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1 Introduction 

1.1 The Fraunhofer-Gesellschaft 

The Fraunhofer-Gesellschaft is consisted from 67 institutes and offices around 

the world. It employs 23,000 people and operates with annual research budget 
of about 2 billion euros. It is one of the leading organizations for applied re-

search in Europe. 

1.2 The Fraunhofer-Center Building Technologie (FZB) 

The Fraunhofer Center Building Technology (FZB) along with Fraunhofer 

Institute for Building Physics IBP, the University of Rosenheim HSRo and 

the Institute for Window Technology ift Rosenheim applies joint skills to 

the industry as a competent scientific partner in issues of construction technol-
ogy for research, development and consulting projects. The focus is the build-

ing envelope under consideration of current issues such as energy conservation, 

energy and resource efficiency, sustainability, modularity and adaptability and 
comfort. 

In this cooperation, the FZB concentrates on the preparation and conception of 
innovative building concepts and optimized components for new as well as for 

existing buildings. Above all the Fraunhofer IBP and the HSRo work aspects, the 

"energy-efficient building envelope" and facade are the central interface of the 
building to the environment and they co-define the scientific bases around the 

building envelope in the current situation. Within the scope of this project the 

two partners are integrated into the processing via the Fraunhofer IBP. 

1.3 The Fraunhofer-Institute for Building Physics (IBP) 

The tasks of the IBP are focused on research, development, testing, demonstra-

tion and consulting in the fields of building physics. These includes e.g. noise 

control and sound insulation measures in buildings, the optimization of acous-
tics in auditoriums, measures to increase energy efficiency and optimization of 

lighting technology, questions of indoor climate, hygiene, health and building 

material emissions as well as the aspects of the heat , humidity and weather 
protection, building maintenance and care of monuments. 

In the area of energy-plus building the IBP has worked for many years. Partici-
pation in the tender procedure for the efficiency house plus of the Federal Min-

istry of Building 2012 gained special attention as the house is built in front of 

the Ministry. 

1.4 The university of Rosenheim (HSRo) 

The University of Rosenheim is known in the field of structural wood construc-

tion and energy-efficient construction internationally. In studying and teaching 
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as well as research and development, these skills play a major role. Professors, 

academic staff and students are involved in numerous third-party funded pro-
jects, which are sponsored by industry partners or the public sector. With the 

new study branch Building envelope in the study program Energy and Building 

Technology and the part-time Master degree program window and facade the 
university strengthens the topics of sustainable construction and innovative 

building concepts. HSRo gained its International reputation by their respectable 

achievement on the first European Solar Decathlon 2010 in Madrid, where the 
Rosenheim team with her plus-energy building has achieve the 2nd place. 

2 Backround and Task 

2.1 Backround 

The cities of Rizhao (China) and Bangkok (Thailand) approached GIZ Project 
management which is assigned for the project "The Urban Nexus" and ex-

pressed their interest in construction of a building that produces more energy 

than it consumes during operation itself - a so called "Plus-energy House". The 
Fraunhofer Center Building Technology has been contracted for conceptual 

support. 

Furthermore the water supply and wastewater management of the building is 

considered by GIZ. Here innovative energy and water-saving technologies as 

well as water and wastewater technologies are to be used. In this way a multi-
sector concept arises according to Nexus. Because it is more than a pure plus-

energy building a new term was formed -"Nexus Energy Plus House". The 

mentioned water management falls within the competence and activity of the 
Nexus project management and is therefore not addressed by this report. The 

present considerations refer exclusively to the thermal performance of build-

ings. 

From a scientific point of view and in the optimal case, the implementation of a 

plus-energy building in these countries takes place in three phases: 

1. Project preparation with inventory and determination of the boundary con-

ditions and (as the basis for Phase 2) 

2. Technical conception of the buildings in terms of an adjusted and demand-

oriented design planning, 

3. Realization of the planned building and proof of the performance in build-

ing operation through monitoring and if necessary appliance of optimiza-
tion measures. 
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2.2 Task 

This report refers to the commissioned first phase which refers to preparatory 

studies as a basis for planning. The activities carried out are divided into two 

thematic blocks with defined tasks: 

1. Project Preparation 

o Inventory in both cities as well as needs analysis on site (prelimi-

nary tasks and definition of the desired type of building) 

o Identification of the given boundary conditions for the realiza-

tion of energy-plus buildings under the given climatic, social, 

regulatory and technical circumstances. 

o Determination of climatic constraints and detection of indoor 

climate requirements as well as the desired usage requirement. 

2. Definition plus-energy building 

o Compilation and explanation of the different usable balance 

models (regionally and internationally). 

o Analysis and evaluation of their applicability to the intended 

buildings considering the given boundary conditions (like e.g. 

primary energy values in the two countries). 

o Survey of the available required characteristics and definition of 

the non-accessible data necessary for further planning. 

3 Stocktaking and Assesment of Needs 

The structure above can be found again mainly in the description of the pro-
ject. Only the consideration of climatic conditions is given in the context of 

"Definition plus-energy Building". 

 

3.1 Travel process and on-site visits 

The cities of Rizhao (China) and Bangkok (Thailand) approached GIZ Project 

management assigned for the project "The Urban Nexus" and expressed their 
interest in construction of a building that produces more energy than it con-

sumes during operation itself - a so called "Plus-energy House". Based on per-

sonal conversations the existing ideas, wishes and needs should be recorded in 
order to derive the given conditions for an appropriate project. 
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The talks were held in the periods:  

4.05.2015 in Peking 

5.05. – 6.05.2015 in Rizhao 

7.05. – 8.05.2015 in Bangkok 

 

3.2 Stocktaking for Rizhao 

3.2.1 Assessment of needs for Rizhao 

For the conception of a project to set up a plus-energy building under the cli-

matic conditions of Rizhao at first it has to be defined what the project is relat-

ed to: 

1.) Building type: Single-family house or multi-family house 

2.) Project Approach: new building or further development  

of existing buildings 

For a project relating to an apartment building, the available roof area may not 

be sufficient to generate enough electricity using PV systems. A single-family 

house would be better suited for this reason. In addition, planning and con-
struction costs are lower than for a larger building. The planning effort and the 

implementation costs are lowest when existing buildings or building plans can 

be further developed to reach a plus-energy building. 

The TianHaiShan Urban Construction Group has interest in the further devel-

opment of an existing passive building concept, which has been developed 
with support of DENA and realized in a residential complex. In this case, the 

subject of the project is the conceptual development of an existing building to 

a plus-energy building, followed by its construction. The building plans are 
available and can be developed further. A concrete project participation of the 

company can only be determined if a cost estimate for the expected costs of 

the project is provided. In addition, the company has at the moment, however, 
no suitable building in preparation and also no available site for a realization. 

Apart from the development of a complete plus-energy building this industry 
partner also desires to be supported in the construction of photovoltaic systems 

for their housing areas. They wish to produce electricity to be fed into the grid 

for payment. In this way the costs for electricity consumed in public areas 
should be compensated. In addition to the development of an energy-plus 

building, buildings with low energy consumption are of interest, too. 
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Figure 1: Development model of a residential complex on which a family home 
and an apartment building in passive house construction are to be built 

 

3.2.2 Boundary and framework conditions in Rizhao 

Authorities 

The Ministry of Housing and Urban-Rural Development - MOHURD expressed 
goodwill towards a project for building a plus-energy building in the city of 

Rizhao. They offered to provide a building site, if a German manufacturer is 

ready to present its technology in China. There is great interest in German con-
sultancy service on "Green Building", but the costs are very high. Currently 

passive houses are about one third more expensive than conventional houses 

and thus hardly marketable. 

The local building authorities in Rizhao (Bureau of Housing and Urban-Rural 

Development - BOHURD) have a positive attitude towards such a project, too. 
They support the project by initiating and arranging contacts with interested lo-

cal companies. 

Within the MOHURD there is an office for the evaluation and assessment of 

"green buildings" (Green Buildings Office) which monitors and examines con-

struction activities. The energetic behavior of buildings is evaluated, too. If the 
project continues it has to be checked if this institution needs to be involved. 
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Feed-in tariffs 

The feed-in of electrical energy generated by photovoltaic in public grids is al-

lowed in China, and will also be refunded. A direct own use is not possible. The 

level of compensation is not uniform, but varies between cities and provinces. 
Basically defines a national policy following minimum feed-in tariffs (National 

Energy Policy designed by NDRC (National Development and Reform Commis-

sion) in 2013): 

Producer Compensation 

[CNY/kWh] 

Industrial and commercial producers 0,20 

Large industrial producers 0,40 

Citizens, hospitals, schools, agrarian producers 0,60 

 

If the power generated by PV systems is fed into the public electricity grid, the 

feed-in tariff for the province of Shandong ranges from 1.0 to 1.05 CNY / kWh. 

The feed-in tariff, which is granted by the province of Shandong, is significantly 
higher than the national level because of a higher subsidy. The costs for con-

sumption are 0.53 CNY/kWh. [Note: The figures given are taken from the dis-

cussions on site and are subject to correction. They require specific review and 
update before the project starts.] 

 

Current Situation 

The use of thermal insulation as a measure to reduce the energy-transmission 

through the building envelope has not yet been established in Rizhao. But there 
are renovated buildings with full thermal insulation. Solar energy is widely used 

for production of electricity or heat (Figure 2 and Figure 3). Many buildings are 

equipped with photovoltaic systems, which are mounted on the façade (Figure 
4). 

 
Figure 2: Use of solar thermal systems on the roofs of buildings to heat water 
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Figure 3: Solar thermal system installed on a high-rise building roof. 

 

 
Figure 4: High-rise building with photovoltaic modules at the façade. 
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With the support of DENA (German Energy Agency), a building according to 

the German Passive House standard has been built in Rizhao. It is not evident to 
what extent the German rules have been adapted to the climatic conditions in 

Rizhao. However, the exhibited examples of the used insulated walls allow the 

conclusion that German rules were applied without specific regional or climatic 
adaptation. 

