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Abstract: Nowadays, the strategy of improving the energy conserving situations of existing buildings 
has been playing a more and more important role of further promoting the worldwide sustainable 
development paths, especially in China. This thesis presents the results of a case study based research 
where several different building Energy Conservation and Efficiency Refurbishment (ECER) options to 
improve the energy performance of two representative Chinese Residential Multi-Family Buildings 
(RMFBs) of two very different climate conditions are evaluated and compared, which have been seen 
as the typical case buildings of  existing and aging less energy efficient urban residential building in 
that regions (i.e. one in Urumqi belongs to north cold winter region; and other one in Shanghai belongs 
to south cold winter and hot summer region). In order to provide a scientific base to present the detail 
energy conserving improvements in a quantity and quality way, the research methods are including: the 
relevant literature reviews; the real case data based interview data collections from the professional 
workers in building ECER field; the simulation and analysis processes are based on the building energy 
simulation computer program – VIP-Energy (Version 2.0.7). The study results are presented in a 
comprehensive yet straightforward way, and allow for later interesting comparisons between the 
different building ECER measures for improvement. In a broader perspective, this research will help to 
explore a comparative long-term perspective point of view on the existed and most commonly used 
residential building envelope refurbishment measures in a more comprehensive way, and identify the 
potential opportunities for further promoting the building energy consumption reductions to meet the 
future increasingly restrict national building energy conservation standards. In addition, the research 
also suggested the optimal RMFB envelope refurbishment strategy based on the case buildings’ status 
quo and subject ECER measures, which is introducing an advancing system thinking pattern to the 
existing conventional ECER measures, implementing the combined building ECER options to the case 
buildings are put forward. And the separate considerations of environmental and economic benefits that 
obtained by the subject ECER measures are both presenting simultaneously in the end. 
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Summary: Recently, as the world biggest developing country, Green House Gases (GHGs) emitter and 
heavy coal resource dependent economic entity, China has already suffering with the negative effects 
by the world climate change and environmental degradations seriously, and only the building industry 
took over 40% of its total national energy consumption. In this case, improving the energy conserving 
situations of building sector has been playing an increasingly important role to mitigate the present 
climate change effects and further promote the national sustainable development paths, especially for  
existing and aging Residential Multi-Family Buildings (RMFBs). This study is only focused on the 
building energy performance of two specific and typical RMFB cases which belonging to two regions 
that have very different climate conditions. Considering the building construction is a complex issue 
which could include many different areas, so only two main type of the Energy Conservation and 
Efficiency Refurbishment (ECER) measures which regarding building envelope part be included, 
improving the building thermal conservation performance by installing two selected and most 
commonly used building exterior insulation materials EPS (Expanded Polystyrene) and XPS (Extruded 
Polystyrene); and then replacing the exiting low efficient window system to the advancing 
energy-saving window system, two types of commonly used traditional and advancing energy-saving 
window systems - the 3 – panes normal clear glass and silver based coating Low-E (i.e. Low Thermal 
Emissivity) glass based window systems, and also with their dry air and inert gas (Argon) filled modes 
- will be included to the simulation analysis and the detail energy conservation performance discussions, 
respectively. Moreover, the study also helps to explore a comparative long-term perspective point of 
view on the building envelope refurbishment measures in a more comprehensive way, and identify the 
potential opportunities for further promoting the building energy consumption reductions to meet the 
future increasingly restrict national building energy conservation standards. In addition, the research 
also suggested the optimal RMFB envelope refurbishment strategy based on the case buildings’ status 
quo and subject ECER measures, and the separate considerations of environmental and economic 
benefits that obtained by the target ECER measures were both presented simultaneously in the end. 
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1 Introduction 

The concept of Sustainable Development (SD) - 
“development that meets the needs of the present 
without compromising the ability of future 
generations to meet their own needs” - was well 
defined as a common consensus by the 
Brundtland Commission in their landmark report 
“Our Common Future” in 1987 (Our Common 
Future, page 15, 1987). The report was in 
response to the increasing pressures on fossil 
fuel depletion causing climate challenges and 
seeking a sustainable development path. 

 
Energy has played an increasingly important role 
to all types of social and economic development. 
At present, a major part of the world energy 
supply still depends on the limited natural fossil 
fuel resources (i.e. crude oil, coal, natural gas, 
etc.). Meanwhile, the over-emitted greenhouse 
gases (GHGs) by using these fuels are the main 
causes of today’s major environmental pollution 
(IAEA, 2005; Zhang, 2012). IPCC’s 
(Intergovernmental Panel on Climate Change) 
4th report pointed out that in light of preventing 
the climate change and environmental & 
ecological catastrophes, within the decade (i.e. 
2007 - 2017) it is urgently needed to keep the 
GHG emissions stabilized at a certain scenario 

(i.e. 490 ppmv Carbon Dioxide (CO2)), and 
reach half of today’s level by 2050 (IPCC, 2007). 
As one of the world’s dominating GHGs emitter, 
China is already suffering the negative effects of 
climate changes, since China’s development 
pattern relies heavily on fossil based energy 
resources (Richerzhagen et al., 2008).  
 
Figure 1 shows that during the last 46 years the 
world’s primary energy consumption has 
increased fast. China’s share of the world’s 
energy consumption has increased from 3.45% 
in 1965 to 21.3% in 2011 (BP Statistical Review 
of World Energy, 2012), and most probably this 
increasing trend will continue with China’s 
rapidly booming economy strategy in the 
coming years (IEA, 2012).  
 
The building Sector account for nearly 40% of 
the global primary energy consumption (Zeng et 
al., 2011), and IEA (International Energy Agency) 
has predicted that, by the end of 2030, building 
related activities will account for 50% of the 
world energy supply investments (WBCSD 1, 
2009; WBCSD 2, 2009). The major parts of the 
whole building energy supplies are usually used 
for building indoor space heating and cooling 
loads. Increases of building energy consumption 
are significantly related to 3 main driving forces: 
fast growing population, unlimited economic 
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growth and people’s increasingly high living 
standard (WBCSD 1, 2009). Moreover, building 
sector related GHGs emission is even worse than 
the well-known contributor - transportation 
sector (WBCSD 2, 2009). The research by 
European Architects’ Council points out that in 
general terms the building industry account for 
50% of total air pollution, 42% of total GHGs 
emission, 50% of water pollution and 48% of 
solid waste (Gong, 2012).  

 
Presently, China is the world’s largest and 
biggest developing country, GHGs emitter and 
economic entity (i.e. the national annual 
economy growth rate with around 10% per year 
during the past three decades, second only to the 
United State by 2012) (Baeumler et al, 2012; Li 
& Yao, 2009; Zeng et al, 2011). Moreover, China 
also has the world leading urbanization rate; in 
2010, the Chinese urbanization rate was 47.5% 
and this number is expected to reach 51.5% by 
2015. This generally refers to the fact that every 
year there were 13 million people migrating 
from rural areas to urban cities (Baeumler et al, 
2012). Therefore as the basic and fundamental 
supports of rapid urbanization and economic 
growth phenomena, the building industry 
requires unimaginably huge amount of energy 
and workloads (Zeng et al, 2011), especially for 
those emerging large and mega cities (Gong, 
2012).  

Since after 1996, approximately 100 million m2 
of new building constructions were built in 
China every year (Zeng et al., 2011). The World 
Bank predicted that the next 15 years after 2000 
will be the peak development period of China’s 
building industry, and 50% of existing buildings 
will be built by the end of 2015 (The World 
Bank, 2001). The major object of that is to fulfill 
the basic accommodation need for new urban 
city residents. However, some assessment 
indicate that around 90% of these existing 
buildings belong to the high-energy consumption 
building, and two third of these are energy 
inefficient residential buildings (Yang et al, 2012; 
Cai et al., 2009).  

 
In general terms, regarding the residential 
building sector of the world, only the heating 
and cooling demands consume almost one third 
of the whole national total energy supplies 
(Richerzhagen et al., 2008), and without any 
action to improve their energy performance they 
will consume much more energy in the near 
future. Additionally, the primary energy supply 
in China relies heavily on fossil resources, 
especially coal which accounts for 60% of the 
total national energy supply and the share will 
most likely increase during the next couple of 
decades (Li & Colombier, 2009; IPCC, 2007). 
According to relevant statistical research, the 
annual residential building energy consumption 
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Fig. 2 Increases of Residential Building Annul Energy Consumption / Million tons 
Standard Coal equivalent (Yu et al., 2009; Cai et al., 2009) 
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in China has been increasing approximately by 
around 10% every year in the past 30 years. This 
example can be found in Figure 2, which shows 
the energy consumption increase in residential 
building sector from 1987 to 2007 (e.g. over 16 
billion tons of standard coal equivalent had been 
consumed with the only purpose to support 40 
billion m2 residential building with their energy 
demands in 2007). (Yu et al., 2009; Cai et al., 
2009). 
 
Therefore, it is urgent to improve the energy 
conservation and efficiency capacity of exiting 
and aging residential buildings by the efficient 
energy conservation refurbishment measures, 
which are not only for mitigating the presses 
from national energy shortage, but also crucially 
important in addressing the emergent challenges 
of climate change. 
 
This study is focusing on the Energy 
Conservation & Efficiency Refurbishment 
(ECER) of existing and aging Restential 
Multi-Family Buildings (RMFBs) in China, 
because in almost every large and medial urban 
city of China, the RMFB could always act as a 
decisive factor since it is closely relating to daily 
life of everyone. The current relevant researches 
shows that, China has nearly half of the world 
constructions (Baeumler et al., 2012, page 410) 
with estimated 45 billion m2 of total areas are the 
existing residential buildings (Yang et al., 2012), 
and over 90% of those are the RMFBs (WBCSD, 
2009). In addition, the ECER of existing and 
aging RMFBs is mainly focused on the operation 
stage of the whole building life cycle, because 
this part account for about 80% of entire 
building lifetime energy consumptions period 
(WBCSD 2, 2009) 
 
Moreover, increasingly more Chinese policy 
makers have realized that enhancing the energy 
conservation and efficiency capacity in building 
sector is a vital important issue to ensure the 

future economic growth regarding to the national 
energy security and environmental pollution 
control among others (Richerzhagen et al., 2008). 
The building ECER can be a promising path 
with great energy conservation potentials, but so 
far its implementation progress in China is still 
weak. Therefore, it is where the initial idea of 
this study has been developed at beginning. 
 
