Coydon, 2016)
User disturbance can be a problem during deep retrofit projects (Coydon, 2016)

Political framework
Available in Southeast Asia/ Thailand
Some International manufacturers are present in the Thai and Southeast Asian market.
Installation restrictions
There are no specific installation restrictions. According to the Thailand building control act, for
the sake of fire protection, environment and safety etc., the minister - with the advice of the
Building Council - has the power to issue regulations. Lighting systems, ventilation drainage etc.
are also in the building control act .
Import restrictions
No restrictions known.
Further hints and comments
n.a.

Fraunhofer ISE
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4.3

Thermal energy storage and distribution systems

Thermal energy storage (TES) is an important and advanced energy technology system.
A lot of attention has been paid to this technique in recent times, especially in order to
reduce the heating and cooling demand in buildings. TES is an important energy
solution to bridge the mismatch between energy supply and demand. An efficient TES
system should allow minimal loss of thermal energy and should permit higher
extraction efficiency of the stored thermal energy (Dincer, 2002).
A sensible TES system stores energy by changing the temperature of the storage
medium (e.g. water and ice). A typical TES system consists of a container, storage
medium and input/output devices. The energy storage capacity of a TES system is
proportional to the difference of storage input and output temperatures and mass and
heat capacity of the storage medium (Dincer, 2002).
An application of TES systems is the use of thermal storage to take advantage of offpeak electricity tariff. Chiller units can be used to cool down the thermal storage
medium during the nighttime when electricity price is normally cheaper. The cool
thermal storage medium provide cooling during the daytime when electricity price is
normally higher (Dincer, 2002). Another application is the use of TES systems to cover
the mismatch between supply and demand of electricity when renewable energy
sources are used for electricity generation. Figure 31 shows a building system
(conventional system) which has no TES and a building system with a TES system.

Figure 31: Representation of two building system: (a) With no storage and (b) with
storage (Source: (Dincer, 2002)
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4.3.1

Hot-water storage

The heating source for the hot-water storage
systems described in this chapter is solar
thermal system. One of the most common ways
of utilizing solar energy is the use of solar
collectors for water heating. Hot-water storage
can be used to store the heated water for lateruse (Altuntop et al., 2005). Most commonly
used hot-water storage tanks are vertical and
cylindrical tanks. The phenomena of thermal
stratification in the storage tank increase the
performance of storage tanks. Due to the
difference in density of hot and cold water
layers, the hot water remains at the top and the
cold water at the bottom. The hot water can be
sent to the load and the cold water to the heat
source (Campos Celador et al., 2011).
It is important to maintain the stratification in
the storage tank. In order to achieve the
stratification, charging loop sends the cold
water from the bottom of the tank to the
heating source and delivers the heated water
from the top of the tank.

Figure 32: Schematic representation of the
stratification phenomena in hot-water
storage (Source: (Campos Celador et al.,
2011)
The discharging loop delivers the hot water to
the load from its top and sends back cold
returning water to the bottom, schematic
representation of the stratification phenomena
is shown in Figure 32 (Campos Celador et al.,
2011).

Technical values
Efficiency / COP / EER

According to (Otanicar et al., 2012)



Solar thermal collector: 26 – 38%,
Thermal storage: 90%

Economic values
Investment costs [THB]

According to (Otanicar et al., 2012)



Solar thermal collector: 7,657 –
11,186 THB/m2
Thermal storage: 741 – 4,764
THB/kWh

According to (International Renewable
Energy Agency (IRENA), 2013):


O&M costs [THB]
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Sensible thermal energy storage (hot
water): 4 – 390 THB/kWh

Sensible thermal energy storage (hot water):
4,232 THB/kW/year (International Renewable
Energy Agency (IRENA), 2013)

Urban Nexus II

Hot-water storage

Technology assessment

Design principles / Installation / Operation
Design
Hot-water storage system consists of a heat source (e.g. solar thermal collector), a charging loop
(connecting heat source with the water storage), a hot-water storage tank and a discharging
loop (connecting water storage with the load) (Campos Celador et al., 2011).
Installation
Installation of heat source, storage tank, charging and discharging loop is needed. Charging loop
should deliver hot water to the top and cold water to the bottom of the storage tank. The
discharging loop delivers hot water from the top and cold returning water to the bottom of the
tank, in order to maintain the stratification effect as mentioned above (Campos Celador et al.,
2011).
Operation
A heating source/ technology heat the water up. Hot water is stored in the storage tank for later
use. Heated water is supplied to the load with the help of discharging loop. Stratification is an
important phenomena which improves the performance of the hot-water storage tank (Campos
Celador et al., 2011).
Strengths and weaknesses
Strengths / Pros



Hot water can be stored in the tank and can be used when needed
Can bridge the time-offset between supply and demand, especially when fluctuating
renewable energies are used for the heat supply (e.g. solar thermal collectors)

Weaknesses / Cons




High investment cost
Time is required to fill an empty storage tank with hot water
Storage tanks need space in the building

Political framework
Available in Southeast Asia/ Thailand
n.a.
Installation restrictions
There are no specific installation restrictions.
Import restrictions
No restrictions known.
Further hints and comments
n.a.

Fraunhofer ISE
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4.3.2

Cold-water storage

Cold-water storage needs larger storage tanks.
Cold-water systems use the sensible heat
capacity of water to store cold. The operating
temperature difference between bottom and
top of cold water storage is usually 3.3 – 5.5 K
(compatible
with
standard
chillers).
Economically, these systems work more
effective for larger system capacity (more than
2000 ton/ hours) (Dincer, 2002).
A typical cold-water storage system consists of
a chiller, storage tank and piping system (pipe
Figure 33: A schematic of operation cycle
loops, pumps and valves) (Ma et al., 2009).
of cold-water storage system (Source:
Water has its maximum density at 4° C. Cold (Khan et al., 2004)
water has stratified temperature distribution in
the storage tank. This phenomena makes it
possible to store the cold water efficiently
During the charging, a portion of the cold
(Saito, 2002).
water passes through the cooling coils and the
Cold-water storage systems are classified on remaining portion of the cold water is stored in
the basis of system size and the method used the tank. During the discharging operation, all
to avoid the mixing or heat transfer among the the cold water stored in tank passes through
cold and warm water returning form the the building cooling coils and the warm water
building cooling system. Figure 33 shows a returning from the building pipes is stored in
schematic of a cold-water cooling system with the empty tank (Khan et al., 2004).
integrated cold-water storage.

Technical values
Efficiency / COP / EER

Storage tank: 85-98 % (Khan et al., 2004)

Economic values
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Investment costs [THB]

10,586 – 42,344 THB/ kW (Andrepont, 2015)

O&M costs [% of investment]

n.a.

Fraunhofer ISE

Urban Nexus II

Cold water storage

Technology assessment

Design principles / Installation / Operation
Design
Cold-water storage system design consists of sizing the storage tank, a chiller, and a piping
system (Ma et al., 2009).
Installation
For the installation of a cold-water storage system, chiller for water cooling, a storage tank and
piping system with pumps, valves and primary and secondary etc. pipes needs to be installed in a
building.
Operation
Water is cooled and stored in the storage tank. Cold water is distributed among the spaces in the
building which require cooling with the help of a distribution network in the building.
Strengths and weaknesses
Strengths / Pros



In cold-water storage systems, refrigeration unit operates under more effective
conditions as compared to the ice-storage systems (Saito 2002)
Efficient storage of the cold water is possible, since cold-water has stratified
temperature distribution (Saito 2002)

Weaknesses / Cons


The energy density of cold-water storage systems is lower than the energy density of
ice-storage systems

Political framework
Available in Southeast Asia/ Thailand
n.a.
Installation restrictions
No restrictions known.

Import restrictions
No restrictions known.

Further hints and comments
n.a.
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4.3.3

Ice-storage

Ice-storage system requires smaller storage
tanks and has a higher energy density as
compared with a cold-water storage system
(Dincer, 2002; Saito, 2002). The use of lowtemperature air systems is possible with icestorage systems, but it requires more complex
chiller system. To store cold, the ice-storage
system uses the latent heat of fusion of water.
Refrigeration equipment is needed to store
energy at the temperatures of ice. Special icemaking equipment or chillers for temperature
services are used. The low temperatures
available from the ice-storage system are used
to supply cold and less humid air in the
occupied areas. More benefits include
requirement of smaller fans and ducts. Many
technologies are available for charging and
discharging of the storage. Ice-harvesting
system has an evaporator surface on which ice
is formed and released into a storage tank.
External melt ice-on systems use submerged
pipes through which a refrigerant passes. Ice is
formed on the outside of the pipes. To
discharge the storage, hot water is circulated
through the pipes. The coolant is then pumped
through the building cooling system (Dincer,
2002).

Figure 34: The three processes involved in
TES system for cooling capacity (Source:
(Dincer, 2002)

The three processes (charging, storing and
discharging) involved in ice-storage systems are
represented in Figure 34, the heat leakage into
the system is shown only for storing process but
it can occur in all the processes (Dincer, 2002).

Technical values
Efficiency / COP / EER

3 (Himmler, 2016)

Economic values
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Investment costs [THB]

19,500 THB/ kWh (Himmler, 2016)

O&M costs [% of investment]

n.a.
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Ice-storage

Technology assessment

Design principles / Installation / Operation
Design
A typical ice-storage system consists of an ice-making equipment, storage and piping system
(Dincer, 2002).
Installation
Installation of an ice-storage system includes the installation of a chiller (modified for lowtemperature service), storage tank and piping system for circulation and distribution of coolant
(Dincer, 2002).
Operation
Several technologies are available for charging and discharging of the storage (e.g. ice-harvesting
system, external melt ice-on system and internal melt ice-on system). The discharged, cold
coolant is then distributed among the pipes of the building cooling system (Dincer, 2002).
Strengths and weaknesses
Strengths / Pros




Supply of cold and less humid air at economical cost (Dincer 2002)
Size of fans and ducts used in ice-storage system is smaller as compared with the coldwater storage (Dincer 2002)
Life-cycle-costs are lower as compared to Pb/ Acid based electricity storage systems,
which could alternately be used for using electricity generated from PV for cold
generation in residential buildings (Himmler 2016)

Weaknesses / Cons


Investment cost is high as compared to Lead-acid based storage system (Himmler,
2016)

Political framework
Available in Southeast Asia/ Thailand
A typical ice-storage system consists of an ice-making equipment, storage and piping system
(Dincer, 2002).
Installation restrictions
No restrictions known.
Import restrictions
No restrictions known.
Further hints and comments
n.a.

Fraunhofer ISE
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4.3.4

PCM-storage

PCMs are latent heat storage materials. These
materials use chemical bonds to store and
release the heat. The energy transfer occurs
when a PCM changes state or phase from
solid to liquid or liquid to solid. PCMs should
have certain thermodynamic, chemical and
kinetic properties (for details of these
properties, see (Tyagi and Buddhi, 2007) in
order to use them as latent heat storage
materials.
The use of PCMs in buildings can have two
goals. First goal is using natural resources for Figure 35: Schematic representation of
heating and cooling. For example, PCMs use outline of ceiling board system having PCM
solar radiation for heating during daytime and (Source: (Tyagi and Buddhi, 2007)
use night cold for cooling. Another goal is the
use of artificial (manmade) heating or cooling
sources (Tyagi and Buddhi, 2007).
The PCM ceiling board is an example of active
PCMs used in the building are (Tyagi and storage systems. Ceilings are important part of
the building for providing heating or cooling.
Buddhi, 2007),
i.

PCMs in walls (also see chapter
3.2.3)
ii.
PCMs in building components other
than building wall
iii.
PCMs in heat and cold storage units
The first two are passive systems, which
depend on the indoor and outdoor
temperature. The third one is an active
system. In this system heat or cold is stored in
a thermally insulated storage (Tyagi and
Buddhi, 2007).