 
Figure 5: Exemplary layer structure of the full thermal insulation used for the 

realization of passive houses 

 

 
Figure 6: Model of the layer structure of the full thermal protection used for 

passive houses. 
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Project construct 

From the discussions held it can be concluded that a great interest in the im-

plementation of an energy-plus building is available both by the authorities as 

well as by companies. Until now the question of funding remains open. A pro-
ject for the planning and construction of a plus-energy building would be car-

ried out directly with a company that would have to bear the costs. On the part 

of the authorities  political support can be expected. Financial commitments 
have not been made so far. 

Up to now, none of the companies involved in the talks have promised project 
participation because the expected costs are still unclear. For their participation 

in the project initial costs are required. The costs must be estimated within the 

detailed project concept that has to be developed (in a second phase). 

 

3.3 Stocktaking for Bangkok 

3.3.1 Assessment of needs for Bangkok 

In all talks held in Bangkok, the focus for a project to develop an energy-plus 

building was only placed on a single-family house building type. The National 

Housing Authority (NHA) sees the greater need in the area of row houses. From 
a building physics point of view row houses can be treated in a similar way as 

single-family houses. 

Allegedly, several buildings have already been built in Bangkok, which produce 

more energy than they consume. However, no published evidence or proof 

could be found until now. 

3.3.2 Boundary and framework conditions in Bangkok 

Authorities and project partners 

The talks were held in Bangkok with several eligible project partners that might 
be involved in the design and development of energy-plus buildings. Moreover, 

there was also a meeting with the National Housing Authority (NHA). They wel-

come the project content, but can provide financial support only to a limited 
extent. However, there is a willingness to mobilize additional funding. Perhaps 

a suitable site can be provided.  

After the talks held locally, great interest in the plus-energy building was shown  

by the Bangkok Metropolitan Authority (BMA). Therefore the BMA would be 

even willing to provide a construction site free of costs at a prominent place 
(possibly in Lumpini Park). Also they would support the project in finding pri-

vate sponsors. 
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Unlike in Rizhao there was no contact to industrial partners with interest to par-

ticipate at the time of the talks. In the meantime and according to the Nexus 
project management, the industrial sector (e.g. SCG) has emphasized the will-

ingness in financing of such a building. For a concrete financing and investment 

commitment, however, the presentation of a basic implementation concept is 
required. 

Feed-in tariff regulations in Thailand: 

On 16th of July, 2013 the National Energy Policy Commission (NPS) of Thailand 

adopted new feed-in tariff scheme supporting rooftop and community ground-
mounted solar installations. The goal of the scheme is to support installation of 

1 GW of new, small-scale solar systems in Thailand by 2014. 

Table 1: Feed-in tariff for rooftop solar installations to be operational by De-

cember 20131. 

Renewable 
source 

Power plant 
capacity 

Period of ti-
me 

Feed-in tariff rate 
in BHT/kWh 

Cap 

Rooftop so-
lar 

0 – 10 kW 25 years 6.96 200 MW 
10 – 250 kW 6.55 
250 kW – 1MW 6.16 

  

Table 2: Feed-in tariff for community ground-mounted solar reduced twice over 

period of 25 years and to be operational by December 20142. 

Renewable 
source 

Granted for 
total of years: 

Year of plant 
operation 

Feed-in tariff rate 
in BHT/kWh 

Cap 

Community 
ground-
mounted 
solar 

25 years 1-3 9.75 800 MW 
4-10 6.5 
11-25 4.5 

Amended: The National Energy Policy Commission revised down its feed-in-
tariffs for 1GW of rooftop and community ground-mounted solar systems on 

15 August 2014. 

Table 3: Feed-in tariff for rooftop solar installations to be operational by De-

cember 20153. 

Renewable 
source 

Power plant 
capacity 

Period of 
time 

Feed-in tariff rate 
in BHT/kWh 

Cap 

Rooftop 
solar 

0 – 10 kW 25 years 6.85 200 MW 
10 – 250 kW 6.4 
250 kW – 1MW 6.01 

                                                
 
1-4 Source: Minister of energy. Department of alternative energy development and efficiency. Online available: 
http://weben.dede.go.th/webmax/content/using-solar-power-alternative-energy 
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Table 4: Feed-in tariff for community ground-mounted solar reduced twice over 

period of 25 years and to be operational by December 20154. 

Renewable source Granted for total 
of years: 

Feed-in tariff rate 
in BHT/kWh 

Cap 

Community ground-
mounted solar 

25 years 5.66 800 MW 

 

Project structure 

The possible project structure in which a plus-energy building can be realized 
(optimally with integration of water and wastewater management in the sense 

of a Nexus Energy Plus house) in Bangkok, is based on achieving financing by 

industrial partners from one side and regulatory support by the Official authori-
ties on the other side. The industry that showed their interest is for example the 

company SCG. Concerning the side of Authorities, support is to be expected by 

the NHA (National Housing Authority) and/or the BMA (Bangkok Metropolitan 
Authority). 

In addition, the idea is to improve the exchange of experiences and transfer of 
knowledge in a parallel process and make it more sustainable, too. This could 

happen by activation and mobilization of a university cooperation between 

Thailand and Germany. As part of the next project phase, the inclusion of the 
"Academia" should be promoted in order to achieve greater awareness, 

knowledge transfer and broad impact. 

The Rosenheim University maintains good contacts with the King Mongut's 

University of Technology North Bangkok, Prachinburi Campus. From there, a 

building site for the project implementation was offered. However, this univer-
sity is about a 3 hours’ drive outside Bangkok, which eventually may lead to 

lower public perception. In addition, it is questionable whether the technical 

orientation of the optionally integrated faculty is suitable for a project participa-
tion. In addition, a suitable project partner could also be the Chulalongkorn 

University in Bangkok. 

In the first European Solar Decathlon 2010, a student competition for modular 

Plus Energy Buildings - the University of Rosenheim has won the second place. 

The acquired expertise and the skills are available for a project to develop a cli-
mate adjusted plus-energy building in Bangkok. Possible would be a transna-

tional team of students from universities of both cities. These teams could work 

on the building concept interdisciplinarily. 
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4 Definition Plus-energy Buildings – Approaches for Plus-energy 
Buildings 

This section begins presenting the different definitions of plus-energy houses. 

On this basis, exemplary approaches for the implementation are developed 

with respect to the building envelope and the building services for the regions 
Rizhao and Bangkok. The investigations are based on a house with about 200 

m² of living space and an occupancy of 3 to 5 people. The room layout and use 

of space, hot water and electricity assumptions are based on European experi-
ences. In the further continuation of the project data need to be adjusted re-

gionally. 

As accounting software for this first approach the Passive House Planning Pack-

age PHPP Version 9.22 was used. The software is based on a monthly balancing 

method and also allows the yield calculation for photovoltaic systems. 

For the two regions Rizhao and Bangkok different strategies for the design of 

plus-energy buildings are needed: 

1. Rizhao: As described in chapter 3, there are already experiences in this 

region with passive houses. Therefore the measures for a passive house 
are determined in the first step. From these results the necessary energy 

generation for a plus-energy house are derived in the second step. 

2. Bangkok. For this region, in which no heating is required, a different 

strategy must be chosen. Therefore different insulation standards, me-

chanical services and power generation are examined. 

 

4.1 Definitions of Plus-energy Buildings 

All definitions used to describe plus-energy buildings are based on an annual 
assessment of the "consumed" and "generated" energy. Therefore in the fol-

lowing all energy flows for heating, cooling, dehumidification, water heating, 

auxiliary energy for building and power consumption of household appliances 
and electronics are considered. 

In literature there is a distinction in terms of energy flows: 

1. Consideration of the final energy. That is the required energy in the 

building and the amount of energy supplied to the building. 

                                                
 
2 Source: Feist W. et. al., „PHPP 9.2,“ Passivhausinstitut Darmstadt, Darmstadt, 2015. 
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2. Consideration of the primary energy: Thereby the energy required is 

evaluated as primary energy. That means the required energy is traced 
back to the use of the primary energy sources. Based on evaluation 

global warming potential is considered as partial or only non-renewable 

energy sources are stated. 

3. Expansion of the assessment of the boundary conditions: Account is 

taken also on regenerative energy provision which does not take place 
immediately at the building. This is meaningful when dealing with e.g. 

city districts. 

4. Consideration of the energy costs: For this purpose the costs of the re-

quired and sold energy (e.g. for feed photovoltaic power into grid) are 

relevant. 

Together with the client Definition 1 was chosen as the appropriate for this 

project. 

 

4.2 Definition Passive House 

The Passive House concept developed in Germany represents a good basis for 
plus-energy buildings for most of the world and different climate regions. A 

Passive House uses a good thermal insulation, an airtight construction, ventila-

tion with heat recovery and further arrangements to achieve a very low energy 
consumption of the building. With some minor design changes and insignifi-

cant additional effort a plus-energy building can be built it. The essential char-

acteristics of a Passive House are: 

• Energy demand for heating and cooling ≤ 15 kWh/(m²a) 

• Heating and cooling load ≤ 10 W/m² 

• Air-tightness of the building n50 ≤ 0,6 1/h (Central Europe) 

• Comfortable indoor climate, highest category according to ISO 77303 

These targets can be achieved, depending on the climate region by other 
means. Until now there is no congruent definition for tropical regions, where 

cooling and dehumidification loads are exclusively. 

                                                
 
3 DIN EN ISO 7730:2003 
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4.3 Plus-energy Buildings in the Region of Rizhao 

The following describes the concept of a passive house and how to develop a 

plus-energy building out of it in two steps. 

4.3.1 Climate Data Rizhao 

The region of Rizhao is according to the standard GB 50176-93 [1] part of the 
“cold” regions within China. Figure 7 shows the climate classification of China 

based on the above standard. 

 
Figure 7: Climatic Regions of China according to GB 50176-934. 

 

Using the software meteonorm Version 75 a climate data record for the region 

on the basis of monthly data was generated and entered in the PHPP Version 
9.2. According to evaluation in PHPP the climate in Rizhao is classified as warm 

moderate. Figure 8 shows the monthly data for the temperatures, solar radia-

tion and dew point temperatures. In this climate, both winter heating and 
summer cooling is needed. 

