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Kurzfassung 

Der stetig steigende Ressourcenverbrauch durch die exponentiell wachsende Weltbevölkerung 

kann nicht unendlich fortgesetzt werden. Infolgedessen treten lokale und globale Verknap-
pungen infrastruktureller Leistungen auf. In diesem Kontext stellen der Bausektor sowie Ge-

bäude und deren Ressourcenkonsum über den gesamten Lebenszyklus einen wesentlichen 

Anteil dar. In dieser Arbeit wird auf den Gebäudebestand, verwendete Baumaterialien und 
Bauweisen in Thailand, Viet Nam, Indonesien und auf den Philippinen eingegangen. Der 

übergreifende Schwerpunkt liegt dabei auf einer Einschätzung der Energieeffizienz der unter-

suchten Bauprinzipien. Es wird die Frage geklärt, wie sich der Baubestand in den einzelnen 
Ländern zusammensetzt. Die Daten stützen sich dabei auf öffentliche Statistiken, Daten, Berich-

te, Interviews und Erfahrungswerte. Gebäude, welche ökonomische, soziokulturelle und ökologi-

sche Aspekte ganzheitlich berücksichtigen sind auf dem Massenmarkt der betrachteten Länder 
noch nicht angekommen. Zusammenfassend werden aus den gewonnenen Daten Verbesse-

rungsvorschläge darüber, wie derzeitige Bauweisen in der Planungsphase sowie in der Betriebs-

phase saniert werden können, gegeben. Schwerpunkt dabei sind schnell umsetzbare, kosten-
effiziente Maßnahmen ohne bauliche Veränderungen, sowie konstruktive Sanierungsmaßnah-

men. 

 
 

Abstract 

A continued increase in consumption of resources by an exponentially growing population can-

not be sustained indefinitely. As a result global and local shortages of essential infrastructure 

services will occur. Within this context buildings and their resource consumption, over their 
lifecycle, represent a major resource consumer. This report will cover existing building stocks, 

typical building materials, and building designs throughout Thailand, Vietnam, Indonesia and 

the Philippines. Clarifications will be made on the composure of the current building situation 
with highlights on regional differences. Buildings that consider economic, social-cultural and 

ecological criteria in a holistic context are not typically found in sample area. In conclusion 

the gained data will be used to map out areas for improvement for the design and opera-
tional phases of buildings in the considered countries. Through this methodology an overview is 

worked out for quick costefficient measures without construction work as well as retrofitting 

construction procedures for energy efficient buildings. 
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I. Global issue 
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1 Energy outlook and target of the report 

 

According to the Organisation for Economic Cooperation and Development 

(OECD) a city of 1 million people needs in average: 

• 1 758 kWh of energy every second 

• 3 785 l of oil per minute 

• 150 t of coal each hour 

• two dedicated world-scale power plants 

• 500 000 cars 

• 18 925 000 l of petroleum every day. 

 

OECD equals 1200 such cities today, growing to 1300 in 2030. The global 
energy demand today equals a use of 4 396 000 kWh of energy every sec-

ond.1 Additionally the total CO2 emission worldwide reached a new peak 

with 32 579 ∗ 109 kgCO2 in 2011.2 

More than 600 M people live in the Southeast Asia (SEA) region today. The 

population doubled from 1972 to 2010, and had increased by 48 % over 
the quarter century since 1985.3 The rising standard of living and income 

level will result in an increased use of energy in total. Since 1990, the re-

gion’s energy demand has expanded two-and-a-half times. Due to future 
higher income levels, the energy demand will increase. Especially consider-

ing that the average per capita energy use of these 600 M people today is 

only half of the present global average.4 

Electric consumption in the building sector will primarily increase by the us-

age of building services5. These appliances are mainly driven with a 100 % 
exergy source: electricity. By considering the primary energy factor, approx-
imately three times more energy needs to be used to produce one unit of 

electricity. This means from 1 kg of pit coal, which contains approximately 

8 kWh of energy, only 30 % are available as electricity, which is only 
2.4 kWh. Therefore the global trend to rising costs of fossil energy applies 

pressure to traditional economical, environmental and sociocultural princi-

ples. Advanced energy efficient building principles are one sustainable and 
profitable way to reduce energy consumption, costs and harmful waste 

over the whole lifespan of buildings. Currently energy efficiency is the 

cheapest way to conserve energy and to reduce greenhouse gas emissions 
globally 

 

 

1http://eneken.ieej.or.jp 
2http://www.eia.gov 
3http://www.ari.nus.edu.sg 
4Birol 2013 Page: 11 
5Building services is in this paper used for technical building systems or building services engineering. Maintenance of 

such systems through qualified air-conditioning engineers or facility managers.  
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2 Brief description of the considered countries in Southeast Asia 

Cities today account for about two-thirds of the world’s annual energy con-

sumption and about 70 % of the global Greenhouse gas (GHG) emissions. 

In coming decades, urbanization and income growth in developing coun-
tries are expected to push cities energy consumption and GHG emission 

shares even higher. Particularly where the majority of people remain under-

served by basic infrastructure services and where city authorities lack re-
sources to shift current consumption and emission trajectories. These chal-

lenges are keenly felt by many cities and millions of people in the East Asia 

and Pacific region, which is experiencing unprecedented rates of urbaniza-
tion and population growth.1

  

Figure 2.1
2 
shows that the average Gross Domestic Product (GDP) growth rate 

between 2000 and 2009 was in average 5.2 % in the Association of South-

east Asian Nations (ASEAN) countries. Compared to that, the world aver-

age was 3.1 %. Furthermore, the GDP in the ASEAN grew slightly slower 
than the energy consumption with 4.8 % annually. The world average en-

ergy consumption grew by 2.2 % in the same period. Indonesia, Malaysia, 

the Philippines, Thailand and Viet Nam experienced a faster growth of en-
ergy consumption than a growth in GDP, in the period from 2000 - 2009. 

Which means low energy efficiency (EE) for these economies. In the world 

average, the growth in electricity and energy consumption is lower than 
the growth in GDP. ASEAN economies generally follow this trend in energy, 

but not in electricity consumption. In other words, the growth in electricity 

consumption is exceptionally high. Which means it is reasonable to raise 
concern about the efficiency of electricity consumption.2  

Table 2.1: Growth in GDP, energy consumption and electricity consumption 
- ASEAN compared to world average in 2000 - 2009 

 

GDP Energy consumption Electricity consumption 

ASEAN 5.2 % 4.8 % 6.6 % 

World average 3.5 % 2.2 % 3.1 % 

 
 

2.1 Climate 

The considered countries in this report are located in a hot-humid tropical 

climate zone with several subtropical and colder mountain areas. This trop-

ical climate zone records temperature levels around 30 ◦C, high humidity 
levels and heavy rainfalls throughout the year. Many regions have two  sea-

sons, a wet and a dry season. The annual average temperature, in reference 

to the Köppen–Geiger climate classification is Tcold ≥ 18 °C. Which means 

the coldest month of the year is warmer than 18 ◦C.3
 

 

1Ostojic et al. 2013 Page: 319 
2Sioshansi 2013 Page: 227- 250 
3http://www.hydrol-earth-syst-sci.net  
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The tropics are centered on the equator and limited in latitude by the Tropic 
of Cancer in the northern hemisphere and the Tropic of Capricorn in the 

southern hemisphere. This area includes all the areas of the Earth where 

the sun reaches a point directly overhead at least once during the solar year, 
which results in high levels of insolation and temperatures. The tropics cover 

a surface area of approximately 40 % of the Earth.4  

Besides the tropical climate zone, local climates can play a major role. 

Highland areas have typically colder temperature levels than low-lying re-

gions. In cities the ”Urban Heat Island Effect” has to be considered. 
Therefore different measures have to be taken into account. Figure 2.15 

shows the tropical climate zone in red. 

 

 
Figure 2.1: The tropical climate zone 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

4Hindrichs and Daniels 2007 Page: 78 
5www.upload.wikimedia.org  
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2.2 Considered countries 

 
2.2.1 Thailand 

Thailand is located in the centre of SEA.  It covers an area of 

513 115 km2, with a population of about 69 M , at the end of 2010.  

The energy demand is expected to grow 2.6 %/year until the year 2035. Fur-
thermore Thailand is the second largest economy in the ASEAN countries 

and heavily export dependent. The economy is expected to grow to a GDP 

of 1 500 bn USD which is about 20 390 USD per person by 2035. The 
GDP in 2011 was 370 bn USD which is about 5 318 USD per capita. The 

urban population in 2012 was 34.4 %.6 The residential use of biomass ac-

counted for 59 % of the total residential final energy demand. With a 
higher urbanisation rate the usage of biomass will decline. Assessments 

from Thailand’s Ministry of Energy estimated 57.3 GW of renewable ener-

gy capacity. Solar, biomass and wind energy are the most important 
sources. In 2010 the installed renewable energy capacity was only 

1 750 MW with a share of 92 % by biomass.7  

The oil and gas resources in Thailand are limited. An energy supply 

through renewable energy can provide an option for an improved energy 

security.7 The total final energy consumption in 2011 was 63 179 ktoe, 
which is an increase of 2.5 % from the previous year.8 The Renewable and 

Alternative Development Plan (2012-2021) sets a framework to increase 

the share of renewable and alternative energy to 25 % of the total energy 
consumption. Besides that plan, the 20-year Energy Efficiency Develop-

ment Plan (EEDP) from 2011-2030 is applied. The target is to reduce the 

economic energy intensity by 2030, compared to the levels of 2010, by 
25 %. This is equivalent to a reduction of the final energy consumption by 

23.5 % in 2030, or 38 200 ktoe. Recently, the Energy Efficiency Action 

Plan (EEAP) has been developed under the strategic framework of the EEDP. 
The EEAP has been approved by the National Energy Policy Committee 

(NEPC) and was endorsed by the cabinet in early 2013. 

In addition Energy Policy and Planning Office (EPPO) has developed the 10-

Year R&D master plan for energy efficiency to guide research and develop-

ment directions in line with the EEDP and EEAP.8, 9  

In the Business as usual (BAU) scenario, Thailand’s final energy demand will 

double in the next 25 years. Additionally the high dependency on fossil fuels 
will result in a further increase of CO2. emissions.7  

 

 
 

6United Nations 2013 Page: 193 
7Samuelson 2013 Page: 193- 202  
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In  2012, the  residential  sector  accounted  for 15.1 % of the final ener-
gy consumption, with 73 316 ktoe. As figure 2.210 shows, most of the 

energy is coming from traditional renewable re- sources. This is fuel 

wood, paddy husk and agricultural waste.10 Traditional renewable resources 
are a major energy resource in Thailand. However the resources are often 

not used in an efficient manner. Institutional, policy, technical and infor-

mation barriers are listed as major problems.11  

 

Figure 2.2: Share of energy usage in residential sector Thailand 2012 

In 2010, 98.4 % of the villages and 86.8 % of the households were con-
nected to the electricity grid.8 Over the last ten years, the residential sector 

had an average growth in electricity  consumption of 5.1 %, mostly from 

the consumers over 150  kWh.  

This results in an average electricity consumption per electrified household 

of 1 682 kWh  in 2011.12 The average energy consumption per capita was 
1 254 kgoe in 2009.6 

Air-condition (AC) units were owned by 30.7 % of the total urban house-
holds and 9.8 % of the total rural households, which is an average of  

19.8 % in 2010.13 In comparison a television is owned by 96 % and a fan 

by 97 % of the households as figure 4.9 on page 37 shows.7 

In line with the rising energy demand, the Domestic Sale Volume of AC sys-

tems grew from 1 568 000 pieces in 2009 to 2 595 000 in 2012.14 From 
1980 to 2002, the CO2 emissions rose at an average rate of 8 %. It is es-

timated that the CO2 emissions from 2002 will increase at a rate of 4.9% 

until 2030.15 

 

 
 

8APEC 2014 Page: 221 - 230GDP 
  

9Energy intensity =	
����	
	����������

���
    - energy intensity does not mean energy efficiency51 

10Thailand Energy Efficiency Situation 2012 2012 
11Papong et al. 2010 ; explanation on page 14 
12www.eppo.go.th and www.eppo.gov.th .xls, Date: 10.03.2014 
13http://service.nso.go.th 14http://www.thaieei.com/2013/th/, Date: 10.03.2014 
15Hong and Laurenzi 2007 Page: 243  
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Korat - Nakhon Ratchasima 

 

The city of Korat is shown in figure 2.3.16 Korat is located 150 km in the 
North East of Bangkok and a population of 137 579 in 2012.17  

 

 

 

 

 

Figure 2.3: Korat city-view 

The climate in Korat has its lowest temperatures from January to February 
with a daily minimum of 17.9 °C and a maximum of 30.9 °C. The hottest 

month is April with a maximum of 36.6 °C and a minimum of 24.5 °C.18  

Chiang Mai 

Chiang Mai is located in the north of Thailand and had a population of 

135 757 in 2012.
19 A typical wooden house in Chiang Mai is shown in 

figure 2.4.
20

 

 

Figure 2.4: Traditional wooden house in Chiang 

The climate in Chiang Mai has its lowest temperature in January with a dai-

ly temperature range of 14.2 °C to 29.4 °C. The hottest month is April with 
a maximum of 36.1°C and a minimum of 22.4 °C. The highest daily mini-

mum applies in June with 23.9 °C and a mean daily maximum of 32.6°C.21 

 

16http://upload.wikimedia.org Date: 31.03.2014  
17Department of Provincial Administration  
18http://worldweather.wmo.int 
19Department of Provincial Administration  
20http://upload.wikimedia.org/wikipedia/commons  
21http://worldweather.wmo.int 
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2.2.2 Viet Nam 

 

 

Figure 2.5: Viet Nam with the city Da Nang 

The map of Viet Nam is shown in figure 2.5.22 Viet Nam covers an area of 
330 957 km2 with a population of 88.8 M in 2011.23 The estimated popula-

tion by 2035 is 104 M. The GDP increased over the period of 2005-2011 

from 52.9 bn USD to 123.6 bn USD. In 2011 this is a GDP per capita of 
1 392 USD.23  The urban population was 31.7 % in 2012 with an urban 

population growth rate of 3 %/year. The final energy demand of Viet Nam is 

expected to grow 3.5 year from 55.6 Mtoe in 2009 to 138.7 Mtoe in 
2035.24 

The primary energy supply is projected to increase from 68 Mtoe in 2010, to 
188 Mtoe in 2035. Additionally the rising incomes will result in an increased 

use of building technology, e.g. AC, refrigerator and other electrical appli-

ances. The GDP estimation for 2035 is 11 000 USD/per capita .The electricity de-
mand increased from 14.65 GWh in 1995 to 94.28 GWh in 2013.25 The 

peak demand increased by four times during that period, from 3 200 MW 

to 13 800 MW. With an average rate of 6.1% the electricity generation will 
grow to 409 TWh in 2035. The use of domestic resources are expected to 

contribute to the electricity generation, where connection to the grid is not 

economically feasible.26 

 
22www.lib.utexas.edu 
23United Nations 2013 Page: 214 
24Samuelson 2013 Page: 215-225 
25International Energy Agency 2013 Page: 57 
26Samuelson 2013 Page: 215-225  
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Figure 2.6: Power generation Viet Nam 2009 

As figure 2.624 illustrates, the major electricity generation is from gas and 

hydro. In future flexible power generation will take the majority. It is 
planned to connect 100 % of the rural households to the electricity grid 

by 2020. In 2011 95.5 % of villages in rural areas had access to the elec-

tric grid.27 The projected share of renewable energy by 2025 is 5 % and 
11 % by 2050. Furthermore there are plans to increase the usage of nu-

clear power to 20 − 30 % by 2050. 