The PCM ceiling boards were used in the ceiling
(Figure 35) to reduce the peak load of the air
conditioning system in a building (Kodo and
Ibamoto, 2002; Tyagi and Buddhi, 2007). The
cool air from the air-handling unit was pumped
through the ceiling chamber system, Figure 35.
The stored cold was recovered during the 2
hours of the peak cooling load. The room
temperature only rise by 2 K as compare to the 6
K case without PCM (Tyagi and Buddhi, 2007).

Technical values
Efficiency / COP / EER

75 – 90% (International Renewable Energy
Agency (IRENA), 2013)

Economic values
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Investment costs [THB]

PCM thermal energy storage: 390 – 1,950 THB/
kWh (International Renewable Energy Agency
(IRENA), 2013)

O&M costs (O&M cost refers to power (THB/
kW/ year) of the storage system)

PCM thermal energy storage: 8,821 THB/kW/year
(International Renewable Energy Agency (IRENA),
2013)
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PCM-storage

Technology assessment

Design principles / Installation / Operation
Design
PCMs used in buildings are PCMs in the walls, PCMs in building components other than wall and
PCMs in heat and cold storage units (ceiling boards, floor heating e.g. using paraffin wax) (Tyagi
and Buddhi, 2007).
Installation
For active storage systems, the PCM ceiling boards are installed with a ceiling chamber area
above the ceiling board. Air handling unit is installed which delivers cold air in the ceiling
chamber, Figure 35 (Kodo and Ibamoto, 2002; Tyagi and Buddhi, 2007). PCM packed bed can
also be installed under the floor for floor heating from floor based latent heat storage system
(Nagano et al., 2000; Tyagi and Buddhi, 2007).
Operation
PCM based storage helps in shifting cooling or heating load from peak load times to off-peak
times. The energy transfer occurs when PCM material changes its state or phase. The PCM
ceiling board active storage system can store cooling during off peak time and release it during
peak time (Tyagi and Buddhi, 2007).
Strengths and weaknesses
Strengths / Pros



PCM stores more heat per unit volume as compared with sensible storage materials like
water or masonry (Tyagi and Buddhi 2007)
Energy storage and recovery with PCM-storage is isothermal, which makes it ideal for
space heating or cooling (Tyagi and Buddhi 2007)

Weaknesses / Cons



Higher investment cost in most cases as compared to water storage (Cabeza et al.
2005)
Peak energy transfer is limited in many cases due to the limited heat conduction in the
solid state of PCM (Cabeza et al. 2005)

Political framework
Available in Southeast Asia/ Thailand
n.a.
Installation restrictions
No restrictions known.
Import restrictions
No restrictions known.
Further hints and comments
n.a.
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4.4

Artificial Lighting

Lighting systems consumes large amount of electricity in a building. Energy efficient
design of the lighting is important for energy and cost saving in buildings (Muhamad et
al., 2010). The energy efficient lighting of a building includes the effective integration
of the daylight and artificial lighting technologies. Artificial lighting should be used as a
function of daylighting level (Ghisi and Tinker, 2005). Daylighting provides more
pleasant and attractive indoor environment and it matches closely to the human visual
response. Efficient and controlled use of daylighting is also important for reducing the
energy use for lighting in building. The energy efficient artificial lighting devices,
installation of occupancy sensors, and efficient design strategies to minimize the
number of artificial lighting devices used in a building are the measures for energy
efficient lighting (Krarti et al., 2005). This chapter describes artificial lighting
technologies.
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4.4.1

Artificial lighting technologies

Artificial lighting technologies include the use
of lighting devices like incandescent lamps (ILs),
compact fluorescent lamps (CFLs) and light
emitting diodes (LEDs). The investment cost on
incandescent lamps lighting is low but it is a
comparably inefficient source of lighting. The
lifecycle cost of this kind of conventional
lighting is very high. The interest of using
energy efficient artificial lighting, for example
LEDs and energy saving CFLs, is growing. CFLs
are less energy efficient as compared to LEDs
(Humphreys, 2008). With the current
developments taking place in the LED
technology, it is possible that LED devices will
lead the artificial lighting market in the future
(Aman et al., 2013).
The energy efficiency of a lighting device is
generally characterized as the lumen efficacy
(lm/W). Lumen efficacy refers to the lumens
emitted by a lighting device per watt of
Figure 36: LED Bulb (Source: Philips)
electrical power.

Technical values
Electrical efficiency/ Lumen efficacy [lm/W]

According to (Kumar et al., 2011)




Incandescent lamp: 13.3 lm/W
CFL: 62.5 lm/W
LED lamp: 80 lm/W

From other sources
Incandescent lamp: 13.3 – 17.5 lm/W (Keefe,
2007; Philips, 2009)
Economic values
Investment costs [THB]

According to (Suendermann, 2015),




O&M costs [% of investment]

78 | 130

Fraunhofer ISE

Incandescent lamp (40 W): 23 THB
CFL (8 W): 110 THB
LED (80 W): 301 THB

12% (Pohl and Zimmermann, 2003)
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Artificial lighting technologies

Technology assessment

Design principles / Installation / Operation
Design
Artificial lighting sources should be placed or mounted inside a building in such a way that
uniform and right distribution of light is possible in a room. The use of efficient light sources is
important for energy savings (Pohl and Zimmermann, 2003).
Installation
Wiring required for the lighting sources is done generally during the construction phase of a
building. Lighting device should be installed at a position in a room where uniform distribution is
possible and reflection is minimized (for glare minimization) (Pohl and Zimmermann, 2003).
Operation
Energy and cost savings are achieved over the lifetime of lighting devices by using latest lighting
devices like LEDs and CFLs. The rated life times (h) of incandescent lamps, CFLs, LEDs and high
power White LEDs are 750-2,000 h, 8,000-10,000 h, 20,000-30,000 h and 35,000-50,000 h
respectively (Aman et al., 2013).
Strengths and weaknesses
Strengths / Pros



Long lasting (especially LEDs)
LEDs and CFLs are energy efficient and cost effective over the lifetime

Weaknesses / Cons




High investment costs for LED lighting devices
Both CFL and LED cause harmonic distortion in the distribution network (Kumar et al.
2011).
The disposal of mercury, used in the formation of CFLs, is costly as it is classified as a
hazardous waste (Salata et al. 2014)

Political framework
Available in Southeast Asia/ Thailand
Artificial lighting technology is available in Thailand.
Installation restrictions
There are no specific installation restrictions. According to the Thailand building control act, for
the sake of fire protection, environment and safety etc., The minister with the advice of the
Building Council have the power to issue regulation. Lighting systems, ventilation drainage etc.
are also in the building control act .
Import restrictions
No restrictions known.
Further hints and comments
n.a.
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4.5

Electricity

On-electricity generation of electricity is very important for energy efficient buildings.
On-site electricity generation, for example with decentral photovoltaic systems and
combined cooling, heating and power systems (CCHP), is gaining popularity
worldwide.
On-site electricity generation:
The electricity demand of Thailand is constantly rising. Thailand is mainly using natural
gas (70%), coal (20%) and hydro (3%) to meet the electricity demand. In order to
lower the dependency on natural gas and other conventional energy resources,
Thailand has set targets for energy efficiency and energy generation from renewable
energy sources. According to the Alternative Energy Development Plan (AEDP 2012–
2021)), Thailand targets to achieve 25% of its final energy demand supplied from
renewables by 2021 (Tongsopit, 2015).
The development of renewable energies and energy efficiency is regulated, supervised,
promoted and assisted by the Department of Alternative Energy Development and
Efficiency (DEDE), which is a department within the Ministry of Energy. To support the
renewable energy development, a feed-in tariff (FiT) mechanism was introduced in
Thailand. Premium-price feed-in tariffs (also called adder measures program)
mechanism was implemented in 2007. The adder program consists of a normal tariff,
which is normally the avoided cost of purchasing power from the utility, and a
premium that is paid on top of the normal tariff. For solar power projects, 8 THB/kWh
is paid on top of the avoided cost of purchasing electricity from the utility. The adder
program is paused since 2010 and a new fixed feed-in tariff scheme was launched in
July 2013 by the Thai government (for details see (Tongsopit, 2015; Chrometzka, 2017;
Tarragó, 2017)). According to this scheme, a fixed price is paid for 25 years. Under this
scheme, FiT for solar roof top projects is 6.96 THB/kWh for PV-installations with an
installed peak load of less than 10 kW (Tongsopit, 2015). The tariff for small wind
projects (up to 10 MW) is 6.06 THB/kWh (see (Tarragó, 2017). The program expired in
early 2016.
For decentral feed-in of electricity (mainly roof-top PV), several challenges were
identified for the development of this segment in Thailand (Spitzley and Brückmann,
2014). Summarizing the first experiences, the major challenges were the transparency
of application and project selection criteria and processes. Furthermore, technical
prerequisites (available capacities in electricity grid) were no criteria and projects were
selected in a lottery instead of an evaluation process.
The National Energy Policy Council approved regulation No. 2/2556 (B.E. 2556) on 16th
July 2013 (2556). It determined the purchase of power from roof-top PV systems under
a FiT-scheme for 200 MW. The total amount of 200 MW was distributed between two
system types (each type 100 MW), compare (Spitzley and Brückmann, 2014):



Type 1: Residential systems with a capacity of up to 10 kWp
Type 2: Small business building systems with 10 – 250 kWp and medium to big
business building and factory systems with 250 to 1.000 kWp

In the following, only systems of type 1 are discussed more detailed. The FiT of
6.96 THB/kWh for these systems was granted for 25 years. The total amount of 100
MW of type 1 was further distributed between MEA and PEA. The MEA received a total
amount of 40 MW for the whole Bangkok Metropolitan area. The aim was to install
the whole capacity until 31st December 2013 (extended to 31st January 2014) and to
prove a stable commercial operation. A challenge, which was already identified in 2014
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by (Spitzley and Brückmann, 2014) and stated in the regulation B.E. 2556, was the
uncertainty of the future of the FiT. It was stated that purchase opportunities will be
announced from time to time in the future, which implies a great uncertainty about the
future application tender rounds and the FiT for roof-top PV installations. This
uncertainty still exists today leading to the fact that almost no PV systems are installed
for feed-in (only self-consumption). It furthermore prevents the development of a PVindustry and associated services (Spitzley and Brückmann, 2014).

