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Abstract

In recent years, the economy of China has develoggidly, which directly caused an aggressive
growth of energy consumption in the residentiallding sector. To cope with such an issue, it is
necessary to setup a reduction target and pronfid¢esiecy policies. Hence, cost effectiveness is
rather important in terms of policy enforcementughn this study, an efficiency policy evaluation
model was developed to predict district level Qission and marginal abatement cost (MAC) in

the future.

The applied model consists of 3 sub-models. RistGQ emission sub-model estimates residential
CO, emissions through 2050. Next the efficiency sdenaub-model provides 2 low carbon

scenarios, of which reference scenario (RS) rdfergovernment-plotted policies, and abatement
scenario (AS) refers to OECD countries low carblamg Last but not the least the MAC sub-model

produces MAC curves to evaluate the cost effecégsrof each policy.

As results, C@emissions in all districts saw a 10-fold increé&@00 level compared) in the frozen
technology (FT) level scenario. While in RS thed®émpared reduction rates were predicted as 20%
(warm area) to 40% (cold area). And in AS the rédacrates could be brought up to 60%. In cold
area such like Beijing promotion of eco-applianggpears to be the most expensive policy
(MAC=1271 USD per ton). Thermal retrofit is highd¥fective in Beijing and Shanghai however lost
its advantage in Guangdong. The 3 behavioral cleapgkcies performed well as the have strength

on both energy consumption saving and cost savings.

In this study the uncertainty analysis has alsa lzgmplied using Monte Carlo simulation. During the
analysis, certain input values have been defingtl distributions. Take Beijing's results as an
example, percentile range 10% to 90%, reductiomvatied from 41% to 48%. The most influential
input value was penetration rate of building retrof cold areas and electricity GGntensity in

warm areas. The same analysis has been appliedh@nftt 31 districts as well.

Basing on the above assay results, this study bigsta propose the optimum mitigation plan for
each different climatic area.
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"We stand now where two roads diverge. But unlieerbads in Robert Frost's familiar poem, they
are not equally fair. The road we have long beeavdiing is deceptively easy, a smooth
superhighway on which we progress with great spbatat its end lies disaster. The other fork of
the road — the one 'less traveled by' — offers last, our only chance to reach a destination that

assures the preservation of our earth”.

("Silent Spring”, 1962)

1.1 Energy Crisis in Chinese Residential SeCIQ...........cuiiiiiiiiiiiiii e 2
1.2 ObJeCtiveS and SUDJECES.......iii i e e e e aas 3
1.3 0OVErvIieW OF the ThHESIS......ci i e n e eee s 5

Recent years the economy of China has developeadlylapnd with the improvement of living
standards, energy consumption and,Gfnissions have increased significantly. With swch
developing economy, the pursuit of convenience,fodinand new home appliances may increase
residential energy consumption and greenhouse gasiens. It is necessary to implement various
energy conservation measures. This chapter givegédheral background of this research, and also

introduces the organization of the paper.



1.1 Energy Crisis in Chinese Residential Sector

China is the most populous country in the worldtiAi 327 million people in 2007, it represents
about 14% of the world’s population. An estimat&d#of the population lives in urban areas. Latest
estimates suggest that China’s urbanization rdtensrease by nearly 1% annually in the next 15 to
20 years, as a result of which around 300 millieogle will move from rural areas into cities. Of

the total working population, 41% is involved inriaglture, 27% in industry and 32% in services

(Xing, 2011).

China covers a land area of 9.6 million squarenkdters, making it the fourth-largest country. It is
characterized by three climatic zones, tropicahtsypical and temperate. In 2007, China’s GDP
reached USD 2 400 billion, twice as large as it was2000. With China’s rapid economic

development, the income of Chinese residents h& rsteadily. In 2007, the GDP per capita
reached USD 1 809, equivalent to USD 7 509 in msitty power parity terms.

Since 1990, China’s economy has grown fourfoldyltgsy in more than a doubling of energy use.
Strong energy efficiency improvements have helmetintit growth in energy use. But the rising
dominance of coal in the country’s energy mix hasant that energy-related carbon dioxide (CO2)
emissions have grown faster than energy consumfitax 2010).

The economy of China has developed so rapidly, whtkt the improvement of living standards,
energy consumption and G@&missions have increased significantly. In addjtioom 2000 to 2005,
residential gross floor area in Chinese urban areasased 2.4-fold, from 4.41 billion m2 to 10.77
billion m2, while floor area per capita increase8-fbld from 20.3 m2 to 26.1m2. The ownership of
domestic appliances has also increased rapidlybaruareas of China. A large proportion of urban
households now has fans, refrigerators, washinghimes, and color televisions. The surge in
ownership of these and other durable goods hasased energy consumption sharply. According to
some estimates, space heating consumes more thpar&nt of the total building energy use in
China (Gliksman, 2006). In northern urban areascespheating is supplied by district heating
systems. Individual units are not metered for sgaing use, and in many cases the residents of
large residential complexes cannot adjust their agege. In most of the district heating areas, the
heating cost is billed based on the floor areahefunit. This system undermines the incentive to

conserve energy and causes massive amounts of¢odrg wasted.



All the evidence abovéndicate: that with a developing economy, the pursuit of @omgnce
comfort, and new home appliances may increaseamisd energy consumption and greenhouse

emissions. Therefore, it is necessary to implemaribus energy conservation meast

1.2 Objectives and Subjects

The climae of China is extremely divel, tropical in the south to subarctic in the north. doon
winds, caused by differences in the l-absorbing capacity of the continent and the ocdamjnate
the climate. Alternating seasonalmass movements and accompanying winds are masiimel
and dry in winter. The advance and retreat of tbha@snonsaccount in large degree for the timing
the rainy season and the amount of rainfall througtthe country. Tremendous differences
latitude, longitude, and altitude give rise to gheariations in precipitation and temperature wi

China. Althoughmost of the country lies in the temperate beltclimatic patterns are compl

The diversity of the climatic has a huge impacthom energyconsumptiorof buildings. There are
climatic areas of built environment design in ChiSavere cold area, Cold area, Hot Summer !
Winter (HSCW) area,dmperat area, and Hot Summer Warm Winter (HSWW) a(Figure 1.1)

\ —
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Figure 1.1 China’s climate zones



Each climate has distinguishing characters in tesfmenergy consumption. The northern part of
China is located in the severe cold and cold zowbsre space heating is the predominant end use
for buildings. The HSCW zone covers the central phChina, where space heating and cooling are
both required for comfort in buildings. The southgart of China, which falls in the HSWW zone,

has seen increasing energy demand for cooling gltioh summers.

Besides the climatic characters energy consumgicaiso distinguished between urban and rural
area. First most of the residential buildings ihaur area are multi-dwellings, while in the ruradar
they are detached houses. Also in urban electréeity city gas are wildly used and in rural area the
main energy source is biomass energy. Figure 1s2ritbes the situation and comparison of urban
area and rural area. The annual energy consumpépgapita in urban area is almost as twice as it
in rural area. Hence, although China was once acudigire dominated country, urbanization is
going so fast in the recent year that the urbamladipn is predicted to surpass the rural poputatio

in year 2012. Therefore this study forces on enasgyes of urban residential buildings.
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Figure 1.2 Annual energy consumption (left) anduafon growth (right) of urban & rural areas

Several recent studies have investigated Chinesiglergial energy consumption. Reports on
residential energy consumption are published by hisitute of Building Environment and

Equipment Engineering of Tsinghua University evemar. Professor Y. Tonooka of Saitama
University has proposed to investigate the growithame appliance use in Shanghai (Ning et al,
2008). Also, Professor H. Yoshino of Tohoku Univigrdas led a field study that provided metered
data on residential energy consumptions in ninex€da cities (H. Yoshino, 2009). However, we do

not have a clear vision of future growth in eneagynsumption and lack tools for evaluating the



impact of energy saving measures. Thus this stddiyesses the urban residential buildings and

offers visions about the future trend of £€nission as well as assessment of low-carbonigslic

This study first investigated the environmentalfpenance of residential buildings in 31 Chinese
provinces. Then, in order to quantify the sustaiitgitof urban residential buildings, it has Chiees
urban apartments chosen as subjects foy €@issions estimation. This estimation has beeremad
with consideration of lifestyle changes and gloaiming countermeasures. The estimation intends

to support decision makers in establishing readeralpets for C@emissions reductions.