Viet Nam is not strongly focused on the extension of renewable energy. 

Due to the rising costs of fossil fuels and electricity generation itself, it can 

be seen as a chance for energy efficiency improvements. Viet Nam has 
good biomass resources due to its agricultural economy. Most of the or-

ganic waste is used as non-commercial energy in households. The govern-

ment wants to harness the potential of that resource with encouragement 
in biomass- based electricity. The use of solar power is limited by its pre-

dicted high development costs. According to the BAU scenario, CO2 emis-

sions will increase at an average rate of 5.2   %/year reaching 466 Mt in 
2035, from 142 Mt in 2009.23 in 2013 the electric consumption was 

1 073 (kWh/capita) combined with an emission of 1.56 (tCO2/capita).28 

Da Nang 

Da Nang is a major harbor city in the middle of Viet Nam’s coast line. The 
city is spread over 1 283 km2 with around 911 890 people and a popula-

tion density of 711 people/km. Da Nang hopes to become one of the 

country’s major urban centres with a population of 1.65 M in 2020. 

Da Nang is in a tropical monsoon zone with high temperatures and a sta-
ble climate. There are two seasons, with the wet season lasting from Au-
gust through December and the dry season from January through July. 
Winter cold spells tend to be short and not severe. The annual average 
temperature is 25.9 °C, with average humidity of 83.4 %.29 The lowest 
temperatures are in January with a daily minimum of 18.5 °C and a daily 
maximum of 24.8 °C. The hottest month is July with a maximum of 
34.3 °C and a minimum of 25.3 °C. The wet season, with a mean total 
rainfall per month of 326 mm30, is from August to December.31 

 

27www.gso.gov.vn Date: 26.02.2014 
28International Energy Agency 2013 Page: 56 
29Ostojic et al. 2013 Chapter 8, Page 157 et seq.  
30Average mean total rainfall from August to December  
31http://www.worldweather.org  
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2.2.3 Indonesia 

Indonesia covers an area of 1 910 931 km2 with a population of 242.3 M 

in 2010.32  In terms of total population Indonesia is the 4th  largest coun-
try worldwide, after China, India and the USA. Urban population growth 

in Indonesia was last measured at 2.8 %/year in 2011, according to the World 

Bank. 33 

The United Nations Development Programme (UNDP) predicts that 60.3 % 

of the population will be urbanized by 2025.34 In 2012, 51 % lived in ur-
ban areas.35 It is the largest economy in the ASEAN countries, with a GDP 

of 847 bn USD in 2011. This is a per capita GDP of 3 495 USD in 2011.32 

Only 48 % of the households had sustainable access to improved drinking 
water in 2010 with an electrification ratio of 67.2%. Indonesia’s primary 

energy demand is expected to reach 429 Mtoe in 2035. This is in line with 

the Masterplan for Acceleration and Expansion of Indonesia Economic De-
velopment (MP3EI). The final energy intensity is predicted to decrease by 

52 % from 2005.36 The total final energy consumption was 115 504 ktoe 

in 2011, an increase of 3.4 % from 111 705 ktoe in2010.37 Indonesia has 
the largest geothermal energy capacity in the world, estimated to  

29 038 MW of electricity. This source of energy is a special focus of Indo-

nesia’s 400 M USD Clean Technology Fund. By 2011 1.2 MW of geother-
mal energy had been successfully installed. It is projected that the share of 

renewable energy will reach 7 % in 2035, mostly from geothermal ener-

gy.36 The present energy production is shown in figure 2.738. 

 
 

Figure 2.7: Energy production by type of power plant in Indonesia 2012 

 

 
 

32United Nations 2013 Page: 94 
33http://www.tradingeconomics.com  
34http://esa.un.org 
35ttp://data.worldbank.org  
36Samuelson 2013 Page: 65-77 
37APEC 2014 
38PLN 2012 Page: 10 (tarif) , 24 (production)  
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kW h 

The total energy production was 15 986 GWh in 2012, where ∼ 25 % 
were purchased.38 In 2012 the installed capacity was 32 901 MW with a 

net production of 193 754 GWh in Indonesia. 41.46 % of the sold energy, 

which is 173 991 GWh, were consumed by the residential sector.  

The average price for energy in 2012 was 631.66 Rp/kWh39 in the residen-

tial sector and 728.32 Rp/kWh in average. The plan is to get an elec-
trification ratio of 99 % by 2020. Per capita 620 kWh of electricity were 

consumed in 201040 and 549 kgoe energy per capita in 2009.32  This is 

low, but there is much room for growth at a rate of 6-7 %/year. However 
the electrification ratio per capita in 2012 was 73.37 %with an average 

consumption of 712.45 kwh sold/capita.38 Emissions from the combus-

tion of fossil fuels are projected to reach 1 031 Mt CO2 in 2035. In 2010 
the emissions were 434 Mt CO2. The main source of CO2 in the future will 

be fossil-fuel-based electricity generation.36 

Yogyakarta 

Yogyakarta has a population of about 1.78 M .41 It has a tropical rainfor-
est climate with an average precipitation of 2181.9 mm. The month with 

the most precipitation on average is January with 353.1 mm. The month 

with the least precipitation on average is August with 25.4 mm. In terms 
of liquid precipitation, there are on average 52.1 days of rain, with a high in 

November with 12 days of rain and a minimum occurring in January with  

0 days. The average temperature during the year is 25.6 ◦C. The warmest 

month on average is October with an average temperature of 26.7 ◦C. The 

coolest month on average is July with an average temperature of 25 ◦C.42 

 

 
Figure 2.8: Location of Yogyakarta 

Yogyakarta is located in the centre of Indonesia, as shown in figure 2.8.43 

 

39Bundesbank 9.1.2014 at a course of 1 € = 12 045 Rp, resulting in an average electricity price of: 0.0524   €
 

40http://www.djlpe.esdm.go.id Date: 23.04.2014, Page: viii 
41http://yogyakarta.bps.go.id Date: 23.04.2014 
42http://www.weatherbase.com/ Date: 23.04.2014 
43http://upload.wikimedia.org  
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2.2.4 Philippines 

The Philippines are located in the east of SEA. They cover an area of 

300.000 km2, with a population estimate of about 107.7 M in 2014. The 
GDP with the official exchange rate in 2013 is 272.2 bn USD. This means a 

GDP per capita of 4 700 USD in 2013 (est.). The GDP per capita is projected 

to grow to 7450 USD/capita by 2035. The Philippines have a tropical maritime 
climate which is usually hot and humid, especially during the summer. This 

results in increasing electricity consumption due to the extensive use of AC 

units. The Philippines sit astride the typhoon belt. This means the econo-
my experiences torrential rains and thunder storms, some of which prove 

costly, damaging and destroying lives and property. 

The Philippines installed electricity generating capacity stood at 16 GW in 

2010, and is projected to increase to over 58 GW by 2035. Fossil fuels will 

continue to dominate the economy’s total power generation; coal thermal 
alone is expected to provide almost 70 % of its electricity generation by 

2035, followed by natural gas with a 16 % share. 

The Philippines are projected to rely heavily on imported fossil fuel, even after 

25 years. The Renewable Energy Act will ensure that this challenge will be 

addressed. The current renewable energy based-grid connected installed 
capacity of 5 440 MW is targeted to triple by 2030. Most of this energy will 

come from hydro and wind energy. Future policy requirements to com-

mercialise renewable energy, such as the formulation of a feed in tariff are 
being developed. Other renewable energy sources include biomass (like 

fuel wood and bagasse, the fibre left after juice has been squeezed from 

sugar-cane stalks, etc.), which is mainly used in household and commercial 
applications. The Philippines benefit from its tropical maritime climate with 

its wind and solar sources of energy, and the economy is looking at the pos-

sibility of its first ocean energy facility by 2018. The final energy demand is 
expected to expand at an average rate of 2.9 % from 2010 to 2035. With 

a share of 19 % of total consumption by the residential sector. In the resi-

dential sector the electricity consumption growth rate is expected to be 
6.5 % annually.44 

On the Philippines were 67 bn kWh of electricity produced in 2011 (est.) of 
which 57 bn kWh were consumed in 2010 (est.).  Figure 2.9 shows that 

hydro power is the second major power source with a share of about 

21 %. Fossil fuels, such as coal or oil have the biggest share to the electrici-
ty generation with 66.9 %. The estimated emissions from the consumption 

of energy in 2011 were 81.15 MtCO2.45 

 

 
 

 

44Samuelson 2013 Page: 154 - 166 
45https://www.cia.gov Date: 23.04.2014  
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Figure 2.9: Energy production by type of power plant Philippines 2010 

The urban population in 2012 was 49.1 % of the total population with a 
urbanization rate of 2.2 %. It is projected that in 2035 61 % of the popu-

lation will be urban.44 In 2009 the CO2 emissions per capita were 

0.7 tons/capita with an energy consumption in 2009 of 232 kgoe/capita. In 2010, 
the electrification level of the economy at a household connection level 

was 68 %, with a projection to get 90 % by 2017.44 

The average annual electricity consumption of electrified households was 

22 524 kWh in 2004, which is about 1 877 kWh/month.47 In average 92.4 % 

of the population have access to improved drinking water.
45

 

In addition to that, the economy is implementing the Philippine Energy 

Efficiency Project which aims to demonstrate the societal benefits of a se-

ries of energy efficiency projects in the different sectors - such as the public, 
commercial and residential sectors. The project’s key targets include: 

• the retrofit of 135 government buildings with energy efficient lighting 
systems the economy-wide distribution of Compact fluorescent lamp 
(CFL) totaling 8.6 M CFL units 

• the retrofit of public lighting (street and traffic lights) using Light emitting 
diode (LED) lamps in three major cities. 

 
Despite its low per capita amount of CO2 by 2035, the BAU projection in-

dicates that the growth rate of CO2 emissions in the Philippines will be as 

high as 4.5 % annually from 2010–2035. This alarming rate should spur 
the economy into taking measures to ensure environmental sustainability.44 

This should be done by the supplier side with renewable energy, but even 
more on the EE side with proper designed houses, high efficient electricity 

utilization and technology substitution processes, e.g. solar cooling or LED 

lighting technology. 

 

46United Nations 2013 Page: 155 
47http://www.census.gov.ph  
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2.3 Summary 

  

Figure 2.10: Relative costs of alternative generation technologies compared 
to energy efficiency 

In reference to figure 2.1048 it can be stated that a reduction of the con-
sumption via EE is cheaper than to build up new power plants, even re-

newable power plants.49 In addition, a study done by the Fraunhofer Insti-

tute surveyed that, renewable energy can be more favourable than energy 
from fossil fuels. Especially on a long-term perspective. This fact can be 

seen as a chance to increase the usage of renewable energy generation in 

each country.50 The prices in figure 2.10, Page: 39 are for the USA, but 
they outline which potential EE has, compared to a supply side driven poli-

cy, e.g. the feed in tariff for photovoltaic electricity. 

Energy intensity and energy efficiency 

It is important to take into account that energy intensity does not say any-
thing how efficiently the energy is used. Energy use depends on many socio-

econmic and environmental circumstances, such as comparative advantages 

for energy-intensive activity, the endowment with natural resources, popu-
lation density and even climatological circumstances, such as extreme heat 

and extreme cold. Energy efficiency is a measure of how resourcefully en-

ergy is used under these conditions (and given prices). Comparisons of 
energy intensity do not account for different circumstances the various 

countries are facing as it combines differences in both energy efficiency and 

other conditions. For this reason it is useful to disentangle the development 
in energy intensity and energy efficiency.51  

 

48Sioshansi 2013 
49http://asialeds.org and www.netl.doe.gov Date: 9.04.2014 
50Kost et al. 2013 
51Sioshansi 2013 Page: 91  
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Overview - EE plans on national level 

 

The following listing shows the national level EE initiatives and their targets.52 

• Indonesia 
The National Energy Conservation Master Plan (2005) 
To decrease energy intensity by around 1 % per year on average until 2025 

• Philippines 
The National Energy Efficiency & Conservation Program (NEECP) to achieved energy 
savings equivalent to 10 % of the annual final energy demand outlook from 2009-
2030 

• Thailand 
20 Year Roadmap on Energy Efficiency to reduce energy intensity by 25 % from 
2010 to 2030 

• Viet Nam 
National Energy Efficiency Program (VNEEP) to reduce energy consumption by 3 – 
5 % (2010) and 5 − 8 % (2010-2015) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

52www.iea.org Date: 05.03.2014  
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Energy prices per kWh 

 

The following figure shows the electricity prices for residential house-
holds in Indonesia53, Thailand54,Viet Nam55, the Philippines56, and as com-

parison, Singapore57. 

 
              

 

Figure 2.11: Average price for electricity 2013/14 in the residential sector, 

consumption range per month 

The energy tariffs in the residential sector vary in a wide range. It can be 

stated that the considered countries have progressive electricity tariffs. 
Therefore an increased consumption will result in a higher price per kWh. The 

electricity price is a key component which has to be considered by the adop-

tion of EE measures. A higher standard of living, or income, is usually com-
bined with a higher demand of electricity. Additionally the tariff structure is 

essential for the calculation of payback times. 

 

 

53Bundesbank 9.1.2014 Average course 2012: 12, 045, 73 Rp/€    , Average selling price 2012: 631.66 Rp/kWh38 

54Bundesbank 9.1.2014, Average course 2013: 40.83 Baht/€ , Thailand: www.boi.go.th Date: 07.03.2014. 
55Exchange rate September 2012: 27, 000 Dong/€  http://talkenergy.wordpress.com/ 
56www.napocor.gov.ph Date: 07.03.2014. Average exchange rate 2013: 56.428 Philippine-peso/€ 
57Bundesbank 9.1.2014 average course 2013: 1.3281 USD/€ 0.2573 USD/kWh 

Electricity tariff for households April 2014: http://www.singaporepower.com.sg  
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In reference to figure 2.10 and the overall dominant fossil fuel based electrici-
ty generation an intention for the level of subsidies is given. The average 

generation costs in figure 2.10 on page 14 for coal based electricity are es-

timated to 0.075 € which is about 0.1 €. Therefore the selling prices in 
figure 2.11, show that some tariffs are below that level. 