Technology assessment

The mentioned uncertainties are in contrast to the target of installing 6,000 MW PV
capacity until 2036, as it is defined in the new Alternative Energy Development Plan
2015-2035 (compare (Potisat, 2017)). So far, most PV installations in Thailand are freefield installations (2,761 MW) and roof-top installations only account for 130 MW
(Potisat, 2017), which is less than the target of the first application round for a FiT.
Furthermore, the Thai government is moving away from feed-in tariff schemes towards
the promotion of self-consumption. In mid-2016 the “Rooftop PV Self-consumption
Pilot Scheme” was announced. The application deadline for the first round was on 7th
October 2016 and systems had to be installed until 31st January 2017; the short-term
target was 100 MW installed PV capacity for self-consumption on buildings but only
38 MW were achieved (Potisat, 2017). The National Reform Council (NRC) suggested
to set a long-term target of 10,000 MW for roof-top solar (Potisat, 2017), of which
50% should be installed on residential buildings (Deutsche Gesellschaft für
Internationale Zusammenarbeit (GIZ) GmbH, 2016).
Currently, there is no law or ordinance regulating the installation of small-scale
residential PV systems, but several programs and campaigns supported by DEDE. Since
2016, the focus is on self-consumption and the programs, which included feed-in
tariffs for small scale PV installations expired in 2016 (solar roof-top campaign; only
installations on community level in rural areas are still supported) without establishing
new, comparable programs. This has impacts for the development of (nearly) zero- or
plus-energy buildings. Realizing plus-energy buildings is usually only economically
feasible when the electricity grid can be used as a kind of a “long-term storage” for
electricity and the surplus-energy can be fed into the grid and sold. This is still not
possible/ difficult, which implies that the focus in the context of highly energy efficient
buildings with a high share of renewables for meeting the energy demand of a building
should be on (nearly) zero-energy buildings and not on realizing plus-energy buildings
under the current market and regulatory framework. Additionally, depending on the
connection of the PV panels with the electricity system, power limitations can limit the
installed capacity of the PV system. When the system is only connected to one phase
the maximum installed capacity is 5 kWp (more can be installed, when the PV system is
connected to more than one phase; power limitations see (Potisat, 2017)).
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4.5.1

Photovoltaics

On-site
electricity
generation
using
photovoltaics (PV) is gaining popularity all
over the world. Among the types of PV
modules presently available in the market,
mono- or polycrystalline solar panels are still
more common and have a larger share in the
market than emerging thin film solar cells
(Green, 2004). PV modules can be installed
on flat roofs, sloped roofs, shading systems
and façades. PV modules can also be used to
replace some of the conventional building
materials in the building envelope. The
building integrated PV (BIPV) is one example.
The BIPV-module is a functional element of
the building envelope and simultaneously it is
also generating power (Petter Jelle et al.,
2012). Windows with PV glazing also
generate electricity (Chow et al., 2010). The
performance of a PV integrated window is
provided in chapter 3.4 in Table 3 (Chow et
al., 2010). The efficiency values of mono
crystalline PV panels, according to the
projections of (IEA and International Energy
Agency), are 17%, 19% and 21% for the
year 2010, 2020 and 2030 respectively. The
efficiency of the inverter used in the PV
system is in the range of 90-98%. For
example the maximum efficiency value of a
PV inverter developed by SMA is 97 % (SMA
Solar). The projections of the efficiency of
batteries used in PV systems suggests a
stable value of efficiency of around 80%
(Otanicar et al., 2012).

Figure 37: A typical monocrystalline
photovoltaic module (Source: Yingli Solar)
High investment costs and the currently low
output efficiency are the major drawbacks of PV
systems. Emerging technologies like thin film,
organic PV etc. promise more economical PV
products in the future due to cheaper and easier
mass production possibilities (Chow et al., 2010).
Furthermore, as compare to the established PV
technologies, the emerging PV technologies have
many advantages, such as lower weight, can be
printed and can be used as building integrated
façade.

Technical values


Efficiency / COP / EER




Mono crystalline PV Cell: 11-21 %
(Otanicar et al., 2012)
Inverter: 90 – 98% (Otanicar et al.,
2012)
Battery: 80% (Otanicar et al., 2012)

Economic values
Investment costs [THB]




Tongsopit (2015), crystalline PV: PV system cost: 63 – 88 THB/W
Schoch (2017), crystalline PV panels: PV system cost: 70 THB/W
Department of Alternative Energy Development and Efficiency, Thailand (2013),
crystalline PV panels): PV system cost: 60 – 100 THB/W

O&M costs [% of investment]
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0.68%/year (Tongsopit, 2015, 2015)
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Design principles / Installation / Operation
Design
A PV system generally consists of PV modules and an inverter. Batteries and charge controllers
can also be integrated. The area available in the building for PV modules is limited. Therefore, an
efficient utilization of the available area is very important for electrical self-sufficiency.
Installation
Depending on the available area and the type of roof (e.g. flat or sloped), PV modules are
arranged either directly on the roof surface or by using mounting structures. PV modules at the
roof and façade should be free of shading.
Operation
Routine maintenance, which includes PV panel dust cleaning, checking cracks on the panel and
checking loose electrical wiring connection etc., of the PV systems is important for ensuring
optimal operation of the system.
Strengths and weaknesses
Strengths / Pros




On-site electricity generation
Security of supply and independency from the local grid
Environment friendly electricity generation

Weaknesses / Cons



High investment cost
Efficiency of PV panels is low

Political framework
Available in Southeast Asia/ Thailand
PV panels and inverters are also produced locally in Thailand; the local market price is not
competitive with the international price. Thailand mostly imports PV panels and inverters. Most
of the imported PV panels come from Taiwan (45%), Japan (27%) and China (13%), inverters
are imported mostly from United States (53%), Germany (26%) and Japan (10%) (Department
of Alternative Energy Development and Efficiency, Thailand, 2013).
Installation restrictions
There are no specific installation restrictions for thermal driven cooling systems. Thailand’s 10
years Alternative Energy Development Plan (AEDP) aims to develop solar thermal projects with
a target of 100 ktoe. Plans aims to promote the installation of solar heating and cooling
(Energy and Environment Partnership / Mekong, 2013).
Import restrictions
Further hints and comments
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4.5.2 Combined Cooling, Heating
and Power (CCHP)
Combined cooling, heating and power (CCHP)
is a very important solution in the field of
energy efficiency. CCHP is an extended form
of combined heating and power (CHP)
systems. In CCHP systems, electricity and heat
is provided by a generator with a heat
recovery system and a heat storage unit.
Introducing
cooling
technologies
like
absorption and adsorption chiller in a CHP
system evolves it to a CCHP system (Liu et al., Figure 38: A typical CCHP system (Source:
2014). Figure 38 shows a typical CCHP (Liu et al., 2014)
system. The power generation unit provides
electricity to the building. Waste heat is
collected by the heat recovery system and is
used to meet the heating and cooling demand
by using a heating and absorption chiller unit.
An energy flow diagram of a CCHP system is
shown in Figure 39. CCHP systems usually
include an auxiliary boiler as back-up or for
providing peak demands. The CCHP system
can have an up to 50 % higher system
efficiency than a CHP system of the same size
Figure 39: Energy flow diagram of a typical
(Liu et al., 2014).
CCHP system (Source: (Wu and Wang, 2006)
Technical values
Efficiency / COP / EER
Electrical efficiency [%] according to (Wu and Wang, 2006),




Steam turbines: 7 – 20%
Diesel Engines: 35 – 45%
Combustion Engines: 25 – 42%

Overall efficiency of the turbines used in the CCHP (Wu and Wang, 2006),

Steam turbines: 60 – 80%

Diesel Engines: 65 – 90%

Combustion Engines: 65 – 87%
Economic values
Investment costs [THB]
Turbines used in CCHP (Wu and Wang, 2006),




Steam turbines: 35,287 – 70,575 THB/kW
Diesel Engines: 12,000 – 35,287 THB/kW
Combustion Engines: 15,880 – 33,523 THB/kW

Operation and maintenance costs [THB]
According to (Wu and Wang, 2006),
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Steam turbines: 0.14 THB/kWh
Diesel Engines: 0.26 – 0.53 THB/kWh
Combustion Engines: 0.16 – 0.37 THB/kWh
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Combined Cooling, Heating and Power (CCHP)

Technology assessment

Design principles / Installation / Operation
Design
A typical CCHP system according to (Liu et al., 2014) consists of a power generation unit, heat
recovery system, thermally activated chillers and a heating unit. Local grid and auxiliary boiler is
also connected to the CCHP system, Figure 38.
Installation
The installation of a CCHP system consists of the installation of a power generation unit, heat
recovery system, thermally activated chillers and a heating unit.
Operation
Power generation unit provides electricity to the building users. Waste heat generated from the
power generation unit is collected by the heat recovery system. Recovered heat is used to meet
the heating and cooling demand by using the heating and absorption chiller unit (Liu et al.,
2014).
Strengths and weaknesses
Strengths / Pros




Higher overall system efficiency than CHP systems and traditional, systems with
separated electricity, heat and cold generation (Liu et al. 2014)
Low greenhouse gas emissions (Liu et al. 2014)
High reliability with CCHP system. Electricity supply is guaranteed at the reasonable cost
(Liu et al. 2014)

Weaknesses / Cons


High investment cost

Political framework
Available in Southeast Asia/ Thailand
The turbines needed are available in Thailand.
Installation restrictions
No restrictions known.
Import restrictions
No restrictions known.

Further hints and comments
n.a.
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Battery energy storage systems:
Battery energy storage technologies have become more mature and easy to use in the
recent times. The energy storage systems coupled with small scale renewable energy
plants supply electricity to the buildings and offset consumption from the electricity
grid. Energy storage systems provide the ability of reliable electricity supply and can
make the energy need of a building independent from the grid. Due to the increased
emphases on renewable energy systems, energy storage has also gained importance.
The energy production from renewable energy systems depends on the weather
conditions, for example in case of PV plants bright sunny days are ideal for energy
production while clouds and shading reduce the electricity generation. Inconsistency of
energy production by renewable energy systems due to dependency on the weather
conditions and diurnal variation can be reduced by having energy storage systems
integrated in the building energy system (Nair and Garimella, 2010). This chapter
describes battery technologies for small scale residential PV systems.
4.5.3 Lead-acid batteries for
residential buildings
Lead acid battery is the oldest battery
technology. It has been used in the electrical
power sector for more than a century (Baker
2008). A lead acid battery has the cathode
made of lead dioxide (PbO2) the anode made
of Pb and the electrolyte is sulfuric acid. They
have a fast response time and a small daily selfdischarge rate (Luo et al. 2015). The deep-cycle
lead-acid batteries can be discharged,
repeatedly, to 80% of its capacity. They are
optimal to use with small scale residential PV
energy systems. These batteries are also suited
for on-grid PV systems, where electrical power
Figure 40: A lead-acid battery (Source:
can be sold to the electricity grid (Nair and
Valve Regulated Lead Acid Battery)
Garimella 2010). The types of lead acid
batteries are (see (Manimekalai et al., 2013)):

Sealed/Gel type: This is suitable for PV
systems, because it needs less

Flooded cell type: This is most
maintenance and no water addition. It
common in renewable energy systems
is more expensive than flooded cell
(needs periodic addition of water)
type batteries.

Gelled Battery

Absorbed GAS MAT battery
Technical values
Efficiency / COP / EER

Charge efficiency: 78.4 % (Tant et al., 2013)
Discharge efficiency: 98 % (Tant et al., 2013)

Economic values
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Investment costs [THB]

9,761 THB/ kWh (Tant et al., 2013)

Operation and maintenance costs [% of
investment]

4,622 THB/a (Nair and Garimella, 2010)
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Lead-acid batteries for residential buildings

Technology assessment

Design principles / Installation / Operation
Design
In this chapter, lead-acid batteries are used to store excessive electrical power generated by
building PV system. Battery storage, in some cases, is also connected to the grid to allow grid
balancing (e.g. in case of fluctuation in the grid).
Installation
To store DC electrical power generated by the building PV system, Lead-acid batteries are
electrically connected with the PV system.
Operation
If the power generated by the PV system exceeds the electrical load in the building excessive
power will be used to charge the battery. If the PV system does not exceed the electrical load,
battery storage will be allowed to discharge to meet the load demand (Diorio et al., 2015).
Strengths and weaknesses
Strengths / Pros




Low investment cost (Nair and Garimella 2010) and availability
Relatively ease of maintenance (Nair and Garimella 2010)
Proven solution for storing electricity (Nair and Garimella 2010)

Weaknesses / Cons




Limited number of cycles ( (up to 2000) (Luo et al. 2015; Nair and Garimella 2010))
Performance decreases at low or ambient temperatures(Nair and Garimella 2010)
Environment unfriendly lead content (Nair and Garimella 2010)

Political framework
Available in Southeast Asia/ Thailand
Lead-acid battery is available in Thailand and Southeast Asia.
Installation restrictions
There are no installation restrictions on lead- acid battery storage system.
Import restrictions
No restrictions known.
Further hints and comments
n.a.
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4.5.4 Lithium-Ion batteries for
residential buildings
A lithium-ion (Li-ion) battery has a cathode
made of lithium metal oxide (e.g. LiCoO2), an
anode made of graphite carbon and the
electrolyte is organic liquid containing lithium
salts. Li-ion batteries have high cycle efficiency
(up to 97%), fast response time and smaller
dimensions/ lesser weight than lead-acid
batteries. The cycle depth of discharge can
affect the lifetime of Li-ion battery. As a result,
a computer/ controller is required to control the
operation, which adds to the investment cost
(Luo et al. 2015).
Figure 41: A lithium-ion battery (Source:
The current research focus in the field of Li-ion WindandSun)
batteries are (Luo et al. 2015),