This research uses a bottom-up engineering modeidi@ct CQ emission from urban residential
buildings. One of the model’s functions is to estienthe C@reduction potential through adoption
of efficiency policies. Furthermore, in order tcope that the proposed policies are economically
sustainable, the model also evaluates the finabeaéfits of the efficiency policies by examining

their marginal abatement cost.

1.3 Overview of the Thesis

This thesis is divided into 7 chapters as illugtan Figure 1.3.

Chapter 1 gives a brief introduction of the £fnission problem and an overview of the paper.

Chapter 2 presents the most relevant works thateelto assessment of efficiency polices and
modeling method of energy system. As examples stiegy analysis of energy system, this chapter
brings in TIMER model from RIVM of the NetherlandSPPA modes from MIT and Estimation
Macro-model for Residential Energy Consumption frdapan. Also, the working principle of

marginal abatement cost curve (MACC) is well expda in this chapter.

Chapter 3 proposes an original simulation modélithdesigned exclusive for evaluating efficiency
polices of Chinese urban households. The threarmdels are thoroughly described, as well as their

interaction during the simulation.

Chapter 4 introduces the parameter inputs of théelndhe inputs are divided into 2 parts. First the
basic information, such like household number d&oor farea have been projected up to 2050 mostly
referring to the Chinese year book. Secondly theges of household appliance have been set up

according to reference literatures or reasonalsieragtions.



Chapter 5 investigates the reliability of the ewdilon model by comparing the model's outputs with
statistic data. The initial estimates from £é&mission sub-model have showed some mismatches
with historical statistical data of year 2000 a®d2. Therefore database and modeling process have
been calibrated in order to ensure that the evaluaodel is highly able to reproduce the historic

trends.

Chapter 6 first gives estimated results of ,d@duction potentials and marginal abatement cost.
Then the estimated results are applied with unicgyteanalysis conducted by Monte Carlo
simulation. This chapter also gives an effectiveressessment of efficiency polices followed by an

in-depth discussion.

Chapter 7 summarizes contributions of the thesd,ints out the direction for future works.



Chapter 1 Introduction Chapter 2 Literature Review

Background * Objective- Structure Relative research

Chapter 3 Introduction of the Evaluation Model

CO, emission sub-model Efficiency scenario sub-model MAC sub-model

Chapter 4 Database of the Evaluation Model

Projection of household, appliance, cost, etc.

Chapter 5 Database of the Evaluation Model

First calibration: Initial simulation results with reference data

'

Database correction

v

Second calibration: Corrected simulation results with reference data

Chapter 6 Estimated Results and Uncertainty Analysis

Transition of CO, emission Breakdown of abatement MACC

]

Monte Carlo simulation via Crystal Ball

.

Possible ranges of emission reduction rate and MAC

Chapter 7 Conclusions

Figure 1.3 Structure of the thesis







“If 1 have been able to see further, it was onlycdese | stood on the shoulders of giants”.

(Isaac Newton)
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The purpose of this thesis is to assess the effawss of household efficiency polices through a
projection model. This chapter intends to review thost relevant works that related to assessment
of efficiency polices and modeling method of enesggtem. The point of view from several global
institute regard energy issue of Chinese househtiidsmajor approach of system analysis research
which introduced with 3 simulation models, and eafibn of marginal abatement cost, are

discussed later on in this chapter.



2.1 Projection Research of C@QEmission

Since the Industrial Revolution in the 1700’s, hunaativities, such as the burning of oil, coal and
gas, and deforestation, have increased, €@ncentrations in the atmosphere. In 2005, global
atmospheric concentrations of €®ere 35% higher than they were before the IndaldRevolution.
Regarding the mitigation and adaptation of the gletarming issue, system modeling has become a

popular research method.

In the modeling research of G@missions, it usually provides a baseline scenanid several
alternative scenarios. The baseline scenario istémgbroject the future emission level without any
solution. While other alternative scenarios givealaations of emission reduction potential.
Modeling approach is especially effective whenrie system is too fragile or impossible to make
experiment with, such like the energy supply sysiethe future. This kind of research is also very
valuable for decision makers, because of the varabwices it provides with analysis based insights.
International Energy Agency (IEA) has proposedve-¢t@arbon scenariBLUE MAPand published a
series reporEnergy Technology Perspectiv@sTP) to describe it. Figure 2.1 shows a projecob

energy consumption from Chinese building sectdTi® 2010.

Mtoe
800
700
600 _ m S?Iar
Biomass and waste
500
- I Heat
400 — — Electricity
300 — o Natural gas
200 Oil
o - = Coal
100 — —
0 _- || | -_—_
2007 2030 2030 2050 2050
Baseline BLUE Map Baseline BLUE Map

Figure 2.1 Energy Consumption of Chinese BuildiegtSr (ETP 2010)

An essential concept employed in most energy (eomksnodels is process engineering estimates of
the cost and efficiency of various energy convergoocesses. For example, representations of one
or more electric generation technologies that assilf fuel combustion to run a turbine generator.

Such a system generally has an energy conversficieety of 35-40%. Such characterizations are

10



common in process analyses employed in appliedenatical programming and they are used in

some models in precisely this way. (J. Weyant, 1999

Process engineering is widely used to model prireagrgy conversion owing to the large scale and
homogeneous design of the facilities involved apphois increasingly being used to analyze energy
demand technologies. By representing demand instefrend-use energy services, such models
include representations of alternative technolotfias can be used to satisfy those end-use demands.
These technologies can have different costs, ceioreefficiencies and employ different input fuels.
Thus different levels of home insulation and contjpet between gas combustion and electric
heat-pumps can be explicitly considered, leadingynta refer to this approach as a "bottom up"
approach to energy demand modeling, as contrasitbdtie "top down" approach employed in
many aggregate economic analyses. The advantagies iicreased technological detail included in
end-use energy modeling must be balanced agaiasintieased data requirements and lack of

behavioral response estimates at the appropriaé le

11



2.2 Efficiency Policies in the Chinese Residenti&ector

2.2.1 Residential Energy Consumption in China

CO, emission from China has been increasing rapidlsecent years. Since year 2006, China has
become the largest G@mitter in the world (Figure 2.2). The residenkiallding sector accounts for
about 15% of the total energy consumption in Chisimce 1990, the consumption of coal and
biomass has been decreasing in Chinese househbitis the consumption of electricity, district
heating, natural gas and petroleum products has lgeewing rapidly. Part of the growth in
electricity, gas, heat and oil products is dueht® increasing urban population and the improved
standards of living that are being driven by rap@bnomic growth. Between 1990 and 2006, the
urban population increased from 302 million to 3iiflion (91%), and its share of all energy use

increased from 26% to 45%.