Subsidized electricity 

Most ASEAN economies, except Singapore, appear to give wrong incentives to 

consumers. They either encourage more consumption of electricity or dis-
courage productive use of electricity. While Singapore has a liberalized 

power sector and electricity market, other economies do not. The power 

sector and electricity market are nationalised, vertically integrated, rigid, and 
serve social stability rather than cost minimization and EE in electricity use. To 

improve the power sector and electricity market will play a critical role to im-

prove efficiency in electricity use.58 

To reduce the subsidies, the promotion of EE buildings as a first step is ad-

visable. When the energy consumption of the buildings is getting lower, 
market oriented prices can be implemented. Also a reduced tax for EE 

buildings and subsidized retrofitting are possible measures to start with. 

 
Figure 2.12: Effect of subsidy removal on average payback periods by sec-

tor in selected ASEAN economies 

Based on current energy prices and additional in- vestments required for 

the purchase of more efficient technologies, payback periods in all sec- 

tors considered are almost twice as long as they would be without energy 
subsidies. As figure 2.1259 outlines, in Indonesia the subsidies distort the 
yearly electricity bill for AC operation in an amount equal to 40 % of the 

additional spending required to purchase a more efficient unit. This would 
increase to 75 % if electricity prices were raised to a market-based level.59 

 

58 Sioshansi 2013 Page: 235-236 
59 Birol 2013 Page: 100, values estimated from source. Data for lighting, air conditioners refers to Indonesia. Pay-

back periods do not take into consideration that asset lifetimes are longer than the time required to recover ini-
tial investments, therefore delivering additional savings.  
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Conclusion 

It can be stated that the standard of living, income per capita, electrification 

ratio, CO2 emission and the number of people will increase in the next dec-
ade. All mentioned countries have several programs to start to increase the 

EE with various initiatives. The UNDP recommends that EE building initia-

tives need several steps to succeed in the developing world.60 As key re-
quirements for energy efficiency policies were seen: 

• Energy building codes 

• Certificates and labels 

• Utility programmes 

• Audits 

• Tax or Tax Reductions 

• Energy service company (ESCO) models 

International experience: liberalised electricity prices 

Therefore, adapting energy prices to reduce subsidies to the lowest pos-
sible level and give consumers the correct signals should be encouraged. 

The signal given to consumers can be both economic and political, show-

ing the importance given to energy efficiency in a government’s agenda. In 
countries that have started to implement energy efficiency programmes 

without first adjusting energy prices, results have been disappointing (…). 

Liberalisation generally leads to lower subsidies on energy prices. Howev-

er, new non- vertically integrated utilities may have less interest in promot-

ing energy efficiency to their clients than they did previously. They are no 
longer concerned by the benefits in terms of displaced generation or trans-

mission investments and often have more urgent, commercial priorities. All 

in all, consequences differ from one country to another.61 

Summarized this means that energy producers in view of the UNDP have a 

lower interest in the sup- port of EE measures as soon as the market is lib-
eralised. The interest of producers is then more on commercial oriented 

investments. 

This is a statement which has to be considered by the transition of the tariff 

and supplier structure. 

In future the EE is projected to increase generally in the considered coun-

tries. However the growth of the population will knock a lower absolute 

emission of CO2 and other GHG.62 

 
 

60Schwarz 2010 
61Schwarz 2010 Page: 38 -39 
62A detailed report about the energetic resources, supply and demand in the ASEAN region is available under www.nst.or.th. 
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II. Building standards, codes and 
stock properties 
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3 Building codes and standards in Southeast Asia 

 
3.1 Existing and proposed energy efficiency policies 

 
Table 3.1: Existing and proposed energy efficiency policies in the building 

sector 

Country Building Code MEPS and labelling 
Philippines 

The National Energy Ef- 

ficiency and Conserva- 

tion Programme 

Voluntary codes 
energy conserving design. 

Mandatory MEPS 
AC, CFLs, linear fluorescent lamps. 
Mandatory labelling 

8 products: refrigerators, AC, CFLs, 

etc. 

Thailand 

20-Year Energy Effi- 

ciency Development 

Plan 2011 -13 

Mandatory codes 

building envelope, lighting, 

AC 
Voluntary labelling 

building envelope, lighting, 

AC, alternative energy 

 

Mandatory MEPS 

refrigerators, AC 

Voluntary labelling 

23 products: refrigerators, AC, rice 

cookers, etc. 

Vietnam 

The National Target 

Programme on En- 

ergy Efficiency and 

Conservation 

Voluntary codes 

building envelope, lighting, 

AC, ventilation 

Mandatory MEPS 

from January 2015, Mandatory la- 

belling from July 2013 

8 products: AC, fans, rice cookers, 

etc. 

Indonesia 

National  Energy  Con- 

servation Master Plan 

Voluntary codes 

building envelope, AC, light- 

ing, energy auditing 

Mandatory labelling 
CFLs 

 
Table 3.11 shows that there are initiatives to go into mandatory regulations. 

Minimum energy performance standard (MEPS) helps to ban very inefficient 

devices from the market. 

 

 

 

 

 

 

 

 

 

 

 

 
 

1Birol 2013 Page: 96 – 99  
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CFL technology and disposal problems 

 
The promotion of CFL is environmentally critical due to their unavoidable 

mercury content and overall insufficient waste management.  The mercury 

content of one CFL with 2 − 5 mg of mercury can contaminate up to  
10, 000 l of water.2  To avoid mercury and to get an even higher energy 

saving, the substitution of CFL into LED technology should be the next step. 

Currently there is no regulation regarding the disposal of CFLs in Indone-
sia and they are not collected for recycling. No information is available on the 

end-of-life collection, recycling or disposal initiatives in the other countries.3 

 

 
Figure 3.1: Incandescent, CFL and LED light bulb 

 

 

Figure 3.14 shows an incandescent, CFL and LED light bulb. 

 

 

 

 

 

 

 

 

 
 

2http://www.baubiologie.de Date: 27.04.2014 
3http://www.lites.asia 
4http://www.publicdomainpictures.net/view-image.php?image=25300&picture=lighting-evolution  
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3.2 Thailand 

 
Thailand does not use a code system 5 and the regulatory system is entirely 

top-down. The Building Control Bureau administers and enforces all build-

ing regulations. Local governments are responsible for the enforcement 
and the issuing of permits. Thailand’s building control regulations have 

some green features, some are separate from the regulations. Green stand-

ards were already in use before they appeared in regulations. The private 
sector offers a more stringent Thai Rating of Energy and Environmental 

Sustainability (TREE).6 

Green features of mandatory laws 7 

The Energy Conservation Promotion Act (1992) is a mandatory energy 
efficiency code. It includes three ministerial regulations. 

1. The first one prescribes the standards, criteria, and procedures for 
designated buildings. 

2. The second one prescribes forms and schedules for submitting data 
on energy consumption, energy conservation, criteria and proce-

dures for recording energy consumption data, and installation or 

retrofitting of machinery or equipment that affect energy consump-
tion and conservation. 

3. The third one prescribes criteria, procedures, and schedules for own-
ers of designated buildings to establish energy conservation targets 

and plans in designated buildings as well as to assess and monitor 

the implementation of the plan. 

Part of the Act includes the Building Energy Code. The code only applies to 

commercial and government buildings in the Bangkok Metropolitan Area and 
districts under the Thai- land Provisional Authority. It was last updated in 

2009. It covers building shell, Heating, Ventilation and Air Conditioning 

(HVAC), and lighting requirements. It is mandatory for all new construction; 
existing buildings were given three years to update and comply with the 

code by using 55 W/m2 of floor area or less.7 In 2002, Thailand began working 

on a new code based in part on American Society of Heating, Refrigerating 
and Air-Conditioning Engineers (ASHRAE) 90.18, but nothing has been 

finalized. 

 

 
 

    
5Where code system means a code system as it is in the United States, Canada, and Australia. APEC 2013 Page: 171 for de-

tailled information 
6APEC 2013 Page: 171 - 177 
7APEC 2013 Page: 174 
8https://law.resource.org  
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Types of buildings 

The codes cover buildings taller than 23 m and with an area larger than  

10 000 m2, buildings in the Bangkok Metropolitan Municipality and districts 

under the Thailand Planning Act. Local governments are responsible for 
developing and enforcing their own codes. Buildings are divided into two 

types. 

• Type 1 includes warehouses, hotels, condominiums, and hospitals. 

 

• Type 2 includes 

1. Buildings are used for commercial or business areas ranging from 
80 m2  and above 

2. Buildings with mill machinery from five horsepower and above 

3. Study areas from 80 m2 and above 
4. Older buildings with more than 300 m2 of meeting space 

5. Office space with more than 300 m2 

 

Minimum codes 

The enforced minimum mandatory codes are:6 

•  Electrical 
Mandatory standards covered by TISI 
(only Thai version available) are incor-

porated into the Building Control Act 

(1975, amended 2006) 

• Energy 
Building Energy Code of Thailand 

• Water and sanitation 

• Mechanical systems 

• Indoor Air Quality 
Indoor air quality is covered in the 

Building Energy Code 

• Lighting 
A mandatory lighting standard is in-

cluded in the Building Energy Code. 

The standard includes minimum and 
maximum lighting for different spaces, 

daylighting, and energy efficiency of 

light bulbs. 

• Fire 
Regulations on fire safety 

• Structural 

• Building Control Act (1979) 
Engineering Institute of Thailand 
Standards, IBC, and ACI 318 – Build-

ing Code Requirements 
(all in Thai except ACI 381) 

• Location/ siting/ zoning 

and environment 

The regulation governing location and 
siting is the ministerial regulation on 

open space, boundary and building in-

terval. 

• Environment quality 
The minimum environmental and 

standard in Thailand is the Promotion 
and Preservation Act B.E., 2535 (A.D. 

1992) 

• Safety 
Included in the Building Control regula-
tion. 

 

In the regulation of security are no standards.6 
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Voluntary Green Building Rating System 

The Thai Green Building Institute (TGBI) launched the Thai Rating of Energy and 
Environmental Sustain- ability (TREE) system in 2012. Ratings are applied to 

new construction and existing buildings. Criteria include: 

• Energy efficiency 

• Atmosphere 

• Water efficiency 

• Site management 

 

• Planning 

• Indoor air quality 

• Materials and resources 

• Innovation 

Certification has four levels: 

• Platinum (61+ points) 

• Gold (46-60) 

 

 

• Silver (38-45) 

• Certified (30-37) 

The documents are published in Thai. The EEDP is a long term plan to promote 

EE in Thailand over the period from 2011-2030. It was approved by the Na-
tional Energy Policy Committee in April 2011 and its target is to reduce the 
energy intensity by 25 % in 2030, based on the level of 2010. Regarding 

the building sector, main approaches are: 

• Promotion of EE proven technologies and awareness enhancement 

• Promotion and development of efficient energy management systems 

• Use of professionals and ESCO 

• Development and promotion of EE indicators 

• Promotion of EE through the advertisement of green buildings9 

 

The legal framework to promote EE is the Energy Conservation Promotion 
Act (ENCON), B.E. 2550.10 The ENCON, revised in 2007, regulates that build-

ings larger than 2000 m2 or with a peak demand above 1000 kW 11 must 

meet six criteria: 

 

• Building envelope, Overall 
Thermal Transfer Value 
(OTTV), Roof Thermal 
Transfer Value (RTTV) 

• Lightning 

• Heating 

• AC 

• Renewable energy 

• Overall performance 

 
 
 
 
 

 

9Rakkwamsuk 2013 
10www.eppo.go.th Date: 24.02.2014 
11www.giz.de Date: 24.02.2014, http://www.jetro.go.jp and http://www2.dede.go.th  
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Responsible for energy efficient activities    

The following institutions are responsible for energy efficiency related activi-
ties.12 

• The Department of Alternative Energy Development and Efficiency (De-
partment of Alternative Energy Development and Efficiency (DEDE)) is the 
primary government agency which formulates and determines building en-
ergy code requirements. 

• The Department of Public Works and Town & Country Planning under the 
Ministry of Interior administer and enforce the building energy codes. 

• The Energy Policy and Planning Office (EPPO) formulates energy policy, as 
well as strategic policy for energy efficiency and renewable energy. 

• The Electricity Generating Authority of Thailand (EGAT) is a state-owned 
electricity generating company.13 

• Ministry of Energy14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

12Hong and Laurenzi 2007 
13Further information about EGAT http://archive.unu.edu, 
14 www.energy.go.th 
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3.3 Viet Nam 

Viet Nam has a centralised approach for its building and regulatory sys-

tem. The central government issues building and construction decrees while 

the Ministry of Construction converts them into building codes. The building 
code is enforced by the Provincial People’s Committees. Enforcement in-

cludes employing and/or contracting building officials, issuing permits, and 

issuing approvals. The People’s Committees may not modify the code but 
propose local modifications to the Ministry of Construction and develop 

approved modifications into Local National Technical Regulations for local 

enforcement.15 

Four level reference standards in Viet Nam15 

1. National standards, 

• National technical standards 

• Local technical standards ad-

ministered by the Viet Nam 
Standards and Quality Institute 

2. Construction standards 

• Administered by the Ministry 

of Construction 

3.        Ministerial standards 

• Administered by the central 
government 

4. International codes and standard 

International codes or standards can reply any Viet Nam standard or be used 

where there is no applicable Viet Nam standard. 

Code Development, Administration and Enforcement15
 

Building regulations in Viet Nam are called building decrees. A decree is is-

sued by the Prime Minister. A construction control decree is converted in-

to building construction codes by the Ministry of Construction. The Minis-
try is responsible for building and construction control functions. It devel-

ops, reviews, revises, and issues construction and de- sign codes and guide-

lines; issues licenses and permits pertaining to building and construction; 
enforces building decrees; applies technology to ensure uniform imple-

mentation across the economy; organizes training, testing, and inspection 

to validate code conformance; enforces building code compliance, conduct-
ing violation inspections and imposing penalties; and reviews building per-

mits for the entire economy. 

Other ministries work hand in hand with the Ministry to draft, review, and 

modify the decree and codes. They provide opinions in their particular fields 

that would affect building permits and codes, and check and recommend to 
the local government (People’s Committee) potential suspension of licenses 

and revocation of building permits. The Ministry of Natural Resources and 

Environment approves or rejects land use for development, and the Ministry 
of Construction approves or rejects building permits accordingly. 
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Provincial people’s committees have the authority to: 

1. Enforce building codes, issue 
permits and licenses through 
their own licensing authorities 

 
2. Coordinate implementation 
 
3. Enforcement of building codes 
 
4. Assigning responsibility to local 

agencies and/or individuals to 
issue construction and building 
permits 

 
5. Manage the content and order 

of permits 
 

6. Stipulate size, areas dura-
tion and other specific re-
quirements of work permits 

7. Develop organizational 
structures for agencies 

8. Conduct training on regula-
tions and codes with the 
assistance of the Ministry of 
Construction 

9. Manage violations, inspec-
tions, organizations, and 
permit issuance 

10. Report permit issuance to 
the Ministry of Construc-
tion. 

 

 

 

Engineers from the local government carry out inspections and certify 
work, through a division of ”construction incorporate”. These incorporates 

are responsible for carrying out inspections and rectifying problems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

15APEC 2013 Page: 197 - 201 
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Structure of building regulations 

The Building Control Decree states that the Building Code of Viet Nam (BCV) 
is the mandatory code. The code is divided into the following:15 

• BCV part 1, 2, and 3 (structural, mechanical, plumbing and excavation) 

• Construction accessibility for people with disabilities 

• Natural physical and climatic data for construction 

• Urban underground structures 

• Classifications and grading of civil and industrial buildings and urban infra-
structures 

 

The building codes reference both Viet Nam and international codes and 
standards. The types of standards in Viet Nam are national, construction, 

and ministerial. National standards, also known as Viet Nam standards (TCVN), 

and national/local technical standards are issued by the Viet Nam Standards 
and Quality Institute (Directorate for Standards, Metrology and Quality 

(STAMEQ). All national standards are International Organization for Standardi-

zation (ISO) conforming. These standards are voluntary but become mandatory 
when incorporated into codes. While national technical standards are 

mandatory throughout Viet Nam, local technical standards are mandatory 

only in specific regions/provinces. Construction standards Viet Nam (TCXDVN) 
are administered and developed by the Ministry of Construction. 