                                                
 
4 M. Zhao, H. M. Künzel und F. Antretter, „Parameters influencing the energy performance of residentialbuildings in different Chinese 

climate zones,“ Fraunhofer Institute of Building Physics, Valley, Germany, Online bei Elsevier B.V., 2015. 
5 www.meteonorm.com 
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Figure 8: Climate data for Rizhao according to PHPP 

 

4.3.2 Passive House in the Region of Rizhao 

With the help of PHPP the building envelope and the ventilation was optimized 
so that the passive house standard is achieved. For this, the characteristics 

shown in Table 5 are required for the selected family house at medium shad-

ing. In brackets are the current minimum requirements referred to this climatic 
region given by www.gbpn.org6. The insulation thicknesses mentioned are 

based on a design of concrete and exterior insulation, which results in different 

insulation thicknesses, depending on the thermal conductivity of the insulation 
material. With these values the requirement of annual heating and cooling en-

ergy demand related to a Passive House are fulfilled. 

                                                
 
6 http://www.gbpn.org/databases-tools/bc-detail-pages/china-severe-cold#Values%20for%20New%20Buildings. Last access 30-07-

2015. 
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Table 5: Necessary U-values of external components, g-values of glazing and 

heat and moisture recovery degrees of the ventilation system. The building shell 
should be executed free of thermal bridges and with a high airtightness. 

Component 
U-Value  

in W/(m²K) 

Approx. insula-
tion thickness 

in cm 

g-Value 

Exterior wall 0.19 (0.45) 15 to 20 
 

Roof 0.15 (0.35) 20 to 25 
 

Floor 0.25 (0,45) 10 to 15 
 

Windows 0.8 (2.8) Triple glazing 0.6 

Thermal bridges None 
  

Mechanical 
services 

Heat recovery  
Humidity  
recovery 

ach50-
value7

 

Ventilation 85% 70% 0.6 1/h 

 

 

4.3.3 Plus-energy Building in the Region of Rizhao 

Based on the Passive House the required amounts of energy were calculated 

and thus the size of a photovoltaic system to meet these requirement. The 

heating and cooling of the building is carried out by a reversible outer air heat 
pump. The energy levels are shown in Table 6. With a photovoltaic system with 

6.6 kWp the final energy demand of the building can be covered. Hence, a 

plus-energy building can be reached with a plant size bigger than 6.6 kWp. 

In particular, the demand for hot water and household electricity consumption 

must be adjusted in more detailed studies on the regional situation. 

 

                                                
 
7 Air change per hour (ACH) at 50 Pa pressure difference 
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Table 6: Computation Results for the single-family house (Rizhao) 

Demand Final energy in kWh/a 

Heat 1,940 

Hot water 2,260 

Cooling/Dehumidification 1,540 

Household electrical energy 2,720 

Total 8,450 

Mechanical services 
 

PV-plant (6.6 kWp8) 8,500 

 

 

4.4 Plus-energy Building in the Region of Bangkok 

The Passive House standard is not defined for this climatic region. Therefore for 
this location measures on the building envelope, mechanical services and ener-

gy generation are considered to achieve a plus-energy building. 

4.4.1 Climate data of Bangkok 

Using the software meteonorm Version 7 a climate data record for the region 
on the basis of monthly data was generated and entered in the PHPP Version 

9.2. According to evaluation in PHPP the climate in Bangkok is classified as very 

hot. Figure 9 shows the monthly data for the temperatures, solar radiation and 
dew point temperatures. In this climate there is only a need for cooling and es-

pecially for dehumidification. 

                                                
 
8kWp: kilowatt peak: refers to the peak power of a photovoltaic system under defined test conditions. Together with the solar radiati-

on values e.g. at the respective location this allows to determine the annual yield. 
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Figure 9: Climate data for Bangkok according to PHPP 

 

4.4.2 Plus-energy Buildings in the Region of Bangkok 

The optimization approach for this region is due to the climate situation com-

pletely different than in the region Rizhao. The main objective here lies in the 
reduction of the cooling load and an efficient cooling technique. The following 

measures are suitable: 

• Minimization of solar loads by good thermal insulation, high solar re-

flectance of roofs, low g-values of glazing, passive shading from roof 

overhangs, temporary sunshades. 

• Minimization of heat and humidity input by ventilation with heat- and 

humidity recovery and airtight construction. 

As a basis for the air conditioning of the building a maximum room tempera-

ture of 26° C and a moisture content of maximum 12 g per kg of dry air was 
applied. By partially or temporary air-conditioning of the building significant 

energy savings are possible. For more detailed calculations these considerations 

are provided in a follow-up project. 

To minimize the cooling and dehumidification demand different variants (Table 

7) were observed. In all variants a cooling unit with a COP9 of greater than 3, a 
temporary sun protection and bright roof surfaces were applied. The results are 

summarized in Figure 10. 

                                                
 
9. Coefficient of Performance (COP) is a parameter for the efficiency of chillers and heat pumps and is the ratio of useful energy to 

energy expended on. 
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Table 7: Description of the variants considered. Thickness of insulation on con-

crete in cm (using a thermal conductivity of 0.04 W/(mK)), heat and humidity 
recovery in %, air-tightness as n50-Value10 

Parameter Var. 1 Var. 2 Var. 3 Var. 4 

Exterior wall 2 cm 2 cm 2 cm 10 cm 

Roof 2 cm 2 cm 2 cm 20 cm 

Floor 2 cm 2 cm 2 cm 5 cm 

Windows 
single 

glazing 

single 
glazing 

Double glazing 
with solar con-
trol, improved 

frame 

Double glaz-
ing with solar 
control, im-

proved frame 

Ventilation 
Heat recovery 

0 % 80 % 80 % 80 % 

Ventilation 
Humidity 
recovery 

0 % 75 % 75 % 75 % 

Air-tightness 
Ach at 50Pa 

5.0 1/h 3.0 1/h 3.0 1/h 0.6 1/h 

Description of variants: 

• Var. 1: minimal insulation. Ventilation without heat and humidity re-
covery 

• Var. 2: like 1, with heat and humidity recovery and higher air-tightness 

• Var. 3: like 2, additional windows with double glazing and low g-value 

• Var. 4: like 3, additional significant improved insulation, high air-
tightness 

 

                                                
 
10 n50 value: describes the air changes per hour through the building envelope at a pressure difference of 50 Pa. Passive houses have a 

value of less than 0.6 1/h. 



 

 

 

Fraunhofer-Institut für Bauphysik IBP 
IBP-Bericht IEB 003/2015

Energy Plus Buildings in East and South East Asia
22

 
Figure 10: Comparison of the energy demand for cooling and dehumidification 
of the considered variants 

 

What is striking is the significant reduction in the demand values through im-

proved insulation values of windows (Var. 4) and of the opaque external build-
ing components. A review regarding the variants regarding plus-energy-

standards will take place in the next section. 

 

4.4.3 Plus-energy Buildings in the Region of Bangkok 

Based on the variant calculations in the previous section the final energy de-

mand of the individual variants and the necessary size of a photovoltaic plant to 
meet these requirements can be determined. The results are summarized 

inTable 8. 
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Table 8: Computation Results for the single-family house (Bangkok). Final ener-

gy demand and necessary PV system size to meet this demand. 

Demand Final Energy in kWh/a 

 1 2 3 4 

Hot water 2,000 

Cooling/Dehumidification 18,900 16,200 14,100 6,880 

Household electrical 
energy 

2,700 

Total 23,600 20,900 18,800 11,600 

Mechanical services  

PV-plant necessary in 
kWp 

17 15 13 8 

Yield of the PV system 
in kWh/a 

ca. 24,000 ca. 21,000  ca. 19,000 ca. 12,000 

 
 

The insulation standard and airtightness have significant impact on the size of 

the necessary PV system. Depending on the roof area it is difficult to realize a 

plant size of 15 or 17 kWp. A decision for a meaningful concept at this location 
can only be made taking into account an actual building design and the as-

sessment of the investment costs for heat insulation and photovoltaic system. 

 

5 Summary and Outlook 

Rizhao 

According to the technical analysis of the circumstances and conditions in 
Rizhao a plus-energy building with the size of a single-family home can be real-

ized well at least from a technical perspective. For project realization there is an 

interested company available (TianHaiShan Urban Construction Group). Their 
decision whether to participate in the project or not can only take part based 

on an estimate of the expected costs. The estimation is to be worked out in the 

course of the further project preparation and conception. Whether there is a 
suitable building site also requires clarification. The potential partner does not 

have a site up to now so there is a need to determine if there could be support 

by public authorities. 
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Bangkok 

In Bangkok no heating is necessary due to the climatic conditions. Instead, the  

energy for cooling buildings is consistently required. Energetic neutral transi-

tional periods do not exist. The energy required for cooling is therefore signifi-
cantly greater than in Rizhao, where there are times when no heating and cool-

ing is required. Without devises for both heating and cooling the technical ef-

fort is lower. 

The technical realization of a plus-energy building in Bangkok in size of a sin-

gle-family or row house requires not only a particularly well-insulated building 
shell and a relatively large photovoltaic system. For a lower insulated building 

the roof area may not be sufficient to produce enough power by photovoltaics. 

Against this background it is questionable whether a plus-energy buildings, as 
required, can be realized for middle income, because the material outlay is very 

high. Solving this problem could be a challenge of the project. 

Once the project financing is secured by the involvement of interested compa-

nies and public authorities, the conceptual building development as the next 

phase of the project could start. The project should also be accompanied for 
the purpose of sharing experiences and knowledge transfer through a transna-

tional university cooperation. 

The Rosenheim University is well connected to the Fraunhofer Center Building 

Technology and maintains good relations with the King's University of Technol-

ogy North Mongut-Bangkok and could coordinate the university part of  such a 
project. Details must be worked out for the next phase of the project. 
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1 Introduction 

1.1 The Fraunhofer-Gesellschaft 

The Fraunhofer-Gesellschaft is consisted from 67 institutes and offices around 
the world. It employs 23,000 people and operates with annual research budget 
of about 2 billion euros. It is one of the leading organizations for applied re-
search in Europe. 

1.2 The Fraunhofer-Center Building Technologie (FZB) 

The Fraunhofer Center Building Technology (FZB) along with Fraunhofer 

Institute for Building Physics IBP, the University of Rosenheim HSRo and 
the Institute for Window Technology ift Rosenheim applies joint skills to 
the industry as a competent scientific partner in issues of construction technol-
ogy for research, development and consulting projects. The focus is the build-
ing envelope under consideration of current issues such as energy conservation, 
energy and resource efficiency, sustainability, modularity and adaptability and 
comfort. 