China covers a number of very diverse climate mgid\s a result, energy consumption levels and
patterns vary widely across the country. Regionghe north-east have significant heating loads,
those in the center have cold winters and warm sersinand those in the south-east have only very
modest heating requirements. Energy consumptioredruse is shown in Figure 2.3. In the
residential sector, space and water heating an#irmpalominate. The rapid growth in electric
appliances and applications means that the elat#imd-uses share of the total is growing quickly,
albeit from a low base. The potential growth in deih for cooling and appliances is particularly
high.

Gigatons CO,

8 -» Buildings sector 1.4

6.7 Commercial
5.9 Mtoe
6 Space heating
43
4 Other Buildings
Sector
Cooking
2 1.3 /
. ngh::mgl- Water heating
, I ooling Residential
Mtoe
China USA EU27 Japan
Source: IEA, EPA, WRI, UNFCCC, latest statistics Source: [EA, Energy Technology Perspectives 2010
Figure 2.2 Ranking of national G@mission Figure 2.3 Energy consumption by end-use
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2.2.2 Effective efficiency policies in the future

China has experienced rapid growth in energy denianthe buildings sector in recent years,
particularly for higher-quality fuels. This rapidrogvth is driven by increased incomes and
urbanization. The challenge this poses for enenglyeanvironmental systems is an area of increasing

policy activity in China.

Energy efficiency in the buildings sector has baeremerging priority since the 1980s when China
embarked on its large-scale urban constructiorntetio 2005 the Chinese Ministry of Construction
publishes a new civilian buildings energy conseovatadministration rule (IEA, Policies and
Measures Database). It strengthens civil buildingrgy conservation management, increase energy
utilization efficiency, improve room inner heat @wment. It replaces the old administration rule

issued in 1999 and has been put into enforcemeoe Sianuary 1, 2006.

Since June 2007, China has addressed the energyroption of appliances by introducing labeling

schemes and minimum energy performance standarB®¢Mfor a wide range of appliances. The
MEP for appliances continues to be tightened awez.tThe result of these policy efforts has been to
improve energy efficiency and generally to lowée-tycle costs for consumers. Increasing policy
efforts have had a significant impact on the oWlklém energy consumption in the buildings sector.

(IEA, 2010)

Also in 2007 the Chinese Ministry of Constructi@utched "Green building evaluation labeling
method" to improve the environmental performancéuifdings. Most recently, a revised Energy
Conservation Law, released in October 2007, haglddo address the issue of energy efficiency in

buildings.

13



2.3 System Analysis and Prediction Models of CEmission

2.3.1 Introduction of System Analysis

Systems analysis is the process of investigatica yfstem’s operation with a view to changing it to
new requirements or improving its current workiiignis method has special advantages when it is
impossible or too dangerous to test the solutiothénreal world. That is the reason that system

analysis has become a sufficient way of predictesearch.

Systems Analysis supports decision-making by piogidreater understanding of the contribution
of individual components to the energy systemwabale, and the interaction of the components and
their effects on the system. Analysis will be ugedcontinually evaluate the alternatives for

satisfying the functions and requirements of thariisystem.

2.3.2 TIMER Model

The TIMER model was developed by National InstitofePublic Health and the Environment
(RIVM) of the Netherlands. It is a system-dynamioedel which simulates the global energy
system at an intermediate level of aggregation. Mmbeel simulates the world on the basis of 17
regions. The main objectives of TIMER are to analythe long-term dynamics of energy
conservation and the transition to non-fossil fuglthin an integrated modeling framework, and
explore long-term trends for energy-related greeshogas emissions. TIMER is a&imulation
model; it does not optimize scenario results ovazomplete modeling period on théasis of
perfect foresight. Instead, TIMER simulates yeaydar investment decisions based oa
combination of bottom-up engineering informatiord apecific rules on investmenbehavior, fuel

substitution and technology (Vries, 2001).

As a complement of macro-economic models, the TIMBB&del gives bottom-up process and
system insights. The main features of the model are

* activity-related demand for 2 energy source insgctors, incorporating structural (economic)
change due to inter- and intra-sectoral shifts;

« autonomous and price-induced changes in enetgpsity, covering what is referred to as

energy conservation, energy efficiency improvenwergnergy productivity increase;

« fossil fuel exploration and exploitation, incladithe dynamics of depletion and learning;

* market penetrating of biomass derived and elepwiver generation;

« trade of fossil fuels and biofuels between thevbrld regions.
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The model consists of 6 sub-models (Figure 2.4poltant components of the various sub models
are: price-driven fuel and technology substitutfmmocesses, cost decrease as a consequence of
accumulated production (learning-by-doing’), reseudepletion as a function of cumulated use

(long-term supply cost curves) and price-driveri frede.

Primary Energy PE | .
‘ y gy Primary Energy
Categories: for electricity PEE
1. Coal
2. Crude Oil
3. Nature Gas
4. Modern Biofuel
5. Traditional Biofuel
fossi Useful Energy UE
5-(N°”|f°55" ) Secondary Energy SE &Y
nuclear, solar... . (= energy services
7. Hydropower (= final demand) = end-use energy)
Emissions Categories: Categories:
1, Solid Fuel 1. Electricity
Categories: 2. Heavy Liquid Fuel 2. Other
1. Carbon dioxide CO, 3. Light Liquid Fuel
2. Methane CH, 4. Gaseous Fuel
3. Nitrous oxide N,O 5. Modern biofuel

4. Carbon oxide CO
5. Nitrogen oxide NOy

6. Traditional biofuel

6. Sulphur dioxide SO, 7. Electricity
7.VOC; 8. Secondary heat

Figure 2.4 Overview of the TIMER model's sub-models

In the Energy Demand model the demand for finakrggnes modeled as a function of changes in
population, economic activity and energy efficiemeyprovement. The energy demand is calculated
for five different sectors, and for eight differéppes of energy carriers. Next, the calculatedatein

for energy services/useful energy is first mulégliby the Autonomous Energy Efficiency Increase
(AEEI) multiplier. The AEEI accounts for observeisthrical trends of decreasing energy intensity
in most sectors, even with decreasing energy pritles AEEI is assumed to decline exponentially

to some lower bound and is linked to the turnowags of sectoral capital stocks.

The Emissions model calculates the emissions i@@tmosphere from energy- and industry-related
processes. The model consists of two modules: tieegg-emission- and the industry emission
module. In each, time-dependent emission coeffisiare applied on the primary energy use fluxes
and industrial activity levels, representing tedbgial improvements and end-of-pipe control

techniques for several greenhouse gases.

Furthermore, a division has been made into fivegaies of model variables, each one with its

distinct characteristics. This makes it easier ¢e svhich variables should be compared with
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historical data and which are to be estimated fexpert literature and/or sensitivity analyses. This
thorough data calibration system is a big featureT®WER model. The adjustment of input

parameters including exogenous drivers based ethéristorical facts or on assumptions ensures
that the outputs of TIMER consist with historictdtsstics and estimates from other research. Figure

2.5 shows the well matched estimates results friviER and other 2 global energy models.

; GtClyr 4 £Cyr
CDAC | global-CO2 china-C02
6.5 11— — — — TEMiea) 125
6 —o—— TEM(timer) o

fw/ o d
5 M o O/
45 (7), L M

4

35 0

1970 1975 1980 1985 1990 199 1970 1975 1980 1985 1980 1995
time (years) tme (years)

o

Figure 2.5 TIMER model's C{mission estimates at global (left) and Chinahfligcales

2.3.3 EPPA (ver.4) Model

The MIT Emissions Predictions and Policy AnalysEPPA) model is a recursive-dynamic
multi-regional general equilibrium model of the webeconomy, which is built on the GTAP (Global
Trade Analysis Project) dataset and additional datahe greenhouse gas (GHG) and urban gas

emissions. Here it gives a general review of thestaversion: EPPA4.