Increasing battery power capability by
using nanoscale materials
Increasing battery specific energy by
working on advanced materials for
electrode and electrolyte solutions

Technical values
Efficiency / COP / EER

Charge efficiency: 88.2 % (Tant et al., 2013)
Discharge efficiency: 98 % (Tant et al., 2013)

Economic values
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Investment costs [THB]

39,045 THB/kWh (Tant et al., 2013)

Operation and maintenance costs

2,823 THB/a (Nair and Garimella, 2010)
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Lithium-Ion batteries for residential buildings

Technology assessment

Design principles / Installation / Operation
Design
Li-ion battery storage is connected the residential PV system to store excessive DC power
generated by the PV. Li-ion batteries need an energy management system to control its
operation.
Installation
Li-ion battery storage is electrically connected with the PV system. Battery energy management
system is also installed.
Operation
Li-ion battery energy storage stores excessive power from the PV system for charging. During
discharging, battery storage provides excessive electrical power to meet the load during the time
power generated by the PV system is not sufficient and/ or not available.
Strengths and weaknesses
Strengths / Pros



High energy storage efficiencies (close to 100%) (Nair and Garimella, 2010)
Highest energy density battery energy storage system available today (Nair and
Garimella, 2010)

Weaknesses / Cons



High investment cost (Nair and Garimella, 2010)
Complicated charge management system because of the closely defined operational
limits (Nair and Garimella, 2010)

Political framework
Available in Southeast Asia/ Thailand
Lead-acid battery is available in Thailand and Southeast Asia.
Installation restrictions
There are no installation restrictions on lead- acid battery storage system.
Import restrictions
No restrictions known.
Further hints and comments
n.a.
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5
Case study
To analyze the energy saving potential of different passive and active strategies
discussed above, a typical row-house residential building in Thailand is used (endterrace house). The energy performance of the building is analyzed using EnergyPlus, a
freely available and widespread building modeling tool. EnergyPlus is a dynamic
building energy simulation tool for modeling heating, cooling, lighting and ventilation.
The tool has been validated under the comparative “Standard Method of Test for the
Evaluation of Building Energy Analysis Computer Programs BESTEST/ ASHRAE Standard
140” (Ibarra, 2009).

5.1

Base-Case

The base-case building is a typical row-house (end-terrace house) for a 4-people
household in Bangkok. The building has two floors with an overall useful floor area of
48 m². In the ground floor there is the living area, kitchen and bathroom and in the
upper floor are two bedrooms. The building has a sloped roof. The selected base-case
building is a typical row-house building and the most commonly constructed residential
row-house of the National Housing Authority (NHA) based in Bangkok (see
(Suendermann, 2015) for details about the typical residential building in Bangkok).
The characteristics of building envelope components are presented in Table 5.
Table 5: Base-case building envelope characteristics based on (Suendermann, 2015)

Type

Construction

Layer Thickness
[cm]

Wall

Stucco

2.0

LWC1

10.2

Stucco

2.0

LWC

12.5

Gypsum Board

0.9

LWC

12.5

Gypsum Board

2.5

Clear glass

0.6

Top floor Ceiling

Ground Floor

Window
1

U-value [W/(m2*K)]

4.04

3.42

2.55

5.78

LWC: Lightweight construction

The roof shading consists of a layer of LWC with a thickness of 1 cm and slate roofing
tiles on the exterior side.
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5.1.1

Building orientation and geometry:

Case study

The sloped roof of the base-case building faces south and north, Figure 42. The
building openings (windows and doors) are situated only at the north and south façade
of the building minimizing direct sun irradiation to the building openings and
maximizing the air flow (Tantasavasdia et al., 2001) (see chapter 3.6.3.2).
The design of the base-case building is shown in Figure 42. The south side is the front
façade of the building; the width of this side is 4 m as shown in Figure 42. The north
side is the back façade of the building. The lengths of the east side of the building at
the lower floor and the upper floor are 5.5 m and 6.5 m respectively. The west side is
similar in lengths to the east side and since it is a row house, the west side is assumed
to be adjacent to the neighboring building (i.e. it does not face sun directly and is not
exposed to external weather conditions and temperatures), while south, north and east
(no building is adjacent to the east side) sides of the building face direct sun. The
height of both floors is 2.36 m. The tilt angle of the sloped roof is 35.05°.

Figure 42: Base-case building orientation and geometry (top left: south side, top right:
north side, bottom left: east side and bottom right: west side)

Figure 43 shows a picture of the row houses in Bangkok. For the analysis an end-house
is used. In the case of corner house larger envelope area is exposed to the external
environment as compared to the middle houses, in the row house design. Therefore,
the internal heat gains due to direct sun radiation are more in case of corner house.
Fraunhofer ISE
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Figure 43: Typical row houses in Bangkok Thailand (Source: National Housing Authority,
Bangkok)

5.1.2

Thermal Zones

The building has two thermal zones: lower floor (living area) is thermal zone one and
upper floor (sleeping area) is thermal zone two.
5.1.3

Schedules

The schedules for the energy and water needs as well as occupancy used in the
building simulation are discussed in this chapter. In EnergyPlus the range of the
schedule values, for example lighting, occupancy, electric equipment and HVAC
schedules, are set between 0 and 1, where 0 is minimum (whole system turned-off,
and 1 is maximum (whole system turned-on). For the remaining schedules (cooling set
points and hot tap water temperature) schedule values are set according to required
set point temperatures (discussed in following sub-chapters 5.1.3.3 and 5.1.3.4).
Energy usage schedules considered in the simulations are according to the information
provided by (Sreshthaputra, 2017), Chulalongkorn University, Bangkok.
5.1.3.1 Schedules for occupancy, hot tap water, lighting and electric
equipment
Schedules defined for the simulations are described below,


Occupancy: A Thai house is normally occupied during the evening and
nighttime (information provided by (Sreshthaputra, 2017)).



Hot tap water: In a typical Thai house hot tap water is used two times a day
(information provided by (Sreshthaputra, 2017))
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Lighting Schedule: Artificial lighting is used during the morning and during the

Case study

night time. During the day time, the building is not fully occupied and
daylighting is used (default lighting schedule defined in EnergyPlus is modified
according to the times when artificial lighting is needed)


Electric equipment: The majority of the electric equipment is used during the
morning, evening and night (default lighting schedule defined in EnergyPlus is
modified according to the times when artificial lighting is needed).

Table 6 provides the schedule values for occupancy, hot tap water, lighting and electric
equipment.
Table 6: Schedules for occupancy, hot tap water, lighting and electric equipment, used
in simulations

Hour of day

Occupancy

Hot tap
water

Lighting

El. equipment

Before 6 am

1

0

0

0.2

6 – 7 am

1

0

0.95

0.3

7 – 8 am

1

1

0.95

0.7

8 am – 1 pm

0.25

0

0

0.3

1 pm – 5 pm

0.25

0

0

0.36

5 pm – 6 pm

1

0

0

0.7

6 pm – 7 pm

1

0

0

0.97

7 pm – 8 pm

1

0

0.9

0.43

8 pm – 9 pm

1

1

0.9

0.43

9 pm – 10 pm

1

0

0.9

0.43

10 pm – 12 am 1

0

0.9

0.2

5.1.3.2 HVAC (heating, ventilation and air conditioning) schedule
The HVAC schedule is used to meet an acceptable cooling and humidity level in the
building (EnergyPlus, 2016). In a typical Thai house the HVAC system is not used in the
living area during the weekdays ((Sreshthaputra, 2017). Therefore two different HVAC
schedules are used for the thermal zones. In the living area the HVAC system is turned
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on during weekends. During weekdays the HVAC system is only turned on partially.
HVAC schedule for sleeping area and living area are provided in Table 7.
Table 7: HVAC schedule used in simulations

Day of week Hour of day

HVAC (sleeping
area)

HVAC (living area

Weekday

Before 8 am

0.5

0.1

Weekday

8 am– 5 pm

0.1

0

Weekday

5 – 6 pm

0.3

0

Weekday

6 – 10 pm

0.4

0.1

Weekday

10 pm – 12 am

0.5

0.1

Saturday

All day

0.5

0.5

Sunday

All day

0.5

0.5

5.1.3.3 Cooling Set point
In the summer time during the weekdays (Monday to Friday) the cooling set point is set
at 26°C from 5 pm until 8 am of the next day to meet the thermal comfort
requirements for a base-case air-conditioned building ((Rangsiraksa, 2006) (for more
details see chapter 2.1.9). From 8 am until 5 pm when a Thai house is usually not
occupied the cooling set point is set at 32°C. During the weekend (Saturday and
Sunday), the cooling set point is kept at 26°C throughout the day and night. During
winter days the outdoor temperature is in a comfortable range and air conditioning is
generally not needed (Yamtraipat et al., 2005). As a result the cooling set point during
winter is constantly kept at 31°C (chapter 2.1.9).
5.1.3.4 Hot water temperature
Hot water is mainly used for showering. The hot water temperature is kept at 60°C
from 5 pm until 8 am of the next day and during the rest of the time the temperature
is kept at 40°C.
5.1.4

Internal Gains

The consideration and simulation of internal gains in the building (due to factors like
occupancy, lighting and electric equipment) will be discussed in this chapter (for details
see (EnergyPlus, 2016).
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In order to see the effect of occupants (mainly heat gains from people and their
activities) on the space conditions, the People statement in EnergyPlus is used. Thai
households generally consist of a total of four people (discussion with (Sreshthaputra,
2017), which is also assumed in the simulations.
5.1.4.2 Lighting
The information about the artificial lighting needs is modeled using the Lights
statement in EnergyPlus. The artificial lighting level calculation method used in
EnergyPlus is Watts per zone floor area (W/m2). Since no information is available in the
Thai standards for the illuminance required inside residential buildings, the
requirements according to German standards are used, which are approximately 150 lx
(or lm/m2; compare Enercalc 2013, a tool which is based on DIN-V-18599:2011). In the
base-case building, the illuminance requirement of 150 lx is taken (for the entire indoor
area). The lumen efficacy (lm/W) of standard lighting technologies (incandescent bulb)
taken here is 17.5 lm/W (see chapter 4.4). As a result the Watts per area required for
lighting in the base-case is approximately 8 W/m2.
5.1.4.3 Internal Electrical Equipment
The electric equipment in the zone is modeled using the statement ElectricEquipment
in EnergyPlus. The design calculation of the electric equipment is done based on Watts
per zone floor area. The value used for the internal gains for electric equipment is 8
W/m² (no information was found for an internal gain from electric equipment for
residential buildings, therefore, a relatively high value of 8 W/m2 is considered).The
schedules for the usage of electric equipment are discussed in chapter 5.1.3.1.
5.1.5

HVAC system

In the simulation, a HVAC system is installed in both thermal zones. Both HVAC
systems refer to their respective HVAC thermostats. HVAC thermostat specifies the
temperature set points in the zone (cooling set points are discussed in chapter 5.1.3.3).
The HVAC system used in the simulations is a constant volume direct-expansion
system. The commercially available direct-expansion (DX) systems are packaged rooftop
systems and split systems (EnergyPlus, 2016). The single speed DX coil is selected as a
cooling coil type. The single speed DX is used if cooling is desired in the controlled zone
(EnergyPlus, 2016). The coefficient of performance (COP) of the cooling coil taken is 3
(default value in EnergyPlus, in chapter 4.1.1, SEER is given for the air conditioning,
converting SEER to COP gives a range of COP from 3 – 4.6, the higher COP value will
be discussed later in this chapter for the energy efficient air conditioners). The
dehumidification set point is at 60% (appropriate relative humidity set point inside a
Thai building) (Yamtraipat et al., 2005) (chapter 2.1.9).
5.1.6