There are seven chapters in this thesis, 
Introduction, Background, Aims and Limitations, 
Methods, Simulation, Results and Discussions 
and Conclusions, respectively.  
 In the introduction part, the general 

information of building energy consumption 
status in world level and china are 
summarized and compared to improve the 
feasibility for lunching this study topic of 
ECER of RMFBs in China.  

 In the background section, the major relevant 
subjects has been carried out, such as the 
reason of implementing the building ECER, 
the status of ECER in China and the major 
relevant national and regional regulations 
and standards.  

 In the aims and limitations section, the main 
goal of this study has been presented, 
through the modern computer data 
simulation program to analysis and discusses 
of which target ECER options could be the 
optimal choice for the selected case buildings, 
and assess their environmental and economic 
benefits simultaneously. Due to the fact of 
complexity in building sector, it is difficult to 
include every related detail into this research 
at same time, and then the certain energy 
conservation issues have been mentioned, 
focusing on the building envelope area only 
two selected and most related ECER measure 
categories (i.e. adding the building outer 
insulation materials, and replacing the 
existing low-efficient window system to the 
advancing higher energy conservation 
performance window systems,  two options 
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are significantly effect to the heat-transfer 
coefficients of building envelop part) have 
been included as the target issues into the 
detail program simulation, analysis and 
discussion sections.  

 In the methods section, three main research 
methods have been involved and adopted, 
which are the literature reviews for the 
background research; data collection and 
interviews for the real data and building 
information gathering that are the major 
foundations to support the simulation 
analysis of this study; and the case building 
model simulations in the suggested building 
energy flow analysis program – VIP-Energy 
(i.e. version 2.0.7).  

 In the simulation section, in order to simplify 
the model simulation complexity to a certain 
reasonable level, based on the two selected 
case buildings and their actual climate data 
(i.e. provided by the StruSoft Company) only 
the one-dimensional model simulation has 
been adopted, including the different 
constructing layers of building envelop, 
materials, thickness, detail thermal 
conductivity of different materials, and other 
major constructing information (e.g. building 
interior and exterior areas, the situations of 
existing heating and cooling conditions and 
so on).  

 In the results and discussions section, the 
improvement of building energy performance 
by the target ECER measures has been 
carried out in detail comparison. In the mean 
while, their environmental and economic 
benefits have also been presented in a 
comprehensive yet straightforward way for 
the detail comparisons between the different 
ECER options, and the suggestions regarding 
the optimal ECER measure of case building 
and different initial consideration 
perspectives (i.e. energy saving, 
environmental benefit and economic benefit) 
also have been presented.  

 In the conclusions and suggestions for future 
work section, the general conclusion has 
been made and the new and advancing 
system thinking pattern regarding the 
conventional ECER methods has been 
suggested, in order to be able to meet the 
increasingly strict building energy 
conservation and efficiency standards in the 
near future. Then, some explanation and 
suggestion for the future supplementary 
works have been list in detail. 

2 Background  

2.1 ECER (Energy 

Conservation & Efficiency 

Refurbishment) 
The major benefit of enhancing ECER is its 
potentials to mitigate the present global climate 
change effects, and the conceptual 
energy-efficient phase of a building is the 
optimal option to integrate the with the future 
SD and sustainability strategies (Pacheco et al., 
2012). Thus, pursuing ECER of existing low 
energy efficient building, to ensure and maintain 
these building sectors behaviors as better energy 
consumption level can been considered as one of 
critical and specific characteristics of worldwide 
SD and sustainability transitions. In the 
meanwhile, it will also meet the basic concepts 
and initial objectives of current worldwide 
“Sustainable Building Transition” movements, 
which are refers to use least energy resources to 
sustain a certain comfort and healthy living level, 
furthermore, maximally minimizing the negative 
environmental, ecological and human health 
impacts throughout the building entire life stages 
(i.e. design, construction, operation, and 
demolition) (Gong, 2012). The conceptual 
methods of implementing building ECER in 
China are mainly followed by seeking for the 
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alternative green and sustainable building energy 
supply resources and further increasing the 
thermo-physical performances of building 
elements through replacing the less-functioning 
or adding the new well-functioning building 
energy saving materials (Zeng et al., 2011).  

 
Evidentially, the progress of building ECER 
could give the extra benefits to the householder, 
since it will not only reduces the economic costs 
for energy consumptions during the whole useful 
life cycle of the building, but also gains more 
environmental, ecological and social benefits by 
lowing the GHGs emissions, as well as helps to 
mitigate other toxic air pollutions (Pacheco et al., 
2012), some detail advantages by implementing 
ECER are listed as follow (Gorse & Highfield, 
2009, page 7 – 19; Richerzhagen et al., 2008):  
 Firstly, although in general terms, the cost of 

refurbishment of an existing building is 
comparatively less than cost of demolition 
and new construction, since the majority part 
of building has been already built, but it still 
may be costly. However, considering the 
future potential savings in most cases, 
implementation of building ECER is worth to 
do; 

 Secondly, ECER will enlarge the building 
energy efficiency that will directly work to 

lower the cost of annually energy 
consumptions, and indirectly help to reduce 
the GHGs emissions and minimize the 
climate change effects; 

 Thirdly, it is the building value promotions. 
In a certain context, through ECER the 
building utilization age could be extended, 
which can be directly translated into the 
economic benefits and social welfare; 

 Then, ECER will extend the scope of 
traditional building construction industry, 
providing the extra job opportunities, and 
also promoting the development of relevant 
building technologies, such as the new 
insulation materials, and operation methods. 

2.2 The Status of ECER in 

China 
At end of 1990’s, the ECER strategy of existing 
RMFBs has been carried out by central 
authorities. During its fast growing by last two 
decades, the achievements are remarkable 
especially for mega-cities which located at 
northern and winter heating regions. In 2008, 
Chinese central authority lunched an huge ECER 
project of existing and aging RMFBs, which 
covers 15 provinces and 150 million m2 existing 
and aging RMFBs at the north winter heating 
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Fig. 3 The General Development of RMFB in Shanghai (2002 - 2004) by the Unit of 

10,000 m2 (Zhang, 2012) 
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areas, totally 0.9 billion Chinese Yuan (RMB) 
have been invested into this project, and over 
100 million tons of standard coal equivalent 
have been saved by the project at the end (Cai et 
al., 2009; Zeng D, 2011). However, the entire 
national wide ECER progress are still developed 
slowly, since less attention and lack of necessary 
knowledge are the dominate bottlenecks which 
are slowing down the process of Chinese 
building ECER movement, and there still have 
huge amount of existing RMFBs which are need 
to be refurbished (Yang et al., 2012). Especially 
for summer air-condition needed South warm 
regions, because cooling is as same important as 
heating for maintaining a comfortable building 
indoor living environment. Relevant study 
shows that during the last couple decades, the 
energy consumption for the cooling purpose 
increased extremely and unsustainably fast, 
especially for the demand of electricity after 
Air-Conditioning (AC) technology been widely 
implemented. It is known that In the EU nations 
between the years of 1995 to 2003, the energy 
consumption for AC and refrigeration equipment 
has risen by an average of 17% per each year; 

and this unsustainably increasing trend in other 
countries is more serious, in some major and 
mega cities of China more than half of the 
electricity demand is for running the AC, 
refrigeration and water cooling equipment 
(Granqvist & Geoffrey, 2011, page 303). The 
Figure 3 shows a microcosm of RMFB 
refurbishment progress in south part of China 
(i.e. Shanghai, the most developed urban city in 
China which represent as the model of Chinas’ 
modern economic and trend center). From 
Figure 3 we can easily get a general picture that 
although the location belongs to the most 
developed region of China, but there is still a 
huge portion of RMFBs needs to be refurbished 
(Zhang, 2012).  
 

2.3 Relevant Regulations & 

Standards 
In order to make a comprehensive study about 
building ECER in China it is necessary to know 
and understand the existing regulations, 
standards and codes at the beginning stage. 
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China is a very big country with an area of about 
9.6 million km2 in total, as the fourth largest 
country behind Russia, Canada and United State 
(The World Fact Book, 2013). The majority part 
of terrains stretches from 20 degree north to 50 
degree north in which covers tropical zones in 
south to subarctic in north with extremely 
diverse climate condition (ibid.). According to 
the “Standard of Climate Regionalization for 
Architecture” (GB50176-93) (MOHURD, 2013) 
- issued by the Ministry of Housing and 
Urban-Rural Development of the People’s 
Republic of China (MOHURD), which is 
responsible for regulating the whole national 
building industry and decrees relevant 
regulations and standards (Zhang, 2012) - the 
entire China’s territory is divided and 
categorized the into five climate zones: Very 
Cold Region; Cold Region; Hot Summer & Cold 
Winter Region; Hot Summer and Warm Winter 
Region and Warm Region (MOHURD, 2013), 
Figure 4 shows the detail differentiates of five 
climate zones (Feng, 2004).  

 
The existing residential building energy 
conservation and efficiency related regulations 
and standards are adopted in different level and 
stages and the main contents are released and 
followed by the different climate divisions as 
well: starting with residential building energy 
design standard for winter heating needed cold 
northern region in 1986; for hot summer and 
cold winter mid land is in 2001; for hot summer 
and warm winter southern area is in 2005; and 
the national wide standard was decreed and 
implemented in 2005. Moreover comparing with 
the pre-existing situations, the rations of building 
energy conservation performance are also more 
and more strict, the heating energy reduction 
target increased from the first stage 30% (i.e. 
comparing with the buildings which been built 
before the establishment of the standard) in 1986 
to 50% as the beginning test of second stages in 
2005 (Zhang, 2012). 

According to the latest regional building energy 
design standard – JGJ26 - 2010 “Design 
standard for energy efficiency of residential 
buildings in severe cold and cold zones” – the 
reduction target 50% of heating energy 
consumption is spread in the entire range of 
severe cold and cold regions, and encourage 
some conditional areas to implement the further 
enhanced 65% reduction target as the beginning 
test of the third stage (Long, 2011). And 
regarding to the national wide energy 
conservation and efficiency standards, 65% 
reduction target will be carried out soon. The 
related regulations and standard are listed in the 
Appendix I. 
 
