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Abstract 
This study focuses on residential buildings that are planned to be constructed in the Sino-Swedish 

project in Wuxi, China. The focus is on how different heat transfer coefficients for building 

materials affect the energy consumption for a building in terms of heating and cooling 

requirements.  

In the introduction an overview of major energy policies is given as well as a foundation for 

residential energy efficiency improvements and a description of the key components in other eco-

cities. 

A baseline and two scenarios with different energy performance were created in the modeling 

software DesignBuilder to calculate the energy consumption for heating and cooling. It resulted 

in three levels of energy consumption were the baseline had an energy consumption for heating 

and cooling of 62 kWh/m2-year, first scenario had 57 kWh/m2-year and the second scenario had 

35 kWh/m2-year. There is a significant difference in energy performance between baseline and 

scenario two and this is due to the difference in construction air tightness and heat transfer 

coefficient for windows, walls, roofs, doors and floors.   

The results from modeling in DesignBuilder were exported to the modeling software STELLA 

and scaled up to city level. Three building stock composition scenarios were created; 100 percent 

baseline, 100 percent scenario two and the last city composition 50 percent baseline, 30 percent 

scenario one and 20 percent scenario two. The result for each of the building stock scenarios was 

126 GWh/year, 87 GWh/year and 116 GWh/year.  

The thesis also discuss what parameters that have a significant impact on the buildings energy 

performance and what assumptions that might affect the results.   

The building performance and the choice of materials for the building envelope will affect the 

overall energy consumption; hence have a large impact on the Sino-Swedish eco-city project. The 

difference in energy consumption between the baseline and scenario two is substantial and the 

choice will affect other energy systems in the eco-city.  

 

Keywords: Eco-cities, China, energy performance, building envelope, built environment, Sino-

Swedish project, Wuxi 
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Sammanfattning 

Den här studien fokuserar på bostadshus som ska byggas i ett gemensamt miljöstadsdelprojekt 

mellan Kina och Sverige i Wuxi, Kina. Fokus ligger på hur värmegenomgångskoefficienterna för 

byggnadens klimatskal påverkar energiförbrukningen för värmning och kylning.  

I introduktionen ges en översikt av olika energipolicys, grund för energi effektiviserings åtgärder 

samt en översikt av andra klimatsmarta städer i Kina.  

En grundmodell och två scenarion med olika energiprestanda skapas i modelleringsprogrammet 

DesignBuilder för att beräkna energiförbrukningen med avseende på uppvärmning och kylning 

av ett bostadshus. Resultaten för energiförbrukningen för uppvärmning och kylning blev för 

grundmodellen 62 kWh/m2-år, för scenario ett 57 kWh/m2-år och i det andra och sista scenariot 

blev förbrukningen 35 kWh/m2-år. Det är en signifikant skillnad mellan grundmodellen och 

scenario två som beror på byggnads luftinfiltrationsnivå och värmegenomgångstalet för fönster, 

väggar, tak, dörrar och golv.  

Resultaten som erhölls från DesignBuilder exporterades till ett annat modelleringsprogram 

benämnt STELLA. Modellen i STELLA användes för att skala upp energikonsumtionen till 

stadsdels nivå. Detta gjordes genom tre olika sammansättningar baserade på energiprestanda. 

Fall 1) 100 procent enligt grundmodellen 

Fall 2) 100 procent enligt scenario 2 

Fall 3) 50 procent enligt grundmodellen, 30 procent enligt scenario 1 och 20 procent enligt 

scenario 2.   

Fall 1 resulterade i en total energikonsumtion på 126 GWh/år, fall 2 resulterade i 87 GWh/år och 

fall 3 resulterade i 116 GWh/år.  

Rapporten diskuterar även vilka parametrar som har en betydande effekt på bostadshusets 

energiprestanda och vilka antaganden som kan ha stor effekt på resultaten. 

Byggnadens energiprestanda och valet av värmegenomgångstal kommer påverka 

energiförbrukningen; skillnaden mellan grundmodellen och scenario 2 är markant och kommer 

ha betydande effekt på energisystemet som finns inom miljöstadsdelsprojektet.   

 

Nyckelord: Miljöstad, Kina, energiprestanda, klimatskal, energieffektivisering, Wuxi 
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!!" Electrical equipment load factor, 1.0 or decimal fraction < 1.0 [ - ] 
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!! Annual cooling energy demand    [kWh/year] 

!!    Start of heating period, day 1    [day] 

!!   End of heating period, day n    [day] 

!!    The latent heat load     [kW] 

Δ!! Difference in water content between indoors and outdoors [kg water/kg dry air] 

Δ!  Temperature difference    [oC] 

2500 Latent heat of water    [kJ/kg] 

1,86 Specific heat of water vapor at constant pressure  [kj/kg-K] 

!      Light level required     [lumen/m2] 

!! Light equipment efficiency     [ - ] 

!!  Room lighting efficiency     [ - ] 

!!     Emitted light from the source   [lumen/W] 

Af Total floor area     [m2] 
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IECC International Energy Conservation Code 
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LEED Leadership in Environmental Energy Design 

MOC Ministry of Construction 

MOHURD Ministry of Housing and Urban-Rural Development 

U-value Heat transfer coefficient per square meter and Kelvin [W/m2 K] 

VAV Variable Air Volume 
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1 Project overview 
China is the world largest energy consumer and with their primary energy source coal, being over 

70 percent, it has huge environmental effects (EIA, 2012). Energy use in the building sector 

constitutes with 34 percent of the energy demand in the country and there are opportunities for 

improvements in energy efficiency in the built environment (EIA, 2005). 

Sweden collaborates with China in a Sino-Swedish project with the aim to build an eco-friendly 

city. Various Swedish actors are involved. This study will focus on energy efficiency in the 

residential buildings and is part of a larger study conducted at the Royal Institute of Technology 

with focus on system design and development of the eco-city. (Shafqata, 2013) The results aim to 

serve as guidelines for the choice of building standard in the eco-city and support future analysis 

of the residential buildings effects on the energy system. 

1.1 Boundaries 
This study focuses on residential buildings that are planned to be constructed in the Sino-Swedish 

district in Wuxi, China, see figure 1 - building design. This will 

be displayed through the choice of different technologies and 

materials that will affect the energy utilization for the building 

in terms of heating and cooling requirements. Hence the 

focus will be on usage of energy in the building and not 

distribution of energy to the building. The study will look at 

the building as a whole with regards to windows, walls, roof, 

insulation, shading, internal heat generation and electrical 

equipment; the construction choice will affect the heating and 

cooling load. The effect of sensors and smart appliances will not be included in the study. The 

calculated heating and cooling load for comfortable indoor temperature will set the requirements 

for heating and cooling equipment, see figure 2 - system boundary.  

Figure 1- building design 
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1.2 Limitations and Assumptions  
The report will be limited to study residential buildings in the Sino-Swedish Eco-city and only 

focus on the energy that private consumers buy for heating and cooling. The focus of the model 

is limited to the energy consumption in the operational phase and leaves out the energy 

consumption for the construction and demolition of the building. No life-cycle-analysis will be 

done. The report will not take cost into account for any of the different energy efficiency 

scenarios. There are no blue prints for the building available, so assumptions have been made 

regarding architecture and are presented further in detail in table 5 - baseline parameters for 

modeling in DesignBuilder. The model in DesignBuilder software will only use simple HVAC-

settings and hence leave out humidity control.  

1.3 Research Questions 
The questions that the thesis aims to answer are;  

How to design buildings with efficient energy utilization without intruding on the comfort 

temperature in the suggested design for residential buildings in Wuxi?  

What is the heating and cooling demand for the suggested residential building design if the 

building is built according to standard Chinese building code of 2007?  

What would the heating and cooling requirements be for two scenarios that are more energy 

efficient than the standard Chinese building code of 2007?  

What improvements can be made to lower the heating and cooling demand? 

How large would the energy consumption be on Sino-Swedish city level using different building 

stock compositions?  

Figure 2 – system boundary  
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1.4 Objectives 
The overall objective is to create a model that can simulate different energy efficiency 

improvements on the building envelope. 

The objectives of the thesis are to: 

• Determine the heating and cooling requirements for the suggested building design 

according to Chinese building code 2007. 

• Formulate two scenarios for energy efficiency improvements and calculate heating and 

cooling load requirements for each scenario. 

• Determine the total energy consumption for three different building stock scenarios. 

2 Introduction 
This section will serve as an introduction to create a foundation on which the model will be 

constructed and used but also give an overview of important factors regarding the construction 

of residential buildings. The introduction starts with a mapping of energy policies regarding 

energy usage in buildings. Both international and regulations specific for China will be covered.  

The energy policies will focus on recommendations and regulations regarding residential building 

constructions. This is followed by a chapter about energy use in buildings, a case study of other 

eco-city projects and an overview of passive house features.  

2.1 Energy policies 
Energy policies are an important driver for developing sustainable buildings and are a factor that 

has to be considered when identifying parameters and constructing the models.  

Across the globe there are several building policies regarding environmental and quality aspects, 

first this report will examine international regulations and policies and then Chinese and Wuxi-

regional regulations in particular. 

IEA estimates that including household electricity and water heating, residential and commercial 

buildings cover almost 40 percent of the total end use of energy, worldwide. Residential buildings 

constitute with the lion part of 27.1 percent. Hence reducing the energy needed in the residential 

building sector has a large impact on the country’s total energy demand. (Laustsen, 2008). 

In most countries there are incentives to reduce the energy consumption in the residential area. 

Depending on the energy source the energy to heat and/or cool the house, a reduction in energy 

demand has varying impact on greenhouse gas emissions. Since 81.1 percent of china’s total 
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primary energy production (IEA, 2012) comes from a mix of coal, oil or natural gas, a logical 

connection between a reduction in residential energy demand and reduced greenhouse gas 

emission can be made. By reducing domestic energy demand, a country can reduce its energy 

import and thus its dependency on other countries. In the “Green Paper”, published by the 

European Union in 2000 it is stated that improving energy efficiency is one of the best ways to 

“reduce the connection between economic growth and energy consumption and thus improve energy security in the 

long term” (European commission, 2000). 

According to Björn Cederquist, project leader at Hammarby Sjöstad, a political incentive is 

imperative in order for environmental buildings to be constructed. Building companies have few 

incentives to build energy efficient, except in cases where customers demand it. Even if this 

behavior is increasing, the majority of private customers are quite uninterested in energy efficient 

housing such as passive houses (Kerro, 2013). 

2.1.1  Energy Codes 
In the subchapters, a few of the more important efficiency codes and regulations will be 

discussed. They are constructed and operate in different ways but they all share the same overall 

goal; to reduce the total energy needed in the building sector. 

2.1.1.1 North America 
The International Energy Conservation Code (IECC) was established around 2000 and has 

developed in stages with the IECC 2006, IECC 2009 and IECC 2012. Each new code has more 

stringent demands and regulations concerning various U-values, the use of energy efficient 

lighting and ventilation. The program also promotes the use of various so-called “smart 

appliances” such as programmable thermostats and time switches. (Elnecave, 2012) 

The 2009 American Recovery and Reinvestment Act stated that if a specific state were to receive 

supplemental state energy bills, the state had to pledge a willingness to reach the goals of the 

IECC 2009 and reach a 90 percent compliance with the code by 2017. (Levine et al., 2012) 

The IECC is under constant development and is officially updated every third year. For the 2015 

update early drafts indicate focus on further improvements regarding window performance and 

orientation. (U.S. department of Energy, 2012)  

Another energy code is ASHRAE standard 90.1 2004 and is similar to the IECC, describing U-

values but have additional focus on details regarding a wide range of apparatuses and buildings. 