Construction standards are best practices on technical standards, work exe-
cution, technical indicators and indicators of construction activities. They do 

not cover best practices on materials as those are part of the national stand-

ards. Construction standards include criteria for mandatory and voluntary 
standards. Ministerial standards are administered and developed by the 

Minister for administrative purposes. National standard are up- dated every 

three to five years, while construction and ministerial standards are updated 
as needed.16 The building codes accept equivalent national and international 

standards. Thus, Vietnamese national and construction standards can draw 

upon international standards and no national equivalent exists. The codes 
also specify the use of equivalent international standards for fire safety de-

sign and structural design for earthquake zones when where there are no 

equivalent Vietnamese national or construction standards. 

This makes it clear that there are mandatory and voluntary standards. A 

general statement can’t be made in the extent of this paper 

 

16STAMEQ 2012  
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Green feature of mandatory laws 

EE is incorporated into the Building Code through Decree No. 

102/2003/ND-CP on thrifty and efficient use of energy.17 

Green building codes 

EE is already a part of Viet Nam’s building code. Also there is a voluntary green 
building rating system, called Viet Nam Green Building Council (VGBC).18 

Furthermore in 2011, the government initiated development of a climate 

change strategy, the Viet Nam Green Growth Strategy.15, 19 Additionally 
there is a green building rating tool, released in 2013, for non-residential, res-

idential and buildings in operation.20 

 

Minimum building codes15 

• Electrical 

• Energy 

Energy efficiency is incorporated into the 

Building Code of Viet Nam through Decree 

No. 102/2003/ND-CP on thrifty and effi- 

cient use of energy. 

• Water and sanitation 

• Mechanical systems 

• Indoor air quality 

regulations include national technical regu-

lations on ambient air quality, on hazardous 

substances in ambient air, and on industrial 

emission of organic substances. 

• Lighting 

there is no mandatory lighting code or stan- 

dard, but there are several voluntary na- 

tional standards for lighting. 

 
• Security 
no mandatory code. 

 
• Fire 

 

• Structural 
 

• Location/Siting/Zoning   and   En-
vironment

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

17tietkiemnangluong.com.vn 
18www.vgbc.org 
19For more information: http://www.oecd.org 
20More information at: http://www.vgbc.org.vn 
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3.4 Indonesia 

 
Regulation development and the issuance of environmental disturbance and 

industry permits is done by the central government. However municipalities 

may choose to reject or to adopt and enforce the regulations. All manda-
tory standards are developed by Indonesia National Standard (SNI).21 The 

mandatory building regulation is Law 28. In reference to the standards from 

SNI, it pertains:21 

 

• Building functions 

• Building requirements 

• Building processes 

• The role of the community 

• The role of government 

• Sanctions for non compliance 

 

Not for all buildings, building permits are required and buildings with permits 

are probably not conform with the codes and regulations. At the time there 
are no green technology regulations in any Indonesian building reg-

ulation. However there is a rating system from Green Building Council In-

donesia (GBC)22, which applies Indonesian green standards.21 

SNI 

SNI is a standard agency owned by the central government. Standards are 

formulated by technical committees based on consensus of industry experts 

and academia and with the participation of government officials. Acts and 
regulations are developed by ministries and they become laws after they are 

approved by the Parliament. Local codes and acts are approved by municipal 

governments with the technical and financial support of the central gov-
ernment. Participation by the general public is extremely limited, even 

though the central government and municipal governments plan to inte-

grate public opinions into their future acts and standards.21 
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Minimum, non-mandatory building codes in Indonesia21 

• Electrical code 

A guideline is provided by SNI for different 

building types 

 

• Energy code 

Voluntary adopted by Asia-Pacific Economic 

Cooperation (APEC) 1992. 

 

• Water and sanitation 

United States Agency for International De- 

velopment (USAID), World Health Organiza- 

tion (WHO) and United Nations Environment 

Programme (UNEP) are provide considerable 

aid 

 

• Mechanical systems 

 

• Indoor air quality 

 

• Security 

 

• Fire protection 

Building regulation mandates the use of the 

following standards: 

– SNI 03-1735-2000 

Planning procedures for building ac- 

cess and access to environmental haz- 

ards prevention fire at building houses 

and buildings 

– SNI 03-1736-2000 

Planning procedures for building 

structure hazard prevention Kebaka- 

ran on building houses and buildings 

– SNI 03-1745-2000 

Hydrant system installation procedures 

for fire hazard prevention in building 

houses and buildings 

– SNI 03-1746-2000 

Procedure for the planning and instal- 

lation of roads out to rescue against 

fire in buildings 

 

Mandatory building standards in Indonesia 21 

• Lighting, Code 

SNI 03-2396-2001for natural lighting system 

design 

• Structural design 
 

 

• Safety 

SNI 03- 2397–1991,planning procedures for 

simple household wind 

• Location/siting/zoning and environ-

ment, 

zoning Law 26 of 2007 

 

Non mandatory SNI on energy conservation in buildings23 

• Building envelope 

SNI 03-6389-2000
24

 

- OTTV ≤ 45 W / m ²  

- Light colour walls 

- Double glazing 

- Wall and roof insulation 

- Reduced window area as a percentage of 
the wall area 

• AC system 
SNI 03-6390-2000 

- Minimum Coefficient of performance 
(COP) as a function of capacity and sys-
tem type 

• Energy audit procedure 
SNI 03-6196-2000 

• Lighting system 
SNI 03-6197-2000 

- Maximum lighting power in W/m2 by 
space type  

- Minimum illumination level 
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These SNI were issued in the year 2000. However they are not appropriate 

to the recent building technology. Revised Building Energy Code (BEC) 
standards are being drafted by the Technical Committee. A single climate 

zone is applied to all regions. Test methods and labs are provided through: 

PT. SUCOFINDO.25 

 

Main barriers for EE improvements23 

• A lack of commitment from the top management 

• No certified energy auditors or managers 

• Lack of awareness from energy users 

• Lack of financing mechanism for larger investments 

• Compliance to mandatory regulations is still due to insufficient supervision 
and no enforcement mechanism. 

 

Next steps are the harmonisation of regulations, code development, en-
forcement, the dissemination of information, assessment and supervision. As 

well as continuing of the energy audit partnership pro- gram and increasing 

awareness programs through universities, engineering schools as well as 
courses in companies.23 

The Certification Energy System for new housing begun in 2011, voluntari-
ly. The label shows the energy qualification of buildings, from more efficient 

(A) to less efficient (G).26 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 

21APEC 2013 Page: 85 - 95 
22www.gbcindonesia.org 
23APEC 2011 
24http://www.energyefficiencyindonesia.info Date 06.03.2014 
25http://www.sucofindo.co.id/ 
26APEC 2011 Page:  68 and http://www.energyefficiencyindonesia.info/eecchi  
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Green Building Rating System 

The Green Building Rating System (GBCI) is a nonprofit and private organiza-

tion, which provides the only voluntary green building codes in Indonesia. 

The system is called ”Greenship” and covers new buildings, existing build-
ings, and interior space. Related to energy performance the following stand-

ards were adopted in the ”Greenship” concept:21, 27 

• SNI 03-6197-2000 on energy conservation in lighting systems 

• SNI 03-6390-2000 on energy modelling and design for building 

• SNI 03-6389-2000 OTTV calculation methods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

27For more information APEC 2013 has overview about standards and references used by Indonesian Building regulations. 

GBCI  link:  http://www.gbcindonesia.org  
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3.5 Philippines 

 
The Philippines take a centralized approach to code development and admin-

istration, where the Central Government has full control over code develop-
ment, administration and enforcement. This passes through the Secretary of 

Public Works, Transportation and Communication and other agencies. Any 

laws are passed by the Senate and House before the Secretary converts them 
into enforceable codes. The Building Code of Philippines references the Phil-

ippines National Standards (PNS) and other international standards. Currently 

there is no mandatory green building code and no green feature in the 
mandatory codes. Building officials, chosen by the Secretary of Public Works, 

Transportation and Communication, enforce the code.28 

 

Non mandatory minimum building codes on the Philippines28 

 

• Energy 

   voluntary code for building shells, lighting, HVAC and water heating. 

− The Philippine’s Government launched the National Energy Efficiency 

and Conservation Program (NEECP) in 2004 to promote energy 

efficiency and conservation throughout the economy. The program is 
administered by the Department of Energy. There are plans to incorpo-

rate energy efficiency and conservation practices in all sectors of the 

economy by 2014. The program has had success in developing and 
elaborating appliance and equipment energy standards and labelling 

implementation of building energy usage standards, and has not yet 

started on the development of energy efficiency standards for build-
ing. 

 

 

• Indoor air quality 

Only ventilation 
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Mandatory building codes on the Philippines28 

 

• Electrical Code 

Chapter 13, Rule IX, NBC, Memoran-

dum Order 77-4 of the National Building 

Code. It refers mostly to North American 

Standards. 

• Water and Sanitation 
two codes 

– Civil Code 
of the Philippines on Property Own-

er- ship and the National Sanitation 

Code of the Philippine, PD 856 

– Clean Water Act 
covering water quality, sanitation 
and sewerage treatment generated 
by building 

 

• Water code 

• Mechanical code 

in reference to Philippine, North Ameri-

can and European standards 

• Light and ventilation 

and Clean Air Act of the Department of 

Environment and Natural Resources, with 

national emission standards for specific air 

pollutants (NESSAP) and national ambi-

ent air quality standards (NAAQS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

28APEC 2013 Page: 147 - 151
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Plans to establish Green Building Codes28
 

• Senate Bill 2574: Act to create Green Building Code Commission to Draft 
the National Green Building Code 29 

• Senate Bill 1799: Act establishing a Green Energy for Homes and Buildings 
Program. Inspired by a similar proposal of the United States.30 

• Green Building Act (2009) requiring government buildings to follow green 
building practices and use environmentally responsible materials in its con-
struction 

The Building for Ecologically Responsive Design Excellence, Philippines (BERDE) 

system is a voluntary standard on the Philippines. It will, however be man-

datory for government buildings, criteria include: 

• Management of environmental performance of the building (throughout 
its life cycle) 

• Land use and ecology 

• Water conservation 

• Efficiency 

• Energy efficiency 

• Transportation 

• Indoor environmental quality 
 

• Materials and resources 
 

• Waste management 
 

• Heritage protection 
 

• Innovation 
 

 
In addition the ”Ecological Solid Waste Management Act of 2000” and the 

”BP 220 /Housing and Land Use Regulation Board/Amending the Rules and 
Standards for Economic and Socialized Housing Projects to implement BP 

220” as basis for low-cost housing should be high. 

 

 

 
 

29www.senate.gov Date: 13.03.2014 
30www.senate.gov Date: 13.03.2014  
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4 Building stock properties in Southeast Asia 

 
4.1 Thailand 

 
In Thailand, DEDE is the responsible department for development and enforce-

ment of energy efficiency in building codes. 

Since 2006 the Department of Energy in Thailand provides awards in energy-

efficiency.1 In 2010/11 there have been no policies on sustainable building 

policies for educational and awareness rising initiatives on energy efficiency 
in Thailand in the field of fiscal-, regulatory- and market-based instru-

ments.2 

 

Household characteristics 

 
In 2010 20.52 M households were counted in the whole kingdom.  

Among these, 20.36 M were private and 0.16 M were collective house-

holds.  The average size of a private household was 3,1 persons/household which 

was smaller than the average size recorded in the 2000 census round, in 

which the average size was 3,8 persons/household. In municipalities, the average size 
of a private household was smaller than for those non-municipalities 

(2,9 persons/household and 3,4 
persons/household  respectively).5 

The ownership status of the households in 2010 shows that 78 % living in 

the house are the house owners themselves and 16.5 % are tenants.3 

The population in urban areas was 44.2 % in 2010, in rural areas 55.8 %.3 

This is combined with an annual population growth rate of 0.8 % of the 

whole kingdom, respectively 1.6 % in urban and 

0.1 % in rural areas.4 As shown in figure 4.15 on page 34, most of the private 

households in Thailand are detached houses with 72.6 %. Followed by 11 % 
shop houses or row houses, 7.0 % flats and apartments, 6.4 % town hous-

es, duplexes, and town homes. In municipalities, there are four times more 
row houses and shop houses than in non-municipalities (18.5 % versus 
4.5 %, respectively).5 

 

 

 

 

 

 
 

1Hong and Laurenzi 2007 Page: 252 
2Vongsoasup 2011 Page: 33, 34 
3http://web.nso.go.th 
4http://www.tradingeconomics.com 
5National Statistical Office 2010 
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Figure 4.1 shows the distribution of houses in Thailand. 

 

Figure 4.1: Number and size of private households Thailand 2010 

 
Most of the houses are detached houses, as shown in figure 4.2. In a typical 

commercial building in Thailand, the AC  load accounts for 45 − 50% percent 
of the energy consumed, while lighting accounts for another 30 %. For a typ-

ical residential building, lighting and air conditioning contributes 30 % of the 

total energy consumption.6 

 

Figure 4.2: New low-rise residential house Thailand 2014 

The condominium registrations nationwide increased drastically from the 
year 2000 with 6 821 to 102 200 in 2013. An increasing trend can be seen in 

the land development licenses nationwide for residential and commercial 
buildings. The growth in the residential sector was almost 48 % from 2008, 

(56574 licenses), to 2013 (84023 licenses).7 

 

6Hong and Laurenzi 2007 Page: 244 
7http://www2.bot.or.th 
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Trends 

The dwelling trend in Thailand is dominated by detached houses. However 

an increasing number of row houses, due to their economical benefits for 

developers, can be ascertained.  In figure 4.3 a detached house develop-
ment is shown. The market dominating building principle is a reinforced 

concrete skeleton construction filled with single layer brick walls. 

  

Figure 4.3: Housing development site Thailand 2014 

 

Figure 4.4: Housing development site using IBS (2) Thailand 2014 

Mostly individual interests are not considered and the houses have standard-
ized construction principles and design. 
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Figure 4.5: Percentage of households by construction material in Thailand 

Figure 4.58 outlines the consistent trend to use concrete, bricks or stone as 

building material. The usage of these mineral building materials is predomi-
nantly. In all considered countries this trend can be observed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

8http://service.nso.go.th Household Socio-Economic Survey 2004 -2011, (Amount) n=52 000 for 2011 and 2009. 
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Water supply 
 

 

Figure 4.6: Percentage of private households by source of wa-

ter supply Thailand 2011 

 

Figure 4.65 shows that in total 81.2 % of the water comes from tap water. 