In China, generally there often have the strong 
relevant policies, regulations and standards, but 
the major problem is still the comparatively 
weak monitoring mechanisms, the insufficient 
implementation enforcements and the lack of 
sufficient resources (i.e. from both financial and 
human resources) to support the existing 
building ECER processes happen in every detail 
cases around whole nation (Richerzhagen et al, 
2008). Such as in some local governments and 
relevant divisions it is hard to closely follow the 
general national building energy strategy 
regulations, in detail since their limited annul 
financial budget which directly refers to the 
implementation enforcement gaps between 
central and local government. Moreover, the 
provisions and criterions of building envelope 
thermal performances in current building energy 
efficiency design standards are still based on a 
comparatively lower level. If comparing with the 
northern developed countries, in most residential 
building cases only to achieve the 50% energy 
conservation target is still far away from the 
building indoor living comfort requirements.  
 
Then, in order to keep gradually improving the 
building thermal performance, all the relevant 
standards and codes will be and should be 
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phased to be modified and amended, additionally, 
if considering the factor of building using life 
time, those existing energy saving standards 
should implement even in a more advanced and 
strengthened level. 
 

3 Aims and Limitations 

The main goal of this research study is through 
the computer software data simulation process to 
analysis and discusses which subject ECER 
measures could be the optimal options of two 
target RMFB cases, as well as further assess 
their environmental and economic benefits. In 
addition, through this research study could 
provide a more scientific basis for future ECER 
decision-making process of existing and aging 
RMFBs in China, and also for pursuing a more 
comprehensive progress of Chinese sustainable 
development in building sector. 

 
The building construction is a complex issue that 
relates to many different parts, and in each part 
often have their own rules, standards and codes 
need to follow. Therefore, implementing the 
ECER of a specific case building is a complex 
system structured process, and it is hard and 
unlikely to include every sections of building 
ECER in this study. Thus, this study will only 
focus on the building envelope ECER of two 
specific RMFBs which are located at two 
selected climate zones (i.e. north very cold 
region – Urumqi, and south Hot Summer & Cold 
Winter Region – Shanghai).  

 
Improving the heat-transfer coefficients of 
building envelope and avoiding the unnecessary 
heat loss from the building envelope is the most 
important issue of ECER process. In general 
terms, the building envelope contains two main 
components, exterior covering walls (roof and 
façade) and window systems (including frames), 
through the un-insulated envelope, those two 

main elements of building envelope could totally 
account for 67% of whole building heat energy 
lost in the cold winter period, as well as during 
the hot summer time the indoor cool air also 
could be heated up by the un-insulated envelope 
(Richerzhagen et al, 2008). However, many 
thermal losses through the building envelope can 
be easily prevented by installing the insulation 
materials on the exterior areas, and through 
introducing and replacing to the more efficient 
energy saving window systems. 

 
Because different existing RMFBs often been 
built in various situations, then identifying which 
kind of ECER materials is the feasible, suitable 
and adoptable choice will be a meaningful issue 
to ensure the after refurbishment energy 
consumption efficiencies. At present, in building 
energy-saving refurbishment market, the 
insulation material of EPS (Expanded 
Polystyrene) and XPS (Extruded Polystyrene) 
are the most frequently and dominantly used 
materials, totally account for 90% of national 
insulation material market shares (Zhu et al., 
2011). So, for the building exterior wall 
insulation material sector of this study will 
mainly focus on these two most commonly used 
materials. Then, regarding to the window sector, 
as the one of the general weakest thermal control 
points on building envelope, about 10-20% of all 
heat loss occurs through the windows (Pacheco 
et al., 2012). Then, as one of direct option to 
reach the initial purpose of building energy 
efficient refurbishment, replacing the exiting low 
efficient window system to the new and 
advancing energy-saving window system could 
effectively reduce the building energy loss from 
the envelope during all the seasons, and also 
could effectively help to sustaining the energy 
balance of building indoor heating and cooling 
(ibid.). Therefore, in this study, both two types of 
commonly used traditional and advancing 
energy-saving window systems - the 3 – panes 
normal clear glass and silver based coating 
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Low-E (i.e. Low Thermal Emissivity) glass 
based window systems, and also with their dry 
air and inert gas (Argon) filled modes - will be 
included to the simulation analysis and the detail 
energy conservation performance discussions, 
respectively. Moreover, in order to keep the 
complexity of this research into a suitable level, 
so regarding to the model simulation analysis 
process, only building parts with 
one-dimensional heat flow have been included 
(i.e. walls, windows, doors, roof, etc.). 

 

4 Methods 

Within this study three main research methods 
have been involved, which are: literature reviews, 
interviews for real data collection and computer 
program simulation analysis were adopted in this 
study. Both qualitative and quantitative data 
would be collected via the extensive literature 
review and professional interviews. The analysis 
part is getting through the application of the 
model simulation analysis program VIP - Energy, 
which is a commercial computer program for 
analyzing and calculating the energy balance in 
buildings. 
 

4.1 Research outline 
First, through the professional and detail 
interviews of the case building to get the real 
construction information and relevant data, and 
build the corresponding model by the building 
energy simulation program VIP-Energy at the 
beginning of the research. Second, through the 
real case models, measuring the existing 
building energy balance flows as the contrast test, 
and then based on the existed situation to 
simulate the energy conservation performances 
with the target building envelop ECER measures 
(i.e. building envelope insulation materials and 
energy-saving window systems), in addition 
calculate the corresponding economic and 

environmental benefits as well. Then, the results 
from before and after ECER measures will be 
discussed and compared with detail energy 
consumption reductions and potential benefits. 
The general process is shown as the flowchart 
(see Figure 5) 

 

Fig.5 The Research Flowchart 

 

4.2 Literature review 
Reviewing the relevant literature is the 
foundation of this research. The criterions of 
selecting reviewing literatures are mainly based 
on 4 different sectors, which are:  
 The general reviewing paper (i.e. the 

building energy consumption in both China 
and global scales, the status quo of ECER in 
China, etc.);  

 The literatures about ECER measures (i.e. 
the building insulation materials and 
energy-saving window technology, etc.);  

 The literatures about relevant regulations and 
standards; 

 The specific and typical case study papers.  
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4.3 Data Collection and 

Interviews 
In order to find the real case data and 
information to support this research, the data 
collection interview has been included as one of 
main methods to get the first-hand data from the 
professional workers whose background is 
closely related with the building energy 
conservation and efficiency issues of residential 
building in China (i.e. building design and 
construction engineers and researchers from 
north very cold region – Urumqi and south Hot 
Summer & Cold Winter Region - Shanghai are 
involved in the professional interview). The 
main contents of data collection interview are 
including: 
 Building Features: construction year, 

geometries and geographical locations, 
building structure design plan (i.e. for detail 
structure area calculations); 

 Material Features: construction materials 
categories and the thermo-physical properties 
of these materials (e.g. thermo conductivity, 
specific heat, etc.); 

 Thermal Features: building indoor heating 
and cooling equipment and capacities (i.e. 
district heating system and air-conditioning 
system); 

 ECER Features: the domain ECER measures 
(i.e. EPS, XPS, energy-saving windows, etc.) 

and the implementation methods;  
 Others: the content of building energy supply 

resources and the annual cost for heating and 
cooling, the general cost for ECER, etc. 

 

4.4 The Simulation Program 

(VIP- Energy) 
The case building model simulation and energy 
flow analysis program of this research is the 
VIP-Energy (i.e. version 2.0.7), which is a 
program based on the known and measured 
building facts (i.e. the actual building design and 
construction information and the real 
surrounding climate factors, such as temperature, 
solar radiation rate, etc.) to calculate the 
dynamic variations of entire building energy 
consumptions and balance in a certain time 
period (StruSoft 1, 2012). 

5 Simulation 

5.1 Case Building Selection 
Since the building sector is very broad and 
complex, therefore this study is only focused on 
the ECER issues of building envelope section in 
two specific existing RMFBs cases which 
belongs to two typical mega-city of two typical 
climate zones (i.e. see Figure 4, Urumqi - Very 
Cold Region, and Shanghai - Hot Summer & 
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Cold Winter Region). The main reason of 
choosing these two climate regions as example is 
because they have the highest share of national 
total energy consumption in China 
(Richerzhagen et al., 2008; Zeng et al, 2011). 
Following the real RMFB case based research 
from different weather condition and different 
building age could helps to simulate the actual 
building energy consumption situations and 
reflect the building energy saving performance 
of target ECER methods in a more 
comprehensive way. 
 
5.1.1 Case Building A – Urumqi  
Urumqi is the capital city of the Xinjiang 
Uyghur Autonomous region, and it is one of the 
major economic centers of Northern China with 
the population of approximately 2.3 million, 
however it also belongs to one of most 
air-polluted cities in China because the heavy 
relicense of coal-fired hot water boiler based 
District Heating System (DHS). The study case 
building A is located at the North West side of 

the center city of Urumqi (i.e. latitude is 44.05º. 
longitude is 87.31º and the building orientation 
is 25.7 º South West), which is belongs to the 
very cold region (See Figure 1.3). In this region 
the major requirement is the winter heating, and 
followed by part of normal electricity based 
individual household AC system for summer 
cooling requirements. All the RMFBs in Urumqi 
are equipped with radiators and supported by the 
hot water through coal based district heating 
system (Yoshino et al., 2004), and usually the 
DHS is operate for 24hour a day and 6 mouth 
per year, so the indoor space climate conditions 
will not easily influenced by the outside 
temperature variation and the average indoor 
temperature will keep at around 20℃ (Yu et al, 
2009). According to the statistic research shows, 
there have over 130 million m2 spaces heating 
load are based on DHS during the heating season 
of 2011-2012, and it will reach about 147.5 
million m2 by 2050 (The World Bank, 2011), 
moreover, the average coal consumption ratio is 
47kg/m2 and equivalent to 383kWh/m2 (i.e. 
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reference unit for the energetic evaluation of 
various coal equivalents: 1kg coal equivalent 
corresponds to 7,000 kcal (kilocalories), 29.3MJ 
or 8.141 kWh (ENS, 2013)), which is over 2 
times higher than the national building energy 
efficiency design standard, and even 5-8 times 
higher than western developed world. 