The standard is more aligned towards larger buildings and commercial buildings and is often used 

as a baseline or guideline when a specific region in North America creates their own regulations. 

One example is the city of Houston that based their “2008 City of Houston commercial energy 
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conservation code” on ASHRAE standard. The state of California uses ASHRAE standard for 

tall buildings and IECC for smaller residential buildings. (Laustsen, 2008) 

2.1.1.2 Europe 
Members of the European Union shall follow the Directive 2002/91/EC regarding energy 

performance in buildings (EPBD). The EPBD is a part of the main energy goal of the European 

Union, which aims to reduce energy demand by 20 percent by 2020. The directive states that 

countries must create energy standards that set up basic guidelines and requirements, both for 

new constructions and refurbishment. (Laustsen, 2008) The directive is not as specific and 

regulative as IECC and ASHRAE standards, but simply contain a multitude of guidelines 

concerning where the countries should strive in their energy efficiency politics (Cox, 2002). The 

standards are different from each country. A specific country can themselves choose their own 

level of efficiency requirements, however the levels have to be reviewed every fifth year at a 

minimum (Laustsen, 2008). All of the 27 member states and a number of non-members, such as 

Norway and Switzerland, follow the EPBD. In total the EPBD covers an area that is populated 

by more than half a billion people (Levine et al., 2012).  

The European Union updated and revised the EPBD in 2010. The energy performance levels 

were improved and strengthened. The directive states that; “by 31 December 2020, all new buildings 

are nearly zero-energy buildings”. (European Parliament, 2010) Europe has only a building rate of one 

percent per year (Economidou, 2011), hence just looking at new constructions is not enough to 

make improvements rapid enough. An improvement in energy efficiency during refurbishment is 

an important factor in the process of creating a less energy demanding housing in Europe in the 

near future.  

There are several initiatives and energy regulations at national level; Denmark for example was 

the first country in the world to legislate a mandatory building label program. Since 1997, upon 

sale all Danish, both residential and commercial, buildings have to conduct an energy 

performance rating. (Levine et al., 2012) 

2.1.1.3 Japan 
Residential buildings in Japan follow the “Rationalization of Energy Use for Homes”, the policy 

includes limits to U-values and maximum permitted yearly energy use per square meter. The 

regulations for large commercial buildings are stricter and require energy labeling and that energy 

efficiency measures have to be reported. (Laustsen, 2008) 
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2.1.1.4 China 
China’s energy code and efficiency labeling have developed quickly during the past 15 years. The 

energy code has gotten high compliance rates in some of the Chinese regions. (Levine et al., 

2012). The two labeling systems are increasing their spread rapidly but starts from a low level, 

only a small fraction of new constructions are being energy-labeled. 

The climatic conditions vary greatly between different regions in China and factors such as 

temperature, sun hours, solar irradiation and wind have impact on the energy performance of a 

building. Hence, in order to make the code as fair as possible, adjustments and variations have 

been made in the code between different climate zones.  

Wuxi is situated in the hot summer - cold winter region, see figure 3 – Chinas climate regions. 

Even though it only covers an area of 18.8 percent of China’s total area (World Databank, 2010) 

it hosts a population of 550 million. With a developed industry the cold winter region contributes 

to 48 percent of China’s gross GDP (Lang, 2003) and it is one of the most energy demanding 

regions in China (Xu, et al., 2013). Due to the varying temperature over the year the building 

sector both has to cope with considerable heating- and cooling loads. 

 

Figure 3 – Chinas climate regions. (Deringer, Huang, 2007) 

China standard energy code 

 On the first of October 2001 the design standard for residential buildings (JGJ 134-2001) was 

taken into effect. Indoor thermal requirements, energy efficient building-design and HVAC-

systems are covered in the code. The Ministry of Housing and Urban-Rural Development 

(MOHURD) handle the code development and management. Within MOHURD there are two 

departments that handle energy efficiency: Department of Science and Technology and the 
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Department of Urban Development. Prior to 2008 MOHURD was called the Ministry of 

Construction (MOC). 

There are two approaches to the code, the first is prescriptive and specifies maximum limits to 

heat transfer coefficients for the building envelope and energy efficiency demands for heating 

and air-conditioning apparatuses. The other approach give maximum limits to energy use on a 

per square meter basis (Lang, 2003). Both approaches has advantages and disadvantages, the 

prescriptive is simple to apply, in order to meet compliance the constructor simply have to 

choose materials and components that are “good enough” according to the standard. The per-

square-meter approach is performance based on a building level, which gives the constructor 

more freedom regarding the choice of specific materials and components. This method requires 

the use of the simulation software DOE-2 in order to determine the presumed energy use. (Lang, 

2003) DesignBuilder (which will be used in this report) uses the thermal simulation program 

EnergyPlus that is a based on the same simulation engine as DOE-2 and the two programs are 

both developed by Lawrence Berkley National Laboratory. (Maile et al., 2007)  

Goals of the code 

The goal was set to a 50 percent energy usage reduction for new constructions of residential 

buildings. This level was chosen much due to the fact that in 1995 (six years earlier) the goal of 

the north regions energy code also was set to 50 percent. The 50 percent reduction was 

compared towards baseline houses that were 1981 standard houses built of standard materials. 

(Hogan et al., 2001) 

Energy performance approach 

Two houses were chosen as representative baselines specific for the hot summer - cold winter 

region. These houses were modeled and a value on the energy use per square meter was 

calculated. Depending on the number of heating and cooling degree days different values were 

attained, for the Shanghai-Wuxi area the annual heating and cooling load was calculated to 59.1 

kWh/m2. They were both six floors each with a total floor area of 1250 and 1450 square meters 

respectively. The window-to-wall ratio was 25-30 percent. According to estimations 60-70 

percent of the windows in the area had overhangs. In the model all windows had fixed 

overhangs. The overhangs however were not optimally placed because of the fact that the 

majority of them were not intended as solar protection but as rain protection due to leaky, low 

quality windows. The houses were modeled with single glazed windows in a metal frame. Both 

the west and the east walls were left blank, without any windows. The walls consisted of an 

uninsulated 240 mm thick brick wall. The roof was hollow and uninsulated. Heat came from an 

electric radiator with a COP of 1. The air-conditioning had a COP of 2.2. (Hogan et al., 2001) 
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The apartments were modeled to be 100 square meters each. They were all modeled with four 

inhabitants, two parents with a child and a third adult that took care of the child. The apartment 

had three bedrooms, a kitchen, a bathroom, a living room and a dining room. The bedrooms, 

living room and dining room was modeled to be conditioned to 26 °C during the summer and 

heated to 18 °C during winter. The kitchen and bathroom had no heating or cooling but both 

had an exhaust fan. (Hogan et al., 2001)  

Hogan remarks that this model is sensitive to the desirable indoor temperature. The chosen 

temperatures, 18 and 26 °C, can hardly be seen as comfortably by western standards. If the model 

would have used 25 °C instead of 26 °C as set point the energy for cooling would have increased 

by 37 percent. (Hogan et al., 2001) 

Conclusion from the performance-based baseline modeling 

Because of the desired indoor temperatures the heating load was larger than the cooling load. In 

figure 4 – heating and cooling load, the components of the heating and cooling loads are 

displayed.  

 

 

 

 Figure 4 – heating and cooling load (Hogan et al., 2001) 

Even though there was some measure of shading, solar heat gain constituted a large part of the 

cooling load. Since walls make up the largest portion of the building envelope area-wise they also 

represent the overall biggest energy load of the heating load. 

2.1.2  Energy labels in China 
Appliances and apparatuses have been energy labeled for a longer time in China, labeling for 

whole buildings is relatively new. There are currently two labeling programs for residential homes 

GBEL - Green Building Energy Labeling and BEEL - Building Energy Efficiency Evaluation and 

Labeling. MOHURD established both programs in 2008. Constructors can also apply for the 
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international labeling program LEED - Leadership in Environmental Energy Design. An 

overview of Chinese energy labels and codes is given in figure 5 – overview of energy efficiency 

regulations for residential buildings in China. 

Building energy efficiency evaluation and labeling 

The BEEL is not mandatory for residential buildings and most of the non-residential buildings 

however; office buildings larger than 20000 square meters and office buildings that want 

government retrofit subsidiaries must take part in the program. (Levine et al., 2012) 

There are two different ratings within the BEEL, a theoretical rating that is based on results from 

simulations and an operational rating that is based on continuous actual physical measurements. 

The evaluation criteria consider energy efficiency and other aspects such as water usage, waste 

heat utilization and percentage of renewable energy resources. The ratings can give a score from 

zero to 100 as well as a five-star-rating.  

Green Building Energy Labeling 

The GBDL is voluntary and it was created to help environmentally friendly houses and projects 

to gain recognition and reputation by having the possibility to show a government approved 

certification of the building’s energy performance. The labeling is available for both residential 

and commercial buildings but with slightly different criteria. In likeness with BEEL, the rating 

system is star-based. However the maximum is only three stars. The rating criteria span over six 

different evaluation components:   

• Land use and outdoor environment 

• Energy efficiency 

• Water efficiency 

• Resource efficiency 

• Indoor Environment 

• Operational management  

Each of these are evaluated individually and given a score. In order for a building to meet the 

requirements of a certain star-rating, the required score of each subcomponent must be met; the 

total score does not matter. Having a high score on one subcomponent cannot offset a poorer 

result in another subcomponent. There are 21 local MOHURD offices that are allowed to certify 

one and two star ratings, however only the two national MOHURD-offices can approve three 

star-ratings. A certification is valid for two years, after that MOHURD must review the building 

again. (Levine et al., 2012)  
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       Figure 5 - overview of energy efficiency regulations for residential buildings in China 

Financial incentives 

China has a general goal of constructing 1 billion square meters of green buildings by 2015 and 

by 2020 should 30 percent of all new constructions be “green”.  In order to meet these goals, the 

government has decided to subsidy two- and three star-rated buildings in the GBEL program. A 

two star rated building will get 45 Yuan (€5.59)1 per square meter and a three star building 80 

Yuan (€9.94)1. (People’s Daily, 2012)  

2.2 Energy use in residential buildings 
To understand the energy use in residential buildings this chapter will focus on parameters and 

variables that affect the total energy consumption in residential buildings.  

The energy use in residential buildings is affected by the heat surplus and heat deficit, the need 

for cooling and heating is set by the upper and lower temperature limits usually defined in the 

building code for a specific country but is normally adjusted to comfort temperature by the 

occupants (Haas, 1997). The heat balance is mainly affected by internal heat generation, solar 

radiation, heat transportation by air leaks and heat transmission through walls, roofs and 

windows (Abel, Elmroth, 2007). Hence, insulation, windows, ventilation and technical solutions 

are part of the energy efficiency performance for residential buildings (Statens energimyndighet, 

2012). The variables that affect the heating and cooling load for a building can be divided into 

three categories according to figure 6 – variables for heat and cooling load for a residential 

building, the weather and climate parameter cannot be influenced without changing location and 

                                                
1 Conversion rate 0.1243 Yuan to Euro 
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heat transmission and internal heat generation can be adjusted in the designing process and by 

human behavior.  

 

Figure 6 – variables for heat and cooling load for a residential building 

Variables that affect the heating and cooling load for a residential building in general: 

• Internal heat generation: 

§ Individual factors as awareness and attitude. 

§ Life-style in terms of time spent at home and activity level. 

§ Culture with regard to washing/heating/comfort traditions and heat from 

electrical apparatuses. (Haas, 1997).  

• Weather and climate: 

§ Solar radiation converted to heat when striking surfaces. 