As a part of the MIT Integrated Global Systems Mof&SM), EPPA belongs to a class of

economic simulation models known as computable rg¢eguilibrium (CGE) models. CGE models

represent the circular flow of goods and servioebhé economy, as illustrated in Figure 2.6. The ke
features of the model and the components requirditik a model based on economic variables to
the physical quantities (e.g., GGenergy consumption, land use) to an analysisuofigm-climate

interaction (Paltsev, 2005).
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= Welfare costs of policies = Technology regulation

Figure 2.6 The circular flow of goods and resouiceSPPA

As illustrated in Figure 2.6, EPPA also models eréldws for all goods among regions. Some goods
(e.g., crude oil, emissions permits) are treategeafect substitutes in global trade. For most good
however, the model embodies the Armington conventimely used in modeling international trade

whereby a domestically produced good is treated different commodity from an imported good
produced by the same industry.

Another important aspect of CGE models is the de¢wewhich they capture the dynamics of the
economy through time, particularly their represgataof savings-investment decisions. Other than
the emission prediction, EPPA model also plotsriationship between imposed taxes on carbon
and the levels of emissions reduction. This retetidp is known as a marginal abatement cost curve

(or MAC) and has been used to assess the impa&miskion trading and other policy questions
(Morris, 2008).

2.3.4 Estimation Macro-model for Residential Ene@pnsumption

The “Estimation Macro-model for Residential Ene@gnsumption” was developed to evaluate the
CO, emissions from Japanese residential sector exelysilt is a bottom-up engineering model.

Using a back-casting method, this model was ableperate a thorough analysis on households’
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energy consumption, and give various choices fog @@issions deductions as well. Figure 2.7 is

the flow chart of estimation process (lkaga, 2005).

CO, emissions from houses vary significantly dependingfactors such as the climate, family
composition, changes in lifestyle, so, it is impaoittto understand the energy consumption situation
broken down by heating & cooling, hot-water suppéyd others (uses for kitchens, home
entertainment, housework, sanitary and lighting)dach prefecture and for each of seven family
types ((1) households with an elderly single peisaly, (2) other households with a single member,
(3) households with a elderly married couple o4y, other households with a married couple, (5)
households with parents and a child or childrep h(@iseholds with a single parent and a child or

children, and (7) other households) in order t@ fafoper measures.

The model was combined with low carbon scenariosnf'Research project on establishing of
methodology to evaluate middle to long term envimental policy option toward low carbon society
in Japan”. The 60% emission deduction scenariadsd efficiency policies to improve household
energy efficiency in a great level, such like Imgrment of thermal insulation for new houses,
Promotion of the purchase of heat pump water hedi@rreplace electric water heaters and

Promotion of the purchase of the energy saving.
As the simulation outputs of the model, £€missions through 2050 could be illustrated toetim

transition graphs. Figure 2.8 shows the resultplgca that are generated directly from the model.

The emission abatement from each application vasalantitatively estimated.
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Figure 27 The simulation structure of the macro-model
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2.4 Marginal Abatement Cost

2.4.1 The Concept of MAC (Marginal Abatement Cost)

Policy makers in many countries around the worlgehagreed to substantially reduce carbon
emissions over the coming years. Confronted wislituiation of legally binding commitments, the
question arises of how to reduce carbon emissimascost-efficient way. For this purpose, marginal
abatement cost (MAC) curves, which contrast matgibatement cost and total emission abatement,
have been frequently used in the past to illustifa¢eeconomics of climate change mitigation and
have contributed to decision making in the contekiclimate policy. The concept of carbon
abatement curves has been applied since the é0s%o illustrate the cost associated with carbon
abatement. In recent years, the concept has beeamgopular with policy makers and is used not
only in developed but also in developing countrieglicy makers now find themselves confronted
with MAC curves that are derived in different wdi/s Kesicki, 2010).

2.4.2 Two Types of MACC: Expert-based and Modehast

During the abatement assessment, a baseline witbQacconstraint has to be defined in order to
assess the marginal abatement cost against tretineadevelopment. A MAC curve allows one to
analyse the cost of the last abated unit of @Da defined abatement level while obtainingghss

into the total abatement costs through the integfeghe abatement cost curve. According to the
underlying methodology, MAC curves can be dividetb iexpert-based and model-derived curves.

Typical graphical presentations of both types aergin Figure 2.9.

Expert-based approaches, sometimes also calleddiegly cost curves, are built upon assumptions
developed by experts for the baseline developmé&n€@, emissions, the emission reduction

Electric heat pum
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50 improvemant)
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50
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Marginal Abatement Cost [$/t CO,)
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Figure 2.9 Examples for expert-based (left) and ehderived (right) MAC curves
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potential and the corresponding cost of single omess(including new technologies, fuel switches
and efficiency improvements). Subsequently, thesmess are explicitly ranked from cheapest to
most expensive to represent the costs of achiemtsrgmental levels of emissions reduction. A wild
know example of expert-based MAC curve is publishgdcKinsey & Company (see Figure 2.9,

left).

Abatement curves based on a societal perspecte& Uswer discount rate of e.g. 3.5% to reflect
society’s preference over time, while curves froprigiate perspective integrate subsidies, taxes and
higher interest rates to measure the costs facepribgite individuals when making investment
decisions.

Another widespread approach to MAC curves is tavdethe cost and potential for emission
mitigation from model runs. A number of energy nmisdeve been used in this way using a range of
techniques. The most common way is to distinguisidets into economy-orientated top-down
models and engineering-orientated bottom-up modtelsoth cases, abatement curves are generated
by summarizing the C{price resulting either from runs with differentist emission limits or from

the emissions resulting from different €@rices. This focus on absolute emission meansttteat

presentation of a model-derived abatement curve dererally not contain any technological detail.

A last point concerns the insufficient representatf cost-independent market distortions in energy
models. Since both energy model types assume ahtagyents with cost-efficient behavior, such
distortions are not possible to represent in ogttidn models. The result is that these models do
not show negative abatement costs. Nevertheledsotiom-up models there are opportunities to
incorporate higher hurdle rates and upper limitstiie use of mitigation technologies to represent
problems connected to high upfront investment casts other distortions with regard to no-regret

measures.
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Table 2.1 Strengths and weakness of expert-based ®frves and model-derived MACC (F. Kesicki, 2010)

Expert-based MAC Curves Model-derived MAC Curves
STRENGTHS WEAKNESS STRENGTHS WEAKNESS
= Extensive technological detail *No integration of behavioral factorsBottom-up Bottom-up
« Possibility of taking into account = No integration of interactions and - Model explicity maps energy * No macroeconomic feedbacks
technology specific market dependencies between mitigation technologies in detail * Direct cost in the energy sector
distortions measures * Risk of penny-switching
» Marginal abatement cost definition = Possibility of inconsistent baseline * No consideration of rebound effect
can change according to the choseremissions Top-down Top-down
perspective - No representation of intertemporal- Macroeconomic feedbacks - Model lacks technological detail
* Easy understanding of interactions considered - Possible unrealistic physical
technology-specific abatement * Limited representation of - Macro-economic cost considered implications
curves uncertainty Both Both
* In some cases, limited to one - Interactions between measures - No technological detail in
economic sector without the included representation of MAC curve
possibility to accumulate abatement . Consistent baseline emission - Assumption of a rational agent,
curves across sectors pathway disregarding market distortions
* No representation of - Intertemporal interactions
macroeconomic feedbacks incorporated
- Simplified technological cost - Possibility to represent uncertain
structure - Incorporation of behavioral factors

- Comparably quick generation
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2.4.3 Chinese MACC

In February 2009 McKinsey & Company published "Gsrgreen revolution” report which gave an
in-depth analysis of China’s environmental sustailitg in the future (McKinsey & Co., 2009). In
this report, over 200 efficiency and abatementrietdgies have been quantitatively analyzed with a
special focus on 5 sectors: residential and comalebuildings and appliances; transportation;
emission intensive industries; and agriculture &#iry. In additional, with consider of capital and
maintenance costs (excluding taxes, tariffs andsideb), the report also provided marginal

abatement cost curve in each sector associatedswitbhing to new technologies.