Energy performance of the base-case building

The hourly weather data file for Bangkok is imported form meteonorm and the basecase is simulated in EnergyPlus. The energy performance of the building is summarized
in Table 8.
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Table 8: The annual energy demand of the base-case building

Option

Cooling
[kWh/a]

Base-case 6,031

Interior
Lighting
[kWh/a]

Interior
Total energy Specific total
Equipment demand
energy demand
[kWh/a]
[kWh/a]
[kWh/(m²*a)]

883

1,192

8,106

169

5.2 Simulation of active and passive strategies (different
design options)
In order to optimize the base-case and realize a (nearly) zero- or plus-energy building
by reducing the energy demand and provide the remaining demand by on-site
renewable energy generation, several passive and active design and technology options
are assessed, compared and combined. All strategies are firstly simulated separately in
EnergyPlus before different combinations are implemented in the simulation tool.
In a first step, passive strategies are applied and in a second step, active strategies to
reduce the energy demand are assessed and the most promising strategies for reducing
the energy demand are combined. In the final step, the remaining energy demand is
provided by on-site renewable energy generation (PV).
5.2.1

Simulation of passive strategies

In this chapter, different passive strategies will be applied to the base-case building
model. Each strategy is simulated separately to analyze the specific effectiveness.
5.2.1.1 Building envelope insulation
The components of the building envelope (walls, ceiling and floor) are insulated and
the energy saving potential is analyzed. The insulation used is fiberglass insulation
(more information provided in chapters 3.1 and 3.2.4).
Simulation results indicate that the insulation on the exterior side of the wall is slightly
better than the insulation on the interior side of wall. The annual cooling energy
demand of the building in the case of ceiling and exterior side of the wall insulation
with 1 cm of fiberglass is 4,822 kWh/a (energy savings of 15% compared to the basecase), whereas in the case of ceiling and interior side of the wall insulation with 1 cm of
fiberglass the annual cooling energy demand is 4,925 kWh/a (energy savings of 14%).
In order to identify an optimal thickness of the insulation (energetically and
economically), different thicknesses of fiberglass insulation are simulated on the
exterior side of the wall and on the ceiling (1 – 10 cm) and compared. The simulations
show that increasing the insulation thickness decreases the annual energy demand of
the building. Figure 44 shows the annual energy savings and annual cost savings for
the base-case building when different thicknesses of fiberglass insulation are applied.
Details of the calculation of the annual cost savings for different insulation thicknesses
are provided in chapter 5.2.4.1.
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Figure 44: Annual energy saving and annual cost savings in THB using different layer of
fiberglass insulation

Figure 44 shows that the rate of increase of annual energy and cost saving decreases
with an increasing thickness of the fiberglass insulation from 1 to 10 cm. For example
when the thickness of the fiberglass insulation is increased from 7 cm to 8 cm the
percentage increase in the annual energy and cost savings is lower (annual energy and
cost savings in this case are 64 kWh/a and 256 THB/a respectively) than in the case
when the insulation thickness is increased from 2 cm to 3 cm (annual energy and cost
savings in this case are 291 kWh/a and 1148 THB/a respectively).
The relationship between the investment cost of the fiberglass insulation and its
thickness is linear (Al-Khawaja, 2004; Suendermann, 2015). Figure 45 shows the total
investment cost and the simple payback period for the different thicknesses of the
insulation material used. Details of the calculation of the total investment cost in [THB]
and the simple payback period in [a] are provided in chapter 5.2.4. It can be seen that
for adding an additional centimeter of insulation material the investment cost is
6,708 THB.
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Figure 45: The total investment cost and simple payback period of different thicknesses
of fiberglass insulation (Source: Total investment cost calculation based on (Al-Khawaja,
2004; Suendermann, 2015)); (Total investment cost = investment cost + installation cost)

Based on the above calculation and analysis, different insulation thicknesses are
compared to select a suitable thickness range for the base-case building. For the
thicknesses between 1 to 4 cm, although the annual savings for a one centimeter
increase in thickness are significant, the total energy saving is low. Higher total energy
savings are desirable for an air-conditioned building. For a thickness between 8 and
10 cm, the annual cost savings for each additional centimeter are lower than the total
investment cost required for an additional centimeter. Therefore, thicknesses between
5 and 7 cm are most suitable for buildings in Thailand (payback periods for 5, 6 and
7 cm are 3.7, 4.2 and 4.8 years respectively).
In order to analyze the potential of airgap insulation, an airgap as insulation for the
external walls and ceiling is analyzed. The annual energy demand of a building with an
airgap (thermal resistance of airgap used in simulation: 0.18 (m2*K)/W) at the walls and
the ceiling is 7,100 kWh/a. The combination of fiberglass insulation and air gap leads
to a significant reduction of heat gains and, as a result, the annual cooling energy
demand decreases. Simulation results for the 7 cm insulation plus airgap show that the
annual energy demand of the building is 5,547 kWh/a.
The simulations showed that insulating the ground floor increases the annual energy
demand, as the heat transfer to the ground is reduced. A 7 cm insulation for walls,
ceiling and ground floor leads to an overall annual energy demand of 5,611 kWh/a
compared to 5,594 kWh/a without ground insulation. Furthermore, reducing the
thickness of the ground floor from 12.5 cm to 1.5 cm slightly reduces the annual
energy demand (reduction in energy demand is insignificant but savings in construction
cost can be achieved). The annual energy demand of the building with a floor thickness
of 1.5 cm and wall and ceiling insulation is 5,541 kWh/a. This is due to the increased
heat transfer to the ground (compare chapter 2.1.5).
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In this chapter the potential of natural ventilation for reducing the cooling energy
demand of the building is analyzed. To introduce natural ventilation in the base-case,
the ‘wind and stack with open area’ model is used in EnergyPlus. In the model,
opening area of the windows is provided and the openings of the windows for natural
ventilation is kept in such a way that only nighttime ventilation is allowed due to the
reason discussed in chapter 3.6.3.1 (Sreshthaputra, 2003). The minimum indoor
temperature to control natural ventilation is 24°C. If the indoor temperature falls below
this temperature, natural ventilation is stopped. For natural ventilation it is essential
that the air can flow freely from one side of the building to the other and that all (or
almost all) windows are opened.
The comfort temperature for Thai people in naturally ventilated residential buildings is
28°C (25.5°C – 30.5°C, 90% acceptability), as discussed in chapter 2.1.9. 28°C was
taken during the summer season. However, the climate of Bangkok does not vary
significantly throughout the year (Rangsiraksa, 2006). According to EN 15251 discussed
in chapter 2.1.9, the upper boundary of acceptable indoor temperature for category I is
29.7°C and the lower boundary of acceptable indoor temperature for category I is
25.7°C for an ambient temperature of 27°C. For an ambient temperature of 30°C, the
upper and lower boundaries for acceptable indoor temperatures are 30.7°C and
26.7°C, respectively. Based on that, the cooling set point in the simulation has been
changed to 27°C after implementing natural ventilation in the building.
The effect of increasing the window opening area in order to achieve better effects of
natural ventilation is also simulated. The total window area is increased from 5.2 m 2 to
9.51 m2 (20% of total floor area compared to 11% in the base-case). 20% is
considered to be sufficient for achieving a good thermal comfort level (Tantasavasdia et
al., 2001; Liping and Hien, 2007). The simulation results are presented in Table 9.
Table 9: The annual energy demand of naturally ventilated building with increased
window opening area

Option

Cooling
[kWh/a]

Natural
5,347
ventilation

Interior
Lighting
[kWh/a]
883

Interior
Total energy Specific total
Equipment demand
energy demand
[kWh/a]
[kWh/a]
[kWh/(m²*a)]
1,192

7,422

155

5.2.1.3 Double glazing windows and vertical fins
The single glazing windows in the base-case building are replaced by double glazing
windows (clear glass and electrochromic) in order to analyze their heat gain reduction
potential. The simulation results show that the total annual energy demand is reduced
to 8,094 kWh/a (similar results were obtained for clear glass and electrochromic
windows). The main reason for the similar results achieved and the very low reduction
in the total annual energy demand is the fact that all windows are already shaded by
overhangs and the roof in the base-case.
The installation of double glazing clear glass and electrochromic windows is also
assessed for the building design with an increased window area. The annual energy
demand of this option is presented in Table 10.
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Table 10: The annual energy demand of the base-case building with the variance of
double glazing clear glass windows

Option Cooling
[kWh/a]

Double 5,900
glazing
window

Interior
Lighting
[kWh/a]
883

Interior
Equipment
[kWh/a]
1,192

Total energy Specific total
demand
energy demand
[kWh/a]
[kWh/(m²*a)]
7,975

166

In a separate design, vertical fins for a better airflow in the building are added.
Different sizes of the fins are examined. The best results are achieved with fins with a
length of 0.5 m (perpendicular to the window or door). The results are shown in Table
11. If the length is increased, energy savings do not increase significantly. The
combination of vertical fins and double glazing windows (with the increased window
area) is also simulated and results are provided in Table 11.
Table 11: The annual energy demand of the base-case building with vertical fins and the
combination of double glazing windows (increased window area) and vertical fins

Option

Vertical
fins
DG1 +
Vertical
fins
1

Cooling
[kWh/a]

Interior
Lighting
[kWh/a]

Interior
Total energy
Equipment demand
[kWh/a]
[kWh/a]

Specific total
energy demand
[kWh/(m²*a)]

5,747

883

1,192

7,822

163

5,642

883

1,192

7,717

161

DG: Double Glazing

5.2.1.4 Open-air area
In order to achieve a better air flow compared with the base-case and to reduce the
air-conditioned floor area, an open-air area in the second floor of the building is
implemented. An area, which can be used for e.g. sleeping with no massive walls
around is naturally ventilated and can be comfortable in terms of thermal conditions
and air quality. The design is shown in Figure 46. The additional roof overhang at the
front side provides shading to the open-air area and the associated building envelope
elements. The conditioned floor area in this design is decreased to 36 m 2 and the
remaining 12 m2 is unconditioned. Since a part of the top floor is not covered by LWC
walls, it has to be mentioned that there could be some retentions to such a design.
During the workshops conducted in Bangkok in March 2017, participants expressed
several concerns, especially about the air quality in the Bangkok area, wild animals and
privacy. However, with some adjustments (e.g. additional screens or curtains and
protections against wild animals), the design is realizable and should be considered as
the reduction in cooling and total energy demand is very high. The energy performance
of this design is shown in Table 12.
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Figure 46: The design of the variance having an open-air area at the upper floor (Left:
sides facing south and west and right: sides facing north and east side)
Table 12: The annual energy demand of the base-case building with the open-air area

Option Cooling
[kWh/a]

Open-air 4,739
area

Interior
Lighting
[kWh/a]
883

Interior
Total energy Specific total
Equipment demand
energy demand
[kWh/a]
[kWh/a]
[kWh/(m²*a)]
1,192

6,814

142

5.2.1.5 Green roof and green façade
Plants can act as natural shading and reduce the heat gains of the building (see chapter
3.6.3.5). Furthermore, they influence the micro-climate conditions through
evaporation. As the windows and doors are in the walls on the north and south side,
no plants or trees are added on these sides, in order to ensure enough daylight in the
building. Since it is a row house and the west side of the building is attached to the
neighboring building, plants cannot be added there. Two different designs are
simulated. In the first design, plants are added on the roof-top, and in the second
design plants are added on the east side of the building. The simulations show that the
energy savings in the first case are not very significant compared to the second case.
This is due to the air gap between the sloped roof and the ceiling. When the plants are
added on the east façade, the energy savings are significant. The annual energy
demand in the first case is 7,905 kWh/a, and in the second case 7,144 kWh/a. The
energy demand of the building with a green façade on the east side is presented in
Table 13.
The combination of both, green roof and green façade, leads to the same energy
savings as achieved with plants only on the east façade. The plants on the roof-top are
not contributing to the reduction of heat gains in the building.
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Table 13: The annual energy demand of the base-case building with a green façade
(east side)