In municipal areas the percentage increases up to 89.6 %.5 

This means that most of the houses are connected to the water network, 

which is essentially due to hygienic and the living standard circumstances. A 

connection to the water network ensures better living conditions and offers 
the possibility to use alternative cooling concepts. The use of cooling towers 

in medium or high-rise buildings or cooling ceilings is possible. 
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Energy consumption of households 

 

A study in 2011 with 52 000 households regarded the energy consumption 

and expenditure of house- holds. The total expenditure of an average 

household was 17 430 Baht9 with an average share of 1 798 Baht, 10.3 % 
for energy. The average household expenditure on energy is shown in 

figure 4.710. 

 

 

Figure 4.7: Average per month of household expenditure on energy by type 
of energy Thailand 2011 

Bangkok and the provinces of Nonthaburi, Pathum Thani and Samut Prekan 
spend in average 979 Baht per month on electricity. While in the northeast 

the spending are 289 Baht on electricity. Between 2010 and 2011 the aver-

age costs for energy decreased in most regions, except for the southern re-
gion, where the costs increased by 2.9 %.10 

 

Figure 4.8: Average electricity consumption per electrified household in Thai-

land 

 

9Average course: 1 € = 42.43 Baht in 2011.  
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Figure 4.8 shows that statistical data of the electric consumption per elec-

trified household varies.11,12 However, both trends show an increasing con-
sumption of electrical energy. The total residential electric consumption in 

2013 was 37 657 GWh. This is an increase of 14.8 % from 2011 to 2013.13 

According to the Worldbank14 in 2013 2 316 kWh of electricity were con-
sumed per capita. 

 

Figure 4.9: Electric appliances of households Thailand 2013 

As outlined in figure 4.915 most of the households have more than one elec-
trical appliance and about 20 % of the total households have an AC unit. 

Most of the AC units are used in urban areas. Enhanced MEPS of electrical 

appliances can reduce the electric consumption overall. The overarching 
trend is that more electrical appliances will be used in the future. 

For the residential sectors, the electricity demands are mainly consumed by 
air conditioners and refrigerators. However, the main energy consumed in 

this sector is based on non-electricity, the proportions of non-electricity de-

mand was 75 % of the total energy consumption in the residential sector in 
2004. Thus, the efficiency improvement program for cooking stoves such as 

charcoal, LPG, and wood stoves, is the most effective option to reduce the 

energy consumption in households, resulting in the largest amount of ener-
gy saving. Moreover, the efficiency improvements of electric cooling devices 

are the most effective options for the reduction of electricity consumption in 

households.16 

 

 

 
 

10National Statistical Office 2011 
11http://www.dede.go.th, Calculation by the author.  
12Enerdata: http://www.wec-indicators.enerdata.eu 
13www.eppo.go.th Date: 08.03.2014, www.eppo.gh.th Date: 08.03.2014 
14http://data.worldbank.org 
15http://service.nso.go.th 
16http://www.jgsee.kmutt.ac.th  
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4.2 Viet Nam 

The Ministry of Industry and Trade (MOIT) launched the VNEEP for the peri-
od of 2006 to 2015. The target is to reduce the economy’s total energy con-

sumption by 5−8 % annually during 2011-2015, compared to BAU levels. 

Regarding the building sector, key areas are high-efficiency equipment appli-
ances, the building code and the legal framework.17 The housing census 

200918 describes that: 

• 25 374 262 people , or 29.6 % live in urban areas 

• 60 415 311 people live in rural areas, accounting for 70.4 % of the total 
population. 

The population growth rate between 1999-2009 is 1.2 % which is a de-

creasing trend, compared to the last decades. The growth rate in urban are-

as is much higher than in rural areas with 3,4  %/year compared to 0,4 %/year. 
During the period of 1999 to 2009 the average annual growth rate in 

households was 3%. The number of households living in simple dwellings 

accounts for the smallest share with 7.4 % of all households with a dwelling. 
In rural areas, this share is 7 % higher than in urban areas, at 9.5 % and 

2,6 % respectively. In absolute terms, the number of households living in 

simple dwellings in rural areas is much higher than in urban areas, with rural 
households accounting for 89 % of all households living in simple dwellings 

throughout the country.18 

 

Figure 4.10: Total number of households by dwelling type Viet Nam 2009 

Figure 4.1018,19 indicates that most of the house- holds have permanent 

dwellings.18 Over 54.3 % of the households in the whole country have a 

housing area of over 60 m2.  About 38.5 % have a housing area between 
25 m2 and 59 m2.  The ownership status of 22 617 236 total households 

which are put into use outlines that of those were 20 966 160 of those 

were privately owned homes and 1 465 815 were rented or borrowed. This 
indicates that Vietnamese people want to buy their own homes. This makes 

it more attractive to install EE measures. 
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Size and structure 20
 

 

The mean average household sharing a dwelling in 2013 is 2.3 people/household 

across all regions. 21 

• An average household has: 

− 136 m2 of floor area 
− 2.3 floors 

− 4.7 rooms 
 

• While an average row house has: 

− 210 m2 floor area 
− 2 floors 

− an average width of 4 m, 

depth of 20 m. 
 

 

The mean average apartment dwelling is 60 m2.  

 

Figure 4.11: Average size of households Viet Nam 201320 

 

 

 

 

 

 

 
 

17Samuelson 2013 Page: 218-225 
18GSO 2009 
19In that classification, permanent dwellings included villas, multi-story dwellings, apartments in multi-story buildings, pre- 

fabricated multi-story cement structures, and flat-roofed structures (reinforced concrete roof). Semi-permanent dwellings 
included those with masonry walls/wood planks/ wood frames and roofs made out of tiles/corrugated tin/sheeting/panels 
or similar materials. Durable wood frame dwellings included those with a wooden supporting structure, and the entire roof 
supported by wooden pillars, with an expected life of more than 15 years, with a roof made of thatch, bamboo, leaves or 
tar paper. Simple dwellings include those with simple structures, crude materials, with walls made of mud, leaves, bamboo 
screens and roofs usually made from thatch, bamboo, leaves or tar paper.18 

20Parkes and Burrage 2013 
21n=1394, Dwelling type: Row house 69 % Apartment 29 %, Villa house 2 %. 78 % are the house own-

er, the rest lives for rent.  
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Materials used for wall, roof and floor 

 

 

Figure 4.12: New concrete roof on a residential villa Da Nang 2014 

 

 

Figure 4.13: Detached villas with concrete roofs Da Nang 2014 

As shown in figures 4.14 - 4.1620, corrugated iron and cement as roofing 

material, bricks as wall material and ceramic tiles for floors is predominantly.  

Wood, as natural material only plays a minor role with a decreasing trend.  
Cement is used as roofing material due to the regular and heavy winds 

caused by typhoons, as shown in figure 4.12 and 4.13. Typhoons hit the 

coast usually from September to March and result in serious damages.22 

 

Figure 4.14: Floor materials of single households Viet Nam 2013 



 

 
Fraunhofer-Institut für Bauphysik IBP 

IBP-report IE-03/2014
Study: Energy efficient and climatic adapted building and retrofitting

48

 

Figure 4.16: Wall material of single households Viet Nam 2013 

 

Figure 4.15: Roof materials of single households Viet Nam 2013 

For the implementation of EE measures, e.g. external shading devices, insu-

lation and lightweight constructions these harsh environmental conditions 

have to be taken into account. In addition local high wind speeds, humidity, 
temperature levels and other local particularities. 

 

Figure 4.17: Detached apartment house with single layer brick wall Da Nang 

2014  

In figure 4.17 an upper price range apartment house is shown. 

 

22http://edition.cnn.com  
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Applied building technology 

 

 
Figure 4.18: Electrical appliances of households Viet Nam 2013 

 

Figure 4.1820 illustrates that most of the Vietnamese households have more 

than one electrical appliance and more than the half of the households have 

no AC. Approximately 30 % of the households which have a solar water 
heater additionally use an electric water heater. The source observed that 

11 % of the household expenditure is for electricity, which results in an 

average consumption of 3722 kwh/year. 23 

The census 2009 describes that an AC was used by 5.9 % of the total 

households in 2009. Thereof 16,2 % were used in urban areas and 1.3 % in 
rural areas. In 2009 about 86.9 % of the households owned a television, 

14.9 % owned a washing machine, 13.5 % owned a computer and 31.6 % 

a refrigerator.18 

However, most statistics show slightly different numbers. It can be stated 

that overall the applied building services and energy usage will increase 
steady. Until now only a small share of the households uses AC due to the 

high electricity costs for the average Vietnamese income. In any case the use 

of energy increases with a higher income level of the population. 

 

23 http://de.slideshare.net  
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Da Nang 
 

 

 

 

Figure 4.19: Da Nang city view 2014 

In 2008, the Da Nang People’s Committee, through its Department of Natu-

ral Resources and Environment, produced a plan titled “Developing Da 

Nang: The Environmental City.” This holistic environmental plan was pre-
pared to redress the environmental damage caused by the recent urbaniza-

tion and industrialization of Da Nang and covers air, water, soil, and urban 

environmental management over a 12-year period. The plan addresses energy 
use and planning via the “air environment” objective, with interventions tack-

ling the public bus transportation network; encouraging the use of clean 

energy and the saving of energy and fuel; and developing models using re-
newable energy, in particular, wind and solar energy. The plan is particularly 

specific on governance and funding, as well as on how the plan will be mon-

itored and reviewed.24 

On the city level and regarding to the “Promulgation of the Plan for Develop-

ing Da Nang—The Environmental City” and EE buildings the following initia-
tives and studies have been enacted:29 

• City energy efficiency and conservation program covering six energy 
efficiency projects to be co- financed by the National Target Program on En-
ergy Efficiency and Conservation, the city budget, private investors, and 
other 

• Program for public lighting 

• Renewable energy research and development and renewable energy ap-
plication in the city sources 

 

 

By end use the energy consumption in Da Nang is shown in figure 4.2029: 

 

 

 

 

 

 

 
 

24Ostojic et al. 2013 Page: 104  
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Figure 4.20: Energy consumption by end use of Da Nang 2013 

In line with 13 % of the electricity consumption, the residential sector is re-
sponsible for roughly 14.6 % of the total emissions. The energy consump-

tion of Da Nang’s city buildings is on the rise and some EE measures have 

been undertaken to improve energy performance. Examples are EE lighting 
replacement and AC schedules. It is recommended that existing efforts be 

continued and a retrofit program be implemented through a city buildings 

EE task force.29 In reference to interviews, the main barriers to invest in green 
technology or EE building products were seen in: 

 

• Higher initial and maintenance 
costs 

• Difficulties to find qualified 
facility managers 

• Lack of public and user aware-
ness 

• Suspiciousness in the payback of 
EE measures 

 

• Lack of qualified consultants 

• Low electricity prices for inter-
national companies 

• Long payback periods ≥ 5 years 

• Lack of available building mate-
rials  and building technology 

 

 

An augured higher investment in EE appliances stops investors to spend money 

in such measures. Due to the short-term investment calculation and for resi-

dential development, no share of the electricity costs to the investor, the ac-
tuation to go into EE is very low. Only when the investor has a share of the 

electricity costs an intention to invest in EE measures exists. 
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The maximum acceptable payback period for EE measures were expressed to 

≤ 5 years.  Mostly these buildings are shopping malls with a shared air-
conditioned space. The tenants pay a service charge per m2 of rented floor 

space. Therefore a reduction of the energy costs will result immediate profit 

for the owner. The interviewed manager calculates with an electricity price 
increase rate of 6 %/year. 

The typical construction principle in Da Nang like in the most SEA countries. 
From single to multistorey buildings a reinforced concrete framework shapes 

the load bearing walls. The walls are made with hollow red bricks as single, 

double or triple layer construction. The uncommon triple layer wall includes 
an air cavity between the walls. Some new buildings use lightweight con-

crete. In conclusion it can be stated that the usage of reinforced concrete, sol-

id and hollow clay red bricks is predominantly. No additional, advanced ther-
mal improvements could be observed. 

4.3 Indonesia 

In 2010 Indonesia had a population of 239 870 937 with 59 261 000 house-

holds.25 In Indonesia 80.12 % of the households in 2012 were owned by the 
inhabitant. Only 12.6 % had an area of occupancy per capita of less than 

7.2 m2, with a constantly decreasing trend. The urban population was 

about 50.7 % of the total population, in 2011. The rate of urbanisation 
from 2010 to 2015 is estimated by in average 2.45 %. Furthermore 

95.78 % use electricity as the main light source.26 The proportion of Indone-

sian living in urban areas could reach 71 % of the total population in 
2030.27 The building stock has households with the main roof material non 

Sugar Palm Fiber of 96,99 % and 90,02 % had no Bamboo /other, as wall 

material. 91,34 % had no floor material which consists of earth.28 

Yogayakarta 

The average number of residents per household was 3 persons both in 

Bandung and Yogyakarta.(…) In Yogyakarta, since the land price is expen-

sive although the city is not located in the center of business, their people 
tended to build houses with floor area ranged from less than 100 m2 and 

from 100 to 179 m2. Almost similar to Bandung, the structure of houses 

was mostly made from brick wall, while the rest were from wood and mix 
wall. The average monthly electricity bill paid by households in Bandung 

and Yogyakarta are 21.6 USD and 16 USD, respectively.29 

Table 4.1: The average appliances electricity use per household in Yogyakarta 

and Bandung February 2011 

Home Appliances   

 

City Cooling Cooking Lighting Entertainment Others 

Bandung 67.3 178.6 41.2 101.6 25.7 

Yogyakarta 79.74 122.4 33.2 65.3 17.4 
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As described in table 4.129 the major energy is used for cooking, cooling 

and entertainment. While people in Yogyakarta mostly consider the use-
fulness of an electrical appliance, before price or eco-friendliness. The 

study found out that the extensive use of lighting is a symbol of prosperity. 