In this cooperation, the FZB concentrates on the preparation and conception of 
innovative building concepts and optimized components for new as well as for 
existing buildings. Above all the Fraunhofer IBP and the HSRo work aspects, the 
"energy-efficient building envelope" and facade are the central interface of the 
building to the environment and they co-define the scientific bases around the 
building envelope in the current situation. Within the scope of this project the 
two partners are integrated into the processing via the Fraunhofer IBP. 

1.3 The Fraunhofer-Institute for Building Physics (IBP) 

The tasks of the IBP are focused on research, development, testing, demonstra-
tion and consulting in the fields of building physics. These includes e.g. noise 
control and sound insulation measures in buildings, the optimization of acous-
tics in auditoriums, measures to increase energy efficiency and optimization of 
lighting technology, questions of indoor climate, hygiene, health and building 
material emissions as well as the aspects of the heat , humidity and weather 
protection, building maintenance and care of monuments. 

In the area of energy-plus building the IBP has worked for many years. Partici-
pation in the tender procedure for the efficiency house plus of the Federal Min-
istry of Building 2012 gained special attention as the house is built in front of 
the Ministry. 

1.4 The university of Rosenheim (HSRo) 

The University of Rosenheim is known in the field of structural wood construc-
tion and energy-efficient construction internationally. In studying and teaching 
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as well as research and development, these skills play a major role. Professors, 
academic staff and students are involved in numerous third-party funded pro-
jects, which are sponsored by industry partners or the public sector. With the 
new study branch Building envelope in the study program Energy and Building 
Technology and the part-time Master degree program window and facade the 
university strengthens the topics of sustainable construction and innovative 
building concepts. HSRo gained its International reputation by their respectable 
achievement on the first European Solar Decathlon 2010 in Madrid, where the 
Rosenheim team with her plus-energy building has achieve the 2nd place. 

 

2 Backround and Task 

2.1 Backround 

The city of Bangkok (Thailand) approached GIZ Project management which is 
assigned for the project "The Urban Nexus" and expressed its interest in con-
struction of a building that produces more energy than it consumes during op-
eration itself - a so called "Plus-energy House". The Fraunhofer Center Building 
Technology has been contracted for conceptual support. 

Furthermore the water supply and wastewater management of the building is 
considered by GIZ. Here innovative energy and water-saving technologies as 
well as water and wastewater technologies are to be used. In this way a multi-
sector concept arises according to Nexus. Because it is more than a pure plus-
energy building a new term was formed -"Nexus Energy Plus House". The 
mentioned water management falls within the competence and activity of the 
Nexus project management and is therefore not addressed by this report. The 
present considerations refer exclusively to the thermal performance of build-
ings. 

From a scientific point of view and in the optimal case, the implementation of a 
plus-energy building in Thailand takes place in three phases: 

1. Project preparation with inventory and determination of the boundary con-
ditions and (as the basis for Phase 2) 

2. Technical conception of the building in terms of an adjusted and demand-
oriented design planning, 

3. Realization of the planned building and proof of the performance in build-
ing operation through monitoring and if necessary appliance of optimiza-
tion measures. 
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2.2 Task 

This report refers to the commissioned first phase which refers to preparatory 
studies as a basis for planning. The activities carried out are divided into two 
thematic blocks with defined tasks: 

1. Project Preparation 

o Inventory in Bangkok as well as needs analysis on site (prelimi-
nary tasks and definition of the desired type of building) 

o Identification of the given boundary conditions for the realiza-
tion of energy-plus buildings under the given climatic, social, 
regulatory and technical circumstances. 

o Determination of climatic constraints and detection of indoor 
climate requirements as well as the desired usage requirement. 

2. Definition plus-energy building 

o Compilation and explanation of the different usable balance 
models (regionally and internationally). 

o Analysis and evaluation of their applicability to the intended 
building considering the given boundary conditions (like e.g. 
primary energy values in Thailand). 

o Survey of the available required characteristics and definition of 
the non-accessible data necessary for further planning. 

 

3 Stocktaking and Assesment of Needs 

The structure above can be found again mainly in the description of the pro-
ject. Only the consideration of climatic conditions is given in the context of 
"Definition plus-energy Building". 

 

3.1 Travel process and on-site visits 

The city of Bangkok (Thailand) approached GIZ Project management assigned 
for the project "The Urban Nexus" and expressed its interest in construction of 
a building that produces more energy than it consumes during operation itself - 
a so called "Plus-energy House". Based on personal conversations the existing 



 
 

Fraunhofer-Institut für Bauphysik IBP 
IBP-Bericht IEB 003/2015 – Appendix 1 

Plus-enery Building for Bangkok 
 

6 

ideas, wishes and needs should be recorded in order to derive the given condi-
tions for an appropriate project. 

The talks were held in the period:  

7.05. – 8.05.2015 in Bangkok 

 

3.2 Stocktaking for Bangkok 

3.2.1 Assessment of needs for Bangkok 

In all talks held in Bangkok, the focus for a project to develop an energy-plus 
building was only placed on a single-family house building type. The National 
Housing Authority (NHA) sees the greater need in the area of row houses. From 
a building physics point of view row houses can be treated in a similar way as 
single-family houses. 

Allegedly, several buildings have already been built in Bangkok, which produce 
more energy than they consume. However, no published evidence or proof 
could be found until now. 

3.2.2 Boundary and framework conditions in Bangkok 

Authorities and project partners 

The talks were held in Bangkok with several eligible project partners that might 
be involved in the design and development of energy-plus buildings. Moreover, 
there was also a meeting with the National Housing Authority (NHA). They wel-
come the project content, but can provide financial support only to a limited 
extent. However, there is a willingness to mobilize additional funding. Perhaps 
a suitable site can be provided.  

After the talks held locally, great interest in the plus-energy building was shown  
by the Bangkok Metropolitan Authority (BMA). Therefore the BMA would be 
even willing to provide a construction site free of costs at a prominent place 
(possibly in Lumpini Park). Also they would support the project in finding pri-
vate sponsors. 

There was no contact to industrial partners with interest to participate at the 
time of the talks. In the meantime and according to the Nexus project man-
agement, the industrial sector (e.g. SCG) has emphasized the willingness in fi-
nancing of such a building. For a concrete financing and investment commit-
ment, however, the presentation of a basic implementation concept is required. 

 



 
 

Fraunhofer-Institut für Bauphysik IBP 
IBP-Bericht IEB 003/2015 – Appendix 1 

Plus-enery Building for Bangkok 
 

7 

Feed-in tariff regulations in Thailand: 

On 16th of July, 2013 the National Energy Policy Commission (NPS) of Thailand 
adopted new feed-in tariff scheme supporting rooftop and community ground-
mounted solar installations. The goal of the scheme is to support installation of 
1 GW of new, small-scale solar systems in Thailand by 2014. 

Table 1: Feed-in tariff for rooftop solar installations to be operational by De-
cember 20131. 

Renewable 
source 

Power plant 
capacity 

Period of ti-
me 

Feed-in tariff rate 
in BHT/kWh 

Cap 

Rooftop so-
lar 

0 – 10 kW 25 years 6.96 200 MW 
10 – 250 kW 6.55 
250 kW – 1MW 6.16 

  

Table 2: Feed-in tariff for community ground-mounted solar reduced twice over 
period of 25 years and to be operational by December 20142. 

Renewable 
source 

Granted for 
total of years: 

Year of plant 
operation 

Feed-in tariff rate 
in BHT/kWh 

Cap 

Community 
ground-
mounted 
solar 

25 years 1-3 9.75 800 MW 
4-10 6.5 
11-25 4.5 

Amended: The National Energy Policy Commission revised down its feed-in-
tariffs for 1GW of rooftop and community ground-mounted solar systems on 
15 August 2014. 

Table 3: Feed-in tariff for rooftop solar installations to be operational by De-
cember 20153. 

Renewable 
source 

Power plant 
capacity 

Period of 
time 

Feed-in tariff rate 
in BHT/kWh 

Cap 

Rooftop 
solar 

0 – 10 kW 25 years 6.85 200 MW 
10 – 250 kW 6.4 
250 kW – 1MW 6.01 

Table 4: Feed-in tariff for community ground-mounted solar reduced twice over 
period of 25 years and to be operational by December 20154. 

Renewable source Granted for total 
of years: 

Feed-in tariff rate 
in BHT/kWh 

Cap 

Community ground-
mounted solar 

25 years 5.66 800 MW 

 

                                                
 
1-4 Source: Minister of energy. Department of alternative energy development and efficiency. Online available: 
http://weben.dede.go.th/webmax/content/using-solar-power-alternative-energy 
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Project structure 

The possible project structure in which a plus-energy building can be realized 
(optimally with integration of water and wastewater management in the sense 
of a Nexus Energy Plus house) in Bangkok, is based on achieving financing by 
industrial partners from one side and regulatory support by the Official authori-
ties on the other side. The industry that showed their interest is for example the 
company SCG. Concerning the side of Authorities, support is to be expected by 
the NHA (National Housing Authority) and/or the BMA (Bangkok Metropolitan 
Authority). 

In addition, the idea is to improve the exchange of experiences and transfer of 
knowledge in a parallel process and make it more sustainable, too. This could 
happen by activation and mobilization of a university cooperation between 
Thailand and Germany. As part of the next project phase, the inclusion of the 
"Academia" should be promoted in order to achieve greater awareness, 
knowledge transfer and broad impact. 

The Rosenheim University maintains good contacts with the King Mongut's 
University of Technology North Bangkok, Prachinburi Campus. From there, a 
building site for the project implementation was offered. However, this univer-
sity is about a 3 hours’ drive outside Bangkok, which eventually may lead to 
lower public perception. In addition, it is questionable whether the technical 
orientation of the optionally integrated faculty is suitable for a project participa-
tion. In addition, a suitable project partner could also be the Chulalongkorn 
University in Bangkok. 

In the first European Solar Decathlon 2010, a student competition for modular 
Plus Energy Buildings - the University of Rosenheim has won the second place. 
The acquired expertise and the skills are available for a project to develop a cli-
mate adjusted plus-energy building in Bangkok. Possible would be a transna-
tional team of students from universities of both cities. These teams could work 
on the building concept interdisciplinarily. 