§ Wind 

§ Temperature (Abel, Elmroth, 2007) 

• Envelope performance 

§ Windows 

§ Walls 

§ Roof 

§ Foundation 

§ Air leakages (Abel, Elmroth, 2007) 

As technology, materials and awareness have developed over the last decades so has also the 

policies regarding energy efficiency in residential buildings. Even though there are higher 

regulations and ambitions today, the building sectors share of the total energy usage has increased 

compared to the level of 1980s (Lang, 2003). One of the greatest improvements to lower the 

residential energy consumption is found within heating and cooling. For buildings being 

constructed, high-efficiency heating and cooling equipment combined with low heat 
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transmissions through the building envelope pays for itself in lower energy costs. (Bressand et al., 

2007) A similar conclusion was drawn in the Analysis on urban residential energy consumption of Hot 

Summer & Cold Winter Zone in China (Tianchi et al., 2012) where they found that the building 

envelop, heating and cooling equipment where areas for improvement. Improvements would 

significantly reduce the energy consumption in the residential areas that participated in the 

survey. Included in the total energy consumption is the domestic hot water usage and the average 

for China is 26 percent of the total residential energy consumption in 2005. (China Green 

Buildings, 2009)  

2.2.1  Internal heat generation 
The internal heat generation in a building increases the indoor temperature; it can be both 

positive and negative in terms of energy consumption, depending on if it is heating or cooling 

loads that are calculated.  

People consume food that contains energy and parts of that energy are transformed into heat via 

metabolism and the metabolic rate is dependent on activity level of each individual and hence 

varies over time. (Abel, Elmroth, 2007) 

Definition:  

1 met = the generation of 58.2 W / m2 of body area. 

The average body area of an adult is between 1.6 and 1.8 m2. 

The metabolic rate for an adult walking around is approximately 1.5 met and when driving a car it 

is around 2 met, this corresponds to 70 and 120 W. (Abel, Elmroth, 2007) Typical values for 

various activities are found in table 1 – typical rates for an average adult doing various metabolic 

heat generating activities.  

Table 1 – typical rates for an average adult doing various metabolic heat generating activities 

(Jonsson, Bohdanowicz, 2009) 

 

Another approximation for the heat emissions for an adult is 80 W on average over a 14-hour 

period at home (Levin, 2009) and a child will emit 40 to 50 W (Abel, Elmroth, 2007).  

Activity Heat generation W/m2 Metabolic ratio
Sleeping 40 0,7
Seated, quiet 60 1
Standing, relaxed 70 1,2
Cooking 95-115 1,6-2,0
Housecleaning 115-200 2,0-3,4
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The average family size in Shanghai area was below 2.7 people per household in 2008. That is 

lower than the average urban family size at 2.9 people in the same year (Tianchi et al., 2012). The 

number of people in a household will affect the internal heat generation; if the number of people 

increases so will the heat generation.  

Personal electric apparatuses will contribute to the heat generation in the building when they are 

in use (Levin, 2009). The heat generated from people and equipment can be estimated but is no 

more than just an estimate and requires careful consideration. The energy consumption in watt 

for electrical apparatuses is not always equal to the heat gain in watt. The heat generated from 

electric apparatuses is overall higher than from the human body, a few average values can be 

found in table 2 – heat gains from various home appliances. (Jonsson, Bohdanowicz, 2009) 

Table 2 – heat gains from various home appliances. (Jonsson, Bohdanowicz, 2009) 

 

User behavior is complex and complicated to generalize, for example the length of a shower, 

indoor temperature, lighting and use of electronics, all of them affect the energy usage. If the aim 

is to reduce the energy consumption the user behavior is important (Paauw et al., 2009). This 

view can be compared with practical experiences from Hammarby Sjöstad that the user behavior 

has a lesser role in the energy consumption and that the large energy savings is done within the 

built environment (Cederquist, 2013). These two views could lead to the conclusion that the 

impact of user behavior can be reduced if a building is constructed in a certain way and 

technologies that reduce the impact of user behavior is implemented. Then energy consumption 

mainly will be decided when the building requirements are specified. To ensure actual energy 

savings in a residential building the focus should be to construct the building in such a way that 

the human behavior is reduced to a minimum; the occupants should be able to continue life as 

before without any large changes in lifestyle. 

Another source for internal heat generation is lighting and can be described with normalized 

power density (NPD) and good practice range from 1.9 W / (m2. 100 lux) and 2,5 W / (m2. 100 

Appliance
Common 
power 
demand (W)

Length of  
use

Approximate 
annual use 
(kWh)

Freezer 200 Thermostat 1000
Dishwasher 2000 Once/day 540
Cooking plates 1500 40 min/day 400
Washing machine 2000 2h/week 210
TV color 150 2h/day 108
Microwave 1500 10 min/day 90
Vacuum 
cleaner 1000 1h/week 52
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lux). The good practice values do not represent the best available technology.  (Hanselaer et al., 

2007)  

2.2.2  Weather and climate 
The environment the building will operate within is set by the weather and climate in the area. 

Rain, solar irradiation, temperature and wind are all variables that affect the buildings energy 

requirements and all geographical areas have their own unique weather and climate (Abel, 

Elmroth, 2007). This has to be taken into account when constructing a model for heating and 

cooling requirements.  

Solar irradiation influences the need for heating in cooler periods and the need for cooling in 

warmer periods. To what extent the solar irradiation affect the indoor temperature depends on 

wall/window ratio, what direction the windows are facing, absorption coefficient for the material 

that are exposed and transmission via clear surfaces as windows.  

In natural ventilation, the key driver is the airflow that penetrates the building envelope and it is 

mainly caused by pressure differentials. The natural airflow affects the indoor temperature and air 

quality; a tightly built residential building has less natural ventilation and therefore may need 

mechanical ventilation to supply a sufficient air exchange rate. (Jonsson, Bohdanowicz, 2009) 

The outdoor temperature is taken into account in the degree day calculations when modeling; it is 

used for computing heating and cooling requirements based on a long-term perspective. An 

assumption that is made to make the calculations is that the heating and cooling requirements will 

be proportional to the difference between mean daily temperature and threshold temperature 

(Jonsson, Bohdanowicz, 2009). The concept of degree days is further described in chapter 3.2.2. 

2.2.3 Heat transmission through the building envelope 
Understanding the heat transmission through a buildings envelope is vital to accurately create and 

understand the impact of parameters in the model.  

Heat will be transported through the building envelope, from the warmer zone to the cooler 

zone; how the building envelope is designed and constructed will affect the amount of heat 

transferred. A well-insulated building has a smaller need of added or removed heat (Abel, 

Elmroth, 2007). A rule of thumb while building an energy efficient building is to build tight, 

ventilate right and insulate well (Kerro, 2013).  

Ventilation can be a controlled or uncontrolled flow, mechanical ventilation or air leakages 

through the building envelope. A positive side of controlled airflow is that the heat in outgoing 

air can be recovered and used to increase the temperature of incoming air. 
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Thermal insulation of walls and roofs are vital when decreasing heat losses through the building 

envelope. A satisfactory insulation needs to withstand natural and forced convection; this implies 

that sufficient thickness, density and placement are important. The desired U-value put 

requirements on the building method, material and thickness of the insulation. Typical U-values 

in modern buildings in Sweden are around 0.15 W/(m2 K) for walls and for loft floors are the 

value less than 0.1 W/(m2 K). (Abel, Elmroth, 2007) 

Thermal insulation of windows can be used to reduce heat radiation and this can be done with a 

thin layer of coating on the glass and between the layers of glass add a thermal insulating gas that 

reduces thermal conductivity (Abel, Elmroth, 2007). In older buildings the windows usually are 

the weakest part in the buildings envelope but today windows have almost the same thermal 

properties as walls and a consequence is that the frames sometimes have higher heat transfer than 

the glass itself (Kerro, 2013). U-values for windows are dependent on the type of frame and 

glazing, a typical window with wooden frame and triple glazed glass has a U-value of 1.9 W/(m2  

K) (Jonsson, Bohdanowicz, 2009).  

2.2.4  Case study of a survey conducted in China 
The conditions in the hot summer and cold winter zone in China differ from Sweden, regarding 

weather and climate, building standard as well as the occupant’s behavior. A case study of a 

survey conducted in that Chinese region helps to understand the local conditions that set the 

surroundings for the model.  

As mentioned before, during 2007/2008 Tianchi Hu, Hiroshi Yoshino and Zhongtian Jinag 

conducted a survey in the hot summer & cold winter zone in China in their paper Analysis on 

urban residential energy consumption of Hot Summer & Cold Winter Zone in China. The survey led to a 

few findings regarding energy use in residential buildings in that geographical area: 

• One of the findings was that all households had heating and cooling equipment but few 

used solar water heaters even though they are more energy efficient.  

• They suggest that the low number of solar water heaters is due the fact that 38 percent of 

the participants believe that the quality of the products is poor and the risk for water 

leakages are too large. 

•  Over 90 percent had individual space heating equipment.   

• Heating equipment was used between end of October and end of March. 

• Cooling equipment was used between end of May and mid-October.  
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• Buildings that had adopted the national building code GB 50176-93 in 1993 was more 

energy efficient than those built before 1993.  

The survey could define the annual energy consumption of the participants in the area, see figure 

7 - annual energy consumption per household. The graph shows that the cooling is larger than 

heating and how much energy that is used to heat water.  

 

Figure 7 - annual energy consumption per household. (Tianchi et al., 2012) 

The average apartment size for the Changsha region, which participated in the study, is 80 m2 and 

the average total energy consumption is 8 833 kwh/year including space cooling, space heating, 

cooking, hot water and other, see figure 7 – annual energy consumption per household. Divide 

the total energy consumption with the average apartment size and that will give the average 

energy consumption per m2 and year. The calculated annual result, including cooling, heating, 

cooking and hot water, is 110 kWh/m2.  

The average energy consumption in one apartment of 80 m2 for hot water in Changsha is 5,7 

GJ/year which is equal to 1583 kWh/year. (Tianchi et al., 2012)  

The study identified the run-time for heating and cooling over a year for the four different 

regions, see figure 8 - operation ratio winter and figure 9 - operation ratio summer.  
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Figure 8 – operation ratio winter, (Tianchi et al., 2012) 

 

 

Figure 9 – operation ratio summer (Tianchi et al., 2012) 

 

The study also shows a breakdown of the daily use of heating and cooling during winter and 

summer, see figure 10 - daily operation of heating and figure 11 - daily operation of cooling.  
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Figure 10 – daily operation of heating (Tianchi et al., 2012) 

 

 

Figure 11 – daily operation of cooling (Tianchi et al., 2012) 

2.3 Passive houses 
This chapter serves as an overview of different passive houses and what parameters that 

characterizes them. The chapter aims to boost the understanding of what can be done to create 

energy efficient building scenarios. 

2.3.1  Vision 
The idea of passive houses came to life 25 years ago in German. The idea is that the combination 

of a slow construction together with a super insulated and airtight envelope, the heat from the 

sun, appliances and humans would be enough to keep the temperature at a comfortable level 
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throughout the day. The construction vision is simple: A building standard that is truly energy efficient, 

comfortable and affordable at the same time. (Passive House Institute, 2012)  

The standard for passive houses in central Europe is that the heating and cooling energy usage 

needs to be less than 15 kWh per square meter and year. Peak load should not be more than 10 

W per square meter. Exterior opaque components (walls, roof and floor) must have U-values of 

0.15 or lower, windows must have U-values of 0.8 or lower. The ventilation system must not 

create noise louder than 25 decibel and the air inlet temperature cannot be lower than 17°C. 