 
The detail case building constructing 
information is listed in below bullet points: 
 The subject building has been built in 1996 

and it is a typical 7 story RMFB (7 ground 
normal floors + 1 underground basement 
floor) in the northern cities of China. At 
2010, this kind of lacking sufficient energy 
conservation measures RMFB in Urumqi 
was account for one third of total existing 
constructions with around 29.10 million m2 
need to be refurbished soon; 

 The subject building has 42 individual 
household departments, 3 units in total, and 
it has been fully occupied in current state; 

 The average covered area per department is 
81.5 m2; the total structure area per each 
floor is 488 m2; the total construction area 
is 3431.61 m2; the total building ventilated 
volume is 9341.25 m3; the normal floor 
height is 2.80m (1-7 floors) with 370mm 
thickness solid brick wall; 

 The Building Shape Coefficient is 0.35 (i.e. 
which is the ratio between the building’s 
exterior surface and its enclosure volume, it 
reflects to the complexity of building’s 
shape and the radiating area of building 
enclosure (Feng et al., 2012)); 

 And the ratio of exterior are of window and 
wall toward different orientations are 16% 
South and 19% North, respectively (see 
Figure 6).  

 
The Figure 7 shows the annual climate variations 
of Urumqi in 2010, provided by the StruSoft 
Company. According to the figure we can see 
that the average temperature in cold winter of 

Urumqi is around -12℃ (i.e. from October to 
the coming April), and the lowest temperature 
appears at January is -24.7℃. The indoor space 
heating requirement time period is the longest in 
China, which extend to nearly 6 mouths in total. 
Additionally, the hot summer time period of 
Urumqi is not only long (i.e. from end of May to 
the end of August) but also with high 
temperature, the average temperature in hot 
summer of Urumqi is around 26.5℃, and the 
highest temperature appears at mid-July is 
42.2 ℃ . Thus, in some cases the summer 
cooling load is needed， in order to reach a 
comfort indoor living temperature. 
 

5.1.2 Case Building B – Shanghai  
The study case B is located at the South West 
side of the center city of Shanghai (i.e. latitude is 
31.00º, longitude is121.00º and the building 
Orientation is 29ºSouth East), which is belongs 
to the Hot Summer & Cold Winter Region (See 
Figure 4). In this region, both winter heating and 
summer cooling are needed; however compare 
to the very cold region there is no district heating 
system, and the major heating and cooling 
supply are based on the individual household AC 
sets. According to the related researches shows 
that in Shanghai the AC set ownership rations is 
approximately over 99.5% per a hundred 
individual households, and this ration even has 
kept raised recently (i.e. since some households 
are equipped even over two sets of AC for 
cooling the different rooms) (Yu et al, 2009). 
Because there is no DHS support in winter, the 
indoor heating loads are often depends on the 
individual occupants’ demand, so the indoor 
living condition level in hot summer and cold  
winter period is the lowest among other climate 
regions (i.e. in general, the indoor average 
temperature will at least 5 degrees lower than 
other regions), as well as, the corresponding total 
energy consumptions for cooling and heating in 
this region are also considerably higher than 
others (Yoshino et al., 2004).  
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The detail case building constructing 
information is listed in below bullet points: 
 The subject building has been built in 1998 

and it is a typical 4 story RMFB (4 ground 
normal floors + 1 underground basement 
floor) in southern coast cities of China;  

 The building has 16 individual household 
departments, 2 units in total, and it has 
been fully occupied in current state; 

 The average covered area per department is 
87m2; the total structure area per each floor 

is 348 m2; the total construction area is 
1233.58 m2; the total building ventilated 
volume is 6399.19 m3; the normal floor 
height is 2.7m (1-4 floors) with 240mm 
thickness solid brick wall; 

 The building shape coefficient is 0.45; 
 And the ratio of exterior are of window and 

wall toward different orientations are 6% 
East, 32% South, 4% West and 27% North, 
respectively (See Figure 8).  

 
The Figure 9 shows the annual climate variations 
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of Shanghai in 2010, provided by the StruSoft 
Company. According to the figure we can see 
that the average temperature in cold winter is 
about 2 - 5℃ (i.e. from December to the coming 
February), and the lowest temperature appears at 
February is -4.9℃. The average temperature in 
hot summer of Shanghai is around 25 -30℃, and 
the highest temperature appears at July is 31.5℃. 
According to the energy conservation building 
design standard (JGJ 134-2001/2010) indicted 
that in the winter heating period from 1st of Dec 
to 28th of February, 90 days in total, the indoor 
temperature should not be lower than 18℃, and 
in the summer cooling period from 15th of June 
to the 31st August, 76 days in total, the indoor 
temperature should not be higher than 26℃. 
However, in fact due to lack of efficient building 
envelope heat insulations, the indoor 
temperature is often lower than 12℃ in winter 
and higher than 30℃  in summer (Yu et al, 
2009). 
 

5.2 Case Building Simulation 
The entire statistic simulation analyses of case 
buildings have been operated by the building 

energy balance flow analysis computer program 
VIP-Energy. In this sector, the domain 
simulation subjects focused on two parts: first, 
the corresponding quantified simulations of case 
building existing construction situation (i.e. the 
real building construction situation before any 
ECER measures have been introduced); and the 
second simulation part is the existing HVAC 
(Heating, Ventilation, and Air Conditioning) 
system conditions of case buildings. 
 
5.2.1 The Existing Construction 

Situation of Case Buildings 
Before analysis the ECER effects of the target 
case buildings that is critically necessary to 
know and calculate the present energy balance 
conditions as a contrast and basis test for later 
comparisons of relevant ECER measures. The 
below Table 1 shows the building present stage 
(i.e. before ECER measures) construction details 
and relative parameters of case building A in 
Urumqi (i.e.  building construction details and 
parameters will be used by the energy balance 
analysis program VIP-Energy for the building 
model simulation). 

 
Table.1 The building model simulation details of present construction conditions - Case Building A – 

Urumqi 
Building Parts Layer (Outside 

to Inside) 
Materials Thickness Thermal 

Conductivity 
(W/m.K) 

Roof  
(447.54m2) 
 

Water proof 
layer  

SBS asphalt 
waterproof material 

6 mm 0.170 

Toweling Course Fine aggregate 
concrete 

20mm 1.280 

Block insulation 
layer 

Aerated concrete block 200mm 0.190 

Plaster Cement Mortar 20mm 0.930 
Roof Plate Ferroconcrete 120mm 1.740 
Plaster Cement Mortar 20mm 0.930 
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Total:  386mm U-value1 = 0.722 W/ 
(m2.K) 

 

Façade 
(2646.9 m2) 

Plaster Cement Mortar 20mm 0.930 
Façade brick 
layer  

Façade solid brick 370mm 0.580 

Plaster Cement Mortar 20mm 0.930 
Total: 410mm U-value = 1.175 W/ 

(m2.K) 

 

Window  
(334.8 m2) 

Standard normal clear glass based 2-glazed window with PVC (i.e. Polyvinyl 
Chloride )frame: 

a) U-Value = 2.41 W/m2.K (i.e. Ug = 2.49 W/m2.K; Uf = 1.91 W/m2.K ; ηf = 
15%)2; 

b) ST3 = 60%. 
c) TST4 = 68%; 

Outer Door 
(44.6 m2)  

Energy-saving outer doors: U-Value = 2.47 W/m2.K 

 
Although the climate conditions between Urumqi and Shanghai are totally different, but the 
constructions of building parts are similar to each other. The present stage (i.e. before ECER measures) 
construction details and relative parameters of case building B in Shanghai are listed in the following 
Table 2.  

                                                             
1 U – Value: the thermal transmittance (i.e. or thermal transfer coefficient); 
2 U = Ug +ηf (Uf - Ug); (i.e. U: refers to the total thermal transmittance of whole window; Ug: refers to the thermal 

transmittance of glazing alone; Uf: refers to the thermal transmittance of the frame; ηf: refers to the ratio 

between glazing area and frame area); 
3 ST: The Solar Transmittence (i.e. the percentage of incident solar raditation transmitted by the window glasses); 
4 TST: The Total Solar Transmittence. 
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Table.2 The building model simulation details of present construction conditions - Case Building B – 
Shanghai 

Building Parts Layer (Outside to 
Inside) 

Materials Thickness Thermal 
Conductivity 
(W/m.K) 

Roof 
(348.00m2) 
 

Water proof layer  SBS asphalt waterproof 
material 

6 mm 0.170 

Toweling Course Fine aggregate concrete 35mm 1.280 
Plaster Cement Mortar 20mm 0.930 
Roof Plate Ferroconcrete 120mm 1.740 
Plaster Cement Mortar 20mm 0.930 
Total:  201mm U-value = 2.902 

 

Façade  
(1857.6 m2) 

Plaster Cement Mortar 7mm 0.930 
Façade brick 
layer  

Façade solid brick 240mm 0.711 

Plaster Cement Mortar 20mm 0.930 
Total: 267mm U-value = 1.864 

 

Window  
(337.8 m2) 

Standard normal clear glass based 2-glazed window with non-insulated steel 
profile window frame: 

a) U-Value = 4.50 W/m2.K (i.e. Ug = 3.2 W/m2.K; Uf = 10.8 W/m2.K; ηf = 
17.1%); 

b) ST = 70%. 
c) TST = 76%; 

Outer Door  
(25.9 m2) 

Energy-saving outer doors: U-Value = 2.47 W/m2.K 
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According to the building information details 
shown in Table 1 and 2, we can found that the 
thermal transfer coefficient (U-Value) from all 
the existing building part of case building A and 
B are higher than the present national building 
energy conservation standards, and from the 
thermal insulation point of view both case 
buildings are belongs to the poor conditions. 
Such as compare with the related building 
energy conservation standards (JGJ 26-2010 and 
JGJ 134-2010, see table 1.1), which has pointed 
out that the required U-Value of the target 
building A’s and B’s roof part should be lower 
than 0.30 and 0.80 W/m2.K, respectively, 
however, in real situation the U-Value is much 
more higher than standard required level, over 
reach to 0.722 and 2.902 W/m2.K, respectively. 
Additionally, the existing windows in case 
buildings are all based on the 2 – panes clear 
glasses, comparing with the required standard 
U-Vulae level both of two building cases have 
the comparatively higher U-Value, reach to 2.41 
and 4.5 W/m2.K, respecitivly. The high 
exprimental U – Value of the window system are 
mainly because two reasons: first, the window 
systems of two case building were formed by 
different window frame materials (i.e. in case 
building A, the window frame was made by the 
PVC material with compartively lower Uf – 
Value than normal metal frame, about 1.9 
W/m2.K; in case building B, the window frame 
was made by the metal meteral of non-insluated 
steel profile which has a very high Uf – Value 
even over 10 W/m2.K); secondly, the high 
exprimental total U – Value may caused by the 
differnetηf vaule (i.e. the ratio between glazing 
area and frame area). In the end, we can say that 
all of  high U-Vaule builidng components are 
the main source that gave the increased building 
energy demands, and will lead to a lot of 
building thermal losses by the transmission 
sector. 
 