 

4 Definition Plus-energy Buildings – Approaches for Plus-energy 
Buildings 

This section begins presenting the different definitions of plus-energy houses. 
On this basis, exemplary approaches for the implementation are developed 
with respect to the building envelope and the building services for the regions 
of Bangkok. The investigations are based on a house with about 200 m² of liv-
ing space and an occupancy of 3 to 5 people. The room layout and use of 
space, hot water and electricity assumptions are based on European experienc-
es. In the further continuation of the project data need to be adjusted regional-
ly. 
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As accounting software for this first approach the Passive House Planning Pack-
age PHPP Version 9.22 was used. The software is based on a monthly balancing 
method and also allows the yield calculation for photovoltaic systems. 

For the region of Bangkok the following strategy for the design of a plus-
energy building is needed: 

In Bangkok no heating is required. Therefore different insulation stan-
dards, mechanical services and power generation are examined. 

 

4.1 Definitions of Plus-energy Buildings 

All definitions used to describe plus-energy buildings are based on an annual 
assessment of the "consumed" and "generated" energy. Therefore in the fol-
lowing all energy flows for heating, cooling, dehumidification, water heating, 
auxiliary energy for building and power consumption of household appliances 
and electronics are considered. 

In literature there is a distinction in terms of energy flows: 

1. Consideration of the final energy. That is the required energy in the 
building and the amount of energy supplied to the building. 

2. Consideration of the primary energy: Thereby the energy required is 
evaluated as primary energy. That means the required energy is traced 
back to the use of the primary energy sources. Based on evaluation 
global warming potential is considered as partial or only non-renewable 
energy sources are stated. 

3. Expansion of the assessment of the boundary conditions: Account is 
taken also on regenerative energy provision which does not take place 
immediately at the building. This is meaningful when dealing with e.g. 
city districts. 

4. Consideration of the energy costs: For this purpose the costs of the re-
quired and sold energy (e.g. for feed photovoltaic power into grid) are 
relevant. 

Together with the client Definition 1 was chosen as the appropriate for this 
project. 

                                                
 
2 Source: Feist W. et. al., „PHPP 9.2,“ Passivhausinstitut Darmstadt, Darmstadt, 2015. 
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4.2 Definition Passive House 

The Passive House concept developed in Germany represents a good basis for 
plus-energy buildings for most of the world and different climate regions. A 
Passive House uses a good thermal insulation, an airtight construction, ventila-
tion with heat recovery and further arrangements to achieve a very low energy 
consumption of the building. With some minor design changes and insignifi-
cant additional effort a plus-energy building can be built it. The essential char-
acteristics of a Passive House are: 

Energy demand for heating and cooling  15 kWh/(m²a) 

Heating and cooling load  10 W/m² 

Air-tightness of the building n50  0,6 1/h (Central Europe) 

Comfortable indoor climate, highest category according to ISO 77303 

These targets can be achieved, depending on the climate region by other 
means. Until now there is no congruent definition for tropical regions, where 
cooling and dehumidification loads are exclusively. 

 

4.3 Plus-energy Building in the region of Bangkok 

The Passive House standard is not defined for this climatic region. Therefore for 
this location measures on the building envelope, mechanical services and ener-
gy generation are considered to achieve a plus-energy building. 

4.3.1 Climate data of Bangkok 

Using the software meteonorm Version 7 a climate data record for the region 
on the basis of monthly data was generated and entered in the PHPP Version 
9.2. According to evaluation in PHPP the climate in Bangkok is classified as very 
hot. Figure 1 shows the monthly data for the temperatures, solar radiation and 
dew point temperatures. In this climate there is only a need for cooling and es-
pecially for dehumidification. 

                                                
 
3 DIN EN ISO 7730:2003 
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Figure 1: Climate data for Bangkok according to PHPP 

 
4.3.2 Plus-energy Buildings in the region of Bangkok 

The main objective in Bangkok lies in the reduction of the cooling load and an 
efficient cooling technique. The following measures are suitable: 

Minimization of solar loads by good thermal insulation, high solar re-
flectance of roofs, low g-values of glazing, passive shading from roof 
overhangs, temporary sunshades. 

Minimization of heat and humidity input by ventilation with heat- and 
humidity recovery and airtight construction. 

As a basis for the air conditioning of the building a maximum room tempera-
ture of 26° C and a moisture content of maximum 12 g per kg of dry air was 
applied. By partially or temporary air-conditioning of the building significant 
energy savings are possible. For more detailed calculations these considerations 
are provided in a follow-up project. 

To minimize the cooling and dehumidification demand different variants (Table 
5) were observed. In all variants a cooling unit with a COP4 of greater than 3, a 
temporary sun protection and bright roof surfaces were applied. The results are 
summarized in Figure 2. 

                                                
 
4. Coefficient of Performance (COP) is a parameter for the efficiency of chillers and heat pumps and is the ratio of useful energy to 
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Table 5: Description of the variants considered. Thickness of insulation on con-
crete in cm (using a thermal conductivity of 0.04 W/(mK)), heat and humidity 
recovery in %, air-tightness as n50-Value5 

Parameter Var. 1 Var. 2 Var. 3 Var. 4

Exterior wall 2 cm 2 cm 2 cm 10 cm

Roof 2 cm 2 cm 2 cm 20 cm 

Floor 2 cm 2 cm 2 cm 5 cm 

Windows
single 

glazing
single 

glazing

Double glazing 
with solar con-
trol, improved 

frame 

Double glaz-
ing with solar 
control, im-

proved frame

Ventilation 
Heat recovery

0 % 80 % 80 % 80 %

Ventilation 
Humidity 
recovery 

0 % 75 % 75 % 75 % 

Air-tightness 
Ach at 50Pa 

5.0 1/h 3.0 1/h 3.0 1/h 0.6 1/h 

Description of variants: 

Var. 1: minimal insulation. Ventilation without heat and humidity re-
covery 

Var. 2: like 1, with heat and humidity recovery and higher air-tightness 

Var. 3: like 2, additional windows with double glazing and low g-value 

Var. 4: like 3, additional significant improved insulation, high air-
tightness 

 

                                                
 
5 n50 value: describes the air changes per hour through the building envelope at a pressure difference of 50 Pa. Passive houses have a 

value of less than 0.6 1/h. 
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Figure 2: Comparison of the energy demand for cooling and dehumidification 
of the considered variants 

 

What is striking is the significant reduction in the demand values through im-
proved insulation values of windows (Var. 4) and of the opaque external build-
ing components. A review regarding the variants regarding plus-energy-
standards will take place in the next section. 

 

4.3.3 Plus-energy Buildings in the region of Bangkok 

Based on the variant calculations in the previous section the final energy de-
mand of the individual variants and the necessary size of a photovoltaic plant to 
meet these requirements can be determined. The results are summarized 
inTable 6. 
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Table 6: Computation Results for the single-family house (Bangkok). Final ener-
gy demand and necessary PV system size to meet this demand. 

Demand Final Energy in kWh/a 

 1 2 3 4 

Hot water 2,000 

Cooling/Dehumidification 18,900 16,200 14,100 6,880 

Household electrical 
energy

2,700 

Total 23,600 20,900 18,800 11,600 

Mechanical services

PV-plant necessary in 
kWp

17 15 13 8 

Yield of the PV system 
in kWh/a 

ca. 24,000 ca. 21,000  ca. 19,000 ca. 12,000 

 
 

The insulation standard and airtightness have significant impact on the size of 
the necessary PV system. Depending on the roof area it is difficult to realize a 
plant size of 15 or 17 kWp. A decision for a meaningful concept at this location 
can only be made taking into account an actual building design and the as-
sessment of the investment costs for heat insulation and photovoltaic system. 

 

5 Summary and Outlook 

In Bangkok no heating is necessary due to the climatic conditions. Instead, the  
energy for cooling buildings is consistently required. Energetic neutral transi-
tional periods do not exist. Without devises for both heating and cooling the 
technical effort is lower compared with climates where both is needed. 

The technical realization of a plus-energy building in Bangkok in size of a sin-
gle-family or row house requires not only a particularly well-insulated building 
shell and a relatively large photovoltaic system. For a lower insulated building 
the roof area may not be sufficient to produce enough power by photovoltaics. 
Against this background it is questionable whether a plus-energy buildings, as 
required, can be realized for middle income, because the material outlay is very 
high. Solving this problem could be a challenge of the project. 

Once the project financing is secured by the involvement of interested compa-
nies and public authorities, the conceptual building development as the next 
phase of the project could start. The project should also be accompanied for 
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the purpose of sharing experiences and knowledge transfer through a transna-
tional university cooperation. 

The Rosenheim University is well connected to the Fraunhofer Center Building 
Technology and maintains good relations with the King's University of Technol-
ogy North Mongut-Bangkok and could coordinate the university part of  such a 
project. Details must be worked out for the next phase of the project. 
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1 Introduction 

1.1 The Fraunhofer-Gesellschaft 

The Fraunhofer-Gesellschaft is consisted from 67 institutes and offices around 
the world. It employs 23,000 people and operates with annual research budget 
of about 2 billion euros. It is one of the leading organizations for applied re-
search in Europe. 

1.2 The Fraunhofer-Center Building Technologie (FZB) 

The Fraunhofer Center Building Technology (FZB) along with Fraunhofer 

Institute for Building Physics IBP, the University of Rosenheim HSRo and 
the Institute for Window Technology ift Rosenheim applies joint skills to 
the industry as a competent scientific partner in issues of construction technol-
ogy for research, development and consulting projects. The focus is the build-
ing envelope under consideration of current issues such as energy conservation, 
energy and resource efficiency, sustainability, modularity and adaptability and 
comfort. 

In this cooperation, the FZB concentrates on the preparation and conception of 
innovative building concepts and optimized components for new as well as for 
existing buildings. Above all the Fraunhofer IBP and the HSRo work aspects, the 
"energy-efficient building envelope" and facade are the central interface of the 
building to the environment and they co-define the scientific bases around the 
building envelope in the current situation. Within the scope of this project the 
two partners are integrated into the processing via the Fraunhofer IBP. 