Therefore lighting devices are turned on in all places of the house. The en-
ergy saving motivation between, saving the environment and saving money, 

was nearly equal in both cities. In Yogyakarta the household lighting com-

prised 82 % of CFL, 12 % of lamps and 6 % of incandescent bulbs. Im-
provement recommendations to save energy are the usage of LED lighting, 

the promotion of high efficient appliances, price subsidies for high efficient 

appliances29, awareness campaigns and MEPS for more electrical appliances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

25http://cloudscorecard.bsa.org 
26https://www.cia.gov 
27McKinsey Global Institute 2012 
28http://www.bps.go.id 
29Wijaya and Tezuka 2011  



 

 
Fraunhofer-Institut für Bauphysik IBP 

IBP-report IE-03/2014
Study: Energy efficient and climatic adapted building and retrofitting

54

4.4 Philippines 

There are 92 097 978 people on the Philippines living in 20 171 899 house-

holds with an average house-hold size of 4.6 residents/household by 2010. 30 

 

Figure 4.21: Occupied households by dwelling type on the Philippines 2010 

Figure 4.2131 shows that of total 19 715 700 occupied dwelling units nearly 
89 % were single houses. About 62 % of the houses were owned by the 

inhabitant, about 12 % were rented and 22 % were occupied for free with 

consent of owner, by 2010, as figure 4.22 on page 47 indicates. As light 
source still 15  %,  equaling 3 022 151 households, use kerosene in 2010. A 

television is owned by 72 %, 14 623 300, a refrigerator by 38.5 %, 

7 756 500, a washing machine by 31 %, 6 055 200.31 

 

Figure 4.22: Households by tenure status Philippines 2010 
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Wood was recorded as the most commonly used fuel for cooking. It was 

used most often by 44.1 % of all households, equaling 8.9 M households, in 
the country. Liquified Petroleum Gas (LPG) came in as the second most 

commonly used fuel for cooking with 36.9 % of the total house- holds.32 

Figure 4.2231 shows that the majority wants to have a privately owned 
home. This makes it more attractive to install EE measures with long pay-

back periods. 

 

Figure 4.23: Construction material of outer walls and roof Philippines 2010 

As figure 4.23 displays31, most of the households have steel plates as 

roofing material. Only a small number of houses still have traditional roofs. 

Traditional roofs have a better U-value due to their thick layers of natural 
fibres. Additionally water vaporizes from the wet roof, which cools the roof 

down during daytime. This design stays in contrast to an uninsulated single 

sheet steel roof, which heats up quickly due to its low thermal mass and 
high thermal conductivity. 

Therefore uninsulated single layer steel sheet roofs will result in large heat 
gains, high AC costs and overall uncomfortable conditions in this climate 

zone. 

 
 
 
 
 

 

30http://www.census.gov.ph 
31Ericta and Collado 2014 Page: 17-22 
32http://www.census.gov.ph 
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4.5 Building principles of modern and traditional buildings 

4.5.1 Traditional buildings 

 

In former days traditional buildings were primarily built with locally available 

natural resources. Local growing solid wood was used to build up the main 

supporting structure and stacked natural fibres were utilized as covering for 
the roof. A typical traditional house is shown in figure 4.24. Modern ver-

sions of traditional residential buildings are not present in the considered 

countries. One main reason is the high and increasing price level of termite 
resistant wood. In addition the price level of wooden windows and doors is 

much higher than plastic or aluminum building components. 

 

 

Figure 4.24: Traditional tropical house 

Locally there are lots of constructional variations on account of available ma-
terials and regional environmental conditions, e.g. flooding or typhoons. The 

transfer from passive strategies to new building designs nearly got lost over 

the last decade. Passive principles of natural ventilation, ventilated roofs, low 
thermal mass and other passive strategies are often not considered in the 

building design. 

As already mentioned, newer developments mostly don’t suit the local cli-

mate and environmental conditions, as most traditional buildings did. 

 

4.5.2 Present low-rise buildings 

Most of the low-rise buildings in the SEA region have a load bearing con-

struction made with reinforced concrete. The walls are typically brick- walled 

with solid or hollow bricks. Some newer developments use autoclaved aer-
ated concrete blocks, as shown in figure 4.25. They are increasingly used in 

mid to high-rise developments. 

Roofs are typically covered with galvanized and powder coded steel plates or 

roofing tiles. Solid constructions represent a higher social status due to their 

heavy construction and similar house types in developed countries. Often 
this adaptation suits not too harsh tropical conditions. Modern lightweight 

constructions can’t be observed. 
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Exemplary new residential houses in Thailand are shown in figure 4.25, 

4.28, 4.29 and 4.30. Typically they are 2-storey solid houses for one family. 
Their orientation is often chosen randomly. 

The precast concrete skeleton construction bears rendered lightweight or 
solid brick walls. The building has a raft foundation as a single monolithic 

footing. The hip roof is built as steel framework tiled with powder coated 

galvanized steel plates without a separate insulation layer. 

 

Figure 4.25: two-storey modern house 

As thermal improvement the ceiling of the second floor is covered with a 

low-e foil. On top of that low-e foil is an air cavity, which will heat up fast 
during the day. The low-e foil helps to reduce the heat flow from the hot 

roof, figure 4.27. The roof overhang provides sun shading for windows and 

walls. The top hung or sliding windows have single glazed tinted panes in a 
thin aluminum frame. As building technology, one or more AC units are ap-

plied. Usually the customer has to buy them at their own expense. One AC 

in the living room and each bedroom is common. The electricity and pip- 
ing, are installed through milled or drilled channels in the walls. A separate 

drywall to hide the piping is not common. 

 

Figure 4.26: Reinforced concrete steel frame construction 

 

Figure 4.27: Roof with low-e foil 
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Figure 4.28: New and old low-rise residential house Thailand 2014 

 

      

 

Figure 4.29: New low-rise residential house 

Thailand 2014 

Figure 4.30: New low-rise residential house 

(2) Thailand 2014 

Examples of common modern low-rise residential buildings are shown in the 

figures 4.28 - 4.30. 
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Hot water 

 

The hot water generation is mostly done with an electric boiler. Some build-
ings use hot solar water tanks on the roof top. The piping is generally not 

insulated, which will add additional heat into the building. 

 

Figure 4.31: Solar hot water tanks Da Nang 2014 

Building materials and durability 

 

The fast deterioration of buildings and their high embodied energy con-

tent, due to the usage of concrete and other solid materials, can add 

significant energy to the building’s life cycle. 

A general problem is maintenance of building envelope and building tech-

nology. Therefore brick, concrete or used natural building materials have a 
short lifespan when they are not maintained in this harsh environment. An 

example is a ten year old façade, figure 5.5 on page 75. 

Wall construction 

The common wall construction is a rendered single layer brick wall, as 

shown in figure 4.32. New housing developments also use lightweight 

concrete 4.25 on page 50 or concrete bricks 4.33. An additional insulation 
layer is not common at residential houses and only used in certified new de-

velopments. 
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Figure 4.33: Concrete hollow Block 
Da Nang 2014 

 

 

 

 

 

 
Figure 4.32: Single layer brick wall with piping 

Da Nang 2014 

 
 
 
 

 
 

Figure 4.34: Detached house building site 
Thailand 2014 

 

 

 

 

Figure 4.35: Detached house building site 
Da Nang 2014 



 

 

Fraunhofer-Institut für Bauphysik IBP 
IBP-report IE-03/2014

Study: Energy efficient and climatic adapted building and retrofitting
61

Glazing and façade 

 

The façade is a major component of the envelope.  It has to resist various 

kinds of environmental impacts. Different types of typical façades in SEA are 
shown in the following figures 4.36 and 4.37. 

The figures 4.36, 4.37, show new façades of residential houses in Thailand. 

 

Figure 4.36: New two-storey residential house Thailand 2014 (1) 

Large glazing areas with curtains are common. The windows are made 

from plastic or aluminum frames and a dry or wet sealing. Clear, tinted or 

panes covered with a tinted plastic film are most common. 

A thermal split in between the in- and outside of the aluminum frames 

can’t be observed. The air tightness of windows and doors is mostly not 
given. Sometimes no sealing or only brush sealing to protect from insects is 

common. The aluminum frame is mounted with screws into the masonry. In 

some cases silicone is applied to seal the frame. 
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Figure 4.37: New 2-storey residential house Thailand 2014 (2) 

Uncontrolled infiltration of hot and humid air during day and night-time 
through a brush sealing or other leakages will result in significant latent and 

sensible heat gains. These leaky constructions are applied in low as well as 

medium and high rise buildings. A major influence to the infiltration rate 
has the length and width of the gap and the average air pressure difference. 

A precise calculation of the heat flux through the transparent and opaque 

envelope needs simulation software. However this construction has massive 
heat gains which will result in high costs to achieve a comfortable climate 

inside the house. In any air-conditioned building all gained heat has to be 

cooled down by the use of building services, driven by increasingly expensive 
electricity. 
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Main factors for the heat gains through the façade are: 

• Air-infiltration through doors, windows, connections 

• Sun radiation, diffuse and direct sunlight 

• Transmission 

• Thermal bridges 

 

 

Shading 

 

The most common sun shading method are curtains, as it can be seen in 

figure 4.38, 4.29 on page 51 and 5.1 on page 68. 

 

 

Figure 4.38: Curtains are common as sun shading Da Nang 2014 

However curtains are an ineffective way to reduce heat gains from sun ra-

diation.  Approximately 70 − 95 % of the total gained solar energy will 
heat up the room.  Convection, transmission and radiation at the curtain 

will distribute the overheated air. Out of that results a high cooling demand 

and uncomfortable room conditions. 
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Roof construction 

 

The roof protects the building from intensive solar radiation and water. Roof 

constructions in SEA are mainly made of: 

• Galvanized and powder coated steel sheets as single or double-layer con-
struction 

• Roofing tiles made of precast or reinforced concrete, clay 

• Concrete, steel, sometimes wood frame for support 

• Fibre cement boards, corrugated roof panels 

• Additionally a low-e foil on top of the ceiling at the inner wall in new build-
ings 

A mid-income houses drawing33 is shown in figure 4.39. No insulation 

measures, vapour barriers, sealing or thermal protection measures are ap-

plied. The eaves typically have a plate with drilled holes or gaps to provide 
air circulation under the roof. These small holes are not sufficient for effec-

tive ventilation of the attic space. In addition, the walls have no separate 

thermal insulation. However, in some buildings lightweight concrete with a 
lower thermal conductivity is used. The lightweight bricks are mainly uti-

lized because of their capability to build faster and mill channels for piping at 

the building site. It can be stated that there are a lot of enhancements which 
can be done to improve the thermal, energetic and cost performance of the 

building in general. 

 

 
 

Figure 4.39: Drawing of a mid-income residential house Thailand 

 

 

 

 
 

33www.dpt.go.th 
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4.5.3 Present mid- and high-rise buildings 

Mid-rise buildings mostly located in suburban areas and urban areas. Exam-

ples are shopping malls, condominiums. 

Typical mid-rise buildings in SEA are shown in figures 4.40 - 4.42. The common 

construction principle of mid-rise buildings is a reinforced concrete skeleton 

construction, equal to most of the low-rise buildings. Other types use prefab-
ricated concrete systems such as Industrialized building system (IBS). 

 
 

 

Figure 4.40: Low cost apartment block Da 
Nang 2014 

 

Figure 4.41: Building site, mid-rise develop-
ment Da Nang 2014 

 

 
Figure 4.42: Typical mid-rise buildings Bangkok 2014 



 

 

Fraunhofer-Institut für Bauphysik IBP 
IBP-report IE-03/2014

Study: Energy efficient and climatic adapted building and retrofitting
66

 

Figure 4.43: New mid-rise shophouses Thailand 2014 

 

 

Figure 4.44: Old mid-rise shophouses Thailand 2014 

The figures 4.43 and 4.44 show two similar buildings in comparison. The 
building principle in general is equal. The building in figure 4.44 has deep 



 

 

Fraunhofer-Institut für Bauphysik IBP 
IBP-report IE-03/2014

Study: Energy efficient and climatic adapted building and retrofitting
67

solid overhangs. The newer building in figure 4.43 has less and shorter over-

hangs. Wall system, windows, doors, AC and other components are identical. 

 

High-rise buildings 

High-rise buildings are common in central urban areas and mostly as condo-

miniums in suburban areas. Typical buildings are shown in figure 4.45-4.47. 

 

 
 

Figure 4.45: High-rise building in Bangkok 

Thailand 2014 

 
Figure 4.46: Detail of a high-rise apartment 

block in Da Nang, Viet Nam 2014 

Typically high-rise buildings have large glazing areas, as the condominium 

in figure 4.47 and the shopping mall building site in figure 4.46 shows. It can 

be observed that for newer buildings, especially when they are supposed to 
be certified (e.g. Leadership in Energy & Environmental Design (LEED)), im-

ported double glazing is being used. On that account a well-designed, sun 

protection glazing is a good way to reduce the energy consumption and im-
prove the comfort. A few high-rise buildings are currently certified by LEED, 

Building Research Establishment Environmental Assessment Methodology 

(BREEAM) or Deutsche Gesellschaft für Nachhaltiges Bauen e.V. (DGNB). Build-
ing owners try to gain a higher profit due to the lower electricity bills for 

shared air-conditioned spaces and higher rent for the ”green appearance”. 
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Figure 4.47: High-rise building with AC split units, curtains and dark wall 

colour Bangkok, Thailand 2014 
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4.6 Building stock - summary 

 
Table 4.2 and 4.3 give a brief overview over the present building design of low-

rise residential buildings in the considered countries. It can be stated that in 

SEA the modern building design for low-rise buildings is relatively homogene-
ous. There are only little local particularities, in respect to environmental 

conditions, e.g. typhoon or flooding, which impact the energy performance. 

Table 4.2: Present construction methods and materials for low-rise buildings 

in the considered countries 

 

Component Common materials 
Significance 

for EE 

External wall plastered single layer brick wall 
solid concrete or blockwork 
multi-layer brick wall 
steel sheets 
no insulation layer 

++ 

Foundation strip footing 
raft foundation 

0 

Roof Design 
flat, hip or valley and gable roofs single layer 
steel, aluminum sheet 
tiles (clay, concrete) 
solid concrete plate 
traditional roof (nipa, cogon, anahaw) 
Thermal improvement 
low-e foil (only seen in Thailand) un-
ventilated air cavity behind the tiles 
no insulation material 

++ 

Windows Frame 
plastic or aluminum 
Glass 
single pane 
clear or tinted with plastic overlay 
Sealing 
single level sealing, brush seal (insect protection) 

++ 

Doors Frame 
plastic, aluminum, wood 
Glass 
single pane 
clear or tinted with plastic overlay 
Sealing 
brush seal (insect protection) 

+ 

Airtightness no exceptional measures ++ 

Thermal bridges no exceptional measures + 

Sun shading Inside 
curtains 
Outside 
roof and wall overhang 

++ 
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Table 4.3: Present building services design for low-rise buildings in the 

considered countries 

Component Common design 
Significance 

for EE 

Hot water 
installation 

Decentralised 
electrical water boiler 
hot water solar tanks 
uninsulated piping 

++ 

HVAC Decentralised 
split units 
mostly one unit per bedroom and living room 

++ 

Lighting system Design 
CFL 
incandescent bulbs 
daylight utilisation 

++ 

 

Table 4.4 describes the common building structure and EE measures in the 
considered countries. This table is not a complete list, but a brief over-

view over the building structure in 2014. 
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Table 4.4: Common construction methods and materials for mid- and high-

rise buildings in Thailand, Indonesia, Viet Nam and the Philippines, 2014 

Component Common design and materials 
Significance 

for EE 

External wall Construction 

plastered single layer brick wall 

solid concrete or blockwork 

single layer precast concrete elements (IBS) 

no exceptional insulation layer 
Recent thermal improvement 
bright colours 
autoclaved aerated concrete walls (low λ) 

++ 

Roof Design 

flat con-

crete 
Thermal improvements 

bright colours 

double façade 

++ 

Windows 
and façade 

Framing 

plastic or aluminum (windows) 

steel, aluminum (façades) 
Glass 
single glazing 
clear or tinted with plastic overlay 
Sealing 
single level sealing, brush seal (insect protection) 
Façade 
sun protection and/or double glazing 

++ 

Doors Frame 
plastic, aluminum, wood 
Glazing 
single pane 
clear or tinted with plastic overlay 
Sealing 
brush sealing (insect protection) 
no exceptional thermal insulation measures 

+ 

Airtightness Minimum local standards or no exceptional  
measures 

++ 

Thermal bridges No exceptional measures + 

Sun shading Inside 
curtains 
Outside 
roof and wall overhang 

++ 
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Table 4.5: Present building services design for mid and high-rise buildings 
in the considered countries 

Component Common design 
Significance 

for EE 
Hot water 
installation 

Decentralised 
electrical water boiler 
uninsulated piping 

++ 

HVAC Decentralised 
split units 
centralised HVAC-system 
shared centralised cooling in shopping malls or 
office buildings 

++ 

Lighting system CFL 
no daylight dependency 
usually always on 

++ 
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III. Brief analysis and suggestions in 
principle for existing and new 
buildings in the considered coun-
tries 
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5 Challenges and improvement suggestions for energy efficient 
buildings 

Tropical climate has different challenging conditions, compared to the well-

known Mediterranean climate.1 Firstly the general air temperature and the 

humidity levels are higher. Secondly the radiation level and the precipitation 
are higher and different seasonal conditions have to be taken into account. 