Specifically in buildings and appliances sectog thport pointed out that the 2 decades from 2010
to 2030 will prove critical for reducing emissiofi®m buildings & appliances and improving
sustainability. These two decades will see the pédduilding-space expansion and a massive rise in
energy consumption by Chinese consumers in homeésotiites. At the same time, there is an
opportunity for China to set new precedents in ding design, construction and energy
consumption. From the cost side, abatement techniguhe building sector saw the lowest cost
overall. It was estimated that about 70 percerthefabatement potential has a negative cost. The
biggest abatement opportunities are efficient lingldenvelopes, efficient HVAC systems, and

energy-efficient lighting.

EUR ton CO Residential Commercial
per ton CO,
Lighting controls
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lighting Increased building code Automation
Appliances enforcement, systems °
80 - north & commercial L R
District heating
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Source: McKinsey analysis

Figure 2.10 McKinsey & Company projected MACC ofise building sector
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2.5 Summary

In 2005, global atmospheric concentrations of,@re 35% higher than they were before the
Industrial Revolution. Regarding the mitigation adhptation of the global warming issue, system

modeling has become a popular research method.

This chapter introduced the basic approach of Aulaopenergy (emission) models: the TIMER
model from RIVM of the Netherlands, the EPPA maoidem MIT, and estimation macro-model for
residential energy consumption from Japan. The tim@penethods of both bottom-up and top-down

were thoroughly examined.

Furthermore, the concept of marginal abatement coste (MACC) has been presented in this
chapter. A MACC allows one to analyze the costld tast abated unit of GGor a defined
abatement level while obtaining insights into tb&alt abatement costs through the integral of the
abatement cost curve. It highly efficient in terafigolicy assessment research and has been used as

a major analyze method in this study.
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"A model should be made as simple as possibleydaimpler". (Einstein’s razor)

3.1 Overview of the Evaluation MOEL.........ccoooiiiiri e 26
3.2 CQ Emission (CE) Sub-model DeSCIHPION.......ccuuuiiiiiiiiieeiiine et e e s e eeai e e eii e eeees 27
3.3 Efficiency Scenarios (ES) Sub-model DesCription........c.cuuuiiiiiiiiiiiiiiiiiieeeecceeeeeeeeiian e 30
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3.5 SUMIMATY. ..ot re e e e e e e e e et e e e e et s e e eeta s eeesn e e e ermmaaeeeennnaaeeennneaenns 38

A macro simulation model is developed in this studyconduct all the future prediction and
evaluations. The applied model consists of 3 subeiso First the C@® emission sub-model
simulates the demand for final energy on the paranieputs of futures trends. Then the efficiency
scenarios sub-model provides 3 future scenaripsadict the growth and reduction potential of LO
emissions. The third sub-model marginal abatememvec(MAC) sub-model estimates the necessary
cost and financial benefits from each proposedcpodéind produces MAC curves. This chapter
focuses on describing the specific structure andildeof the simulation model, as well as the

estimation process and relationship between edzimsualel.
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3.1 0verview of the Evaluation Mode

In this research we first developed a m-model to estimate COemissions ad marginal
abatement cost. The model is a combination of t-up engineering information and efficien
scenario settings.t Iconsists of 3 si-models, CQ@ emission sulmmodel, efficiency scenaric
submodel, and Marginal Abatement Cost (MAC) -model. Figure3.1 indicates the genel
modeling process and main exogenous infThe model's 2 major outputs: @&duction potential
and marginal abatement casin be used to support deci-making when setting appropriate C

emission reduction goats wel as selecting efficient efficiency policies.

Energy Consumption o
Efficiency Investment .
S . Pavback Ti Utility Cost
En=YU=~A cenarios ayback Time
o Marginal
CO, Emissions CO, Reduction Abatement Cost
Em=SUxAxI Potential  cn—ciwe)
MAC = ————
E(wo)—E(Ww)

C(w): Cost with policies

U: Energy usage per activity per household (floor area) C{wo): Cost without policies
A: Amount of household (floor area) E{w): CO, Emission with policies
I: CO, intensity E{wo): CO, Emission without policies

Figure 31 Modeling process of the evaluation model

First CE submodel evaluates enerconsumption and Cemissions from residential sector of e
Chinese district. Then ES <model provides several future options of efficienoglicies to
estimate C@ reduction potentials. Included in the third -model that are investment cost ¢
payback time of efficiecy policies, and energy price of each energy sgwhich ensure the moc

to calculate marginal abatement costs of efficigmalices.
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3.2 CO, Emission (CE) Submodel Description

The CQ emission sulmnodel isa 3-step simulation model based on botigprapproach. First it
simulates the demand for final energy onparametemputs of futures trends in a variety of factc
of which the most important are changes of livstandargtechnological progress, aassumptions
with regard to lifestyles.

An overview of the C@emission model is given in Figure

Multiple regression equation Unit of water use Rated working and standby power
* Days of each month
* Heating & cooling + Average temperature
degree days for each month
— - Room air temperature — * Number of households + Usage time per day
and operating time * Average number of * Days of each month
* Total floor area household + Number of households
* Frequency of act —{ * Average number of
household
Annual heating & cooling load Annual DHW load - Penetration rate of
each appliance
* Ratic of owned equipment * Ratioof owned equipment
F— by type of fuel —| by type of fuel
* Equipment efficiency * Equipment efficiency
Annual energy consumption Annual energy consumption Annual energy consumption
(Heating & cooling) (Domestic hot water supply) (Electrical appliances}
1 1 !
Annual residential energy consumption of each district

CO, intensities by energy source

Annual residential CO, emissions of each district

Figure 32 Flow chart of C@emission sub-model

It is a macro simulation model tl estimates the changes in energy consumptimhCC, emissions

by different family types, applications and enesgurces every year. Estimation methods are sl
as below.