(Passive House Institute, 2012)  

2.3.2  Building envelope 
Walls 

In order to create enough insulation, the materials of which the house is built of must be chosen 

carefully. Depending on the heat conductivity of specific materials different thicknesses are 

required in order to meet with the minimum wall U-value of 0.15 W/(m2 K). If using concrete, 

with a thermal conductivity of 2.1 W/(m K), a thickness of 14 meters is needed to achieve a U-

value of 0.15 W/(m2 K). With a high-insulating material such as mineral wool with a better 

thermal capacity of 0.04 W/(m K), only 26.7 cm is theoretically needed to create a passive house 

standard wall. 

Of course buildings are and should not be constructed with only one material but several with 

different traits and advantages such as thermal capacitance and carrying power (Feista, 2006). 

Cost versus comfort and design is always important. Even though German passive houses have 

been built, successfully, with high-vacuum-insulation, it might be more cost effective to have a 

slightly thicker wall with a cheaper material.  

Windows 

Windows represent both major heat gains through solar irradiation during cooling days and major 

heat outlet during heating days.  Good performance is achieved with triple-pane windows with 

gaps filled with a noble gas that has low thermal conductivity. Argon (0.016 W/(m K)) is a 

common choice since it has a reasonable price and performance better than air (0.024 W/(m K)). 

Krypton however has the greatest performance (0.0088 W/(m K)) (Engineering Toolboxa, 2012) 

but since the price is high it is not widely used. The frame is important and need to be built of an 

insulative material. Overall the window, pane and connection to the wall should be as airtight as 

possible in order to prevent unwanted air infiltration. A “passive house window” must have a U-

value below 0.8 W/(m2 K) however U-values around 0.5 W/(m2 K) are possible to achieve 

without increasing costs significantly (Passive House Institute, 2012). The advantages of windows 
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with such low U-values are not only energy efficiency but also comfort. Even during “cold 

European nights” surface temperature will not fall below 17 Celsius (Feistb, 2006). A result of the 

high surface temperature is minimal cold radiation and draft from the window. This means that 

no radiator must be located near these high performing windows and can be placed at more 

efficient and aesthetically appealing places (Kerro, 2013). 

Roof and floor 

The roof needs to have a U-value below 0.15 W/(m2 K) however several constructors have 

reached considerably lower values than that by increasing the thickness of insulation or using a 

better material. In a Swedish house, 600 mm of insulative wool resulted in a U-value of 0.07 

W/(m2 K) (Fiskarhedenvillan, 2012). The floor and base insulation must also be below 0.15 

W/(m2 K) depending on the traits of the ground the house stands on various materials can be 

used, concrete in combination with cellular plastic and foam glass is used by Fiskarhedenvillan to 

achieve 0.11 W/(m2 K).  

In table 3 – comparison of U-values from two different sources is Fiskarhedenvillan and 

recommendations from Passive house institute compared with each other, where former one has 

the better U-values. 

Table 3 – comparison of U-values from two different sources (Fiskarhedenvillan, 2012) and 

(Passive House Institute, 2012) 

  

Air supply 

A major heat loss is through ventilated air, a well-insulated and airtight envelope has little effect if 

the heated air is simply let out. A FTX-systems heat (or cool) the air supply by the air exhaust, 

thus recovering a part of the energy that was needed to heat or cool the air earlier. Both air flows 

goes through a heat exchanger before going in/out of the house. FTX-systems have largest effect 

in regions where the discrepancy between indoor and outdoor temperature is the largest. 

The Swedish Energy Agency has done several tests ON FTX-systems in various Swedish 

climates. The tests showed that newer and more airtight buildings in cold regions gain the most 

of a FTX-system (Energimyndigheten, 2010). A 130 square meter house in a region with a yearly-

mean-temperature of 0°C saved as much as 6000 kWh per year. A house with the same area but 

Source: 
fiskarhedenvillan

Source: Passive house institute 
recommendations

Parameters Unit
Walls (U-value) 0,1 0,15 W/(m2 K)
Windows (U-value) 0,67 0,8 W/(m2 K)
Roof  (U-value) 0,07 0,15 W/(m2 K)
Floor (U-value) 0,11 0,15 W/(m2 K)

Value
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in a region with a mean-temperature of 9°C saved about 3000kWh per year (Energimyndigheten, 

2010)  

When the outdoor temperature is higher than the cooled indoor temperature the outlet will cool 

the inlet. Fiskarhedenvillan has installed a pre-heater and cooler to their FTX-system that is used 

to defrost the air before entering the FTX in order to prevent ice from forming inside the 

exchanger. (Fiskarhedenvillan, 2012)  

There are guidelines regarding minimum supply of fresh air and the ASHRAE standard require 

the rate of fresh air to be at least 7,5 l/(s-person). (Sherman, 2004) 

2.4 Case study of eco-cities in China 
The case study of eco-cities in China gives an overview of what has been done regarding eco-

cities in China before the Sino-Swedish eco-city project and what it is that signifies them.   

There are several eco-cities initiatives in China in collaboration with different countries, e.g. The 

United States, Sweden, Singapore and Germany are all involved with the design and investment 

for different eco-city projects (Lu, 2012). There is no real definition of how to build an Eco-city 

in China but there is an indicator system that shall guide and support the way towards an Eco-city 

(EcoTech, Koko, Turun Seudun Kehittämiskeskus, 2012). The case study will look into three 

different eco-cities, namely; Sino-Singapore Eco-city Tianjin, Dongtan Eco-city at Chongming 

Island and Tangshan Bay Eco-city in Tangshan former known as Caofeidian Eco-city.  

2.4.1 Sino-Singapore Eco-city Tianjin 
Tianjin Eco-city is a sustainable urban city that is developed in collaboration between Chinese 

and Singaporean government, see figure 12 – photo of Eco-city Tianjin, the goal is to have 350 

000 inhabitants by 2020 (Vince, 2012). The eco-city’s total land area will in year 2020 be 30 

square kilometers consisting of one park, three city centers and four residential districts. (Tianjin 

Eco-citya, 2012) 

The city’s characteristics are that 20 percent of 

energy utilized should come from renewable 

energy, the buildings will conform to green 

building standards and 90 percent of the 

travels should be done by walking, cycling or 

public transport. Existing nature shall be 

preserved, a significant part of the water 

supply should come from 
Figure 12 - photo of eco-city Tianjin (Tianjin Eco-cityb, 2012) 
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desalinated water and rainwater (EcoTech et al., 2012). By 2020 should the water use in an 

ecological city be equal to or less than 120 liter/(person-day) and this will be achieved by 

implementing water conservation solutions and water recycling. To reach the goal of 20 percent 

renewable energy by 2020, solar hot water systems and wind power will be used. (Lin, Feng, 

2011)  

2.4.2 Dongtan Eco-city at Chongming Island 
The project aimed to develop 86 square kilometers next to a natural preserve and the goal with 

the project was to become the role-model for eco-cities in the world, see figure 13 - illustration of 

Dongtan city. The master plan of Dongtan eco-city stated that the city would have smaller 

ecological footprint (2.6 global hectares per person) and 66 percent reduction compared to 

Shanghai, (Dansk Arkitektur Center, 2012) in energy demand and use 100 percent renewable 

energy in buildings (Cheng, Hu, 2009). 

The aim was to have 500 000 inhabitants 

by 2040 but so far the do the city just 

consist of a wind-farm. The vision was 

ambitious but the project is put on hold 

due to financial and legal 

problems. (Dansk 

Arkitektur Center, 2012) 

2.4.3 Tangshan Bay Eco-city 
The construction of Tangshan Bay eco-city started in 2009 and the first phase will cover 30 

square kilometers and the finished city is expected to house 1.5 million inhabitants. (Norrström, 

2012) The overall planned area covers 150 square kilometers and the last phase is planned to start 

2020 (Caofeidian New Area, 2010). The energy goal is that 95 percent of the energy demand will 

be supplied by renewable energy and to be able to achieve the goal the energy model is based on 

low energy demand strategies (Zhang, 2010). An illustration is presented in figure 14 – illustration 

of Tangshan Bay Eco-city. 

The climate in the area is fairly mild winter 

with hot summer so the residential 

buildings will be equipped with sun 

shading, solar heat and high-efficient 

window glazing. Trees will be planted on 

the sides of the building to further enhance 

Figure 14 - illustration of Tangshan Bay Eco-city. (Swecoa, 2011) 

           Figure 13 - illustration of Dongtan eco-city (Roger Wood, 2007) 
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the sun shading and for the esthetical impression. The building envelope will be airtight and 

insulation with average U-value of 0.4 W/(m2 K) and heat/cool recovery.  For a commercial 

building they have planned to do a borehole system with 50 boreholes and they will be the main 

cooling and heating source (Zhang, 2010).  The target level for heat and electricity in residential 

buildings is 70 kWh/m2 consisting of 45 kWh/m2 for heat and tap water and an additional 25 

kWh/m2 for electricity. The average household water consumption should be less than 120 

liter/(occupant-day). (Swecob, 2012 )  
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3 Modeling Methodology  
This chapter serves as a description of what is behind the model, which parameters that are used 

and how the sensitivity analysis will be conducted. The subchapters describe how the model 

creation process will be done and define the parameters that are used to answer this reports 

research questions.  

3.1 Overview  
The goal with the model is to calculate total heating and cooling demand for a certain period in 

residential buildings when properties of the building envelope are changed.  Factors that 

influence the heating and cooling demand are heat gains and losses for the building; these factors 

are visualized in figure 15 – heat gains and losses for a residential building. Calculations for heat 

and cooling energy demand are visualized in figure 17 – calculation model and further described 

in chapter 3.2, 3.3 and 3.4.  To make the calculations two modeling software’s will be used, 

DesignBuilder for the baseline and two scenarios with improved envelope properties. The 

modeling in DesignBuilder will output the energy consumption on building level. 

The modeling software STELLA will use the energy consumption for a building to scale it up to 

city level for three scenarios using different compositions of the building constructions created in 

DesignBuilder. The calculated heating and cooling loads should be used to support the decision 

of suitable heating and cooling system as well as renewable energy production plants.  

 

 
Figure 15 – heat gains and losses for a residential building 
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3.1.1 Conceptual model  
A baseline and two improved scenarios with regard to envelope properties for the residential 

building was constructed in the program DesignBuilder according to the parameters in table 5 – 

Baseline parameters for modeling in DesignBuilder and table 7 – values for scenario variables 

presented in chapter 3.7.1 and 3.7.2. The software STELLA used the results on building level to 

scale up different compositions of the three building designs constructed in DesignBuilder to city 

level, this resulted in the total energy consumption of the residential area in the Sino-Swedish 

project excluding hot water. The conceptual model is visualized in figure 16 – conceptual model. 

The first step in the conceptual model was to identify parameters needed to construct the model 

in the software DesignBuilder and when they were identified the building level modeling was 

done in DesignBuilder. The first step in DesignBuilder was to construct the building and set the 

parameters for the baseline scenario. When the baseline was created the two scenarios were 

constructed using the same building design as for baseline but changing the parameters seen in 

table 7 – values for scenario variables.  Annual and hourly results will be exported and presented 

under chapter 4 – results. When the baseline and the two scenarios were finished, a sensitivity 

analysis was conducted to identify factors that had a significant impact on the result. The next 

step was to use the exported hourly data from DesignBuilder in the STELLA model to scale up 

the energy consumption for one building to city level using three different building compositions. 

The result was annual energy consumption on city level using different compositions. 

  

 

Figure 16 – conceptual model 
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The eight steps from development of the model to analysis of results:  

• First step was to identify the parameters for the baseline model that will be used in the 

DesignBuilder software. 