 

5.2.2 The Existing HVAC System 
Situation of Case Buildings 

Since the two case buildings belongs to the two 
totally different climate regions, so the heating 
and cooling demands are also different. The 
major requirement of case Building A in Urumqi 
is the winter indoor heating which supported by 
the DHS (i.e. operating by the coal resources 
based hot water boiler set). The World Banks’ 
research shows that in general term, the thermal 
generation coefficient of coal fired boiler based 
DHS in the region of Urumqi is about 75%; the 
distribution heat loss of the DHS is 
approximately around 11%; in 2011, the total 
thermal generation capacity of 87 these coal 
fired boilers in Urumqi is about 1,368 MWth 
(The World Bank, 2011).  On the contrary, the 
major requirements of case building B in 
Shanghai are the both building indoor winter 
heating and summer cooling. Since there is no 
DHS in that region, so the domain indoor space 
heating and cooling equipment is the traditional 
electricity based individual household AC 
system. Moreover, since normally there is no 
independent ventilation equipment been settled 
in the aging and existing RMFBs, especially for  
buildings built before 2000, therefore, regarding 
the building indoor ventilation sector of case 
buildings, the natural forced ventilation (i.e. 
through open the window to force the natural air 
circulation) has been considered as the only 
ventilation parameter in simulation process. The 
specific parameter of building indoor ventilation 
is the air flow factor N (also called the Air 
Change Rate per Hour - ACH) (Abel & Elmroth, 
2007). In terms of case buildings, due to the 
initial purpose of building ventilation process - 
to supply the clean air and remove air pollutants 
from human activities, building materials, 
building components and furnishings – the 
parameter of ACH has been considered as an 
constant and set as the normal level 1 h-1 (i.e. 
means the indoor air change rate is 1 m3/h per m3 
room volume) for both case building’s 
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simulation process. The ACH of 1 h-1 also has 
been indicated and required as the minimum air 
flow rate in residential buildings by the latest 
relating building energy conservation standards 
(JGJ 26-2010 and JGJ 134-2010) (See Table 3 
for details about the HVAC system of case 
buildings). Moreover comparing with the 
required ACH level between the China and 
northern developed countries for the multi 

family residential buildings, it is not hard to 
found that the requirement in China is higher 
than other countries, such as in Sweden the 
standard required of ACH level is 0.5 h-1. 
Therefore, it should be pointed that improving 
the existing case building’s air-tightness and 
reaching to a considerably lower ACH level 
could directly effects to the building energy 
conservation demands.

 
Table.3 The details about HVAC system of case buildings (Zhu et al., 2011; The World Bank, 2011) 

Case Building Details Heating   System Cooling 
System 

Ventilation  
System 

A (Urumqi) Equipment Coal-fired hot water 
boiler based DHS  

AC system Natural Forced 
Ventilation 

Efficiency 
Coefficient (η)  

0.75 2.3 (COP 
Factor)5 

N=1 h-1 

Resource Coal Electricity Natural Air 
Average Heating 
Value 

29,300 kJ/kg 3600 kJ/kWh - 

Average Cost 0.4 RMB/ kg  
(i.e. 0.049  
RMB/kWh)6 

0.6 RMB/kWh - 

B (Shanghai) Equipment AC system AC system Natural Forced 
Ventilation 

COP Factor 1.97 2.38 N=1 h-1 
Resource Electricity Electricity Natural Air 
Average Heating 
Value 

3600 kJ/kWh 3600 kJ/kWh - 

Average Cost 0.6 RMB/kWh 0.6 RMB/kWh - 

                                                             
5 COP: coefficient of performance of air-conditioner; 
6 Conversion factor: 1wh = 3,600 J; 
7 According to reference the AC energy efficiency has been demonstrated by the regional standard “JGJ 

134-2010”, when the AC system used for cooling in summer the COP should not be lower than 2.3, when the 

AC system used for heating in winter the COP should not be lower than 1.9. 
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5.3 Target ECER Measures 
According to the initial limitations of this study 
and regarding to the real situations of case 
buildings, generally two major type of relevant 
and most popular used ECER measures were 
selected by focusing on the building envelopes, 
and presented as follow: first, changing the 
present building envelops’ thermal insulation 
condition by adding the additional thermal 
insulation materials (i.e. popular used EPS and 

XPS thermal insulation materials have been 
included); then, improving the exist window 
energy conservation capacity by introducing the 
more advanced and commonly used energy 
saving window systems (i.e. four target different 
3-glazed insulating window systems have been 
included, which are made from normal clear 
glass to the advance silver based coating glass, 
and from dry air filled type to the inert gas filled 
type, respectively). The lists of target ECER 
measures are shown as below Table 4. 
 

Table.4 The lists of target ECER measures 
Types Measures 
Additional Thermal 
Insulation Materials 

M1:Add additional EPS layer on the building envelope; 
M2:Add additional XPS layer on the building envelope; 

 
 
 
Energy Conservation 
Windows 

M3:Change to the clear glass based 3 - panes insulating window system 
filled with dry air; 
M4:Change to the clear glass based 3 - panes insulating window system 
filled with inert gas; 
M5: Change to the silver based coating glass based 3 - panes insulating 
window system filled with dry air; 
M6: Change to the silver based coating glass based 3 - panes insulating 
window system filled with inert gas; 

 
The required thickness of target two insulation 
materials have been calculated by the 
comparison of the U-values between the present 

building situation and the latest building energy 
conservation standards (see Table 5). 

 
Table.5 The required thicknesses of EPS and XPS layer on the roof and façade part of case 

buildings 
Case Building Building Parts Present 

U-Value8 
(W/m2.K) 

Required 
U-Value9 
(W/m2.K) 

Required 
EPS10 
Thickness 

Required 
XPS11 
Thickness 

A (Urumqi) Roof 0.722 0.30 80mm 60mm 
 Façade  1.175 0.45 60mm 40mm 
B (Shanghai) Roof 2.902 0.8 40mm 30mm 
 Façade 1.864 1.0 20mm 15mm 
 

                                                             
8  See Table 1 and 2; 
9  According to the latest energy conservation standard of JGJ 26-2010 and JGJ 134-2010 (see Appendix I) 
10 EPS (Expanded Polystyrene): the thermal conductivity is 0.042 W/(m.K), and the average cost is 100 RMB/m2; 
11 XPS (Extruded Polystyrene): the thermal conductivity is 0.042 W/(m.K), and the average cost is 120 RMB/m2. 
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According to the relevant interviews, two type of 
suggested and also been seen as the most 
popular and frequent used 3 - panes insulating 
window system in China have been included as 
the target ECER measures into this study, which 
are the dry air filled normal clear glass and silver 
based coating glass based window systems 
(4+9A+4+9A+4; 4+9A+4+9A+4Low-E), with 
the U-Value of 2.04 W/m2.K and 1.70 W/m2.K, 
respectively; and the inert gas (Argon) filled 
normal clear glass and silver based coating glass 
based window systems (4+9Ar+4+9Ar+4;  
4+9Ar+4+9Ar+4Low-E), with the U-Value of 
1.57 W/m2.K and 1.42 W/m2.K, respectively. 
There is a general explanation of why  selected 
target windows have a little bit higher U-value 
than the normal standard in Europe countries - 
for instance the corresponding silver based 

coating 3 – panes window in Sweden with the 
U-Value only around 1.1 W/m2.K (Glass Fact, 
2009) – back to the time before 2000, the 
situations of window industries and producers 
were remaining at the very diverse, low-tech and 
less-quality control situation, and this could be 
proved by a fact that in the construction material 
market of China, there often have various similar 
products but with very different price. Therefore, 
in order to make a corresponding comparison 
test between China and northern developed 
country, one suggested high energy saving 
performance 3-panes silver coating glass based 
solar-control window (4+12Ar+4+12Ar+6C(66)) 
from Sweden has been included into the research 
as a reference case for later energy conservation 
performance test (details see below Table 6). 
 

 
Table.6 The details of two target insulating window system 

Target Advancing Window 
System 

Glasses Configuration 
(Inside to Outside) 

U-Value 
(W/m2.K) 

ST 
(%) 

TST 
(%) 

Price12 
(RMB/m2) 

M3 (4+9A+4+9A+4)13 2.04 56% 65% 320 
M4 (4+9Ar+4+9Ar+4)14 1.70 56% 65% 380 
M5 (4+9A+4+9A+4Low-E)15 1.57 44% 53% 360 
M6 (4+9Ar+4+9Ar+4Low-E)16 1.42 44% 53% 420 
Ref. (4+12Ar+4+12Ar+6C(66))17 1.0 30% 33% - 

                                                             
12 The average price on several domain domestic construction material market; 
13 (4+9A+4+9A+4): 4mm clear glass + 9mm dry air + 4mm clear glass + 9mm dry air + 4mm clear glass; 
14 (4+9Ar+4+9Ar+4): 4mm clear glass + 9mm argon gas + 4mm clear glass + 9mm argon gas + 4mm clear glass; 
15 (4+9A+4+9A+4Low-E): 4mm clear glass + 9mm dry air + 4mm clear glass + 9mm dry air + 4mm Low-E silver 

coating glass; 
16 (4+9Ar+4+9Ar+4Low-E): 4mm clear glass + 9mm argon gas + 4mm clear glass + 9mm argon gas + 4mm 

Low-E silver coating glass. 
17 (4+12Ar+4+12Ar+6C(66)): 4mm clear glass + 12mm argon gas + 4mm clear glass + 12mm argon gas + 6mm 

type C(66) silver coating glass. 
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6 Results and Discussions 

6.1 The Improvements of 

Building Energy 

Conservations 
In terms of building energy conservations, the 
outcomes from the separate individual tests that 
were obtained by the target ECER measures 

show a big difference among the annual heating 
and cooling loads of the case buildings within a 
year. The domain relevant simulation results of 
two case buildings are shown in Figures 10 and 
11, respectively, details see Appendix II and III. 
 