Space heating/cooling: Annual load per householdutsted by a multiple regression equai
(equation 3.1) for heating & cooling load. The aal total load of eacldistrict is calculated by
multiplying the amount of total floor area
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Lut,c =Co+C:XDD +C.xU +CxT +CaxH (3.2)

WhereLy; ¢ is load of heating or coolingy ~ ¢4 are the coefficients of the regression equatiiib.
represents degree day (Appendix 11)represents the over overall heat transmissionficiseit
(W/m’K), T represents room temperature, &hdepresents operation hours. The valueof c,for

each climatic area refer to the Japanese estimaitatel (Ikaga, 2005), which are listed in Table

Table 3.1 Coefficients of heating and cooling load

Heating Cooling
Co C1 C C3 Cq Co &) C C3 Cq

Severe cold 3147.3 0.1 327.2 249 1.0 146.1 06 -02 -6.2 15
Cold 660.1 0.1 122.0 16.8 2.6 2251 04 -02 92 2.0
HSCW 503.0 0.1 889 150 2.0 463.3 0.4 14 -18.9 3.3
Temperate 4214 0.1 67.3 133 1.6 6435 0.4 1.7 -26.5 4.3
HSWW 355.1 0.1 485 11.7 1.4 904.9 0.2 6.2 -34.9 6.4
HSCW: Hot Summer Cold Winter HSWW: Hot Sumiéarm Winter

Domestic hot water (DHW) supply: The DHW loads até washing, cooking, and shower are

calculated respectively using equation 3.2.

Lonw =cpoV (Ts—T) (3.2)

WherelLpnw is load of domestic hot water (DHW) supptyis the specific heat coefficient of water
(kd/kg°C),p is water density (kg/L)V is the usage of domestic hot waiksjs supply temperature of
DHW (°C), andTt is the average temperature of tap water (°C). Stpply temperature and water
usage of three hot water usages: face washingjrapakd shower are set up by each season as table
3.2 (SCHEDULE Ver. 2.0, 2000).

Table 3.2 Supply temperature and usage of domestie/ater

Dec.-Feb. Jun.-Aug. Others
Ts(°C) V(L) Ts(°C) V(L) Ts(°C) V(L)
Face washing 38.0 13.9 39.0 10.5 39.3 12.9
Cooking 39.0 14.6 39.7 12.0 39.7 12.7
Shower 39.0 21.2 37.7 36.0 38.3 25.6
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The temperature of the tap water various from sedsoseason, and is also influenced by the

geographiesrTt of each different climatic area is calculated Quation 3.3 (Ikaga, 2005).

(3.3)

r=aT +b

WhereT is the regional average temperature (see appéigia andb are both coefficients for tap

water temperature estimation (table 3.2).

Table 3.3 Coefficients of tap water temperaturaregton

a b
Severe cold 0.6639 3.466
Cold 0.6054 4.515
HSCW 0.8075 3.342
Temperate 0.6921 7.167
HSWW 0.9223 2.907

HSCW: Hot Summer Cold Winter

HSWW: Hot Summéarm Winter
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3.3 Efficiency Scenarios (ES) Su-model Description

In this paper 3 efficiency scenarios are proposadilie future predictionFrozen Technolog
Scenario, Reference Scena, and Abatement Scenarid’he concept and mechanism of

efficiency scenarios are illustratedFigure 3.3.

CO, emissionin 2010

. . + All technologies remains at 2010 level,
CO, incrementin — .
i nobehavioral changes

..................................................

CO; emissionin 1, 2050 - Solar thermal water heating

*+ Thermal retrofit
CO, decrementin — ! + High efficiency lighting

* Minorimprovement of electricity generation

CO, emissionin 5, 2050 - Economy usage of air-conditioning

* Economy usage of domestic hot water

CO, decrementin ——— * Implementation of eco-appliances

+ Standby power savings

CO, emissionin RS, 2050 * Major improvement of electricity generation

* Solar photovoltaic power generation

FT: Frozen Technology Scenario RS: Reference Scenario AS: Abatement Scenario

Figure 33 Flow chart of the efficiency scenarios sub-model
3.3.1 Frozen Technology Scena(FT)
In the frozen technology scenario (FT), it is assdrthat all technologieincluding electricity CG
intensity (Table 3.4stay at 201(level and no change in lifestyle neith&his scenario is set
estimate how C@emission will expand if no eion is taken through the coming 40 ye

3.3.2 Reference Scenario (RS)

The reference scenario (RS) includ4 efficiency policies that werglottec by the Chinese
government.

Thermal Retrofit
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In 2005 the Chinese Ministry of Construction putinéis a new civilian buildings energy conservation
administration rule (IEA, Policies and Measures dbaste). It strengthens civil building energy
conservation management, increase energy utilizagfficiency, improve room inner heat
environment. It replaces the old administratiorerigdsued in 1999 and has been effective since
January 1, 2006.

Lighting Efficiency

In April 2008 the Chinese Ministry of Finance annoed the efficient light bulb subsidy program
(IEA, Policies and Measures Database). As part plaa to phase out incandescent lighting, the
Ministry of Finance announced the first stage & pitan, to subsidies 50 million low-energy bulbs
onto the market. Subsidies will be indirect, witficeent bulbs cold to consumers at a discount and
companies reimbursed by the government for thetfgtiodndividual shoppers will pay half of the
price agreed by manufacturers and the governmerduly 2012 the State Council of China issued
the first national plan for public services. Insttplan the government announced to subsidy 350

million USD for promoting LED and other efficiengiht bulbs.
Solar Thermal

Renewable energy will also be playing an importate in the government-plotted plan. In January
2008, Shandong Province announced implementatiats @ddne Million Rooftops Sunshine Plan,
designed to stimulate the integration of variougemable energy sources into building construction
(IEA policy database). The Plan targets use ofrgotaver and geothermal power into buildings.
Following this, compulsory regulations went intdeet in the cities of Yantai and Jinan, for the
integration of solar energy in the construction aedign of certain buildings. Since 2011, Beijing
has made it obligational for newly erected aparts\ém have solar heating systems. National widely,
the Chinese 12Five-Year Guideline established a growth targettie solar thermal utilization that

in the coming 5 years (2011-2015) solar water mesieuld be used by 30% of all households.

The average amount of heat energy produced byt @léte solar collector during a year has been

calculated by formula 3.4.
Q=AI[EIn (3.4)

WhereQ is theaverage amount of heat energy, produced by a soli@ctor durirg a yearA is

the solar collector area (Zfousehold)E is the average amount of heat energy receivedrbf/df
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a solar collector during a year, ands the efficiency of the collector. Here the dffiecy # was

considered as 40% referring to Solar System Dewedop Association of Japan.

Electricity Generation

National Development and Reform Commission of CHawached an energy efficiency transition
plan in 2004 (NDRC, 2004). The plan sets up seve@inology indices for the improvement of
energy efficiency, which includes electricity g@tensity of coal fired power generation. Accoglin
to the plan in reference scenario the electrici® @tensity of coal fired power generation is set to
be reduced to 0.84 kg-GRWh by 2020 (Table 3.4).

Such policies involved with government plan haverbéncluded in RS. However, behavioral
changes of the residents are not included in tlemas®. The RS can be seen as a baseline
assessment of GGemissions in the future. The objective of thisnsg® is to estimate reduction

potential of government-plotted policies.

3.3.3 Abatement Scenario (AS)

Low-Carbon policies in the abatement scenario (AfJudes all the policies that adopted in
reference scenario, and adds up economy usage-odralitioning and DHW, implementation of

eco-appliances, standby power savings, and a nmappovement of electric generation.

Economy Lifestyle

This part of the Low-Carbon policies takes into ot of efforts from the household side.
Specifically such energy saving lifestyles includgving (upping) the room temperature during
winter (summer), shortening operating hours of camditioning, reducing standby power of

household appliances, and using tap water forviashing and cooking during summer.
The energy saved by reducing usage of air-conditipand hot water supply could be calculated by
formula 3.1 and 3.2, respectively. Energy savedcbiting down the standby power could be

calculated by usage information listed in table 4.2

Solar Photovoltaic
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The industry of photovoltaic solar energy generaiio China grows fast in recent year. China has
over 400 photovoltaic companies. In 2007 China pced 1.7 GW of solar panel capacity, nearly
half of the world production of 3.8 GW, although%®%vas exported. As of 2011, about 3.1 GW of
photovoltaic contribute towards power generatioiChina (Biella, 2008). However, the amount of
electricity generated with solar power within Chiiteelf was up until 2010 comparatively small:

about 0.1% of total capacity.