Additionally environmental conditions such as insects, mould and catastrophic 

events have an impact on the building design in SEA. 

Definition of energy efficiency in the building sector 

EE is a way of managing and restraining the growth in energy consump-

tion. Something is more energy efficient if it delivers more services for the 

same energy input or the same services for less energy input.2 Hence EE 

means to loose as little energy as possible to transfer one energy to another, 

e.g. the heat loss of an incandescent light is not used in tropical areas. 

Additionally the achievable EE level is linked to physical limitations. For ex-

ample the maximum efficiency of photovoltaic cells can be estimated by us-

ing the theory of the Carnot Cycle. Regarding hot and humid tropical cli-
mate, energy efficiency often means having high efficient building services, 

such as AC, hot water generation or lighting system. Also free sources, like 

daylight and to minimise the usage of artificial lighting can be used. On the 
other hand an EE building can improve, next to other factors, comfort level, 

health and productivity of the residents or staff. 

 
5.1 Introduction 

 
The following suggestions point of possibilities for EE measures in the de-

sign phase as well as the retrofitting of existing buildings. For further and 

more detailed concepts each building has to be inspected and the 
retrofitting concept planned, calculated and designed to optimize the EE and 

cost- saving potential during the building’s lifetime. 

 

 

 

 

 
 

1Hindrichs and Daniels 2007 Page: 220 
2http://www.iea.org 
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5.2 Building envelope 

The building envelope is the major barrier between building and environ-

ment. It can be separated into opaque and transparent surfaces which have 
different functions to fullfil. In general the building envelope is one of the 

first things to optimize on a building, before additional EE building services 

are applied. Therefore passive strategies such as natural ventilation or day-
light harvesting are highly influenced by the envelope design. 

Additionally with the right building orientation a considerable amount of 
heat gain can be reduced. Large glazing areas fazing into west or east, with-

out external shading devices, sun protection glazing or similar measures, 

should be avoided in tropical regions. 

Insulation 

In general it can be stated that, the higher the surface temperature difference 

is over a certain amount of time between the in- and outside of the thermal 

shell, the lower the U-value has to be. 

Due to the relatively low temperature difference between the outside and in-

side of a wall in tropical climates, insulation is often neglected and under-
valued. A lower thermal conductivity of the wall results in a lower surface 

temperature of the inner wall surface in air-conditioned spaces. Due to the 

uniformly distributed temperature of the surrounding walls, the felt air tem-
perature is lower compared to the situation with a hot internal wall surface, 

see thermal comfort in section 5.3.1 on page 71. 

Generally heat gains depends on various factors, e.g. the U-value for enve-

lope, absorbence of the surface, building orientation, the shape and the so-

lar gains through the glazing. For example a low absorbence, which most 
light colours have, is useful to reduce the surface temperature. On that ac-

count a light colour is a simple way to reduce the heat gain through roof and 

walls.3 

 

Figure 5.1: White wall colour and black roof, west façade; Da Nang 2014 
 

 
 

3Hindrichs and Daniels 2007 Page: 223 
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Figure 5.2: Heat measurement, west façade 

At the detached house in figure 5.1 a white wall paint is used, which reduc-

es the temperature and the heat gain through the wall. The roof is made of 
a approximately 10 cm thick reinforced concrete 

layer. Used as covering are black clay tiles. As it is shown in figures 5.1 and 
5.2 the black tiles heat up to 50 °C. This measurement was taken at 11 am, 

therefore the tiles will reach their temperature peak during midday. During 

the day the concrete roof will accumulate the heat. At night the roof will cool 
down, but a significant amount of heat will flow into the living area. A hot 

ceiling temperature on the second floor will result in a low thermal comfort 

and high AC costs. 

The windows and doors in this building are single glazed, therefore U-value 

and heat gain are high. The low air temperature of the air-conditioned living 
spaces reduces the temperature of the glazing. Therefore the temperature 

of the glazing4 is lower than the dew-point of the outside air. As it is visible 

in figure 5.3, water precipitates on the outside of the window. In the long-
term this will result in mould growth on window and wall. Hot and humid air 

which enters through gaps of leaky windows and doors will result in addi-

tional water precipitation. 

 

Figure 5.3: Water precipitation on the outside of the single-glazed window 

To improve the situation the set point of the AC can be raised.5 Better insulat-
ed windows, e.g. double glazed windows, are another possibility. Because 
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of a lack of availability and higher initial costs they are not used, even in 

costly houses. 

Without significant additional costs this roof can be improved by a re-

shaped cavity to increase the air-flow behind the tiles. Another possibility 
is an insulation layer on the roof. Additionally light coloured roofing tiles 

can be used. By changing the concrete roof into a lightweight construction 

more insulation and air-cavities can be applied with a lower content of em-
bodied energy. The ceiling of the second floor is flat, therefore an insulated 

roof can result in a higher ceiling for more living space. 

Thermal mass 

Generally thermal mass is seen as advantageous in tropical climates. However 
it has to be considered how the building can profit from a high thermal 

storage capacity. In principle the thermal storage delays the heat up period 

of the building due to heat gain from the sun or operation (e.g. heat loss of 
electrical appliances) during the day. The heat is buffered in heavy building 

materials like concrete or bricks. Wood as lightweight material has a high 

thermal capacity because of its water content. During the night, when the 
environment cools down, natural ventilation should transport the accumu-

lated heat out of the building. This is a basic passive cooling strategy. 

Compared to heavy buildings, a lightweight construction has a lower thermal 

storage capacity. Therefore, based on an equally U-value, the construction 

will heat up much faster. If a higher U-value is considered. Significant ad-
vantages by using a lightweight or insulated construction will be achieved. 

When the building needs to be cooled down quickly, it will react much fast-

er. In principle the heat up time during the day will be at least equal and 
once the building is heated up, less thermal load has to be cooled down 

through the AC system. To optimize the thermal flow, dampening and de-

laying effects of multi-layer designs have to be calculated. Moreover light-
weight constructions contain much less embodied energy compared to solid 

concrete buildings. 

Recapitulating it can be stated that the thermal mass can have an influence 

on the energy consumption. Insulated constructions are advantageous to 

reduce heat gain, raise thermal comfort, increase productivity and health 
and raise the life cycle performance of the building overall. Interviewed con- 

sultants mentioned: 

• A lack of trust in lightweight ”instable” buildings 

• High costs of wood and lack of knowledge in constructions made of 
natural materials 

• Insufficient promotion of lightweight, advanced construction principles 

• Natural building materials are seen as building materials for poor people 

with a low status in the society 
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• Due to an expected shorter lifetime, lack of trust from banks, overall lack 
of experience, lightweight construction is not seen as a quality advantage 

 

 

5.3 Suggestions for improvement of the building envelope 

 

Heat gain, active and passive design principle 

In tropical climates the heat gain into and inside the building should be re-

duced as much as possible. Whereas in cold climates heat gains and heat loss 

has to be balanced due to the seasonal changes. 

By using the passive design principle, the building should be designed in a 

way so it supports natural ventilation. A high air exchange rate is a basic ap-
proach of that design principle. 

By using the active design principle, the building should be airtight. 
Uncontrolled infiltration through open windows or doors should be avoid-

ed. However, the building services have to control and ensure the quality of 

the internal climate conditions. 

5.3.1 Thermal comfort 

In general the hot-humid tropical climate is not in a comfortable zone. The 

thermal comfort level can be calculated through different models (e.g. 

Fanger). Various measures can be undertaken to achieve more comfortable 
conditions. Interviewed consultants mentioned that typically people in 

tropical climates want to feel slightly colder than international standards, e.g. 

ASHRAE, recommend. The individual thermal comfort highly influences a per-
son’s productivity, concentration level, and comfort level due to hot or cold 

parts. An inadequate thermal comfort could result in high energy consump-

tion, uncomfortable air-circulation, low productivity and health issues. 

Regarding energetic reasons thermal comfort is highly important. In general 

it can be stated that the higher the surface temperature of the surrounding 
walls, the cooler the air temperature has to be. This will increase the energy 

consumption due to the lower set-point of the AC. 

 

 

 

 

 

 

 

 

 
 

4Measurement of the glazing: 24.5 ◦C, emissivity layer added for measurement purpose 
5The outlet temperature was measured with 10 ◦C  
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Factors which influence the thermal comfort of a person are: 

• Middle radiant temperature 

• Humidity 

• Clothing value 

• Activity 

• Culture 

• Human acclimatization 

• Age 

• Other individual factors 
 

Suggestions to raise the thermal comfort level 

Improvement opportunities varying with the building type. Beneficial are in 

general: 

• Reduction of the internal surrounding wall surface temperature 

• Increase of air movement 

• Optimisation of the building orientation, sun radiation 

• Increased shading. 

Thermal insulation can reduce the interior wall temperature, especially when 

the outer wall surface is exposed to direct sunlight in west or east orienta-
tion. The glazing has major influence on the solar and transmission heat 

gains. High surface temperatures of the glazing are a result of the dark tint-

ed single glass panes or tinted plastic film overlays. The lower solar gains 
are consumed by the higher convection due to the higher temperature level 

of the pane. Hot glass panes next to work or living spaces result in a higher 

cooling load due to the necessary lower air temperature. Furthermore the 
building orientation is important to optimize the thermal balance of the 

building, e.g. reduction of solar heat gain. Due to site layout reasons or a 

lack of knowledge the building orientation is often chosen randomly. In gen-
eral large and low insulated opaque or transparent building parts directed in-

to west or east should be avoided. Additionally natural ventilation can be 

used to achieve a comfortable climate with well outlined wind speed through 
the building and the use of a colder temperature level at night. 

5.1.1 Wall and roof 

 

To reduce the heat gain through wall and roof the following measures could 
be applied: 

• Sun shading on the outside 
− Overhanging roof 

− Curtain wall 

− Rear ventilated façade 
− Plants, trees 

• Green façade 

• Wall insulation, low U-value 

• Low-e insulation foil 
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• Low thermal mass construction combined with insulation 

• Natural lighting usage 

• Ventilated double roof, walls 

• Optimised window to wall ratio 

• Sealed doors and windows, connections 

• Increased airtightness in AC spaces 

Considering tropical climate, the insulation should be installed on the inside of 
the building. However it can be advantageous, if additional insulation is 

applied on the outside to reduce the heat intake into the walls. Precise cal-

culations help to find the best solutions for each case. 

Outlook - emission from the use of concrete 

A report6 estimates the global warming potential of a 156 m2 house, made 

of reinforced concrete at 4.98 ∗ 107 gCO2eq. With a share of 54.8 % concrete 

has the greatest environmental impact. Followed by mortar brick walls with 
a share of 29 %. For the house the use of 96 m3 reinforced concrete and 

61.87 t of mortar bricks are estimated. However, the production of concrete 

has a share of nearly 5 % of the global CO2 emissions with a strong increas-
ing trend.7 

5.3.3 Transparent envelope 

 

Daylight is one of the most efficient light sources. It is more effective than CFL 

and present LED lights. In tropical areas sun is seen as an enemy. Partly this is 

the same for a building. As already mentioned, unprofitable clear glazing or 

tinted panes without any external shading are now common in SEA. 

Suggestions for improvement for lower solar heat gain 

• Windows 

− Sun protection double or triple glazing 
− Louvres 

− Roller shutters 

− Blinds 
− Window shutters 

− Venetian blinds 

− Overhang at the window 

• Envelope 

− Overhanging roof 

− Plants  for  shading  and  evaporative cooling 
− Curtain glass façade 

− Insulation and sealing 

− Lighting concept 
− Daylight harvesting 

− Individual measures 
 
 
 

 

6Tikul and Srichandr 2011 
7http://china.lbl.gov Date: 20.03.2014  
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Airtightness 

The airtightness from viewing experience of air- conditioned residential and 

other buildings were mostly insufficient. In figure 5.4 a new leaky window is 

shown. In general there are two ways of construction in tropical climates. 
One construction principle is naturally ventilated, passive de- sign. The other 

principle uses building technology to reach the comfort level, active design. 

If any cli- mate control building technology is applied, the building has to be 
airtight to minimize infiltration and additional energy intakes to the building. 

 

Figure 5.4: Non airtight window Da Nang 2014 

The airtightness of a building has main influence on: 

• Air exchange rate 

• Heat and cool losses 

• Infiltration 

• Risk of mould grow 

• Air movement 

• Comfort and hygienic level 

• Moisture intake 

 

In an AC space fresh air only should be supplied through the HVAC system and 
not through uncontrolled infiltration. Otherwise this will result in significant 

energy loss, mould, high moisture levels and overall uncomfortable condi-

tions. 

Suggestion for improvement of the airtightness 

• Proper sealing of windows and doors, building components 

• Airtightness test and leakage detection 

• Sealing of leakages 

• Correct installation of building components (e.g. ventilation slots) 

• Opened window sensors or locked windows at AC spaces 

 

Airtightness is challenging to achieve in retrofitting, especially with leaky 

windows, doors and building components. Testing airtightness is currently 

not common and often windows in air-conditioned rooms are left open.8 A 
study on 50 buildings in Malaysia surveyed that in average the ASHRAE  
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recommendation of 0.41 Air changes per hour (ACH) were exceeded by 144 

% with a rate of 1.0 ACH. As solution the installation of motorized fresh air 
ventilation louvers in all Air handling unit (AHU) rooms, controlled via a CO2 

sensors were recommended.9 

Due to that, the user of the building plays a major role. During the design 

process it should be specified which building components the user is allowed 

to control, especially in critical areas like hospitals or schools where mould 
grow is a major problem. 