The results from Figures 10 and 11 show that, 
compared with the existing building situation - 
Blank Test - all these individual tests by 
implementing the target ECER measures (i.e. 
M1 – M6 and Ref.) on the two case buildings 
could lead to a substantial variation of the 

Balnk
Test M1 M2 M3 M4 M5 M6 Ref.

Heating Load
(kWh/m2*year) 53,2 19,2 18,5 50,2 48,0 48,5 47,5 47,2

Cooling Load
(kWh/m2*year) 30,5 25,2 25,4 28,8 28,9 27,0 27,0 23,8

Energy Conservation
Ratio (%) 0,0 47,0 47,6 5,6 9,1 9,9 11,1 15,3
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Fig. 10  The results of the individual comparison tests among the target ECER measures 
on Case Building A – Urumqi 

Blank
Test M1 M2 M3 M4 M5 M6 Ref.

Heating Load
(kWh/m2*year) 53,1 19,3 18,6 47,3 45,0 47,5 46,4 49,9

Cooling Load
(kWh/m2*year) 29,4 23,5 23,5 26,8 26,9 25,5 25,5 23,1

Energy Conservation
Ratio (%) 0,0 48,1 49,0 10,3 12,9 11,6 12,8 11,6
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Fig.11 The results of the individual comparison tests among the target ECER measures on 
Case Building B – Shanghai 
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building energy conservation improvements, and 
the Energy Conservation level in figures indicate 
the comparison of total building energy 
reductions between before and after 
implementing the subject ECER measures, and 
presenting in the way of percentage (Energy 
Conservation Ratio = the differences of building 
annul total energy consumption between before 
and after ECER measures / the annul total 
energy consumption before ECER measures).  
 
In the first place, through the target measures of 
adding the supplementary insulation materials on 
case buildings’ roof and façade area (M1 and M2) 
are the most effective way to improve the 
building envelope thermal insulation conditions. 
While, adding the certain thickness of EPS and 
XPS (see Table 5) on case buildings could reach 
to about 46% to 49% reduction rates of building 
total annual energy consumptions. 
 
Then, by the target measures of replacing the 
existing low energy efficient windows to the 
target 4 different energy saving window system 
(i.e. M3 – M6) and the Ref. measure could also 
achieve around 6% to 13% reductions of 
building total annul energy consumption on both 
case buildings. Moreover, through the analysis 
of detail results from both heating and cooling 
load variation, we could draw some important 
conclusion that regarding the window related 
ECER measures:  
 Firstly, in general terms of both case 

building’s region, replacing the existing 
window system to an energy efficient 
window is always a significant method to 

improve the building energy conservation 
performance;  

 Secondly, in most building cases, the window 
system with lower U-Value (i.e. higher 
thermal insulation ability) could directly 
refers to the much better energy conservation 
performance in the end;  

 Thirdly, regarding the total annul energy 
conservations for both case building’s region, 
increasing the window insulation ability and 
reducing the solar transmittance factor of 
glass panes are both the effective ways to 
reduces the building energy consumption (i.e. 
inert gas filled 3-panes window is better than 
dry air filled 3-panes window; silver based 
coated 3-panes window is better than inert 
gas filled 3-panes window); 

 
However, regarding the total conservation 
performance among  target ECER measures on 
two case buildings, none of  individual 
measures could over the yearly reduction target 
by 50%, which was requiring by both two latest 
relating building energy conservation standards 
for  two case buildings’ region JGJ 26-2010 
and JGJ 134-2010. Therefore, in order to attain 
the current requires of residential building 
energy conservation and the requires by future 
more and more strict building energy 
conservation standards, the combinations of 
target ECER [measures should be taken into the 
account and applied (i.e here only the initial 6 
target ECER measures have been taken into 
account), see Table 7 for the detail list of 
combined ECER measures. 
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Table.7 The detail list of combined ECER measures 
 

Combined 
Measures 

Description 

CM1 Add additional EPS layer on the building envelope + Change to the clear glass 
based 3 - panes insulating window system filled with dry air; 

CM2 Add additional EPS layer on the building envelope + Change to the clear glass 
based 3 - panes insulating window system filled with inert gas; 

.CM3 Add additional XPS layer on the building envelope + Change to the clear glass 
based 3 - panes insulating window system filled with dry air; 

CM4 Add additional XPS layer on the building envelope + Change to the clear glass 
based 3 - panes insulating window system filled with inert gas; 

CM5 Add additional EPS layer on the building envelope + Change to the silver based 
coating glass based 3 - panes insulating window system filled with dry air; 

CM6 Add additional EPS layer on the building envelope + Change to the silver based 
coating glass based 3 - panes insulating window system filled with inert gas; 

CM7 Add additional XPS layer on the building envelope + Change to the silver based 
coating glass based 3 - panes insulating window system filled with dry air; 

CM8 Add additional XPS layer on the building envelope + Change to the silver based 
coating glass based 3 - panes insulating window system filled with inert gas; 

 
The following Figure 12 and 13 indicates the 
energy conservation performances of four 
different combinations by the subject ECER 
measures on case building A – Urumqi and B – 
Shanghai by the individual comparison tests, 
respectively, details see Appendix IV and V. 
 
Based on the results shown in the Figure 12 and 
13, in terms of building energy conservations, 
we can draw a general conclusion that 
comparing with the individual subject ECER 
measures, all the combined ECER measures 
could attain the building energy saving target 50% 

easily (which required by the two latest relating 
building energy conservation standards of two 
case buildings’ region JGJ 26-2010 and JGJ 
134-2010), especially, for the case building B – 
Shanghai. Moreover, we also could reach to a 
final conclusion that the combined ECER 
measure CM8 (i.e. add additional XPS layer on 
the building envelope plus change to the silver 
based coating glass based 3 - panes insulating 
window system which filled with inert gas) is 
the optimal ECER strategy for both case 
building A – Urumqi and B – Shanghai, with the 
annually building energy conservation rate 56.53% 
and 60.97%, respectively.  
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6.2 The Economic Benefits 

from ECER Measures 
Obviously, every target ECER measures will 
refers to a initial economic cost, as one of most 
significant impacts it will directly link to the 
original decision making process of whether to 
implement the ECER or not. If the initial cost is 
higher than the total amount of cost savings (i.e. 
the cost reductions from both building heating 
and cooling load), which obtained by the target 

ECER measure, then it means the ECER 
measure is not economic benefit to implement 
and should not be considered as an efficient 
ECER measure on case building. On the contrary, 
if the If the initial cost is lower than the total 
amount of cost savings (i.e. the cost reductions 
from both building heating and cooling load), 
which obtained by the target ECER measure, 
then it means the ECER measure is economic 
benefit to implement and should be considered 
as an efficient ECER measure on case building. 
Additionally, in order to simplify the analysis 
process, the initial cost of ECER measures 

Blank
Test CM1 CM2 CM3 CM4 CM5 CM6 CM7 CM8

Heating Load
(kWh/m2*year) 53,2 17,9 16,1 17,2 15,4 16,2 15,4 15,5 14,7

Cooling Load
(kWh/m2*year) 30,5 23,5 23,6 23,7 23,8 21,4 21,5 21,6 21,7

Energy Conservation
Ratio (%) 0,0 50,6 52,7 51,2 53,2 55,1 56,0 55,6 56,5
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Fig.12 The results of the individual comparison tests among the different combinations by 
the subject ECER measures on Case Building A – Urumqi 

Blank
Test CM1 CM2 CM3 CM4 CM5 CM6 CM7 CM8

Heating Load
(kWh/m2*year) 53,1 14,5 12,6 13,8 12,0 14,7 13,8 14,0 13,2

Cooling Load
(kWh/m2*year) 29,4 20,6 21,0 20,6 20,9 19,0 19,1 18,9 19,0

Energy Conservation
Ratio (%) 0,0 57,5 59,3 58,3 60,1 59,2 60,1 60,1 61,0
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Fig.13 The results of the individual comparison tests among the different combinations by 
the subject ECER measures on case Building B – Shanghai 
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within the duration period (i.e. in general term, 
20 years is regarded as the fixed duration years 
of all the target ECER measures (Ouyang et al., 
2009)) has been seen as the constant, as well as 
the cost for the energy resources (e.g. the cost 
for electricity has been identified as a fixed 
value, see the Table 3), and all the cost values 
which are mentioned in this study does not 
taking account of the inflation and interest rate 
as well. The final cost reductions in 20 years 
duration period of all the target ECER measures 
on two case buildings have been calculated and 

summarized in the below Figure 14 and 15 
respectively, details see Appendix VI and VII. 
 