Option Cooling
[kWh/a]

Plants

5.2.2

5,069

Interior
Lighting
[kWh/a]
883

Interior
Total energy
Equipment demand
[kWh/a]
[kWh/a]

Specific total
energy demand
[kWh/(m²*a)]

1,192

149

7,144

Simulation of active strategies

In this chapter, the energy saving potential of active strategies will be analyzed by
implementing and simulating these in the base-case building model. The implemented
strategies are efficient lighting and air conditioning; the electricity generation from PV
will be discussed in the next chapter.
5.2.2.1 LED lighting
LED lighting is selected as an active measure to reduce the energy demand for lighting.
As discussed in chapter 4.4.1, the lumen efficacy (lm/W) of LED bulbs is 80 lm/W. The
illuminance requirement is 150 lx (see chapter 5.1.4.2). As a result, the installed power
in Watts per area is 1.9 W/m2 and in the simulation a slightly higher value of 2 W/m2 is
used. The results of the simulation are shown in Table 14.
Table 14: The annual energy demand of the base-case building with the LED lighting

Option Cooling
[kWh/a]

LED
light

5,897

Interior
Lighting
[kWh/a]

219

Interior
Equipment
[kWh/a]

1,192

Total energy
demand
[kWh/a]

Specific total
energy demand
[kWh/(m²*a)]

7,308

152

Using LED lighting, the annual energy demand for lighting is reduced by 75%, the
annual energy demand for cooling is reduced by 2% (lower internal heat gains) and
the overall energy demand is reduced by 10% compared to the base-case.
5.2.2.2 Energy efficient air conditioner
The COP of the air conditioning implemented in the base-case is 3; however, for more
efficient ACs the COP is higher (see chapter 4.1.1). A COP of 4.5 is a realistic value for
newly installed, relatively efficient air conditioners. The air conditioner with a higher
COP reduces the annual energy demand for cooling by 28% and the overall energy
demand is reduced by 21% compared to the base-case (see Table 15).

102 | 130

Fraunhofer ISE

Urban Nexus II

Table 15: The annual energy demand of the base-case building with an energy efficient
air conditioner

Option

Cooling
[kWh/a]

Efficient air
conditioning

5.2.3

4,367

Interior
Lighting
[kWh/a]

883

Case study

Interior
Total energy Specific total
Equipment demand
energy demand
[kWh/a]
[kWh/a]
[kWh/(m²*a)]

1,192

6,442

134

Energy performance comparison / Summary

The simulation results discussed above are summarized in Figure 47. It can be seen that
insulating the base-case building, the annual energy demand is the lowest compared to
all other measures. Energy efficient AC (COP 4.5), open-air area at the upper floor,
plant shading at the east façade, LED, natural ventilation and double glazing windows
with vertical fins all show a significant reduction in the annual energy demand. It can
also be seen in Figure 47 that the major load inside the building is cooling and almost
all the measures shown in the figure focus on reducing the cooling load. The
percentages of the annual energy savings of the measures are:


Building envelope insulation: -32%



Plants: -13%



Natural ventilation: -8%



Double glazing clear glass window and vertical fins: -5%



Open-air area: -16%



LED Lighting: -10%



Energy efficient air conditioner: -21%

Figure 47: Comparison of the energy demand of the active and passive strategies,
simulated individually in the base-case building
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Similarly, the resulting specific energy demand of the measures is depicted in Figure 48.

Figure 48: Energy intensity of the active and passive strategies, simulated individually
in the base-case building

The technical analysis (chapter 5.2.1, 5.2.2 and 5.2.3) suggests that all active and
passive strategies lead to significant energy savings. In the next step, an economic
analysis of the described strategies is conducted to find an optimal combination of the
active and passive strategies in terms of energy savings and economic feasibility.
5.2.4

Economic Analysis

5.2.4.1 The additional cost calculation for active and passive strategies
The costs are calculated for the year 2017. For the measures, for which no cost
information is found for 2017, the costs of earlier years are adjusted according to the
Thai inflation rate (until April 2017) to calculate the costs in the base year (see Table
16; for details about the Thai inflation rate see (Kaiser, 2017)).
Table 16: Annual inflation rate in Thailand from 2004 to 2017 (Source: (Kaiser, 2017))
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Year

Annual inflation rate [%]

Year

Annual inflation
rate [%]

2017

1.03

2010

3.30

2016

0.19

2009

-0.80

2015

-0.90

2008

5.48

2014

1.90

2007

2.30

2013

2.20

2006

4.70

2012

3.00

2005

4.50

2011

3.80

2004

2.70
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Building envelope insulation:
As discussed in chapter 5.2.1.1, the relationship between the investment cost of the
fiberglass insulation and its thickness is linear. The calculation of the total investment
cost (including installation costs) of the insulation is based on the cost information
provided in (Al-Khawaja, 2004; Suendermann, 2015) and in (Al-Khawaja, 2004).
According to (Al-Khawaja, 2004; Suendermann, 2015) the total investment cost per cm
thickness of fiberglass insulation is 45.0 THB/m2 and according to (Al-Khawaja, 2004)
the total investment cost is 26.1 THB/m2 per cm in 2017. The average of the total
investment costs is 35.6 THB/m2. Furthermore, an additional safety factor of 20% is
considered, which leads to investment costs of 42.7 THB/m2 per cm. The safety factor is
considered due to the fact that cost information is only available from two sources. In
the base-case building the total area to be insulated is 157 m2. The total investment
cost required for different thicknesses is calculated and shown in Figure 45. The total
investment cost for a thickness of 7 cm is 46,944 THB.
Increased windows area
In order to improve the natural ventilation in the building, the window area is increased
from 5.2 m2 to 9.5 m2. The cost of single glazing clear glass windows is 529 THB/m 2
(information provided by a supplier). For the increased window area the additional cost
is 2,281 THB.
Double glazing windows and vertical fins
For double glazing windows an additional cost of 2,752 THB is required for the
window area of 5.2 m2 and an additional cost of 5,034 THB is needed for the increased
window area. The cost calculation of vertical fins is conducted for fins made with LWC
(1 cm thickness). The construction cost is 85.7 THB/m2 for 1 cm thickness in 2013
(Suendermann, 2015). This cost is calculated for a row house built with LWC in
Bangkok (Suendermann, 2015). For 2017, the construction cost is 87.5 THB/m2 for
1 cm thickness and the total cost for all vertical fins (9 vertical fins with a total area of
17.17 m2) is 1,504 THB.
Open-air area
Since less construction material is required for an open-air area compared with the
base-case building, cost savings are achieved. The total wall and ceiling area is reduced
by 24 m2 and 11.6 m2 respectively. As additional roof shading is required, the total roof
area is increased by 8 m2. The construction cost for 1 cm of LWC is 87.5 THB/m2 (see
above) and the cost of a gypsum board (part of ceiling; thickness of 9 mm) is
255.5 THB/m² in 2017 (Suendermann, 2015). The cost savings achieved due to the
reduced wall area is 21,008 THB and due to the reduced ceiling area 15,562 THB. The
additional cost required for the roof is 6,798 THB. The total cost saving achieved with
the open-air area is 29,871 THB.
Plants
For the cost calculation of ground based plants, cost information from (Pfoser et al.,
2013) is used. The cost information includes the cost for materials (plants and frame
etc. required) and labor cost. It is based on the German market (no cost information for
green façades and roofs is found for Thailand, but according to information provided
by Kasetsart University, Bangkok, most elements for green roofs and façades are
Fraunhofer ISE
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imported). The labor cost included in the overall costs provided in (Pfoser et al., 2013) is
based on the German labor rate and must be adapted to the Thai labor rate. The
average labor rate in Thailand is 10.8 times lower than the average labor rate in
Germany (Thailand: 13,415 THB/month (2017b), Germany: 145,094 THB/month
(2017a)). Furthermore, it is assumed that the labor cost is 50% of the total cost
provided in (Pfoser et al., 2013). Based on the available data and the assumptions
made, the investment costs and the labor costs are added to calculate the total
investment cost in 2017, which is presented in Table 17. The wall area on the east side
is 35.73 m2.
Table 17: Total investment cost required green façade

Type

Cost
[THB/m2]

Ground based plants with frame to 1,467
climb up (For the façade at east side)

Area to be Total investment
planted [m2] cost [THB]
35.73

52,429

LED lighting
A total installed power of 90 W of LED lighting is required based on the discriptions in
chapter 5.2.2.1 (7,200 lm / 80 (lm/W) = 90 W). Based on a 4 Watts LED bulb the total
number of LED bulbs required is 23. In a similar way the total number of 40 W
incandescent bulbs (lumen efficacy: 17.5 lm/W) is calculated to 10. The cost of the 4 W
LED bulb in 2017 is 301 THB and the cost of a 40 W incandescent bulb is 23 THB
(Suendermann, 2015). The additional cost required for LED lighting is 6,356 THB.
Efficient Air conditioning
The cost of an energy efficient AC with a COP of 4.5 – 5 is 42,000 THB and of an AC
with a COP of 3 – 3.75 is 29,000 THB (according to supplier information). The number
of split type ACs needed for cooling the base-case building is 3 (1 air conditioner for
each bedroom and 1 for the living area). The total additional cost is 39,000 THB.
Summary
The additional costs of all active and passive strategies are presented in Figure 49. It
can be seen that the green façade has the highest additional costs and, for the openair area, the additional cost is negative, which means that cost savings are achieved.

106 | 130

Fraunhofer ISE

Urban Nexus II

Case study

Figure 49: The additional cost comparison of the active and passive strategies for the
base-case building

5.2.4.2 Cost savings with the active and passive strategies
In this chapter the annual cost savings and payback periods for each measure are
analyzed. For the economic analysis, two different scenarios are developed. In the first
scenario the additional costs, annual cost savings and the simple payback period are
calculated without considering an interest rate and an increase in electricity prices. In
the second scenario, an annual interest rate of 1% and an annual increase in the
electricity price of 3% is assumed. The considered lifespan is 20 years.
Economic scenario-1
In the following, the annual cost savings and payback periods are calculated based on
the first economic scenario. The method used is a static approach for comparing
different investment possibilities. In order to calculate the annual cost savings, the Thai
tariff rates listed in Table 18 per kWh are used (Provincial Electricity Authority, 2015).
Table 18: Thai tariff rates for residential electricity consumption (Source: (Provincial
Electricity Authority, 2015)

Category

Monthly electricity consumption Energy charge per KWh [THB]

1

0-150 kWh

2.7628

2

151-400 kWh

3.7362

3

above 400 kWh

3.9361

For the building envelope insulation, monthly electricity demands are calculated after
applying thicknesses between 1 and 10 cm in the base-case. The energy savings (kWh)
are obtained by comparing it with the monthly electricity demand of the base-case
building and the monthly cost savings are calculated after multiplying the energy
savings with the tariff rate provided in Table 18 (depending on whether the monthly
electricity demand falls in category 1, 2 or 3). The calculated annual cost savings for
different thicknesses of fiberglass insulation are illustrated in Figure 44. In the same,
way the annual energy savings and respective annual cost savings for all active and
passive strategies are calculated, (process shown in Figure 50).
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Identification
of tariff rate
(category 1,2
or 3) based
on monthly
energy
demand of
the building

Comparison
of energy
demands of
base-case and
modified with
active/passive
strategy

Calculation of
monthly
energy
savings [kWh]

Calculation of
monthly cost
savings [THB]
by multplying
energy
savings with
respective
tariff rate

Figure 50: Process for calculation of monthly energy and cost savings

The calculated annual cost savings are assumed to be the same for each year of life
span in economic scenario-a. The calculation results are shown in Figure 51.