1.3 The Fraunhofer-Institute for Building Physics (IBP) 

The tasks of the IBP are focused on research, development, testing, demonstra-
tion and consulting in the fields of building physics. These includes e.g. noise 
control and sound insulation measures in buildings, the optimization of acous-
tics in auditoriums, measures to increase energy efficiency and optimization of 
lighting technology, questions of indoor climate, hygiene, health and building 
material emissions as well as the aspects of the heat , humidity and weather 
protection, building maintenance and care of monuments. 

In the area of energy-plus building the IBP has worked for many years. Partici-
pation in the tender procedure for the efficiency house plus of the Federal Min-
istry of Building 2012 gained special attention as the house is built in front of 
the Ministry. 
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1.4 The university of Rosenheim (HSRo) 

The University of Rosenheim is known in the field of structural wood construc-
tion and energy-efficient construction internationally. In studying and teaching 
as well as research and development, these skills play a major role. Professors, 
academic staff and students are involved in numerous third-party funded pro-
jects, which are sponsored by industry partners or the public sector. With the 
new study branch Building envelope in the study program Energy and Building 
Technology and the part-time Master degree program window and facade the 
university strengthens the topics of sustainable construction and innovative 
building concepts. HSRo gained its International reputation by their respectable 
achievement on the first European Solar Decathlon 2010 in Madrid, where the 
Rosenheim team with her plus-energy building has achieve the 2nd place. 

 

2 Backround and Task 

2.1 Backround 

The city of Rizhao (China) approached GIZ Project management which is as-
signed for the project "The Urban Nexus" and expressed its interest in con-
struction of a building that produces more energy than it consumes during op-
eration itself - a so called "Plus-energy House". The Fraunhofer Center Building 
Technology has been contracted for conceptual support. 

Furthermore the water supply and wastewater management of the building is 
considered by GIZ. Here innovative energy and water-saving technologies as 
well as water and wastewater technologies are to be used. In this way a multi-
sector concept arises according to Nexus. Because it is more than a pure plus-
energy building a new term was formed -"Nexus Energy Plus House". The 
mentioned water management falls within the competence and activity of the 
Nexus project management and is therefore not addressed by this report. The 
present considerations refer exclusively to the thermal performance of build-
ings. 

From a scientific point of view and in the optimal case, the implementation of a 
plus-energy building in China takes place in three phases: 

1. Project preparation with inventory and determination of the boundary con-
ditions and (as the basis for Phase 2) 

2. Technical conception of the building in terms of an adjusted and demand-
oriented design planning, 



 
 

Fraunhofer-Institut für Bauphysik IBP 
IBP-Bericht IEB 003/2015 – Appendix 2 

Plus-enery Building for Rizhao 
 

5 

3. Realization of the planned building and proof of the performance in build-
ing operation through monitoring and if necessary appliance of optimiza-
tion measures. 

2.2 Task 

This report refers to the commissioned first phase which refers to preparatory 
studies as a basis for planning. The activities carried out are divided into two 
thematic blocks with defined tasks: 

1. Project Preparation 

o Inventory in Rizhao as well as needs analysis on site (preliminary 
tasks and definition of the desired type of building) 

o Identification of the given boundary conditions for the realiza-
tion of energy-plus buildings under the given climatic, social, 
regulatory and technical circumstances. 

o Determination of climatic constraints and detection of indoor 
climate requirements as well as the desired usage requirement. 

2. Definition plus-energy building 

o Compilation and explanation of the different usable balance 
models (regionally and internationally). 

o Analysis and evaluation of their applicability to the intended 
building considering the given boundary conditions (like e.g. 
primary energy values in China). 

o Survey of the available required characteristics and definition of 
the non-accessible data necessary for further planning. 

 

3 Stocktaking and Assesment of Needs 

The structure above can be found again mainly in the description of the pro-
ject. Only the consideration of climatic conditions is given in the context of 
"Definition plus-energy Building". 
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3.1 Travel process and on-site visits 

The city of Rizhao (China) approached GIZ Project management assigned for 
the project "The Urban Nexus" and expressed its interest in construction of a 
building that produces more energy than it consumes during operation itself - a 
so called "Plus-energy House". Based on personal conversations the existing 
ideas, wishes and needs should be recorded in order to derive the given condi-
tions for an appropriate project. 

The talks were held in the periods:  

4.05.2015 in Peking 

5.05. – 6.05.2015 in Rizhao 

 

3.2 Stocktaking for Rizhao 

3.2.1 Assessment of needs for Rizhao 

For the conception of a project to set up a plus-energy building under the cli-
matic conditions of Rizhao at first it has to be defined what the project is relat-
ed to: 

1.) Building type: Single-family house or multi-family house 

2.) Project Approach: new building or further development  
of existing buildings 

For a project relating to an apartment building, the available roof area may not 
be sufficient to generate enough electricity using PV systems. A single-family 
house would be better suited for this reason. In addition, planning and con-
struction costs are lower than for a larger building. The planning effort and the 
implementation costs are lowest when existing buildings or building plans can 
be further developed to reach a plus-energy building. 

The TianHaiShan Urban Construction Group has interest in the further devel-
opment of an existing passive building concept, which has been developed 
with support of DENA and realized in a residential complex. In this case, the 
subject of the project is the conceptual development of an existing building to 
a plus-energy building, followed by its construction. The building plans are 
available and can be developed further. A concrete project participation of the 
company can only be determined if a cost estimate for the expected costs of 
the project is provided. In addition, the company has at the moment, however, 
no suitable building in preparation and also no available site for a realization. 
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Apart from the development of a complete plus-energy building this industry 
partner also desires to be supported in the construction of photovoltaic systems 
for their housing areas. They wish to produce electricity to be fed into the grid 
for payment. In this way the costs for electricity consumed in public areas 
should be compensated. In addition to the development of an energy-plus 
building, buildings with low energy consumption are of interest, too. 

 
Figure 1: Development model of a residential complex on which a family home 
and an apartment building in passive house construction are to be built 

 

3.2.2 Boundary and framework conditions in Rizhao 

Authorities 

The Ministry of Housing and Urban-Rural Development - MOHURD expressed 
goodwill towards a project for building a plus-energy building in the city of 
Rizhao. They offered to provide a building site, if a German manufacturer is 
ready to present its technology in China. There is great interest in German con-
sultancy service on "Green Building", but the costs are very high. Currently 
passive houses are about one third more expensive than conventional houses 
and thus hardly marketable. 

The local building authorities in Rizhao (Bureau of Housing and Urban-Rural 
Development - BOHURD) have a positive attitude towards such a project, too. 
They support the project by initiating and arranging contacts with interested lo-
cal companies. 
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Within the MOHURD there is an office for the evaluation and assessment of 
"green buildings" (Green Buildings Office) which monitors and examines con-
struction activities. The energetic behavior of buildings is evaluated, too. If the 
project continues it has to be checked if this institution needs to be involved. 

 

Feed-in tariffs 

The feed-in of electrical energy generated by photovoltaic in public grids is al-
lowed in China, and will also be refunded. A direct own use is not possible. The 
level of compensation is not uniform, but varies between cities and provinces. 
Basically defines a national policy following minimum feed-in tariffs (National 
Energy Policy designed by NDRC (National Development and Reform Commis-
sion) in 2013): 

Producer Compensation 

[CNY/kWh]

Industrial and commercial producers 0.20 

Large industrial producers 0.40 

Citizens, hospitals, schools, agrarian producers 0.60 

If the power generated by PV systems is fed into the public electricity grid, the 
feed-in tariff for the province of Shandong ranges from 1.0 to 1.05 CNY / kWh. 
The feed-in tariff, which is granted by the province of Shandong, is significantly 
higher than the national level because of a higher subsidy. The costs for con-
sumption are 0.53 CNY/kWh. [Note: The figures given are taken from the dis-
cussions on site and are subject to correction. They require specific review and 
update before the project starts.] 

Current Situation 

The use of thermal insulation as a measure to reduce the energy-transmission 
through the building envelope has not yet been established in Rizhao. But there 
are renovated buildings with full thermal insulation. Solar energy is widely used 
for production of electricity or heat (Figure 2 and Figure 3). Many buildings are 
equipped with photovoltaic systems, which are mounted on the façade (Figure 
4). 
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Figure 2: Use of solar thermal systems on the roofs of buildings to heat water 

 
Figure 3: Solar thermal system installed on a high-rise building roof. 
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Figure 4: High-rise building with photovoltaic modules at the façade. 

With the support of DENA (German Energy Agency), a building according to 
the German Passive House standard has been built in Rizhao. It is not evident to 
what extent the German rules have been adapted to the climatic conditions in 
Rizhao. However, the exhibited examples of the used insulated walls allow the 
conclusion that German rules were applied without specific regional or climatic 
adaptation. 
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Figure 5: Exemplary layer structure of the full thermal insulation used for the 
realization of passive houses 

 

 
Figure 6: Model of the layer structure of the full thermal protection used for 
passive houses. 

Project construct 

From the discussions held it can be concluded that a great interest in the im-
plementation of an energy-plus building is available both by the authorities as 
well as by companies. Until now the question of funding remains open. A pro-
ject for the planning and construction of a plus-energy building would be car-
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ried out directly with a company that would have to bear the costs. On the part 
of the authorities  political support can be expected. Financial commitments 
have not been made so far. 

Up to now, none of the companies involved in the talks have promised project 
participation because the expected costs are still unclear. For their participation 
in the project initial costs are required. The costs must be estimated within the 
detailed project concept that has to be developed (in a second phase). 

 

4 Definition Plus-energy Buildings – Approaches for Plus-energy 
Buildings 

This section begins presenting the different definitions of plus-energy houses. 
On this basis, exemplary approaches for the implementation are developed 
with respect to the building envelope and the building services for the region of 
Rizhao. The investigations are based on a house with about 200 m² of living 
space and an occupancy of 3 to 5 people. The room layout and use of space, 
hot water and electricity assumptions are based on European experiences. In 
the further continuation of the project data need to be adjusted regionally. 

As accounting software for this first approach the Passive House Planning Pack-
age PHPP Version 9.21 was used. The software is based on a monthly balancing 
method and also allows the yield calculation for photovoltaic systems. 