Based on the results shown in the Figure 14 and 
15, in terms of the final cost reduction by the 
subject ECER measures and its combined 
measures of two case buildings in 20 years 
duration period, we could see that all the subject 
ECER measures are economically positive when 
implementing on the case building B – Shanghai 
However, not every subject ECER measures and 
its combined measures could be seen as the 

(¥200,00)

(¥100,00)

¥0,00

¥100,00

¥200,00

¥300,00

¥400,00

¥500,00

¥600,00

M
1

M
2

M
3

M
4

M
5

M
6

CM
1

CM
2

CM
3

CM
4

CM
5

CM
6

CM
7

CM
8

RM
B 

(T
ho

us
an

d 
¥
)

 

ECER Measures 

Final Cost Reduction in 20
years duration period
(Thousand ¥)
Total Initial Cost
(Thousand ¥)

 
Fig.14 The individual comparison 
tests of final cost reductions of the 

target ECER measures and 
combined measures on Case 

Building A – Urumqi 
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Fig.15 The individual comparison 
tests of final cost reductions of the 

target ECER measures and 
combined measures on Case 

Building B - Shanghai 
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economic efficient ECER measures on case 
building A – Urumqi, the results clearly pointed 
that the target ECER measures of M1, M5, M6 
and its combined measures belongs to the 
economically positive choices in a 20 years long 
term perspective. The results also clearly shows 
that the initial building energy conservation 
conditions in case B is lower than case A (e.g. 
the higher U-Value on existing window sector, 
see Table 1 and 2), that is the main reason of 
why all the subject measures can be considered 
as the positive choice to improve the building 
conservation performance. To sum up, we could 
generally reach the conclusions that from the 
economic benefit point of view in 20 years 
duration time period, the combined ECER 
measure CM5 (i.e. add additional EPS layer on 
the building envelope plus change to the silver 
based coating glass based 3 - panes insulating 
window system filled with dry air) is the optimal 
ECER strategy for the both case building A – 
Urumqi and B – Shanghai, because comparing 
with other measures only the combined ECER 
measure of CM5 could lead to the relatively 
highest economic benefits within a reasonably 
short payback time period for both case building. 
 

6.3 The Environmental 

Benefits from ECER 

Measures 
Consequently, all the ECER measures could lead 
to a certain amount of annually total reductions 
of energy consumptions, and it will directly 
reflect to a certain amount of GHG gas emission 
reductions (i.e. as the dominate GHGs, the 
emission reductions of CO2 has been chosen as 
the target GHG emission index in this study). 
According to the relative researches on the 
relations among the corresponding CO2 emission 
intensities of the standard coal and electricity 
demonstrated that: in general terms, burning 1kg 
standard coal will emit 2.771 kg CO2 and the 
CO2 intensities of standard coal is 94.6 g 
CO2/MJ; The CO2 intensity of electricity in 
China is 1.049 kg CO2/kWh (EIA, 2012; IPCC, 
2007). The final CO2 emission reductions in 20 
years duration period of all the target ECER 
measures on two case buildings have been 
calculated and summarized in the below Figure 
16 and 17, respectively, details see Appendix 
VIII and IX.  

M1 M2 M3 M4 M5 M6 CM1 CM2 CM3 CM4 CM5 CM6 CM7 CM8
Final CO2 Reductions in 20
Years duration period (Ton) 1178 1181 193 244 366 388 1334 1370 1337 1371 1521 1536 1523 1538

Total Reductions of CO2
emissions (Ton/Year) 59 59 10 12 18 19 67 68 67 69 76 77 76 77
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Fig.16 The individual comparison tests of final CO2 emission reductions of the target 
ECER measures and combined measures on Case Building A - Urumqi 
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Through the results shown in the Figure 16 and 
17, in terms of the final CO2 emission reductions 
by the target ECER measures and its combined 
measures of two case buildings, we could draw 
the conclusions that all the subject ECER 
measures and its combined measures on two 
case buildings could effectively acting on the 
process of CO2 emission reductions in a 20 years 
duration time period. If put the environmental 
benefits as the domain consideration premise of 
building ECER processes, in terms of case 
building A – Urumqi, the combined ECER 
measure CM8 (i.e. add the additional XPS layer 
on the building envelope plus change to the 
silver based coating glass based 3 - panes 
insulating window system which filled with inert 
gas) is the optimal ECER strategy for both case 
building A – Urumqi and B – Shanghai, with the 
final CO2 emission reductions of 1538.02 tons 
and 1726.67 tons respectively in next two 
decades. On the other hand, it should be pointed 
out that through the increasingly strengthening 
the building ECER measures and other 
foreseeing sustainability transition progresses 
will not only achieve its initial purpose to further 
reducing the carbon emissions in China, but 
most importantly  measures will effectively 

force the residents living and surrounding 
environment maintaining at a certain and 
reasonable healthy level. Since the recent heavy 
foggy weather afflicts the major central and 
eastern China, and that has warned the people 
and government to pay more attention to the 
increasingly serious environmental and human 
health problems, especially for mega cities like 
Beijing and Shanghai. 
 

7 Conclusions and 

Suggestions for Future 

Work 

With China’s continually booming economy, all 
large and emerging Chinese cities will 
experience the same dilemma as that have 
happened in the subject case cities – Urumqi and 
Shanghai: the increasing energy shortage, 
economic growth and the environmental 
protection. In addition, many aging and existing 
RMFBs in China will be refurbished by the 
selected popular ECER measures. In this case, 
the idea of this thesis will not only provide a 
general pictures on the thermal performance 

M1 M2 M3 M4 M5 M6 CM1 CM2 CM3 CM4 CM5 CM6 CM7 CM8
Final CO2 Reductions in 20
Years duration period (Ton) 1361 1387 291 365 330 363 1627 1679 1652 1703 1678 1702 1703 1727

Total Reductions of CO2
emissions (Ton/Year) 68 69 15 18 16 18 81 84 83 85 84 85 85 86
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Fig.17 The individual comparison tests of final CO2 emission reductions of the target 
ECER measures and combined measures on Case Building B - Shanghai 
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improving the existing and aging RMFBs by the 
subject ECER measures, but could also leading 
to a new and progressive advancing system 
thinking pattern to the present ECER methods 
(i.e. which is the combined ECER measuring 
patterns), in order to be able to meet the 
increasingly stringent energy conservation and 
efficiency standards in the near future. For 
example, in some regions a more strict building 
energy conservation ratio (i.e. 65%) has already 
been presented as the experimental 
implementing research.  
 
In general, I believe that this real case based 
analysis study and its findings will provide a 
basic idea to the related workers and researchers 
about the thermal insulation abilities and thermal 
loss prevention by the two selected ECER 
measure categories on building envelope part of 
existing and aging RMFBs in the two different 
climates in China. However, this study still has 
its initial limitations: firstly, only the energy 
conservation performance on the building 
envelope part has been included; secondly, in 
terms of the program simulation sector, only the 
one-dimensional building structures were 
included, which could only reflects on the 
general building energy flows for the two 
selected case buildings; thirdly, only two major 
popular and suitable ECER measure categories 
were considered (i.e. the supplementary thermal 
insulation materials and energy saving window 
systems) based on the real situations of case 
buildings; additionally, only three major effects 
were calculated and discussed as the evaluation 
indexes to the target ECER measures, which are 
the energy conservation effects, economic 
benefit effects and general corresponding GHG 
reduction effects. In the future, more detail 
works (i.e. two or even three dimensional 
building structure simulations, and more 
renewable energy oriented ECER measures) 
would be required to further developing this 
study in more comprehensive and accurate way. 
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Appendixes  

Appendix I 
 

The table of Major Relevant Regulations & Standards for Residential Building Energy Consumption in 
China (Zhang, 2012; Long, 2011; Richerzhagen et al., 2008) 

 
Regulations & 
Standards 
Codes 

Title  Short Description  

JGJ 26 - 86/95; “Energy Conservation Design 
Standard for New Heating in 
Residential Buildings” 

1. Requiring decrease in heating energy use from 
30% in 1986 to 50 % in 1995, compared to 
pre-existing situations before 1986 and 1995, 
respectively; 

1. Indices the coal consumption and heat loss for 
building efficient heating; 

2. The insulation indices of heating system, and 
the installation capacity of heat source with 
heating load 

JGJ 26 – 2010; “Design Standard for Energy 
Efficiency of Residential 
Buildings in Severe Cold and 
Cold Zones”  

1. Requiring the entire regions to reach the 50% 
building energy reduction target, and partly 
implementing the further strict 65% reduction 
target, compared to pre-existing situations 
before 1st August of 2010; 

2. Issued at 1st August of 2010. 
JGJ 129-2000 “Technical Specifications for 

Energy Efficiency of Heated 
Residential Buildings ” 

1. Issued by MOC at the end of 2000, and took 
effect in 1st January 2001; 

2. Include refurbishment detail indies of the 
building envelope and heating systems of 
existing structures;  

JGJ – 132 
-2001 

“Standard for Energy 
Efficiency Inspection of 
Heating Residential 
Buildings” 

1. Issued by MOC in February 2001, and took 
effect in 1st June 2001; 

2. Determined the main inspection methods, and 
9 detail items to reach the energy conservation 
in district heating system dependent residential 
building. 

JGJ 134 – 
2001 

“Design Standard for Energy 
Efficiency of Residential 
Buildings in Hot Summer 
Cold Winter Zone” 

1. Issued by MOC in 5th July 2001, and took 
effect in 1st October 2001; 

2. Determined the detail capacities of indoor 
thermal condition and Heating, Ventilation and 
Air Conditioning systems (HVAC) of new 
residential buildings and renovations of 
existing residential buildings. 
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JGJ 134 - 2010 “Design Standard for Energy 
Efficiency of Residential 
Buildings in Hot Summer 
Cold Winter Zone ” 

1. Issued by MOC and took effect in 1st August 
2010; 

2. Include the detail requirements of shading 
coefficient, and improved the requirements of 
envelope thermal capacities. 

JGJ 75 - 2003 “Design Standard for Energy 
Efficiency of Residential 
Buildings in Hot Summer 
Warm Winter Zone” 

1. Issued by MOC in July 2003, and took effect in 
1st October 2003; 

2. Adjust the energy conservation target in energy 
consumed air conditioning and heating system 

GB 50189 - 93 “Energy Conservation Design 
Standard on Building 
Envelope and Air 
Conditioning for Tourist 
Hotels” 

1. Adopted in 1993 by Ministry of Construction 
(MOC) (i.e. the predecessor of MOHURD 
since 2009); 

2. Superseded by the national public building 
energy standard by 2004. 

GB 50189 - 
2005 

“Design Standard for Energy 
Efficiency of Public 
Buildings” 

2. Enforced the energy reduction target of lighting 
and HVAC sector in public building by 50% 
compared to pre-existing situations before July 
1st 2005. 