• Second step was to construct the baseline for the residential building in DesignBuilder 

according to the parameters, the parameters can be found in table 5 – baseline parameters 

for modeling in DesignBuilder. 

• Third step was to export yearly and hourly energy consumption results on building level 

from DesignBuilder. 

• Fourth step was negotiated model creation in STELLA together with Omar Shafqat. 

• Fifth step was to import hourly data from DesignBuilder to the modeling software 

STELLA and generate the total energy consumption for the Sino-Swedish building stock 

with three different stock compositions. 

• Sixth step consists of a sensitivity analysis of the parameters used in DesignBuilder. 

• Seventh step was to analyze and discuss the results for the baseline and the two scenarios 

as well as the sensitivity analysis. 

• Eighth step was to analyze and discuss the city level results generated from the STELLA 

model. 

3.1.2  Calculation model 
The calculation model, see figure 17 - calculation model, serves as an overview for the 

calculations blocks will be described in chapter 3.2, 3.3 and 3.4. The parameters in the bottom 

block will be described in chapter 3.6.  
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Figure 17 – calculation model 

3.2  Heating demand calculations 
The residential building should accommodate people in an acceptable indoor climate and hence 

the building might need both cooling and heating. To be able to decide what requirements that is 

needed in terms of HVAC-system; the maximum heating load, annual heating energy demand 

and transient situations should be calculated. (Jonsson, Bohdanowicz, 2009) 

3.2.1 Heat load calculations 
The heat load calculation, requirement for heating, can be represented with equation 1 consisting 

of heat losses and heat gains for the building (Jonsson, Bohdanowicz, 2009). This is required 

during the heating season for a specific region. The calculations for cooling load will be described 

in chapter 3.3.  Hence, there will be two different load calculations, one for heat deficit and one 

for heat surplus. (Abel, Elmroth, 2007) 

!!"#$%&' =   !!"#$  !"##$# −   !!"#$  !"#$%

= !!"#$ +   !!"# +   !!"#$% −   !!.!"" −   !! −   !!".!              [!]          !".! 

  Where:  

!!!"#$%&   Net heat load required by the house [W] 
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!!!"#  !"##$#  Heat losses from the building [W] 

!!!"#  !"#$%  Heat gains to the building [W] 

!!"#$   Heat lost through ventilation [W] 

!!"#  Heat lost due to infiltration of air [W] 

!!"#$%  Heat lost due to transmission through the building envelope [W] 

!!.!""     Heat gained from solar radiation [W] 

!!   Heat gained from people in the building [W] 

!!".!  Heat gained from electrical equipment in the building [W] 

Transmission heat loss calculations 

To calculate the transmission heat loss through the building envelope different U-values for 

different materials, the area and the temperature difference had to be taken into account. E.g. 

larger U-value, larger area and greater temperature difference will increase the transmission heat 

losses (Abel, Elmroth, 2007). The calculation for transmission heat loss can be represented with 

equation 2 (Jonsson, Bohdanowicz, 2009). 

!!"#$% = !!
!

!!!

   ∙ !!    ∙ (!! − !!)        [!]          !".! 

Where:  

!!  Overall heat transfer coefficient for i different parts of the envelope 

!! Surface area for i different parts of the envelope [m2] 

!! − !! Difference between indoor and outdoor air temperature [ ℃] 

Heat loss through ventilation and infiltration  

The airflow coming from outside via ventilation and infiltration might be heated or cooled 

depending on what is required to achieve comfortable indoor climate. The ventilation and 

infiltration heat loss can be represented with equation 3 and is mainly dependent on volumetric 

airflow and the difference between indoor and outdoor temperature. (Jonsson, Bohdanowicz, 

2009)  
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!!"#$/!"# =   !    ∙   !   ∙   !!    ∙ !! − !!       [!]          !".! 

Where: 

!    Volumetric airflow entering the building [m3/s] 

!  Density of air at indoor temperature [kg/m3] 

!! Specific heat capacity of air [J/(kg K)] 

!! − !!  Difference between indoor and outdoor air temperature [℃] 

Heat gains via solar irradiation 

The main factors influencing the heat gains from solar irradiation is window area, orientation of 

the windows, properties of the windows, intensity of the solar irradiation and shading. (Abel, 

Elmroth, 2007) Depending on those factors the windows can contribute to heating up the 

building during a colder period and increase the cooling demand during warmer seasons. There is 

different ways to calculate the heat gains from solar irradiation. The modeling program 

DesignBuilder uses equation 4 to calculate the total solar gain on any exterior surface. 

(DesignBuildera, 2013) 

!!.!"" = !!    ∙   !!,! ∙ !"#  !!    ∙   
!!,!
!!

+ !!,! ∙   !!!,! + !!,! ∙ !!",!
!

!!!

        [!]          !".! 

Where:  

  !
!!!  Sum of i calculations 

α!  Solar absorptance of exterior surface [-] 

!! Angle of incidence of the sun’s rays for surface [°] 

!! Area of the exterior surface [m2] 

!!,!    Sunlit area [m2] 

!!,!   Intensity of beam (direct) radiation [W/m2] 

!!,!  Intensity of ground reflected diffuse radiation [W/m2] 

!!,!  Intensity of sky diffuse radiation [W/m2] 

!!!,!  Angle factor between the surface and the sky [-] 

!!",! Angle factor between the surface and the ground [-] 
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Heat generated by occupants  

The occupants will generate heat when they spend time at the apartments, how much depends on 

how many people that are present and their activity level. One approximation is that the average 

heat production from an adult is 80 W over a 14-hour period at home (Levin, 2009) and the 

average for a child is 40 – 50 W. (Abel, Elmroth, 2007) 

Heat generated by electrical equipment and lighting 

The heat generation from electrical equipment requires an estimate of what equipment that is 

present in the apartment, evaluation of operating schedules and their load factor (Jonsson, 

Bohdanowicz, 2009). The heat generated by lighting depends on the light equipment efficiency, 

the room lighting efficiency, light level and emitted light from the source. (The Engineering 

Toolboxb, 2013) Equation 5 can be used to the heat gain from electrical equipment. 

!!".! =
!!
!!,!

   ∙ !!",! ∙ !!",!!
!!! +    !

(!!,!∙  !!,!∙!!,!
   ∙ !!

!!!     [!]      Eq. 5 

Where: 

! Electrical equipment power rating [W] 

!! Electrical equipment efficiency, as decimal fraction < 1.0 [ - ] 

!!" Electrical equipment use factor, 1.0 or decimal fraction < 1.0 [ - ] 

!!" Electrical equipment load factor, 1.0 or decimal fraction < 1.0 [ - ] 

!      Light level required [lumen/m2] 

!! Light equipment efficiency [ - ] 

!!  Room lighting efficiency [ - ] 

!!     Emitted light from the source [lumen/W] 

Af Total floor area [m2] 

3.2.2  Annual heating energy demand 
The heat or cooling load is dependent on the difference between outdoor and indoor 

temperature and the temperature varies over time. The heat or cooling load has to be 

summarized over time and take into account the temperature difference. A method to do this is 

to use degree days calculations.  

Heating degree days is a measure of how long in days, and for how much the outside temperature 

goes above or below a decided level (Bromley, 2009).  



  -44- 
 

Heating degree days example: Lets say you have decided a base level for the temperature, let 

us say a comfortable indoor temperature at 20 degrees. On day 1 the outdoor mean temperature 

is 18 degrees, calculated to degree days that represents 1 day times 2 degrees difference, which 

results in 2 degree days. On day two the mean outdoor temperature is 20 degrees, the calculation 

will be 1 day times 0 degree difference. Hence degree days will only be added when the mean 

temperature is below the threshold and then heat has to be added.  The opposite is valid for 

cooling degree days, when the mean daily temperature is above the threshold, cooling is needed 

and will result in degree days.  

To calculate the annual heating demand we use the heat load calculations, equation 1, and 

calculate it over time, taking the temperature difference into account. Hence the annual heating 

demand can be formulated as equation 6. (Jonsson, Bohdanowicz, 2009) 

!! =   !!"#$  !"##$# ∙ !"#$""%&'(/!"#$−    !!"#$  !"#$% ∙ !"
!!
!!

         [kWh / year]     eq 6.   

Where: 

Q1 Annual heating energy demand [kWh / year] 

!!    Start of heating period, day 1 [ day ] 

!!   End of heating period, day n [ day ] 

3.3 Cooling demand calculations 

3.3.1 Cooling load calculations 
The most important parameters for calculating the cooling load is the same as for the heating 

load with addition of the calculation for modification of moisture content in the airflow, see 

equation 8. Airflow through the building envelope can have booth a cooling and heating effect 

depending on the difference in temperature. The cooling load can be represented with equation 

7. (Jonsson, Bohdanowicz, 2009) 

!!""#$%& =   !!"#$  !"#$% − !!"#$  !"##$# 

= !!"#$% +   !!.!"" +   !! +   !!".! + !! ± !!"#$   ± !!"#        [!]          !".! 

Where: 

!!    The latent heat load [kW] 

!!"#$    Heat lost or gained through ventilation [W] 
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!!"#     Heat lost or gained due to infiltration of air [W] 

Equation for latent heat load for modification of moisture content in the airflow:  

!! =   ! ∙   ! ∙   !!! ∙ !"##+ !.!" ∙ !!      !"           !".! 

Where:  

Δ!! Difference in water content between indoors and outdoors [kg water/ kg dry air] 

Δ!  Temperature difference [℃]   

2500 Latent heat of water [kJ/kg] 

1,86 Specific heat of water vapor at constant pressure [kj/kg-K] 

3.3.2  Annual cooling energy demand 
The annual cooling energy demand cannot be calculated in a similar matter as annual heating 

energy demand due to e.g. solar irradiation and humidity, DesignBuilder takes this in to account 

when calculating annual cooling energy demand. (DesignBuilderb, 2013) 

3.4 Annual heating and cooling demand 
The annual heating and cooling energy demand are the sum of the annual heating energy demand 
and the annual cooling energy demand, see equation 10.  

!   =   !!   +   !!    !".! 

Where: 

Q Annual heating and cooling energy demand [kWh / year] 

!!                 Annual cooling energy demand 

3.5 Modeling software: DesignBuilder 
The 3-D modeling software DesignBuilder version 3.0.0.105 is used to calculate the heating and 

cooling load for the baseline and the two scenario parameters incorporated in the architectural 

design for the residential building.  

Main features of the program:  

• It does calculations with an ASHRAE-approved heat balance method for heating and 

cooling loads. 

• The program uses real hourly weather and irradiation data from the Shanghai-region. 

• It is possible to run simulations on how the building will behave with set performance 

parameters and weather data.   
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• DesignBuilder can generate graphs for the heating and cooling load during a chosen 

period. (DesignBuilderc, 2005) 

DesignBuilder is a proven and tested software, however, as all simulation softwares, it is 

based on mathematical assumptions and limitations. A study and experiment conducted by 

the Texas A&M University showed that the simulation engine EnergyPlus that is used in 

Designbuilder calculated 11 to 17 percent lower energy use than DOE-2, which is another 

simulation engine. They could not determine which one that was more accurate, however 

DesignBuilder will be used for baseline and the two simulations which make it possible to 

compare the values with each other.  (Andolsun et al., 2008)  

3.6 Modeling software: STELLA 
The results gained from DesignBuilder were used as input parameters in a model created in 

STELLA by Omar Shafqat to create scenarios that scale up energy consumption to city level.   

Modeling in Stella requires the user to input their own equations and show how they are 

connected. The interface shows stock and flow diagrams to give an overview on how the model 

is structured. It is also possible to run simulations over time and easily vary input parameters. 