In 2009 the Chinese Ministry of Finance launchesl @olden Sun Program to move the national
solar photovoltaic industry forward. The programvpdes subsidies to grid connected and off-grid
solar PV power generation projects and calls fo® 30W of installed PV capacity by 2012
China-wide. Subsidy schemes have been designedabdtie national and provincial levels and
apply to 2011. In June 2011, the Chinese MinistfyFmance adjusted the solar PV subsidy
framework under the Golden Sun program. Insteadubkidizing 50% of the cost of installation,
transmission and distribution of generated eletyrim grid-connected PV projects, the new rule
includes a fixed tariff. Polysilicon-based modutal receive a subsidy of 9 RMB /W (1.40 USD)
and thin-film modules of 8 RMB/W (1.24 USD).

At the moment the subsidies only cover projects ldcge scale power plant and rural electrification
PV panel installation in urban households are notuded. However, it is most likely that PV
technology will be penetrated into urban househaklan alternative energy resource. Due to the
lack of official plan, in abatement scenario a kKV8 capacity of PV panel is assumed to be installed

in one household, and penetration rates are séoasgl 2020 and 2% till 2050.

The electricity production from a photovoltaic méelP,,, can be expressed as formula 3.5.
I
Pov = PmaXG—S D/ (3.5)
Istc

Wherepnaxis the Installed capacity (0.5 kW/household)s anural solar radiation (kthDmISTcis
radiation at standard conditions (1LkW)jmandy is loss coefficient for module efficiency (affedte
by temperature, shading, etc.). During the cal@miatoss coefficienty is considered as 0.58

(Nishizawa, 1998).
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Electricity Generation

Although the Chinese government has not announogdreduction plan for post 2020 period,
electricity generation efficiency has drawn attemtin many developed countries such like Japan.
Taking the reduction target in Japan as refereincabatement scenario electricity €itensity is

set to be reduced to 0.62 kg-&k¥Wh by 2020 from the current level of 0.95, andl10kg-CQ/kWh

by 2050 (Table 3.4).

Table 3.4 Electricity C@intensities' projection in 3 scenarios
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
FT 1.03 100 095 090 084 084 084 084 084 084 0.84
RS 1.03 100 09 09 084 084 084 084 084 084 084
AS 1.03 100 095 079 062 059 055 052 048 045 041
(Unit: kg-CO/kWh)

Compare to RS, AS takes energy saving lifestyldficient appliances and a significant
improvement of electric power generation into actolhis scenario intends to create an optimal

case of low carbon future, and evaluate the maximeaduction potential of C{emission.
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3.4Marginal Abatement Cost (MAC) suk-model Description

The estimation process of MAC «model is based on outpui®m the other 2 si-models. First
the other 2 sulprodels estimate the energy consumption decremeeadi efficiency polic. For
equipment improvement policies tinformation of investmentost, payback time and energy b
are given to calculate thearginal abatement cost. On the other hanbehaviore changes policies
the conserved energy cost is calculated by eachgersmource.An overview of themarginal
abatement cost subedel is given in Figure 4.

Estimation of CO, emission (CE sub-model, FT)

Equipment improvement Behavioral changes
(ES sub-model) (ES sub-model)
Energy consumption reduction potential Energy consumption reduction potential
(by policy * by energy source) (by policy * by energy source)
+ Investment cost (by policy)
€O, decrement —|* Payback Fime (by policy) 1 * Energy bill (by energy source)
(by policy, Mil. Ton) + Energy bill (by energy source)

Marginal abatement cost (by policy, USD/Ton-CO,)

1 I

Marginal abatement cost curve

Figure 34 Flow chart of MAC sub-model
The overall concept of MAC could be explained byatipn 36 (McKinsey&Co., 200)
MAC = (C(w) —C(wo))/(E(w) — E(wo0)) (3.6)
WhereMAC represents marginal abatement cost (USD/TC(wo)is the total cost (USD) withot
penetration of efficiency policieC(w)is the total cost (USD) with penetration of effiwdy policies,
E(wo)is the total CQemission (Ton) without penetration of efficiencylipies, ancE(w) is the total

CO, emission(Ton) with penetration of efficiency polici

In this research the presertsts (prices) are used to estimate the f, such a year 2050' costs

(prices). Thus social discount réhas been considered in the calculation. Sociabdiscrate coul
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also be seen as an annual rate of interest, amafiten stated as percentages. Here the future val
is estimated by setting the discount rate as 4% $NP009).

The relationship between present value and futalgevcould be described by equation 3.7.

FV = PV(L+i)" 3.7)

WhereFV represents future value (USIP)Y represents present value (USDi} the social discount

rate anch is time between future year and present yeatr.

3.4.1 MAC of Behavioral Changes Policies

The MAC of efficient heating in the northern colea is calculated by equation 3.8.

MAC,, = PR, O+ re)' (8Q., [PE., {En(w)/En(wo) -1)/(E(wo) - E(w))  (3.8)

Where MACcy represents MAC (USD/Ton) of efficient heating pgliPR:y is the monthly cost
(USD/sgm- month) of central heatingg is the average social discount rate of energyeptric the
time between base year (2012) and result y&@s, is the central heated area (sqPcy is the
central heating periodgn(wo)is the anural energy consumption (PJ) for certeglting without
penetration of efficiency policies, arfeh(w) is the anural energy consumption (PJ) for central
heating with penetration of efficiency. The sod&count of energy price normally is different from
source to source. To simplify the estimating predesrerg is set as 5% refer to the discount rate of
electricity price (IEA, 2010).

The MACs of other policies in the rest area areuated by equation 3.9.

MACq = (3, PR [En(w), [8 - ¥ PR [En(wo), (8 )L+ re) /(E(wo) - E(w))  (3.9)

WhereMAGC,; represents MACs (USD/Ton) of efficiency policeggliles efficient heatingPR is

the price (USD) of each energy sour&m(wo) is the anural energy consumption of each energy
source without penetration of efficiency polici&s)(w) is the anural energy consumption of each
energy source with penetration of efficiency, &hds the energy share of electricity and city gas

respectively.

3.4.2 MAC of Equipment Improvement Policies
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The MACs of equipment improvement policies is cilted by equation 3.10 with consideration of
a 4% average social discount.

MAC & = (ICi {1+ )/ PTi + EC (wo) — EC (w)) /(E (wo) - E(w)) (3.10)

Where MACg, represents MACs (USD/Ton) of equipment improvenaolicies, IC; is the initial
investment cost (USD) of each technologyis the 4% average social discount rate (NIES, 2009
PT, is payback time (year) of each technolog¢(wo) is the anural energy cost (USD) without
penetration of efficiency policies, aelC(w) is the anural energy cost (USD) with penetratibn o
efficiency.

Here IC; and PT; refer to previous study of National Institute f@nvironmental Studies (NIES,
2009). During the calculation, Chinese manufacpuiee was assumed to be at 4% of Japanese price
(U. S. Department of Labor, 2011).