For the region of Rizhao the following strategy for the design of a plus-energy 
building is needed: 

As described in chapter 3, there are already experiences in this region 
with passive houses. Therefore the measures for a passive house are de-
termined in the first step. From these results the necessary energy gene-
ration for a plus-energy house are derived in the second step. 

 

4.1 Definitions of Plus-energy Buildings 

All definitions used to describe plus-energy buildings are based on an annual 
assessment of the "consumed" and "generated" energy. Therefore in the fol-
lowing all energy flows for heating, cooling, dehumidification, water heating, 
auxiliary energy for building and power consumption of household appliances 
and electronics are considered. 

                                                
 
1 Source: Feist W. et. al., „PHPP 9.2,“ Passivhausinstitut Darmstadt, Darmstadt, 2015. 



 
 

Fraunhofer-Institut für Bauphysik IBP 
IBP-Bericht IEB 003/2015 – Appendix 2 

Plus-enery Building for Rizhao 
 

13 

In literature there is a distinction in terms of energy flows: 

1. Consideration of the final energy. That is the required energy in the 
building and the amount of energy supplied to the building. 

2. Consideration of the primary energy: Thereby the energy required is 
evaluated as primary energy. That means the required energy is traced 
back to the use of the primary energy sources. Based on evaluation 
global warming potential is considered as partial or only non-renewable 
energy sources are stated. 

3. Expansion of the assessment of the boundary conditions: Account is 
taken also on regenerative energy provision which does not take place 
immediately at the building. This is meaningful when dealing with e.g. 
city districts. 

4. Consideration of the energy costs: For this purpose the costs of the re-
quired and sold energy (e.g. for feed photovoltaic power into grid) are 
relevant. 

Together with the client Definition 1 was chosen as the appropriate for this 
project. 

 

4.2 Definition Passive House 

The Passive House concept developed in Germany represents a good basis for 
plus-energy buildings for most of the world and different climate regions. A 
Passive House uses a good thermal insulation, an airtight construction, ventila-
tion with heat recovery and further arrangements to achieve a very low energy 
consumption of the building. With some minor design changes and insignifi-
cant additional effort a plus-energy building can be built it. The essential char-
acteristics of a Passive House are: 

Energy demand for heating and cooling  15 kWh/(m²a) 

Heating and cooling load  10 W/m² 

Air-tightness of the building n50  0,6 1/h (Central Europe) 

Comfortable indoor climate, highest category according to ISO 77302 

                                                
 
2 DIN EN ISO 7730:2003 
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These targets can be achieved, depending on the climate region by other 
means. Until now there is no congruent definition for tropical regions, where 
cooling and dehumidification loads are exclusively. 

4.3 Plus-energy Buildings in the Region of Rizhao 

The following describes the concept of a passive house and how to develop a 
plus-energy building out of it in two steps. 

4.3.1 Climate Data Rizhao 

The region of Rizhao is according to the standard GB 50176-93 [1] part of the 
“cold” regions within China. Figure 7 shows the climate classification of China 
based on the above standard. 

 
Figure 7: Climatic Regions of China according to GB 50176-933. 

 
Using the software meteonorm Version 74 a climate data record for the region 
on the basis of monthly data was generated and entered in the PHPP Version 
9.2. According to evaluation in PHPP the climate in Rizhao is classified as warm 
moderate. Figure 8 shows the monthly data for the temperatures, solar radia-
tion and dew point temperatures. In this climate, both winter heating and 
summer cooling is needed. 

                                                
 
3 M. Zhao, H. M. Künzel und F. Antretter, „Parameters influencing the energy performance of residentialbuildings in different Chinese 

climate zones,“ Fraunhofer Institute of Building Physics, Valley, Germany, Online bei Elsevier B.V., 2015. 
4 www.meteonorm.com 
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Figure 8: Climate data for Rizhao according to PHPP 

 

4.3.2 Passive House in the Region of Rizhao 

With the help of PHPP the building envelope and the ventilation was optimized 
so that the passive house standard is achieved. For this, the characteristics 
shown in Table 1 are required for the selected family house at medium shad-
ing. In brackets are the current minimum requirements referred to this climatic 
region given by www.gbpn.org5. The insulation thicknesses mentioned are 
based on a design of concrete and exterior insulation, which results in different 
insulation thicknesses, depending on the thermal conductivity of the insulation 
material. With these values the requirement of annual heating and cooling en-
ergy demand related to a Passive House are fulfilled. 

                                                
 
5 http://www.gbpn.org/databases-tools/bc-detail-pages/china-severe-cold#Values%20for%20New%20Buildings. Last access 30-07-

2015. 
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Table 1: Necessary U-values of external components, g-values of glazing and 
heat and moisture recovery degrees of the ventilation system. The building shell 
should be executed free of thermal bridges and with a high airtightness. 

Component
U-Value  

in W/(m²K)

Approx. insula-
tion thickness 

in cm
g-Value

Exterior wall 0.19 (0.45) 15 to 20

Roof 0.15 (0.35) 20 to 25

Floor 0.25 (0,45) 10 to 15

Windows 0.8 (2.8) Triple glazing 0.6

Thermal bridges None

Mechanical 
services

Heat recovery 
Humidity  
recovery

ach50-
value6

Ventilation 85% 70% 0.6 1/h

 

 

4.3.3 Plus-energy Building in the Region of Rizhao 

Based on the Passive House the required amounts of energy were calculated 
and thus the size of a photovoltaic system to meet these requirement. The 
heating and cooling of the building is carried out by a reversible outer air heat 
pump. The energy levels are shown in Table 2. With a photovoltaic system with 
6.6 kWp the final energy demand of the building can be covered. Hence, a 
plus-energy building can be reached with a plant size bigger than 6.6 kWp. 

In particular, the demand for hot water and household electricity consumption 
must be adjusted in more detailed studies on the regional situation. 

 

                                                
 
6 Air change per hour (ACH) at 50 Pa pressure difference 
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Table 2: Computation Results for the single-family house (Rizhao) 

Demand Final energy in kWh/a

Heat 1,940

Hot water 2,260

Cooling/Dehumidification 1,540

Household electrical energy 2,720

Total 8,450

Mechanical services

PV-plant (6.6 kWp7) 8,500

 

 

5 Summary and Outlook 

According to the technical analysis of the circumstances and conditions in 
Rizhao a plus-energy building with the size of a single-family home can be real-
ized well at least from a technical perspective. For project realization there is an 
interested company available (TianHaiShan Urban Construction Group). Their 
decision whether to participate in the project or not can only take part based 
on an estimate of the expected costs. The estimation is to be worked out in the 
course of the further project preparation and conception. Whether there is a 
suitable building site also requires clarification. The potential partner does not 
have a site up to now so there is a need to determine if there could be support 
by public authorities. 

 

 

 

                                                
 
7kWp: kilowatt peak: refers to the peak power of a photovoltaic system under defined test conditions. Together with the solar radiati-

on values e.g. at the respective location this allows to determine the annual yield. 



 
 

Fraunhofer-Institut für Bauphysik IBP 
IBP-Bericht IEB 003/2015 – Appendix 2 

Plus-enery Building for Rizhao 
 

18 

List of tables 

Table 1:  Necessary U-values of external components, g-values of glazing and heat and 
moisture recovery degrees of the ventilation system. The building shell should be 
executed free of thermal bridges and with a high airtightness. 16 

Table 2:  Computation Results for the single-family house (Rizhao) 17 

List of figures 

Figure 1:  Development model of a residential complex on which a family home and an 
apartment building in passive house construction are to be built 7 

Figure 2:  Use of solar thermal systems on the roofs of buildings to heat water 9 

Figure 3:  Solar thermal system installed on a high-rise building roof. 9 

Figure 4:  High-rise building with photovoltaic modules at the façade. 10 

Figure 5:  Exemplary layer structure of the full thermal insulation used for the realization of 
passive houses  11 

Figure 6:  Model of the layer structure of the full thermal protection used for passive 
houses.  11 

Figure 7:  Climatic Regions of China according to GB 50176-93. 14 

Figure 8:  Climate data for Rizhao according to PHPP 15 

 



 

 

 

Fraunhofer-Gesellschaft zur Förderung der angewandten Forschung e.V., München 

Vorstand 

Prof. Dr.-Ing. habil. Prof. E. h. Dr.-Ing. E. h. mult. Dr. h. c. Dr. h. c. Reimund Neugebauer, Präsident 

Prof. (Univ. Stellenbosch) Dr. rer. pol. Alfred Gossner 

Prof. Dr. rer. publ. ass. iur. Alexander Kurz 

 

Bankverbindung Deutsche Bank, München 

Konto 752193300 BLZ 700 700 10 

IBAN DE86 7007 0010 0752 1933 00 

BIC (SWIFT-Code) DEUTDEMM 

USt-IdNr. DE129515865 

Steuernummer 143/215/20392  

Ergänzende Erläuterungen und Stellungnahmen zum Bericht IEB-003/2015 auf eingegangene Anfragen 
 
 
 
 

1. Situation und Hintergrund 

Der IBP-Bericht IEB-003/2015 ist im Auftrag der GIZ entstanden und beschreibt vorberei-
tende Untersuchungen, die als Grundlage für die Planung je eines Plusenergie-Gebäudes 
in Rizhao (China) und Bangkok (Thailand) dienen. Gemäß Angebot Nr. 086/2015/045 
vom 13.04.2015 standen für die Projektvorbereitung 1,5 Personentage, für die Reise in-
klusive Dokumentation der Ortstermine 8 Personentage und für die Definition der 
Plusenergiehäuser 4,5 Personentage zur Verfügung. Die textliche Beschreibung kann 
aufgrund dieses geringen Zeitumfangs keine tiefgreifende und allumfängliche Ausarbei-
tung enthalten, sondern nur eine Abschätzung der prinzipiellen Machbarkeit unter den 
gegebenen Randbedingungen geben.  

Der Bericht wurde in einer Entwurfsfassung am 31. Juli 2015 zur Prüfung vorgelegt und 
nach Eingang von Rückmeldungen ergänzt, korrigiert und als Bericht mit der Nummer 
IEB-003/2015 am 18. August 2015 an den Auftraggeber übergeben. Der Bericht trägt 
den Titel „Plusenergie-Häuser für den südostasiatischen Raum“, wie er in der Bespre-
chung vom 20.03.2015 in Rosenheim mit dem Auftraggeber festgelegt wurde. 