(Iseesystems.com, 2013)   

3.7 Parameters 
This chapter will describe and present all the parameters that will be used when creating the 

model in the two modeling softwares, DesignBuilder and STELLA.  

3.7.1 Baseline parameters and variables 
Heating and cooling degree days per year for the Wuxi-region are approximated with monthly 

data from the weather station Hongqiao, Shanghai, see table 4 – heating and cooling degree days 

per year. (Weather Underground, 2013) These values are used to identify the appropriate U-

values in the 2007 national residential building standard for hot summer and cold winter region, 

see table 5 - baseline parameters for modeling in DesignBuilder. (Huang, Deringer, 2007) 

Table 4 – heating and cooling degree days per year. (Weather Underground, 2013) 

 

Parameters Value Unit Data station

Celsius-based heating degree days 
for a base temperature of  18.0oC 1587 degreeDays/year Hongqiao, Shanghai

Celsius-based cooling degree days 
for a base temperature of  26.0oC 282 degreeDays/year Hongqiao, Shanghai
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Operation ratio for heating and cooling spread over one year is estimated with the values for the 

Changsha region presented in chapter 2.2.4. Heating during winter in DesignBuilder is assumed 

to be on from the beginning of November until the end of March and following the on/off 

schedule for daily heating in winter. Cooling during summer is assumed to be on from the 

beginning of June until the end of September according to the on/off schedule for daily cooling 

in summer.  

Runtime schedules for the daily heating and cooling are presented in figure 18 - on/off schedule 

for weekday heating in winter and figure 19 - on/off schedule for weekday cooling in summer 

and they are from the results in chapter 2.2.4. The values for Changsha region are assumed to be 

representative for the modeling of residential buildings in Wuxi and the effect of the chosen 

schedules will be tested in the sensitivity analysis.  

 

Figure 18 - on/off schedule for weekday heating in winter 

 

Figure 19 - on/off schedule for weekday cooling in summer 

The weekday schedules show that the heating and cooling equipment are turned off large part of 

the day, which will reduce the energy demand compared to always having the equipment on. 
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Turning off the equipment during the day will result in uncomfortable temperatures during these 

periods but this assumed to be acceptable since the occupants are assumed to be away from 

home. The runtime schedule for Saturday and Sunday differ from weekdays and has a longer 

runtime, heating and cooling are assumed to be on between 7 a.m. and 1 a.m. during respective 

heating and cooling season. This assumption is made since the occupants are more likely to 

spend a longer period of time at home during the weekends and then request more comfortable 

temperature.  

On next page are all the important parameters that will be used when constructing the baseline 

model presented, see table 5 – baseline parameters for modeling in DesignBuilder. Most of the 

parameters will be constant when creating the two scenarios; the variables that will be changed 

are presented in chapter 3.6.2.  
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Parameters Value Unit Comments Source

Temperature

Heating degree days for 18 degrees (HDD)

1000<HDD18<20
00

Heating degree 
days

Region B in 
National 
Building 
Standard for 
residential 
buildings (Huang, Deringer, 2007)

Cooling degree days for 26 degrees (CDD)
150<CDD26<300 Cooling degree 

days (Huang, Deringer, 2007)
Building data

Heavy construction - - Assumption (Huang, Deringer, 2007)
Length 30 m Assumption
Width 12 m Assumption
Height 16,8 m Assumption
Stories 6 stories Assumption
Basement Yes Assumption
Total floor area 2331 m2 Assumption
Glazing 22,35 % Assumption
Window frame Wodden - Assumption
Apartement sizes for each floor 86/60 m2 Assumption
Entrance, stairs and elevator for each floor 41,6 m2 Assumption

HVAC-system
Constant Volume, 
COP 1 - Assumption DesignBuilder standard

Indoor height 2,5 m Assumption
Exterior window shading Yes - Assumption
Fresh air rate 7,5 l/(s and person) (Sherman Max H, 2004)
Air changes per hour 0,7 l/(s m2) (Abel, Elmroth, 2007)
Indoor lighting 2 W/(m2 -100 lux) (Hanselaer et al., 2007)
Household

Family size 2,70 persons (Tianchi et al., 2012)

Heat generation from occupants
DesignBuilder 
standard W/m2

Different values 
depending on 
activity level in 
different rooms

DesignBuilder Standard 
Schemes

Electrical apparatuses electricity consumption
DesignBuilder 
standard W/m2

Different values 
depending on 
activity level in 
different rooms

DesignBuilder Standard 
Schemes

Domestic water usage 120 l/(person day) (Lin, Feng, 2011) 

Domestic Hot Water usage 1583 kWh/year

In average for a 
80 m2 
apartement in 
Changsha (Tianchi et al., 2012) 

Comfortable indoor temperature during winter 20 degree celsius (Gärde, 2013)
Comfortable indoor temperature during summer 24 degree celsius (Gärde, 2013)
Temperature in common areas winter 18 degree celsius (Gärde, 2013)
Temperature in common areas summer 26 degree celsius (Gärde, 2013)
Supply air temperature 17 degree celsius (Shafqat(b), 2013)

Operation ratio for heating and cooling

Heating first of  
Nov to end of  May, 
cooling first of  
June to end of  
September - (Tianchi et al., 2012)

Weekend operation of  heating and cooling 7 a.m. - 1 a.m. - Assumption

Weekday operation of  heating and cooling
see figure X.X and 
figure X.X - (Tianchi et al., 2012)

Walls and doors (U-values)

Exteriror wall 1,00 W/(m2 K) (Huang, Deringer, 2007)
Walls between unheated and heated spaces 2,00 W/(m2 K) (Huang, Deringer, 2007)
Entrance door 3,00 W/(m2 K) (Huang, Deringer, 2007)
Windows (U-values)

U-value for exterior window 20%<WWR<30% 3,20 W/(m2 K)
Window to wall 
ratio (WWR) (Huang, Deringer, 2007)

U-value for shading Coefficient ESW/N 0,70/0,80 W/(m2 K) (Huang, Deringer, 2007)
U-value for skylight window  < 4% of  roof  area 3,20 W/(m2 K) (Huang, Deringer, 2007)
U-value for shading for skylight window 0,50 W/(m2 K) (Huang, Deringer, 2007)
Roof  (U-value) 0,80 W/(m2 K) (Huang, Deringer, 2007)

Floors (U-values)

U-value for floors between unheated and heated 
spaces 2,00 W/(m2 K) (Huang, Deringer, 2007)
U-value for floors exposed to outdoor air 1,5 W/(m2 K) (Huang, Deringer, 2007)

Table 5 – baseline parameters for modeling in DesignBuilder 
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3.7.2 Scenario variables used in DesignBuilder 
Variables for scenario modeling in DesignBuilder, see table 6 – scenario variables for 

DesignBuilder, are chosen so higher energy efficiency than baseline was reached. All other 

parameters in the baseline model were constant in the scenario modeling.   

Table 6 – scenario variables for DesignBuilder 

 

Background to scenario 1 

The Japanese building standard have slightly lower U-values compared to the Chinese standard 

and will be the main source of U-values for the first scenario in DesignBuilder. The Japanese 

standard are called the Design and Construction Guidelines on the Rationalization of Energy Use 

for Houses (DCGREUH) and it holds six different sets of U-values for different climate zones in 

Japan. The one that fits the Wuxi heating degreeDays is the fourth Japanese climate zone and 

hence the fourth of the U-value sets will be used on the Wuxi six-story building. (Evans et al., 

2009) 

Background to scenario 2 

The second scenario will be based on U-values from a commercial building in Shanghai. The 

house was finalized in 2010 during the Shanghai world expo. The theme of the expo was “Better 

city – better life” and this building was shown as an example of sustainable “passive-grade” housing. 

Scenario 2 in this report will use U-values, air tightness and window performance from the 

Shanghai building applied to the original design of the six-story building used in the baseline 

scenario. The original Shanghai house was designed in an energy efficient way with very small 

windows on the south side and larger towards north. The windows were also positioned in 

protruding cubic rooms in order to allow the low winter sun to warm the house during winter. 

However, the higher summer sun won’t reach the windows as extensively. Our passive house 

scenario will use the same window positioning as the baseline. In this way the heating and cooling 

loads can be compared with each other. (Passivhaus institute, 2012) 

Parameters Unit
Air changes per hour l/(s m2)
Walls (U-value) W/(m2 K)
Windows (U-value) W/(m2 K)
Roof  (U-value) W/(m2 K)
Floor (U-value) W/(m2 K)
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The construction cost of the building was 1983€/m2 in 2010 (Passivehausprojekte, 2012), which 

is rather expensive compared to the average construction cost for office buildings in Shanghai of 

Yuan 8100/m2 (1007 €/m2)32 (Chung, 2007). 

Scenario variables in detail 

Scenario 1 mainly use U-values from the Standard Japanese building code and scenario 2 mainly 

use U-values from a passive house constructed in Shanghai and both are presented in table 7 – 

values for scenario variables. The U-values for windows and doors for scenario 1 are from 

Huang, Deringer (2007). Air changes per hour in scenario 1 are from the same source as baseline.  

HVAC system assumed in scenario 1 and 2 is the same as in baseline. Supply air temperature 

from the HVAC is set to 17 degrees Celsius and air changes per hour to 0,7 in baseline and 

scenario 1. (Shafqatb, 2013). 

Table 7 – values for scenario variables  

 

3.7.3 Scenario creation in STELLA 
STELLA will use energy consumption form the three scenarios: Baseline, standard energy code 

for Japan and Shanghai passive house. For each of the three scenarios, Designbuilder will provide 

hourly energy consumption for heating, cooling and household electricity. The three energy 

components will each be scaled up by STELLA and result in kWh per year for each of the three 

scenarios, each with their three components (heating, cooling and household electricity). 

Additionally Stella will transform the three scenarios in different compositions as shown in the 

table 8 – different composition of building types that create city-level results below. Energy 

                                                
¹ Standard value in DesignBuilder  

² (Gärde, 2013)  
3 Conversion rate 0.1243 Yuan to Euro 

Scenario

Walls (U-
value) 
W/(m2 K)

Windows 
(U-value) 
W/(m2 K)

Roof  (U-
value) 
W/(m2 K)

Floor (U-
value) 
W/(m2 

K)

Door (U-
value) 
W/(m2 K)

Air 
changes 
/ hour

Source

0. Baseline 1 3,2 0,4 2 3 0,7!

(Huang, 
Deringer, 
2007)

1. Standard 
Energy Code 
for Japan 0,75 0,9" 0,37 0,58 0,9" 0,7!

(Evans, Shui, 
Takagi, 2009)

2. Shanghai 
Passive House 0,18 0,6 0,17 0,41 0,71 0,4

www.passivha
usprojekte.de
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required for domestic hot water will not be calculated in STELLA and hence the city-level energy 

will not include that. The total residential area in the city is 1377180 m2. (Shafqatc, 2013) 

Table 8 – Different composition of building types that create city-level results   

 

3.8 Sensitivity analysis 
A few parameters have been identified to have the potential to significantly affect the modeling 

results and are listed below and presented in table 9 – parameters for sensitivity analysis. The 

effect of these parameters will be tested in the sensitivity analysis.   

• Energy efficiency savings in the built environment are sensitive to the behavior of the 

residents themselves. Residents that want a very warm indoor climate undoubtedly increase 

the heating load during cold days, compared to that of residents that requests a lower indoor 

temperature. However during warm days this behavior has the opposite effect. Assuming 

that the standard of living will increase in China in general and that this will lead to increased 

requirements on the indoor climate. Increased requirements might result in higher indoor 

temperature in winter and a lower indoor 

temperature in summer; the effects of this will 

be simulated in the sensitivity analysis.  