 

5.4 Dimensioning of building technology 

Due to the use of rule of thumb in the design phase, buildings are often not 
precisely dimensioned. AC could easily be oversized, especially in large build-

ings. This results in a low efficiency of the whole system and high initial 

costs. With a precise building simulation the initial costs can be reduced, by 
far exceeding the consulting costs.10 

During the research a lack of knowledge, awareness and experience of devel-
opers, was found out as major obstacles. This is in line with a report11 which 

lists as main barriers to go into green building, perceiving of higher initial 

costs, a lack of education, lack of awareness and no fiscal incentives from 
the government. Furthermore the MEPS for AC units should be forced. These 

improvements often include easy to apply technologies e.g., variable speed 

drive or a minimum COP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

8Interview conclusion: I:”Hospitals are generally too cold, therefore patients open the windows.  This results in excessive 
mould growth and increased health risks.” For this reason a proper building design can prevent such issues. 

9http://www.mgbc.org.my 
10Source: IEN-consulting 
11FuturArc, Green Issue 2009, BCI Australia, Green Building Market Report 2008  
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Figure 5.5: Mould and moss growth on a 10 year old façade Da Nang 2014 

Figure 5.5 shows a ten year old building with excessive mould and moss 

growth. High humidity levels at the envelope combined with high tempera-

tures result in an excessive grow of fungi, moss and mould. A good build-
ing design, according to the special circumstances at the building site, is 

able to significantly reduce the water damages at the envelope. This results 

in an increasing lifespan and lower emissions of the building in total. 
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5.5 Basic measures to improve energy efficiency of buildings 

 

Cost-efficient measures 

Highly cost efficient measures could result in immediate cost savings. Espe-

cially in the field of medium rise and high rise buildings proper building 
technology design and maintenance is essential. Therefore the usage of 

”rules of thumb” should be avoided. For example the chiller in shopping 

malls is often used by only 30 − 60 %.  This means that there is at least 40 − 
70 % too much capacity installed, which results in higher initial costs and 

Operational expenditure (OPEX). 

A precise calculation and simulation of the building, including the thermal 

load, solar and transmission heat gain and other flows of energy will result 

in direct savings for the building owner or developer. The whole system can 
be outlined to the needed size. Interviewed consultants explained that the 

savings largely exceed the consulting fees they get. Additionally the long-

term savings, due to the higher efficiency of the system, will result in lower 
OPEX. 

Building orientation 

The building orientation and location is one of the first key factors to 

achieve, not cost and energy savings. Large unshaded and clear glazing ar-
eas facing to west or east result in huge energy gains, as shown in figures 

4.29 and 4.30 on page 51. Due to the orientation the following factors 

are essentially to consider: 12 

• Solar radiation 

• Prevailing wind conditions 
and the changes of air 
speed and wind direction 
throughout the course of 
the year, month and day 

• Topography 

• Temperature levels throughout the year 

• Geomorphology 

• Vegetation 

• Humidity 

• Precipitation 

 

More than anywhere else in the world, in tropical and subtropical regions 

these factors need careful and detailed consideration and analysis before ini-
tial design phases are started. To achieve EE buildings the following analysis 

has to be conducted on the basis of general meteorological data and micro- 

climatic studies before active mechanical means are considered for any new 
building:12 
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• Over and under heating periods 

• Desirable and undesirable solar gains 

• Shading strategies in conjunction with various building exposures 

• Addition or removal of water vapour content in the internal air volume 

• Natural ventilation strategies and acceptable air velocities at different alti-
tudes or city space 

• Possibilities for the arrangement and type of external and/or internal vegeta-
tion and water bodies. 
 

The listed measures are an indication for what can be done to achieve an EE 

building design. Not all possible measures can be listed and not all installa-
tions make sense in each case. Therefore professional consultancy is neces-

sary individually. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

12Hindrichs and Daniels 2007 Page: 210 
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5.6 Basic measures for energy efficient retrofitting, design, commissioning and 

monitoring of buildings - overview 

 
Table 5.1 lists some ”easy to do” measures to save energy in existing buildings, 

especially mid-rise and high-rise buildings. Even without any changes on 
the building structure, significant energy savings can be achieved. These 

measures are usually easy to apply and a highly attractive investment for 

building owners. Constant professional assistance is necessary in any case 
and highly recommended. As described, up to 40 % savings without any 

change of the construction are possible.13  In general the payback period for 

these measures is very short, ≤ 1 year. The values will vary in each individual 
case. 

 

 

Table 5.1: Possible EE retrofitting measures without construction work 

Component Measures Significance 
for EE 

Building services Professional maintenance and fine tuning can 
save up to 40 % and at least 5 − 20 % with little 
investment 

++ 

HVAC system Higher set-point temperature 
The raised indoor temperature ( < ∆T ) results in 
a lower energy consumption of the AC system 

++ 

AC spaces Turn off of the AC in non-occupied spaces ++ 

Building services Continuous monitoring to find the biggest con- 
sumers and optimisation potential 

+ 

Facility or energy 
manager 

Workshop with the facility or energy manager to 
encourage the knowledge about EE and about 
saving potentials 

++ 

Building services 
operation and 

electrical appliances 
e.g. lights, printer,(…) 

 
Shutting down lifts, AC-system and other energy 
consuming appliances after typical office hours 

 
+ 

Information 
campaign 

Signs at energy using appliances or building 
parts. Example, ”Close all the windows while the 
AC is running” 

+ 

Individual measures Each building has different conditions, therefore 
manifold other possibilities exist to reduce the en-
ergy consumption and save costs 

 

 

 

 

 
 

13http://www.nrel.gov 
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Design phase 

Table 5.2 outlines basic potential measures to improve buildings in the design 

phase. Table 5.3 gives a brief overview over potential measures in building 

design and constructional retrofitting. 

Table 5.2: Basic potential measures for energy efficiency buildings in the de-

sign phase 

Component Measure 
Significance 

for EE 
Life cycle based 

design and 

calculation 

In general a life cycle based design and cost calculation, 
compared to an ”initial cost” based calculation visual-
izes the benefit of EE measures, saves costs and im-
proves the whole investment 

 

++ 

Building location 
and orientation 

Optimised orientation and construction to reduce solar 
heat gains  

avoid hazardous areas (e.g.  flooding, problematic 
soil ) 

++ 

Architectural 

design and 

passive design 

Utilization of passive principles, e.g. daylight har- vest-
ing, natural ventilation 

 

++ 

Zoning Thermal  zoning  concept  to  optimize  the  air- 
conditioned spaces 

++ 

Shape Optimisation of the surface to volume ratio  
minimisation of heat gains 
reflective colours  

+ 

Materials Low thermal conductivity materials  
double pane sun protection glazing  
shading devices  
low embodied energy material selection 

++ 

Building services Detailed calculation and simulation of the heat 
load, daylight distribution and other individual pa-
rameters 
monitoring combined with an energy management 
system 
fine tuning of the system 
maintenance plan 

++ 

Landscape 
improvement 

E.g. shading with plants (trees, bushes) 
water areas with fountains (reflection of the water sur-
face has to be considered) 
free flow of air to support natural ventilation 

+ 

Renewable 
energies 

Appliance of devices to generate renewable energy 
sources, such as photovoltaic cells or small scale 
wind turbines could be applied to the building 

+ 

Individual 
measures 

Each building special circumstances and require- 
ments, therefore manifold highly effective individual 
measures can be applied 
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Table 5.3: Basic potential measures for energy efficiency in the building 

design and constructional retrofitting 

Component Measure Significance 
for EE 

External wall Thermal insulation 
ventilated double façade 
double wall 
bright, reflective colours 

+ 

Roof Design 
Double layer steel, aluminum sheets, tiles with 
well dimensioned ventilation space in between, 
insulation material 
Material 
bright reflective covering 
usage of traditional roofing insulation materials 
for low cost buildings, e.g. easily applicable on 
top of steel covering 
additional low-e foil 

++ 

Windows/Doors Frame 
plastic, aluminum, wood 
Glass / Filling 
sun protection double layer insulation glass,  
especially directed west and east 
external sun shading device 
insulation panel 
consideration of natural ventilation principles 
Sealing 
tight sealing 

++ 

Airtightness Air-tightness testing 
sealing of the building and components 
switch on windows - open window turns off the 
AC 

++ 

Thermal bridges Insulation and construction measures in the de- 
sign phase 

+ 

Sun protection Outside 
roof and wall overhang 
blinds 
shutters 
constructional measures to reduce the heat gain 

++ 

Individual 
measures 

Each building special circumstances and require- 
ments, therefore manifold highly effective  
individual measures can be applied 
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Other elaborations, such as the McKinsey abatement curve14 which rep-

resent a quantitative basis for discussions about actions which would 
most effectively lead to energy reduction and might outline general im-

provement suggestions. Regarding to the building sector the most 

efficient measures and the first places in the chart overall, are: 

• Switching incandescent to LED, residential 

• Efficient residential electronics 

• Insulation retrofitting 

• Efficient residential appliances 

• Motor system efficiency 

• Retrofit of residential HVAC system 
 

with negative abatement costs. Due to local circumstances and condi-
tions these results cannot be directly copied into the SEA area. They give 

an general overview which measures should be taken into account by the 

implementation of EE concepts. 

Coincidently the APEC states that the highest energy saving potentials 

are in the field of AC, incandescent lamps and refrigeration. AC has the 
highest energy saving potential among all considered countries.15 

Advanced measures 

After a well-engineered building design, additional measures can be 

taken into account. In most cases these installations need a higher initial 
budget. A selection of possible measures to save energy is listed in the 

following table. By the use of advanced technologies, the complexity of 

maintenance is increased in most cases. Therefore it has to be ensured 
that there is a person in charge to get beneficial energy and cost saving 

system. 

• Use of photovoltaic cells 

• Wind turbines for electricity 

• Ground heat pump for cooling or heating purposes 

• Green roof and façade 

• Advanced daylight harvesting (e.g. light pipes) 

• Earth cooling tubes 

• Additional wind catchers to improve natural ventilation 

• Intelligent lighting system, lighting controls 

• Control of appliances, e.g. occupancy sensors 

• Chilled beams or ceiling 

• Green walls 

• Adsorption chiller system 

• Water chilled AC system 

• High efficient AC system with variable speed drives 

• Solar cooling system 

• Improved double skin façade 

• External sun shading, electrified sun shading controls 

• Triple layer low-e, high effective sun protection glazing 
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• Low velocity and floor diffusers for displacement ventilation 

• Regenerative lifts 

• Very low U-value of the envelope 

• Controlled air-tightness 

• Solar lighting system 

• Thermal cooling energy storage 

• Light shelves 

• Building operation management plan 

• CO2 monitoring for improved ventilation 
 

To apply these measures an overall change in the engineering process is 

necessary.  As table 5.416 outlines, the switch from ”post-modern” con-
ventional engineering to sustainable, high-performance engineering is 

the next step to promote sustainable design. 

Table 5.4: Sustainable engineering vs. „post-modern” engineering 

Category ”Post-modern”/ 
Conventional engineering 

Sustainable/ 
High-performance  engineering 

Buildings Suburban greenfields; New Buildings 
preferred 

Urban infill;  Adaptive reuse of 
building  stock,   Environmental im-
pact analysis (EIA) 

Energy use Meet energy code; Reduce en- 
ergy use vs. code; Make in- cre-
mental improvements; Buy power 
from local utility 

Exceed  code by 50  %; Reduce abso-
lute energy use; Develop new systems 
and methods; Use on site power such 
as co- generation 

Economics First cost is major driver;  Look 
only at project economics 

Life-cycle  cost  analysis; Triple- 
bottom-line thinking 

Ventilation Forced ventilation;  Sealed windows; 
High-pressure central systems 

Natural ventilation; Operable windows; 
Low-pressure distributed ventilation 

Climate con-
trol 

Design with components;  Narrow 
temperature band; Consider only 
HVAC system economics 

Design whole systems; Expanded tem-
perature band; Look at health and 
productivity of the workforce 

Water use Specify efficient fixtures Reclaim and reuse rainwater / 
graywater 

Stormwater Convey  off  site  to  rivers  and 
ocean 

Detain, retain, recharge, re-use 
on site use 

Wastewater Convey  off  site  to  treatment 
plant 

Treat and reclaim for on site use 

Materials 
selection 

Environmental effects not con- 
sidered 

Life-cycle assessment of materials; 
Use recycled materials such as fly ash 
for concrete, Environmental impact 
analysis 

 

 

 
 

16Yudelson 2007 Page: 71  
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5.7 Summary 

 
The paper’s aim is to analyse the present structure of buildings and build-

ing regulations in Southeast Asia. A focus is given on the energetic per-

formance of low and high-rise buildings. 

A brief description of the world as well as the considered countries is out-

lined. In conclusion it was observed that overall income, population, living 
standard, energy consumption and other related factors will increase in 

the future. To minimise the energy demand and waste, a sustainable 

building culture and life-cycle based calculation models should be im-
plemented. Finally listed are key requirements to achieve a higher energy 

efficiency in the building sector. 

Present building codes and standards in Southeast Asia are described. 

After a survey of voluntary and mandatory building standards, it can 

be stated that there are only limited regulations which focus on the 
energy performance of buildings. In general a relationship between each 

country’s state of development and it’s energy efficiency building stand-

ards exists. In addition to that an overview over the existing and pro-
posed policies regarding energy efficiency is given. Important to men-

tion upcoming waste problems with the usage of some energy efficient 

technologies. For example CFL light bulbs with mercury or non-
sustainable building materials. Generally the positive aspects of proper 

engineered constructions should be demonstrated so local people under-

stand the advantages of green buildings. 

Improvement suggestions for existing and new buildings are given. A 

homogeneous building structure can be seen as beneficial for 
retrofitting and design improvements. Overall a good economic per-

formance of the applied measures or building principles will help to fos-

ter energy savings. Specific cost-efficient measures without any construc-
tion work are listed. For new buildings an improved design could result 

in significant cost and energy savings over the whole lifespan. An over-

view over basic potential measures is given. Often only simple changes 
or adjustments are able to reduce the energy consumption significantly. 

It can be stated that this long-term transformation process needs stand-
ards, regulations and active promotion from various communities of in-

terest. In addition development, manufacturing and assembling of ad-

vanced constructions in these tropical regions need further research and 
realisable concepts. Especially promotion, manufacturing and cost as-

pects have to be taken into account. Demonstration buildings are one 

possibility to achieve the necessary public awareness and to prove design 
and costs. A holistic approach between the various measures which 

always affect each other is necessary to achieve savings. The ideal 

combination of practical systems regarding market and budget situation, 
combined with calculation and simulation of different situations, is an 

important step to achieve energy efficient and affordable buildings. To 

rate the cost and energy efficiency of these different measures, further 
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studies, simulations and demonstration buildings are necessary. Fur-

thermore cost of assembling, durability and payback periods are an im-
portant factor for a successful implementation, understanding and ac-

ceptance in Southeast Asia. 

In the end the question is not: Does energy efficiency really make sense? 

The question is: Which way is the best way to get there. 
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