3. Covers all public construction sectors (i.e. new 
buildings, building expansions and the 
refurbishment of existing buildings) 
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Appendix II 
 

The results of the individual comparison tests among the target ECER measures on Case Building A – 
Urumqi 

 
 ECER 

Measures 
Heating Load 

(MWh/year; 
kWh/m2· 

year) 

Cooling Load 
(MWh/year; 

kWh/m2· 
year) 

Total 
load 

(MWh/year; 
kWh/m2· 

year) 

Energy 
Conservation 

Ratio 
(%) 

Before 
Measures 

Blank Test 182.6 104.8 287.4 - 
53.2 30.5 83.8 

 
 
 
 
 
After 
Measures 

M1 65.8 86.6 152.4 46.99% 
 19.2 25.2 44.4 
M2 63.6 87.2 150.7 47.56% 
 18.5 25.4 43.9 
M3 172.3 98.9 271.2 5.64% 
 50.2 28.8 79.0 
M4 164.6 99.1 263.6 9.05% 
 47.9 28.9 76.8 
M5 166.4 93.2 259.0 9.89% 
 48.5 27.0 75.5 
M6 162.9 92.7 255.6 11.07% 
 47.5 27.0 74.5 
Ref. 162.9 81.8 243.6 15.25% 
 47.2 23.8 70.9  
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Appendix III 
 

The results of the individual comparison tests among the target ECER measures on Case Building B – 
Shanghai 

 
 ECER 

Measures 
Heating Load 

(MWh/year; 
kwh/m2.year) 

Cooling Load 
(MWh/year; 

kwh/m2.year) 

Total 
load 

(MWh/year; 
kwh/m2.year) 

Energy 
Conservation 

Ratio 
(%) 

Before 
Measures 

Blank Test 86.9 48.1 134.9 - 
53.1 29.4 82.5 

 
 
 
 
 
After 
Measures 

M1 31.6 38.5 70.1 48.06% 
 19.3 23.5 42.9 
M2 30.5 38.4 68.9 48.96% 
 18.6 23.5 42.1 
M3 77.3 43.8 121.1 10.27% 
 47.3 26.8 74.1 
M4 73.5 44.1 117.6 12.89% 
 45.0 26.9 71.9 
M5 77.6 41.7 119.3 11.64% 
 47.5 25.5 73.0 
M6 75.9 41.8 117.7 12.83% 
 46.4 25.5 71.9 
Ref. 81.7 37.7 119.4 11.55% 
 49.9 23.1 73.0  
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Appendix IV 
 

The results of the individual comparison tests among the different combinations by the subject 
ECER measures on Case Building A – Urumqi 

 
 ECER 

Measures 
Heating Load 

(MWh/year; 
kwh/m2.year) 

Cooling Load 
(MWh/year; 

kwh/m2.year) 

Total 
load 

(MWh/year; 
kwh/m2.year) 

Energy 
Conservation 

Ratio 
(%) 

Before 
Measures 

Blank Test 182.6 104.8 287.4 - 
53.2 30.5 83.7 

 
 
 
 
 
 

After 
Measures 

CM1 61.3 80.6 141.9 50.62% 
  17.9 23.5 41.4 

CM2 55.1 80.9 136.0 52.69% 
  16.1 23.6 39.7 

CM3 59.1 81.2 140.3 51.19% 
  17.2 23.7 40.9 

CM4 52.9 81.5 134.4 53.22% 
  15.4 23.8 39.2 

CM5 55.5 73.6 129.1 55.08% 
  16.2 21.4 37.6 

CM6 52.8 73.7 126.5 55.99% 
  15.4 21.5 36.9 

CM7 53.3 74.2 127.5 55.64% 
  15.5 21.6 37.1 

CM8 50.6 74.4 125.0 
56.53%  14.7 21.7 36.4 
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Appendix V 
 

The results of the individual comparison tests among the different combinations by the subject ECER 
measures on case Building B – Shanghai 

 
 ECER 

Measures 
Heating Load 

(MWh/year; 
kwh/m2.year) 

Cooling Load 
(MWh/year; 

kwh/m2.year) 

Total 
load 

(MWh/year; 
kwh/m2.year) 

Energy 
Conservation 

Ratio 
(%) 

Before 
Measures 

Blank Test 86.9 48.1 135.0  
 53.1 29.4 82.5 

 
 
 
 
 
 
After 
Measures 

CM1 23.7 33.7 57.4 57.46% 
  14.5 20.6 35.1 

CM2 20.7 34.3 55.0 59.30% 
  12.6 21.0 33.6 

CM3 22.6 33.6 56.2 58.33% 
  13.8 20.6 34.4 

CM4 19.6 34.2 53.8 60.14% 
  12.0 20.9 32.9 

CM5 24.0 31.0 55.0 59.24% 
  14.7 19.0 33.7 

CM6 22.6 31.2 53.8 60.09% 
  13.8 19.1 32.9 

CM7 22.9 30.9 53.8 60.12% 
  14.0 18.9 32.9 

CM8 21.6 31.1 52.7 60.97% 
  13.2 19.0 32.2 
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Appendix VI 

 
The individual comparison tests of final cost reductions of the target ECER measures and 

combined measures on Case Building A - Urumqi 
 
Measures Total 

Initial 
Cost 

(Thousand 
¥/RMB) 

Heating 
Energy 
Saving 
(MWh/ 

year) 

Cooling 
Energy 
Saving 
(MWh/ 

year) 

Annual  Cost 
Saving 

(Thousand 
¥/RMB) 

Payback 
years 

(year) 

Final cost 
reduction in 

20 years 
duration 

period 
(Thousand 

¥/RMB) 
M1 309 117 18 17 18.6  24  
M2 371 119 18 16 22.6  (-43) 
M3 107 10 6 4 26.7  (-27) 
M4 127 18 6 4 29.2  (-40) 
M5 121 16 12 8 14.9  41  
M6 141 19 12 8 17.1  24  
CM1 417 121 24 20 20.3  (-7) 
CM2 437 128 24 21 21.2  (-25) 
CM3 478 124 24 20 23.7  (-74) 
CM4 499 130 23 20 24.5  (-92) 
CM5 430 127 31 26 17.2  69  
CM6 450 130 31 25 18.0  50  
CM7 492 129 31 25 19.9  2  
CM8 512 132 30 25 20.7  (-17) 
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Appendix VII 
 

The individual comparison tests of final cost reductions of the target ECER measures and 
combined measures on Case Building B – Shanghai 

 
Measures Total 

Initial Cost 
(Thousand 

¥/RMB) 

Heating 
Energy 
Saving 
(MWh/ 

year) 

Cooling 
Energy 
Saving 
(MWh/ 

year) 

Annual  Cost 
Saving 

(Thousand 
¥/RMB) 

Payback 
years 

(year) 

Final cost 
reduction in 

20 years 
duration 

period 
(Thousand 

¥/RMB) 
M1 221 55 9.6 39 5.7  558  
M2 265 56 9.7 40 6.7  529  
M3 108 10 4.3 8 13.0  58  
M4 128 13 4.0 10 12.3  80  
M5 122 9 6.4 9 12.9  67  
M6 142 11 6.3 10 13.7  66  
CM1 329 63 14.0 46 7.1  602  
CM2 349 66 13.8 48 7.3  612  
CM3 373 64 14.5 47 7.9  572  
CM4 393 67 13.9 49 8.1  581  
CM5 342 63 17.1 48 7.1  618  
CM6 362 64 16.9 49 7.5  614  
CM7 386 64 17.2 49 7.9  588  
CM8 407 65 17.0 49 8.2  581  
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Appendix VIII 
 

The individual comparison tests of final CO2 emission reductions of the target ECER measures 
and combined measures on Case Building A – Urumqi 

 
Measures Heating 

Energy 
Saving 
(MWh/ 

year) 

Cooling 
Energy 
Saving 
(MWh/ 

year) 

Reductions of 
Standard Coal 

consumes 
(ton/year)18 

Reductions of 
Electricity 
consumes 

(MWh/year)19 

Total 
Reductions 

of CO2 
emissions 
(ton/year) 

Final CO2 

reduction in 
20 years 

(ton) 

M1 117 18 14  18 59  1178.2  
M2 119 18 15  18 59  1180.7  
M3 10 6 1  6 10  193.3  
M4 18 6 2  6 12  244.2  
M5 16 12 2  12 18  365.6  
M6 19 12 2  12 19  388.4  
CM1 121 24 155 24 67  1334.1  
CM2 128 24 157  24 68  1369.7  
CM3 124 24 152  24 67  1336.6  
CM4 130 23 159  23 69  1371.4  
CM5 127 31 156  31 76  1520.6  
CM6 130 31 159  31 77  1536.3  
CM7 129 31 159  31 76  1522.7  
CM8 132 30 162  30 77  1538.0  

 
 
  

                                                             
18 In general terms, burning 1kg standard coal will emit 2.771 kg CO2 and the CO2 intensities of standard coal is 

94.6 g CO2 per MJ(EIA, 2012; IPCC, 2007); 
19 The CO2 intensity of electricity in China is 1.049 kg CO2 per kWh (IPCC, 2007). 
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Appendix IX 
 

The individual comparison tests of final CO2 emission reductions of the target ECER measures 
and combined measures on Case Building B - Shanghai 

 
Measures Heating 

Energy 
Saving 
(MWh/ 

year) 

Cooling 
Energy 
Saving 
(MWh/ 

year) 

Total  
Energy 
Saving 

(MWh/year) 

Reductions of 
Electricity 
consumes 

(MWh/year)20 

Total 
Reductions 

of CO2 
emissions 
(ton/year) 

Final CO2 

reduction 
in 20 years 

(ton) 

M1 55 9.6 65 65 68  1361.1  
M2 56 9.7 66 66 69  1386.5  
M3 10 4.3 14 14 14  290.8 
M4 13 4.0 17 17 18  365.1 
M5 9 6.4 16 16 16  329.8 
M6 11 6.3 17 17 18  363.3 
CM1 63 14.0 77 77 81  1627.3  
CM2 66 13.8 80 80 84  1679.5  
CM3 64 14.5 79 79 83  1651.9  
CM4 67 13.9 81 81 85  1703.4  
CM5 63 17.1 80 80 83  1677.7  
CM6 64 16.9 81 81 85  1701.9  
CM7 64 17.2 81 81 85  1702.8  
CM8 65 17.0 82 82 86 1726.7  

 
 

                                                             
20 The CO2 intensity of electricity in China is 1.049 kg CO2 per kWh (IPCC, 2007) 
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