• The impact of using DesignBuilder standard schedule 

for electric apparatuses will be analyzed in the 

sensitivity analysis. This will be done by increasing the 

usage with 100 percent and decreasing the usage with 

50 percent. 

• Since the baseline and two scenarios are running on 

comfort temperature and not regulated minimum and 

maximum temperature (20/24 instead of 18/26 

degrees). Hence result in higher energy consumption 

than other simulations using regulated temperatures. 

The sensitivity analysis will simulate and compare the 

difference between the two settings.   

• Exterior window shading is usually an effective solution to reduce the energy consumption 

in summer and the effects of not using them will be tested in the sensitivity analysis.  

Building composition Chinese building standard Japanese Building Standard Shanghai passive house 
1 - city level 100% 0% 0%
2 - city level 0% 0% 100%
3 - city level 50% 30% 20%

Table 9 – parameters for sensitivity 

analysis 
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• Deciding on an adequate simple HVAC-system is outside the scope of this study but the 

effects on energy consumption achieved by choosing between two systems will be compared 

in the sensitivity analysis.  

4 Results 
This chapter presents the results from modeling according to the parameters in chapter three. 

Both numerical results from the baseline and the two scenarios are presented as well as a 

visualization of the building design. The chapter ends with a presentation of the results from the 

sensitivity analyze.  

4.1 Summary of results 
Three versions of the model were created in DesignBuilder with the parameters from table 5 - 

Baseline parameters for modeling in DesignBuilder for the baseline building. For the two 

scenarios the parameters are found in table 7 – Values for scenario variables. The results are 

presented in table 10 – Summary of results from modeling in DesignBuilder. In table 11 – 

Performance improvement compared to baseline the percentual improvements for the two 

scenarios compared, independantly, to the baseline are shown. 

The performance difference between baseline and scenario 1 is 9 percent. The difference 

between baseline and scenario 2 is larger, 44 percent. This can be explained by the U-values of 

the scenarios. The U-values of scenario 1 are, in general, not that much better than the baseline. 

The U-values of scenario 2 are in comparison to both baseline and scenario 2, excellent, see table 

7, which is why the performance of scenario 2 is considerably better than both the other houses. 

It is noteworthy that the better u-values affect the heating load more than the cooling load. 

Scenario 2 has a staggering 64 percent lower heating load than the baseline. The cooling load only 

decreased by 14 percent. A reason for this can be that the model use effective window shading 

during the summer all simulations.  
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Table 10 – summary of results from modeling in DesignBuilder 

 

 

Table 11 – performance improvement compared to baseline 

 

4.2 Building design 
The building was constructed according to the estimates drawn from the inspirational design, see 

figure 1 – building design and the estimates are presented in table 5 - baseline parameters for 

modeling in DesignBuilder. The figure 1 – building design served as guidance when constructing 

the actual building visualized in figure 20 – building design for modeling. The placing of windows 

differs between the inspirational design and the actual design created in DesignBuilder and this is 

consequence of the chosen indoor layout presented in appendix A – indoor layout and appendix 

B – basement layout.  Different architectural designs will have impact on the buildings energy 

consumption and this thesis aims to model the inspirational design presented by the Sino-

Swedish project. The building in the model has six floors and one basement; a shared laundry 

room is located in the basement. Each floor has four apartments, two 60 m2 and two 80 m2. 

There is one entrance door, one elevator and a staircase between all floors in the model. There is 

no shading from surrounding buildings or trees affecting the energy consumption and the 

structural design was constant during all simulations.  

Calculated over one year

 Baseline - 
Chinese 
Building 
Standard

Scenario 1 - 
Japanese 
Standard 
Building 

Code

Scenario 2 - 
Shanghai 
Passive 
House

Total energy consumtion (kWh) 252 000 240 000 189 000
Total heating and cooling demand (kWh) 145 000 132 000 81 000
Total cooling demand (kWh) 59 000 57 000 51 000
Total heating demand ( kWh) 86 000 75 000 31 000
Total energy consumtion (kWh/m2) 108 103 81
Total heating and cooling demand (kWh /m2) 62 57 35

Calculated over one year
Scenario 1 - Japanese 

Standard Building Code
Scenario 2 - Shanghai 

Passive House
Total energy consumtion 5% 25%
Total cooling demand 3% 14%
Total heating demand 13% 64%
Total heating and cooling demand per m2 9% 44%

Performance improvement  compared to Baseline



  -55- 
 

 

Figure 20 – building design for modeling 

The building presented in figure 20 – building design for modeling consist of four different views 

of the building, top left corner visualize the front and then rotates 90 degrees to the right three 

times to show all sides of the building.  Solar radiation affects the buildings heating and cooling 

load and in figure 21 – solar movement in the model, solar movement for the 15th of October at 

3 p.m. are shown. The blue lines represent the movement of the sun over the year. The 

placement of a building in relation to the movement of the sun will affect the total energy 

consumption. The placement will not affect the comparison of the results between the baseline 

and the two scenarios since the placement is unchanged.  DesignBuilder will automatically adjust 

the solar movement over the year.  

 

Figure 21 –solar movement in the model 

4.3 Baseline results – Chinese building standard 
The baseline model is built according to the presented baseline parameters for Wuxi and as can 

be seen in figure 22 – internal gains Wuxi eco-city, baseline, the heating and cooling loads are, in 

order to achieve the set point temperatures, considerable. 
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Peaking in January the heating load contributes with 34 percent of the total energy demand of the 

house. Because of non-reflective glazing and no solar shading during the winter the solar gain 

through windows is quite high and together with heating apparatus counters the cold 

temperatures and helps keeping the building warm.  

 

Figure 22 – internal gains Wuxi eco-city, baseline 

Because of high reflective solar shadings during the summer months the solar gain through 

windows is kept at a moderate level during the summer. The house is also oriented in such a way 

so that during the hottest hours of the day the sun only shines at the short side, additionally the 

south side only has small, 1x1 m2, windows. Due to these facts the cooling load contributed with 

23 percent of the total energy consumption. 

The lowest value for the humidity is 35 percent during winter and the highest value is recorded 

during summer and peaks at 80 percent for some periods of the summer. Recommended values 

for humidity are between 40 and 60 percent (Folkhälsoguiden, 2003). The reason for not reaching 

the recommended values is that the heating and cooling are turned off during parts of the day 

and that DesignBuilder simple HVAC cannot moderate humidity to the extent needed.  

The energy demand distribution is presented in table 12 – distribution of energy demand for 

baseline, one year and shows that heating, cooling and interior equipment constitute the top three 

energy consumers in the building.  
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Table 12 – distribution of energy demand for baseline, one year 

 

The building consists of 24 apartments and the total electricity consumption for the whole 

building is 69 000 kWh and divided over the 24 apartments the total electricity consumption for 

one apartment will be 2 875 kWh. In comparison with the average electricity consumption in a 

90m2 apartment in Sweden that uses 3600 kWh/year (Energimyndigheten, 2010) is it a bit lower 

and the reason for this could be that the standard schedules for interior equipment in 

DesignBuilder is calculating with a lower W/m2 than what is used in Sweden.  

The total energy demand is 108 kWh/m2 and year; this result is very close to the 110 kWh/m2, 

which was the consumption in the Changsha survey discussed in chapter 2.2.4. The study was 

made on the existing building stock in the area, with occupants answering the survey.  

Further discussions and analysis regarding the results from the baseline modeling will be done in 

chapter 5 – Discussions and conclusion. 

4.4 Scenario 1 results – Japanese standard building code 
The first scenario modeled was based on the Japanese standard building code and it was just the 

U-values according to table 7 – values for scenario variables that were changes from the baseline 

model. The Japanese building standard has slightly better U-values, on all components, compared 

to the U-values of the baseline model. This resulted in lower heating and cooling demand for 

scenario 1 compared to baseline.  

In figure 23 – internal Gains Wuxi eco-city, scenario 1 we see the heating and cooling demand as 

well as the heat contribution from solar, occupancy, equipment and lighting.  

 

Parameters
Electricity 

[kWh]

District 
Cooling 
[kWh]

District 
Heating 
[kWh]

Heating 86 000
Cooling 59 000
Interior Lighting 13 000
Interior Equipment 53 000
Fans 3 000
Water Systems 38 000
Total End Uses 69 000 59 000 124 000
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Figure 23 – internal gains Wuxi eco-city, scenario 1 

In the winter the more insulating construction keeps the warmth on the inside of the house and 

contributes to a lower heating load. However the more reflective glazing reduces the solar heat 

gain through windows in the winter, compared to the baseline model.  

The energy demand distribution for scenario 1 is presented in table 13 – distribution of energy 

demand for scenario 1, one year, and compared with baseline results the electricity and hot water 

demand are constant. The performance improvement can be seen in district cooling and district 

heating, cooling demand is reduced with 2 000 kWh and heating demand is reduced with 11 000 

kWh for the entire building. The reductions give a heating and cooling demand of 57 kWh / m2 

which is a nine percent improvement from baseline results.  

Table 13 – distribution of energy demand for scenario 1, one year 

 

Parameters
Electricity 

[kWh]

District 
Cooling 
[kWh]

District 
Heating 
[kWh]

Heating 75 000
Cooling 57 000
Interior Lighting 13 000
Interior Equipment 53 000
Fans 3000
Water Systems 38 000
Total End Uses 69 000 57 000 113 000
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4.5 Scenario 2 results – Shanghai Passive House 
Low U-values on all components create a well-insulated house and resulted in the lowest heating 

and cooling load. The heating load of 31 000 kWh only constitutes 16 percent of the total energy 

demand whilst the cooling load decreases less compared to the baseline. The cooling load of the 

passive house is 51 000 kWh per year and constitutes with 14 percent of the total energy need. 

Compared to the baseline, the heating load decreased with 64 percent whilst the cooling load 

only decreased with 14 percent. The solar shading keeps the solar gain during the summer 

months low and hence the effect of reflective coating on windows has a reduced impact. In April 

and October both the heating and cooling loads are very small. The internal equipment heat 

generation and solar gain in combination with the low U-values are enough to keep the house at 

the aimed indoor temperature. The internal gains over the year are presented in figure 24 - 

internal gains Wuxi eco-city, scenario 2 and the effect of the solar shading is visualized when it is 

turned on in May and turned off in September.   

The domestic hot water consumption, lighting and equipment usage is the same as in the baseline 

scenario.  

 

Figure 24 – internal gains Wuxi eco-city, scenario 2 

Electricity and hot water demand are constant over the year in scenario 2 as it is in scenario 1.  

The performance improvement for heating and cooling energy demand are presented in table 14 

– distribution of energy demand for scenario 2, one year.  Whilst the heating and cooling demand 
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has decreased in scenario 1 and 2, the energy consumptions for interior equipment remained 

constant. Hence interior equipment constitutes a larger part of the total energy consumption, 

even if it, in absolute numbers, remains constant. 

Table 14 – distribution of energy demand for scenario 2, one year 

 

Heating and cooling was in total 35 kWh/m2 and year, even if this is the best of the three cases, 

compared to passive houses in general 35 kWh/m2 is higher than 10-15 kWh/m2, which is seen 

as standard for passive houses in Germany and Scandinavia. The air-tightness, which is 0.4 air-

changes per hour, might be a part of the explanation. Another explanation can be that the climate 

in Wuxi is tougher for the HVAC than that of Germany, where many passive houses are built. 

The time during spring and autumn when the temperature is near the comfort level and the 

HVAC is not required at all is perhaps longer in Germany than in Wuxi.  