Figure 51: The annual cost savings comparison of the active and passive strategies (1st
scenario)

The simple payback period for all measures is calculated by dividing the additional cost
of a measure by the annual cost saving of the respective measure. The results are
shown in Figure 52.

108 | 130

Fraunhofer ISE

Urban Nexus II

Case study

Figure 52: The simple payback period comparison of the active and passive strategies
(1st scenario)

Economic scenario-2
In the following, annual cost savings and the discounted payback period are calculated
based on economic scenario-2. In order to calculate the annual cost savings, annual
energy costs are compounded by the 3% growth rate in electricity prices mentioned
above. In contrast to scenario-1, the achievable cost savings of the measures are
increasing during the considered life span. The savings are discounted to the present
values using the assumed 1% interest rate. In the next step, the discounted payback
period is calculated by using the present values of future annual cost savings.
Discounted payback follows the same logic as the simple payback period. The annual
cost savings are subtracted year-wise from the additional costs until all the additional
costs are recovered. The equations for the annual cost savings and the present value
are:
𝐴𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 𝑠𝑎𝑣𝑖𝑛𝑔𝑠
= (𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑚𝑎𝑛𝑑𝑏𝑎𝑠𝑒𝑐𝑎𝑠𝑒 ∗ 𝑐𝑒𝑙 ) ∗ (1 + 𝑝)𝑛
− (𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑚𝑎𝑛𝑑𝑠𝑡𝑟𝑎𝑡𝑒𝑔𝑦 ∗ 𝑐𝑒𝑙 ) ∗ (1 + 𝑝)𝑛
With:


energy demandbasecase: annual energy demand of base-case in [kWh]



energy demandstrategy: annual energy demand after energy efficient strategy/
measure is simulated in [kWh]



cel: specific cost of electricity in [THB/kWh]



p: annual increase in electricity price in [%]



n: number of the year for which annual cost saving is calculated.

The present value of the annual cost savings is calculated using the following equation:
𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 =
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With:


Csaved: annual cost savings of energy efficiency measure in [THB/a]



i: interest rate in [%]



n: number of the year, for which annual cost saving is calculated.

The calculated annual cost savings of the analyzed measures over the lifespan of 20
years are shown in Figure 53. The calculated discounted payback period is illustrated in
Figure 54.

Figure 53: The annual cost savings comparison of the active and passive strategies for
the base-case building (2nd scenario)

Figure 54: The payback period comparison of the active and passive strategies (2nd
scenario)

The economic analysis of the additional cost, annual cost savings and payback period
shows that all active and passive strategies are economically feasible and can be used in
the final building design. The simple payback periods (1st scenario) for green façade
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(east side), building insulation, energy efficient air conditioning and double glazing
windows are 12.4, 4.6, 6.0 and 5.3 years respectively. For natural ventilation, LED and
vertical fins the simple payback periods (1st scenario) are 0.8, 2.0, 1.3 and 0.8 years. In
the second scenario, the payback period is even lower than in the first scenario.
Furthermore, green façades give additional value by filtering the air, a good
atmosphere and possibly also food. Therefore, more cost savings are possible with a
green façade. For open-air area, since no additional cost is required, the calculation of
the payback period is not needed. The economic analysis suggests that the additional
costs required for each active and passive strategy are justified as significant annual
cost savings can be achieved. As a result, the combination of all strategies discussed in
chapter 5.2.1 and 5.2.2 are used in the final building design.
5.2.5

Case study

Combination of active and passive strategies

In this chapter the active and passive strategies discussed above are combined and
simulated to analyze the overall reduction of the annual energy demand. Two different
combinations are analyzed (design-1 and design-2). In design-1, all active and passive
strategies described above are combined except the open-air area. In design-2, also the
open-air area is considered. This is due to the possible acceptability problem of the
open-air area as discussed in chapter 5.2.1.4. The simulation results for design-1 (fully
closed building) and design-2 (open-air area) are shown in Table 19.
Table 19: The annual energy performance of building design-1 and building design-2

Option

Cooling
[kWh/a]

Interior
Lighting
[kWh/a]

Interior
Total energy
Equipment demand
[kWh/a]
[kWh/a]

Specific total
energy demand
[kWh/(m²*a)]

Design-1

1,644

219

1,192

3,056

64

Design-2

1,394

219

1,192

2,806

58

The simulations show that the combination of all active and passive strategies for
design-1 reduces the total energy demand of the building to 3,056 kWh/a. The annual
energy demand of design-2 is 2,806 kWh/a. By implementing design-1 and design-2 a
reduction of the annual energy demand of 62% and 65% respectively is achieved.
In order to realize a nearly zero- or plus-energy building, on-site renewable energy
generation is necessary to provide the remaining energy demand. Therefore, PVsystems for meeting the remaining energy demand of design-1 and design-2 are
implemented. For designing the PV systems for both designs, the simulated hourly
energy demand data is taken. Since the ambient temperature and therefore the energy
demand are highest between March and May, the PV system is designed to meet these
peak demands. Based on the hourly energy demand data an average daily load is
calculated, which is 8.8 kWh for design-1 and 8 kWh for design-2. As there is also an
electricity demand during times, in which the PV-system cannot provide enough
electricity, an additional battery storage system is considered, which is able to store
enough electricity to meet the demand between 6 pm and 8 am.
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5.2.5.1 PV system calculation for design-1
The PV system is sized for an average daily load of 9 kWh (slightly oversized due to
safety concerns). For the layout the tool PVsyst (PV system sizing tool) is used. The PV
panels are placed on the building roof-top. PVsyst also considers detailed PV system
losses e.g. thermal, ohmic, module mismatch and ageing losses etc. For the daily load
of 9 kWh, the PV system components listed in Table 20 are suggested by PVsyst.
Table 20: PV system components required for design-1

System Components

Quantity

PV panels (250W, Vmpp 29.7 V, Impp 8.25 at 25°C and 1000 W/m2) 14
Batteries (250Ah, 6V)

8

According to the results from PVsyst, the nominal power is 3.43 kW p at standard test
conditions. The net area required for the PV panels is 23 m 2 and the net area available
on the rooftop is 32.5 m2. A battery bank consisting of eight batteries can supply the
electrical energy demand of the building for one day. The total number of load cycles
of the batteries is 1475 at 50% depth of discharge (DOD) and the total stored energy
during the battery lifetime is 8,850 kWh.
The effective daily electrical output from the PV system as a function of the daily solar
irradiance of Bangkok for one year is shown in Figure 55. When the global solar
irradiance is below 4 kWh/m2, the electrical output from the PV system is lower
compared to a global irradiance of more than 4 kWh/m2. For the global irradiance
between 0.5 and 4 kWh/m2, the increase of the electrical output is almost linear.

Figure 55: The effective electrical output form the PV as a function of the daily solar
irradiance in Thailand

The monthly PV generation data and the monthly energy demand of design-1 obtained
from the simulations are shown in Figure 56. It can be seen that the annual electricity
generation form PV is exceeding the annual energy demand of design-1 for most of
the months of the year. During May and June, due to a high cooling load of the
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building, the electricity generation from PV is slightly lower than the electricity demand
of the building. Since August and September fall in the rainy season in Bangkok, the PV
generation is slightly below the building’s demand for these months as well.

Case study

Figure 56: The comparison of monthly energy PV production and monthly electrical load

Figure 57 shows the solar fraction for design-1. Solar fraction is the ratio of the energy
produced by PV and the energy demanded by the building. During most months of the
year the solar fraction is greater than one. The annual solar fraction is 1.03, which
means that the PV system is generating almost the same amount of electricity as the
building needs on an annual basis. The annual PV generation is 3,160 kWh and the
annual energy demand is 3,056 kWh. The solar fraction is slightly below 1 for May,
June, August and September due to the reasons mentioned above.

Figure 57: The solar fraction for design-1

With the energy balance boundaries described in chapter 2.4, design-1 achieves energy
savings of 62%. The reduced energy demand for cooling, dehumidification, ventilation,
lighting and interior equipment can be supplied by the on-site PV generation. For a
monthly balancing period, it can be seen that PV generation covers more than 80% of
the energy demand of design-1 (see Figure 56 and Figure 57). For May, June, August
and September design-1+PV needs to import 0.2, 0.43, 0.6 and 0.3 kWh/m2 (annually
1.3 kWh/m2) electricity from the grid to meet its energy demand. Based on the
descriptions above (62% reduction of annual energy demand, PV system covering
more than 80% of the monthly energy demand, maximum import from the grid below
1 kWh/m2 on monthly basis) and the definition of a nearly zero-energy building (see
chapter 2.3), the simulation results show that design-1+PV is a nearly zero-energy
building design.
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5.2.5.2 PV system components required for design-2
The PV system for design-2 is designed for a daily load of 8.1 kWh (slightly oversized
from the calculated daily load of 8 kWh for design-2). The PV system of design-2 is also
designed with PVsyst. The components required for the PV system in design-2 are
summarized in Table 21.
Table 21: PV system components required for design-2

System Components

Quantity

PV panels (250W, Vmpp 29.7 V, Impp 8.25 at 25°C and 1000 W/m2) 13
Batteries (250Ah, 6V)

8

According to the results from PVsyst, the nominal power is 3.19 kW p at standard test
conditions. The net area required for the 13 PV panels is 21 m 2 and the effective area
available is 29 m2. The total number of load cycles of the batteries is 1,475 at 50%
depth of discharge (DOD) rate and the total stored energy during the battery lifetime is
8,850 kWh.
The monthly PV generation data and the monthly energy demand of design-2 are
shown in Figure 58. It can be seen that the annual electricity generation form PV is
exceeding the annual energy demand of design-2 for most months of the year. In May,
June, August, September and October the electricity generation from PV is slightly
lower than the electricity demand of the building (high cooling load in May and June,
rainy season in August, September and October).

Figure 58: The comparison of monthly electricity generation from PV and the monthly
electrical load of the building

Figure 59 shows the solar fraction for design-2. The annual solar fraction is also 1.03,
which means that on an annual basis the PV system generates almost the same
amount of electricity as the building demands. The annual generation of the PV system
is 2,880 kWh and the annual energy demand is 2,806 kWh (chapter 5.2.5).
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Figure 59: The solar fraction for design-2

Design-2 provides 65% annual energy savings. On a monthly basis it can be seen that
PV generation covers more than 80% of the energy demand of design-2 (solar fraction
above 0.8 for all months, see Figure 59). In May, June, August and September design2+PV needs to import 0.2, 0.2, 0.4 and 0.3 kWh/m2 (annually 1.1 kWh/m2) electricity
from the grid to meet its energy demand. Like design-1, design-2+PV is also a nearly
zero-energy building design.
5.2.6

Final Economic Analysis

In this chapter an economic analysis of the overall cost required for the active and
passive strategies applied in design-1 and design-2 and the cost required for the PV
system will be analyzed. The individual cost of all active and passive strategies is
discussed in chapter 5.2.4. The total cost required for the PV systems, designed for
design-1 and design-2 discussed in chapter 5.2.5, will be analyzed as a first step in this
chapter.
As mentioned in chapter 4.5.1, the cost of the PV system is available from three
sources for a PV system in Thailand (Tongsopit, 2015), (Schoch, 2017) and (Department
of Alternative Energy Development and Efficiency, Thailand, 2013). After adjusting to
the base year, the PV system cost according to (Tongsopit, 2015), (Schoch, 2017) and
(Department of Alternative Energy Development and Efficiency, Thailand, 2013) is 80,
70 and 81 THB/W respectively in 2017. The price chosen for the economic analysis is
70 THB/W ((Schoch, 2017). According to (Tongsopit, 2015) the yearly O&M cost of a
PV system is 0.68% of the investment cost. The lifetime of the PV system according to
(Department of Alternative Energy Development and Efficiency, Thailand, 2013) and
(Tongsopit, 2015) is 20 and 25 years respectively. In this study, a lifetime of 20 years is
assumed. For the batteries, costs of 48,000 THB are assumed (information from
different suppliers). The costs are provided in Table 22.
Table 22: PV system cost for the PV systems in design-1 and design-2

PV system

THB

PV system cost for design-1 (3.43 kWp)

240,100

Total cost of PV system for design-1 (adding battery storage cost and lifetime 320,753
O & M cost)
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PV system cost for design-2 (3.19 kWp)

222,950

Total cost of PV system for design-2 (adding battery storage cost and lifetime 301,271
O & M cost)

Figure 60 shows the additional cost for design-1, design-2, design-1 + PV system and
design-2 + PV system. The additional cost required for design-2 is lower than design-1
as in design-2 open-air area reduces the overall costs and the PV system is slightly
smaller. The additional cost required for design-1, design-2, design-1 + PV system and
design-2 + PV system is 151,446, 121,575, 472,200 and 422,846 THB. The
combination of deisgn-1 and PV system is the most costly system.