In der neben der deutschen Fassung übergebenen englischen Version wurden vom Auf-
traggeber sprachliche Mängel festgestellt. Diese wurden überarbeitet und behoben. Zu-
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dem sind aus dem Bericht auch weiterrechende Fragen und Anmerkungen entstanden, 
die uns vom Auftraggeber zugestellt wurden. Eine nachträgliche inhaltliche Änderung 
des Berichtstext unter derselben Berichtsnummer ist im Regelfall nicht möglich, weil es 
sich dabei um ein Dokument handelt. Bei nachweislich groben fachlichen oder inhaltli-
chen Mängeln kann der Bericht zurück gezogen und unter neuer Berichtsnummer er-
neut ausgegeben werden. Gerne greifen wir die eingegangen Fragen auf, beziehen da-
zu Stellung und erläutern diese im Rahmen dieser Stellungnahme. 

Auf Wunsch des Auftraggebers wurde zudem der Bericht inhaltlich getrennt in die bei-
den Orte Bangkok (Appendix 1) und Rizhao (Appendix 2). Diese beiden neuen Doku-
mente werden dem bestehenden Bericht als Anhänge hinzugefügt, so dass der bereits 
übergebene Bericht nicht zurückgezogen werden muss. 

 

2. Stellungnahme zu Fragen und Anmerkungen 

Nach Übergabe des Berichts sind beim Auftraggeber einige Fragen aufgetreten, die wir 
nachfolgend gerne erläutern oder entsprechend Stellung beziehen. Die Fragen und An-
merkungen beziehen sich im Wesentlich auf die E-Mail mit Anhang von Frau Ruth Erl-
beck vom 24.08.2015 und von Herrn Ralph Trosse vom 25.08.2015. Die Fragen und 
Anmerkungen der E-Mails werden sinngemäß aufgeführt und anschließend erläutert. 
Die Fragen und Anmerkungen sind kursiv dargestellt. Die angegebenen Seitenzahlen be-
ziehen sich auf den offiziellen Berichtsstand, der am 20.08.2015, 13:51 Uhr an die GIZ 
übermittelt worden ist.  

Anmerkung Frau Erlbeck: „Stand-alone Loesungen sind in China moeglich (S. 8) – ich 

habe in einer meiner mail darauf hingewiesen.“ 

Die Anmerkung bezieht sich auf die Aussage auf S. 8 „Eine direkte Eigennut-
zung ist nicht möglich.“ Diese Aussage entstammt einer Präsentation im Büro 
von BOHURD, Rizhao am 5.05.2015 zwischen 9:00 und 12:00 Uhr. Diese Aussa-
ge des Referenten wurde auf Nachfrage des Auftragnehmers nochmals mündlich 
bekräftigt. Literaturrecherchen dazu waren allerdings ergebnislos.    

Bei NHA in Thailand handelt es sich um “row houses” (Reihenhaeuser), nicht um “ter-

raced houses”(S. 11). 

Der Begriff wurde in der englischen Berichtsversion ersetzt. 
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Beim Tariffsystem in Thailand wird auf S. 12 Bezug genommen auf Zielsetzungen die in 

2014 erzielt werden soll. Das ist ja wohl nicht mehr aktuell. 

Im deutschen Bericht S. 13: Die Daten sind der zitierten offiziellen Internet-Seite 
entnommen. Dieselben Informationen finden sich auch in einem Papier der GIZ 
mit dem Titel „Thailand implements Photovoltaic Support Programme and in-
greases Renewable Energy Tartgets“, GIZ Thailand, September 2013 (siehe An-
hang). Neuere Informationen waren für den Auftragnehmer nicht verfügbar. Im 
Detail heißt es darin: „While the rooftop programme has been determined, the Rules 

and Regulation for the second package are still under development. With this initiative, 

the Ministry of Energy continues its community-based approach and efforts to generate 

local value, create job opportunities and trigger new income channels for the local com-

munities. The package contains a special feed-in tariff for community-based ground-

mounted solar systems with a quota/target of 800 MW. Individual projects are expected 

to be about 1 MW in size. Projects realized under this scheme will require an SCOD by 

December 31, 2014.“  

S. 18: Soll die geplante Groesse auf 6.6 KWP oder groesser ausgelegt werden. Im glei-

chen Absatz sind widerspruechliche Aussagen. 

Für uns ist kein Widerspruch ersichtlich. Für die Deckung des Energiebedarfs des 
Gebäudes sind 6,6 KWp erforderlich, wird mehr Energie erzeugt, wird es zum 
Plusenergie-Gebäude. 

Auf S. 19 sollte noch einmal Bezug auf die “reversible outer air heat pump” genommen 

werden um zu erklaeren warum nur 6,6 KWP (oder mehr?) und nicht 8,45 KWP benoe-

tigt werden. 

Wenn eine Anlage mit 6,6 KWp genügt, um den Bedarf eines Gebäudes zu de-
cken, wird in dem Moment ein Überschuss erwirtschaftet, in dem die Anlage 
mehr Energie produziert. Damit wird das Gebäude bei Anlagen größer 6,6 KWp 
zu einem Plusenergie-Gebäude. 

Auf S. 19 sind nirgends 8,45 KWP angeben. Der vermutlich damit gemeinte 
Wert von 8,450 ergibt sich aus der Summe der akkumulierten Energieaufwände 
in kWh/a. Das Komma ist in diesem Fall ein Dezimaltrennzeichen und bedeutet 
8.740 kWh/a Endenergiebedarf pro Jahr. 
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S. 21: Ist hier wirklich auch “heat” gemeint? 

Heat auf S. 21 steht im Zusammenhang mit recovery (heat recovery) und bedeu-
tet an dieser Stelle Wärmerückgewinnung.  

S. 22: Ist hier wirklich auch “heat” und “heating” gemeint? 

Wurde in den nachgelieferten nach Orten getrennten Berichtsteilen entspre-
chend geändert. Ansonsten ist in diesem Fall heating gemeint und bezieht sich 
im Kontext von „Demand of heating and cooling“ auf den Aufwand für Heizen 
und Kühlen. 

S. 23 Warum kann im Falle von Bangkok nicht auch durch eine  “reversible outer air he-

at pump” die Groesse der Photovoltaic Anlage reduziert werden?  Dazu erfolgt keine 

Aussage. 

Eine reversible Wärmepumpe ist für Heizung und Kühlen einsetzbar. Das ist für 
Bangkok nicht nötig. In Bangkok muss das Ziel sein, eine möglichst effiziente 
Kältemaschine einzusetzen. Evtl. kann man mit der Abwärme noch das Trink-
warmwasser erwärmen. Das sind aber Anlagendetails, die in einer Vorstudie 
noch nicht betrachtet werden können. 

Darueberhinaus waere ein Abkuerzungsverzeichnis hilfreich. 

Nachdem im Bericht nur wenig Abkürzungen verwendet werden und dieser ins-
gesamt kurz ist, wurde auf ein Abkürzungsverzeichnis verzichtet, zumal die ver-
wendeten Abkürzungen entweder direkt erklärt werden, wenn sie nicht als ge-
meinhin bekannt vorausgesetzt werden können. 

Zusätzlich zu den Anmerkungen von Ruth in ihrer gestrigen Mail ist mir noch aufgefal-

len, dass ihr keine Aussagen über die Konstruktionsweise gemacht habt. Ihr geht also 

von einer konventionellen Bauweise aus, die dann mit entsprechender Dämmung verse-

hen wird. Könnte man nicht gleich eine andere Art der Konstruktion empfehlen (z.B. 

wood-frame oder steel-frame)? 

Die Betrachtung der konstruktiven Ausführung war für die Vorüberlegungen zur 
prinzipiellen Umsetzung von Plusenergie-Gebäuden unter den gegebenen Be-
dingungen zunächst unerheblich. Es sollte ja zunächst ermittelt werden, ob und 
unter welchen Voraussetzungen ein solches Gebäude realisiert werden kann. Für 
die Umsetzung sind verschiedene Konstruktionstypen denkbar. Erst in einem da-
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rauf aufbauenden Projekt sollte untersucht werden, welche Konstruktion aus 
ökonomischer und bauphysikalischer Sicht optimal wäre. 

Was ist mit dem Einsatz einer Wärmepumpe in Bangkok? Ich habe nichts darüber gele-

sen bin aber der Meinung, dass bei dem relativ hohen Grundwasserspiegel in Bangkok 

der Einsatz einer Wärmepumpe mit in Betracht gezogen werden muss. 

Neben der Energieerzeugung mittels PV-Anlagen gibt es sicherlich weitere Mög-
lichkeiten, die in einer konkreten Gebäude-Planung näher betrachtet werden 
können. Eine Grundwasserwärmepumpe macht wirtschaftlich keinerlei Sinn, da 
die Außenluft ganzjährig mit hoher Temperatur zur Verfügung steht. Für die 
Warmwasserbereitung wurde bereits mit einer Wärmepumpe gerechnet. Das  ist 
in der Beschreibung nicht explizit erwähnt. Die Planung des idealen Anlagenkon-
zeptes ist für diesen Standort die Hauptaufgabe, kann aber nicht Inhalt der Vor-
studie zur Machbarkeit sein.   

Nach dem Lesen eines Leitfadens zu Solair  über solare thermische Klimatisierung (An-

hang) an der auch das Fraunhofer ISE mitgearbeitet hat, frage ich mich, in wie weit wir 

bei unseren Plusenergiehäusern diese Technologie einsetzen können. Habt ihr auch 

schon daran gedacht und habt ihr bereits Erfahrungen gesammelt oder ist das nicht euer 

Thema? 

Derartige Anlagen sind derzeit nur in höheren Leistungsbereichen verfügbar und 
immer noch mit einem immensen Anlagenaufwand verbunden. Die Kombination 
von solarer Stromerzeugung und einer elektrischen Kältemaschine erscheint uns 
zielführender und wesentlich einfacher umzusetzen. Eine genauere Betrachtung 
der Einsatzmöglichkeit sollte in einem konkreten Nachfolge-Projekt aber auf je-
den Fall erfolgen. 
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