4.6 Results from sensitivity analysis 
The sensitivity analysis aimed to identify which assumed parameters that have a large impact on 

the results and six parameters were tested for the baseline, scenario 1 and scenario 2. A summary 

of the results from the sensitivity analysis is presented in table 15 – summary of sensitivity 

analysis results. 

 

 

 

 

 

 

 

 

Parameters
Electricity 

[kWh]

District 
Cooling 
[kWh]

District 
Heating 
[kWh]

Heating 31 000
Cooling 51 000
Interior Lighting 13 000
Interior Equipment 53 000
Fans 3 000
Water Systems 38 000
Total End Uses 69 000 51 000 69 000
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Table 15 – summary of sensitivity analysis results 

 

 

Daily operation of heating and cooling was changed to always on, which means that during 

the winter the temperature was constantly 20 degrees Celsius and during the summer constantly 

24 degrees Celsius.  The simulation resulted in a significant increase in the total energy demand 

for all three building types, which was expected. The indoor comfort was increased during the 

entire day, constant 20 and 24 degrees in winter respectively summer. This might be the case for 

a family that spends most of the day at home and are used to more stable and comfortable 

temperatures. All three house-types reached their highest energy need during this simulation.  

Changing the indoor temperature to 18 degrees in winter and 26 degrees in summer, which is 

the regulated low and high temperature for hot and cold region in China (Hogan et al., 2001), 

resulted as expected in a lower total energy demand. The largest change was for the baseline 

building, both in absolute and relative numbers. Heating and cooling loads declined by 27 

percent, from 85 to 62 kW/m2-year. 

Electrical apparatuses energy consumption increased with 100 percent resulted in overall 

higher energy consumption for all three buildings but it had a marginal effect on the heating and 

cooling load put together. However the increased heat generation from the apparatuses helps the 

HVAC in the winter to heat the building. Vice versa during the summer; the excess heat from 

apparatuses put extra pressure on the cooling. More energy is needed to the HVAC during the 

summer, less during winter but on a yearly basis the two almost cancel each other out.  The 

 Baseline - 
Chinese 
Building 
Standard

Scenario 1 - 
Japanese 
Standard 
Building 

Code

Scenario 2 - 
Shanghai 
Passive 
House

 Baseline - 
Chinese 
Building 
Standard

Scenario 1 - 
Japanese 
Standard 
Building 

Code

Scenario 2 - 
Shanghai 
Passive 
House

Parameter Change
All No change 108 103 81 62 57 35
Daily operation of  
heating and cooling Always on 135 118 98 85 74 53

Indoor temperature

18 winter/26 
summer 
degrees Celsius 91 88 72 45 42 26

Electrical 
apparatuses heat 
generation

Increase usage 
100% 126 118 97 65 57 36

Electrical 
apparatuses heat 
generation

Decrease usage 
50% 101 95 73 62 56 34

Exterior window 
shading Removed 119 107 86 73 61 40

HVAC-system

VAV HR + 
Outside air 
reset + mixed 
mode 108 103 81 62 57 35

Heating and cooling kWh/(m2 year)Total kWh/(m2 year)
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baseline heating and cooling load increased with 3 kWh/m2-year, scenario 1 was unchanged and 

scenario 2 increased with 1 kWh/m2-year. When the energy consumption for the electrical 

apparatuses was decreased with 50 percent the total energy demand was also decreased. The 

opposite phenomenon compared to the increased electrical use case occurred the cooling load 

decreased and the heating load decreased because of less internal heat generation. The yearly 

changes in heating and cooling put together however were small; the consumption for scenario 1 

and scenario 2 decreased by 1 kWh/m2, the baseline was unchanged.  

Removing the exterior window shadings had the second largest effect of all the parameter 

changes on the heating and cooling load. The heating and cooling load for baseline increased 

with 11 kWh/m2-year, scenario 1 and 2 increased with 4 respectively 5 kWh/m2-year.  

Changing to Simple HVAC-system VAV HR + Outside Air reset + Mixed Mode had no 

effect on any of the three building constructions. This is assumed to be a result of using simple 

HVAC as a configuration in DesignBuilder, no effect on the humidity was achieved.   

4.7 City level results from STELLA 
Please note that in the coming three graphs the electricity shown is the actual electricity that the 

household’s use, not the heat generated by the household electrical appliances as the case was in 

the earlier graphs. For further information about the STELLA model see chapter 3.6.  

Building stock composition 1 – city level 
The first city-composition consists of only houses constructed according to the baseline scenario 

and the result is presented in figure 25 – building stock composition: 100% baseline. The heating 

load is 50 GWh and peak in January and the beginning of February when the outside temperature 

is the coldest. The cooling load is 35 GWh. The graph also visualize the effect of turning off the 

heating and cooling equipment as the large gaps between the red and blue plots which means that 

there is no energy consumption for heating and cooling. It is possible to see the variation of the 

heating and cooling load caused by internal heat generation, infiltration, solar gains and on/off 

schedules for the heating and cooling equipment. 
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Figure 25 – building stock composition: 100% baseline 

Building stock composition 2 – city level 
The second building stock simulation was with 100 percent shanghai passive house and the result 

is presented in figure 26 – building stock composition: 100% Shanghai passive house. With 100 

percent of the buildings in the city built as the Shanghai passive house the heating and cooling 

loads are reduced significantly. The heating load is only 18 GWh, which is only 36 % of the only-

baseline-house city’s heating demand. The cooling load is 28 GWh, only slightly smaller than the 

35 GWh in the 100 percent baseline city. 

	  

Figure 26 – building stock composition: 100% Shanghai passive house 

 
Building stock composition 3 – city level 
The last scenario was a composition of buildings with 50 percent baseline standard, 30 percent 

built according to Japanese building standard and 20 percent as the Shanghai passive house and 

the result is presented in figure 27 – building stock composition: 50% baseline, 30% Japanese 

Standard and 20% Shanghai passive house. The city’s total heat demand is 42 GWh, which is 
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smaller than composition of only baseline houses but larger than only passive house composition. 

The cooling load for the mixed composition is 33 GWh, which too is between the two earlier city 

compositions. In all of the cities the household electricity is stable around 41 GWh. 

	  

Figure 27 – building stock composition: 50% baseline, 30% Japanese Standard and 20% Shanghai 
passive house	  

Energy production in eco-cities is usually desired to come from a renewable source (see section 

2.3 – Case study of eco-cities in China). In this report it has been shown that constructing 

buildings with lower U-values and components with better energy-efficiency performance the 

total energy need is reduced. The following hypothetical example embody that: 

Suppose the city was to be self-supported by wind power only, and that the turbines were 

constructed at the same time as the buildings. A 1 MW wind turbine produces approximately 

2000 MWh per year (Svensk vindkraft, 2010). In the first composition with only passive house 

grade buildings, total residential energy demand would require approximately 44 1 MW-turbines. 

The 100 percent baseline city would require some 63 turbines. The 50-30-20-mix city would 

require 58 turbines. 

Due to intermittency problems, the city would require energy storage or other energy sources 

than just wind power. However the example makes a point about the cost of energy-efficient 

housing. Even if energy-efficient housing is more expensive to construct compared to the 

baseline some of the cost is justified due to the fact that that it requires less energy-production 

facilities. In the case above the difference between the worst and best buildings is on a city-level 

19 1-MW wind turbines, which constitute a significant cost. 
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4.8 Overall sustainability 
With residential energy demand as a significant part of the total energy demand and the fact that 

over 80 percent of China’s primary energy demand is quenched by fossil fuels (Laustsen, 2008), 

makes it undoubtedly clear that energy efficient housing is contributing to a better environment 

and ecological situation in China. With strong urbanizing trends a growing demand for both 

larger residential areas and residential comfort, the residential energy demand will continue to 

increase and cause further ecological harm. However, as the report has showed, efforts can be 

made in order to decrease the energy consumption in residential buildings, which minimizes the 

harmful effects that the current energy production in China has. 

Eco-cities should strive in reaching sustainability in all three parameters of the so called 

“sustainability triangle”: Economical, social and ecological sustainability are all important aspects 

and should be weighed against each other to create an optimal and sustainable solution. In this 

report economical and social sustainability have not been regarded, but is seen as topics for 

further analysis. 
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5 Discussion 
When comparing the results for baseline and the scenarios is it clear that the building envelope 

have a large impact on heating and cooling loads, 62 kWh/m2 per year for the baseline and 35 

kWh/m2 for the Shanghai passive house design. The Shanghai passive house design is the 

obvious choice if seen from a strict energy perspective, however when taking cost into account 

the decision gets more complex. It is reasonable to believe that the Shanghai passive house is 

more expensive than the baseline just comparing the material cost. From a system perspective, 

the increased construction cost for the Shanghai passive house might reduce costs in other parts 

of the system, hence making it a feasible investment.  

Using exterior solar shading reduced the energy consumption for all three scenarios but had the 

greatest impact on the baseline scenario. That the impact of solar shading had the greatest effect 

on the baseline is because of the different windows properties. Baseline has the highest U-values 

and no reflective coating, which resulted in higher solar transmittance. The windows in the 

Shanghai passive house design had an effective reflective coating and reflected more of the solar 

energy and hence reduced the cooling load by itself.  

The human behavior has a large impact on the energy consumption in the residential buildings, 

by changing the original cooling and heating schedule to always having the set point temperatures 

in the apartments resulted in the largest increase in the cooling and heating loads.  

The energy consumption of interior equipment was constant in the three scenarios and the 

electricity consumption for interior equipment and lighting could be subject for improvements to 

further reduce the buildings total energy consumption. 

The energy performance for the building stock has a large impact on the total energy 

consumption for the city, which was seen when comparing the total energy consumption of a 

building stock consisting of either baseline or scenario 2 buildings. The choice of building 

properties will effect which energy sources are viable and what energy output is needed to supply 

the residential building stock in the Sino-Swedish eco-city.  

Two models were created in this thesis and they can serve as tools for future studies of the 

development of the Sino-Swedish eco-city. As for all models assumptions have been made and 

these can be done even more accurately when further details of the project are decided. For 

example the architectural design, who will live there and more exact goals for the building 

performance. 
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6 Conclusion  
In this report has the energy efficiency and performance for residential buildings been modeled 

and analyzed. The results have shown that the choice of building standard will significantly affect 

the total energy consumption for the Sino-Swedish eco-city. 

• The building performance and the choice of U-values for the material will affect the 

overall energy consumption; hence have a large impact on the Sino-Swedish eco-city 

project. 

• From a sustainability and energy performance perspective is the Shanghai passive house 

recommended as building standard for the eco-city.  

• The difference in energy consumption between a building constructed according to the 

Chinese Building Standard and Shanghai passive house scenario are significant and the 

choice will affect the other systems in the eco-city.  

7 Future work  
This thesis presents the total energy consumption for the planned residential buildings in the 

Sino-Swedish eco-city in Wuxi and the effect on total energy consumption when improving the 

building envelope.  

However, this study does not take cost for the different scenarios into account and cost is one of 

the important parameters when choosing between different improvements of the building 

envelope. Future work should compare the cost for different improvements and weigh these 

against total economical and environmental savings due to the reduction in energy consumption. 

By conducting a life cycle analysis, comparing the different scenarios and building materials, 

regarding carbon emissions, other greenhouse gases and energy efficiency during the construction 

phase would give extra depth to the three scenarios and the differences between them. 

Future work should focus on more advanced modeling for HVAC-systems to further reduce the 

energy consumption and to improve the indoor humidity levels.  

On city level future work should analyze what effect the improvements on building level has on 

the eco-city from a system perspective.  
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9 Appendix 

9.1 Appendix A – indoor layout 
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9.2 Appendix B – basement layout 

 