Figure 60: The additional cost required for different designs

Economic scenario-1
Figure 61 and Figure 62 show the annual cost savings and the simple payback period
under economic scenario-1. The annual cost savings are calculated based on the
electricity price in Bangkok provided in Table 18. The annual cost savings are higher for
design-2 as it has an additional open-air area, which reduces the construction costs of
the building. The annual cost savings are higher for design-1 + PV system compared to
design-2 + PV system. For design-1 and design-2 plus PV system, the annual PV
generation is higher than the annual energy demand by 104 kWh/a and 74 kWh/a,
respectively. Therefore, the annual cost saving is slightly higher for design-1 + PV
system compared to design-2 + PV system.
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Figure 61: The annual cost savings for different designs (1st scenario)

The simple payback periods for design-1 and design-2 are 8 and 6 years respectively.
The simple payback period of design-1 and design-2 plus PV is approximately 21 and
19 years (see Figure 62). The results show, that when interest rate and a rise in
electricity prices is not considered, the simple payback period is relatively high for the
two designs with a PV system. The resulting payback times are close to the considered
lifespan and close to the technical lifetime of PV-systems. Under the current market
situation (no feed-in tariff, high investment costs vs. relatively low electricity prices for
private households) and the battery costs, which are still relatively high, designing a
nearly zero-energy building (including PV and battery to meet the electricity demand
also during the night) is almost impossible without additional governmental support.
The situation changes, when changing electricity prices and interest rates are
considered and/ or PV and battery prices are further decreasing.

Figure 62: The payback period for different designs (economic scenario-1)
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Economics scenario-2
The annual cost savings and payback periods are calculated with the assumptions for
the economic scenario-2. The results are summarized in Figure 63 and Figure 64. When
an interest rate and an increase in electricity prices is considered, the annual cost
savings for the building designs with PV system are much higher than in economic
scenario-1. The annual cost savings for design-1 + PV are slightly higher than for
design-2 + PV. However, this difference is not clearly visible in Figure 63, as the
difference in cost savings is very low and the annual cost savings for these two systems
are almost the same.

Figure 63: The annual cost savings for different designs (2nd scenario)

The discounted payback periods for the four designs (design-1, design-2, design-1 +
PV, design-2 + PV) are approximately 7, 5, 13 and 12 years respectively. In this scenario
the payback period for the two building designs with PV is much lower than in
economic scenario-1, which means that taking rising electricity prices and interest rates
into account and applying a more dynamic investment calculation method, installing a
PV system in both building designs economically becomes more feasible than in
economic scenario-1. The discounted payback is presented in Figure 64.

Figure 64: The payback period for different designs (2nd scenario)
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Summary
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A simulation tool like EnergyPlus is a very good instrument to validate different options
of design and technical equipment. The design of green facades and roofs is not yet
well developed and implemented into the design process. However, it is not possible to
evaluate the effects of green façades/ roofs and different plants on the energy demand
of a building with simulation tools, which are already available on the market. It seems
that there will be a big potential for green façades also in terms of providing food for
the inhabitants. It could also be possible to use the greywater for watering the green
façades and roofs when treated properly. The influence and interdependencies of
wastewater treatment, the use for green façades and roofs and the production of food
must be developed.
In order to realize (nearly) zero- or even plus-energy buildings, in which all three Nexus
sectors “water security”, “energy security” and “food security”, integrated planning,
considering energy related issues at each planning step and for each subchapter of the
building and the consideration of natural resources and possibilities at the building is of
major importance. For building a zero- or plus-energy building, it is essential to focus
on energy efficiency in each planning and design stage. A focus should be on passive
design strategies for reducing the energy demand. This includes, among other options,
shading of at least all openings in the façade (windows, doors) either by fins,
overhangs or with plants, which can be used for food production, as well as an
appropriate insulation of the building envelope (mainly roof and external walls). It has
to be mentioned that most available planting systems for roofs and facades are
currently relatively expensive as many of the systems have to be imported. However, if
a system is installed at the façade or on the roof, the cost differences between plants
for food production and plants, which do not produce food, are negligible.
Additionally, the time of use (processes in the building, number of occupants, occupant
behavior etc.) should be considered. The energy demand during the time of use can be
minimized by assuring the use of highly efficient technical equipment and HVAC
systems. Besides more energy related issues (Nexus sector “Energy security” including
reduction of energy demand, energy efficiency and use of renewable energies on-site)
possibly in combination with food production (Nexus sector “Food security), water
security plays a major role for sustainable Nexus (plus-energy) buildings. The use of
rainwater for services inside a building and watering of gardens and green façades and
roofs as well as decentral wastewater treatment and reuse can improve the water
security and reduce environmental impacts like water pollution and the overuse of
natural water resources.
The main phase for designing and building are the preparation, design, preconstruction and construction. In order to assure that energy efficiency and
sustainability topics are considered in each phase of a building’s lifecycle, the Royal
Institute of British Architects developed and published so called Green Overlay to the
RIBA Outline1.

1

Gething, B. (editor): Green Overlay to the RIBA Outline – Plan of Work. Royal Institute of British Architects.
London, November 2011
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5.3.1

Existing examples in Thailand

ThaiHealth Center
The ThaiHealth Center (see Figure 65) is a public building in Bangkok (99/8 Soi
Ngamduplee, Thungmahamek, Sathorn, Bangkok 10120), which was designed as a
green building that meets international standards. It is the first learning center in
Thailand to promote well-being and health. There are three different routes for visitors
in the building, in which they can learn about different aspects of health and wellbeing. Route one addresses architecture and lifestyle (“Green Building, Green Living”),
route two (“The Path of Happiness”) shows exhibitions, which aim to create inspiration
and positive energy to live a life with increased well-being and route three (“Art from
Inspiration”) shows art to transmit happiness to viewers (see (Thai Health Promotion
Foundation (ThaiHealth), 2013)). The building was designed in a way that the endenergy demand for cooling, ventilation and lighting was reduced and the well-being of
occupants is supported. The focus in the building design was to use passive design
concepts to reduce the overall energy demand for the building operation as much as
possible. The main features are efficient automatic moveable fins for shading at the
façade and openings in the façade in the main wind direction connected to an atrium
from the bottom to the top of the building allowing natural ventilation and fresh
breezes on each floor of the building in the corridors and on staircases (offices,
working and meeting rooms are separated). Parts of the façade, roof and atrium were
greened including organic urban farming (vegetables, spices). Additionally, different
innovative solutions are demonstrated in the building. These include “light shelves”,
which allow the use of sunlight for illumination in the rooms but avoid the high
thermal gains from direct sun irradiation, “light pipes”, which channel sunlight to the
underground parking area reducing the electricity demand for lighting, a decentral
biogas-plant and rainwater harvesting as well as water-reuse. In addition, PV panels are
installed on the roof-top to supply electricity from renewable sources to the building
and meet at least part of the electricity demand.
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Figure 65: The ThaiHealth Center (Top left: open atrium and openings in the façade
allowing natural ventilation, top right, bottom left and bottom right: automatic
moveable fins for shading as well as daylight and glare control; top left, bottom left
and bottom right: plants at almost all levels provide shading and support ventilation
and cooling as well as food (organic urban farm)). Picture taken by Fraunhofer ISE
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Pruksa Plus House
Pruksa Real Estate Public Company Limited (Plc.) is a real estate developer founded in
1993 in Thailand. The focus of the company is on townhouses, single-detached houses
and condominiums. The Pruksa Plus House (see Figure 66) is a demonstration building
in a real estate development area in Bangkok’s suburbs (Plant Estique Pattanakarn 38).
It addresses four customer trends (safe and durable housing, hygiene-oriented and
comfortable houses for everyone, energy saving and modern buildings with
technologies for more convenience; see (Pruksa Holding Public Company Limited,
2016)) with a focus on energy –saving and environmentally friendly materials. It
achieved DGNB-platinum level, the highest certificate of the German Sustainable
Building Council (compare (Pruksa Holding Public Company Limited, 2016)). The
building was developed with several stakeholders including EGS-plan (Bangkok) Co.,
Ltd. The building is a single family building for mid- or high-income households. Major
elements of the building are shading devices (overhangs, fins around the windows,
trees) and insulation of the building envelope to reduce the solar heat gains and
cooling energy demand. Furthermore, the infiltration rate was reduced massively
compared to current standard building and building is equipped with an efficient
decentral ventilation system with heat recovery in each room. The cooling energy is
provided by a water cooled cold water chiller (exhaust hot water used for hot tap water
generation). The building’s electricity demand is met by a roof-top PV-system. In order
to use as much renewable electricity from the PV system, an ice-storage is part of the
cold supply system, which allows the cold production during the day when the PVsystem generates electricity and the usage during the evening and night, when the
occupants are at home.

Figure 66: The Pruksa+ Project in Bangkok. Picture taken by Fraunhofer ISE

Chiang Mai Health Care Center

122 | 130

Fraunhofer ISE

Urban Nexus II

The Chiang Mai Health Care Center was planned by the Chiang Mai Municipality as a
standard building according to the Thai laws and regulations. In the final design phase
in 2016, an analysis of the building design was mandated by GIZ Urban Nexus in order
to increase the energy efficiency of the building upon request of Chiang Mai
Municipality. Several active and passive design options were identified, which can
improve the energetic performance of the building, which are described in the final
report of the project (Study of Chiang Mai Health Care Center, (Schoch, 2017)). The
identified active measures are the installation of a PV system on the roof-top, split type
evaporators with inverters and LED lighting. The passive measures are exterior shading,
an improvement of the openings in the façade (mainly improved windows), the
insulation of the ceiling below the roof and an adjustment of the cooling temperature.
Not all of the suggested measures were analyzed in a simulation study. The nonselected measures are the installation of a lighting control system, reflective coating on
the roof and the insulation of the exterior wall. The simulation of the described options
and the combination of some of the possible measures resulted in the recommendation
of two combination options, which lead to energy savings of 30% to 40% (Schoch,
2017). The combinations are:

Case study

1. Combination 1: Installation of LEDs and insulating the roof
2. Combination 2: Installation of LEDs, insulating the roof and installing an ACsystem with inverter
3. Combination 3: Installation of LEDs, insulating the roof, installing an ACsystem with inverter and a PV system
The resulting additional investment costs and the simple payback times are (see
(Schoch, 2017):
1. Combination 1: Additional investment: 187,646 THB; Simple payback time:
1.7 years
2. Combination 2: Additional investment: 270,037 THB; Simple payback time:
4.9 years
3. Combination 3: Additional investment: 347,180 THB; Simple payback time: 7.0
years
Further topics, which were not part of the simulation study, but discussed with the
different stakeholders of the project in several meetings, are the improvement of the
visual comfort and well-being, which seemed to be not sufficiently addressed in the
original design. Furthermore, the integration of green areas/ plants inside the building
and on balconies could improve the comfort and wellbeing of the occupants.
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