The anural energy cost is calculated the by enpripe and reductions (see 3.3.1). As explained
before, MAC sub-model works closely with CE sub-mpthus here energy consumptig@(wo)
EC(w), CO, emissionE(wo), E(w) refer to outputs of CE sub-model.
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3.5 Summary

This chapter mainly presented the structure ofdh@&uation model, which is a combination of
bottom-up engineering information and efficiencgrsario settings. It consists of 3 sub-models, CO
emission sub-model, efficiency scenarios sub-modeld Marginal Abatement Cost (MAC)

sub-model.

The CQ emission sub-model is a 3-step simulation modsktaon bottom-up approach. First it
simulates the demand for final energy on the patamieputs of futures trends in a variety of fastor
of which the most important are changes of livitapdard, technological progress, and assumptions

with regard to lifestyles.

The efficiency scenarios sub-model has 3 futureates prepared for the energy consumption and
CO, emission predictions: Frozen Technology ScenaReference Scenario, and Abatement
Scenario. The FT scenario simply meant to estirtregduture growth of C@emission, while other

2 efficiency scenarios evaluate the reduction g@kof implementing efficiency policies.

Last but not least the MAC sub-model estimatedningessary cost and financial benefits from each

policy, in order to eventually produce a MAC curve.
The model's main outputs — @@eduction potential and marginal abatement costlma used to

support decision-making when setting appropriatg @@ission reduction goals as well as selecting

efficient efficiency policies.
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"God is in the details.” (Ludwig Migan der Rohe)
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The future prediction of COemission and marginal abatement cost involvesabigunts of data,
such like household numbers, floor areas, and paiet rate of appliances. This chapter explains

how the database is constructed and which sourcgei to collect all the needed data.
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4.1 Household Database

4.1.1 Projection of Household

The number of people living in China at a givendimill only change when one of the following
three events takes place: a birth in china, thehde& someone living in China, and a person
migrating into or out of China. These componentpapulation change are usually measured by
observable rates: the fertility rate, the mortaldye and the migration rate, respectively. Comside

such components cohort-components method is agplig@pulation projection. (Chen, 2009)

Specifically population in 2010 is used as anahifiopulation to be grouped into cohorts defined by
age and sex, and the projection proceeds by ugdtia population of every 5 years age-specific
group for both male and female. In this projectit fertility rate of each district refers to Cage
year book 2009, and the mortality rates of age- ssdspecific group refer to Chinese population
year book 2002. The component of migration haseetn considered in the projection. Each cohort
survives forward to next age group according to #fve components (Kurita, 2004). The
cohort-component method of population projectioitlistrated in Figure 4.2. The regional natality,
mortality and household-owner-rate are listed ibl@ad.1(China Population Statistics Yearbook,
2003).

Figure 4.1 shows the projected household numbersemedof Beijing. Due to the one-child policy
the overall household number will increase slowlyd then start to drop from 2040. Persons per
household will also decrease from the current ldvélas been estimated that in year 2050 there wil
be averagely less than 3 persons in one houseRobjections of all 31 districts are listed in

Appendix 1 (household number) and Appendix 2 (pepss household).
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Figure 4.1 Projected household number (left) angsbbold size (right) of Beijing
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Table 4.1 The regional natality, mortality and hetusld-owner-rate

Natality (%o) Mortality (%o) Household-owner-rate(%o)
Heilongjiang 13.70 hge Male Female Male Female
Inner Mongolia 17.53 0-4 2.23 2.61 0.17 0.15
Qinghai 26.58 5-9 0.59 0.39 0.17 0.15
Tibet 28.04 10-14 0.44 0.17 0.17 0.15
Xinjiang 29.29 15-19 0.61 0.12 2.84 2.42
Jilin 12.25 20-24 0.48 0.03 19.30 10.29
Liaoling 11.10 25-29 0.60 0.55 45.51 12.96
Beijing 14.76 30-34 1.02 0.39 63.20 15.42
Tianjin 15.20 35-39 1.26 0.81 73.10 17.12
Hebei 23.68 40-44 2.29 1.05 78.47 18.51
Shandong 21.43 45-49 2.42 2.29 81.42 19.48
Ningxia 26.34 50-54 3.49 2.23 82.23 20.92
Sichuan 16.76 55-59 8.57 3.41 80.08 22.63
Shaanxi 18.76 60-64 12.67 6.31 77.77 26.21
Shanxi 19.91 65-69 19.53 13.21 72.60 35.45
Gansu 24.40 70-74 36.75 19.65 72.60 35.45
Shanghai 15.83 75-79 5757 41.42 72.60 35.45
Anhui 23.94 80-84 95.05 56.35 72.60 35.45
Henan 20.97 85-89 125.11 93.25 72.60 35.45
Jiangsu 17.49 90-94 108.82 186.71 72.60 35.45
Chongging 18.13 95+ 108.82 186.71 72.60 35.45
Hunan 23.90
Zhejiang 18.72
Hubei 17.36
Jiangxi 25.41
Yunnan 22.95
Guizhou 25.00
Guangxi 25.96
Guangdong 21.58
Fujian 22.35
Hainan 26.85
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Figure 4.2 The cohort-component method of poputapimjection
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4.1.2 Verification of Projected Results

Such a population projection at district level @ ®xiting in the current reference literatures. To
verify the reliability of the original populationrgection in this study, the projected results have

been summed up to confirm with national level pebgn that conducted by other reference

research.

Figure 4.4 shows the comparison of 2020's populgti@jection (Chen, 2009). Figure 4.5 shows the
comparison of 2050’s. The 2020's estimates areeratlose to reference’s projection. While 2050’s
estimates show some mismatch with the referena@fegiion, probably due to the handling of

mortality rate and migration rate. In this studypriality rate is a group of static data from one
certainty year, and migration rate has not beeent@to account. In the future, when it is possible

obtain sufficient data for population projectiotis inecessary to re-conduct this projection at a

higher accurate level.
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Figure 4.4 Comparison of the 2020's populationqumtipn
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Figure 4.5 Comparison of 2050's population progacti
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4.2 Floor Area Database

It would be preferable to project floor areas basecohort-component method. However, the
essential information of creating cohort, such ldamstructing rate of new buildings or demolition
rate by building age is impossible to be gathetdtlia moment. Therefore, in this study floor aiea

projected simply by trend analysis.

First the regression analysis has been applietherstatistics of floor area per household between
2002 and 2009 (Figure 4.6). Then based on the ssigre equation floor area per household was
projected through 2050, which was then times vathlthousehold numbers (see 4.1) to get the total
floor area. The statistical data all refers to @sayear books. While Beijing’s data seems nunierica
reliable, in some regions statistical data lack#tionity and is rather hard to apply trend analykis

such cases a part of the past statistics is celletd set up regression equation. The regional

projections of floor area are listed in appendix 3.
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Figure 4.6 Regression analysis of floor area pesbold (left) and projected total floor area (t)gif

Beijing's urban residential building
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4.3 Appliances Database

4.3.1 Ownership of Household Appliance

In this study 8 kinds of home appliances: washigiime, refrigerator, Television, computer, stereo

system, micro-wave, vacuum cleaner, and gas stevimneluded in appliance endues. Same as floor
area’s projection, using trend analysis the numbgeppliances per household are projected through
2050 as well. However, the number of gas stovetigas one unit per household with no variation in

the future.

Figure 4.7 shows the statistic data (China Yearpodk home appliances’ number owned per 100
households with correspondence regression formiwasg regression formulas the ownership
numbers could be predicted through 2050. Figurelldsrates the projection of home appliances of

Beijing. The regional projections are listed in Appix 4.
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Figure 4.7.1 Regression analysis of appliances’barsiowned per 100 household (part 1)
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Stereo System Micro-wave
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Figure 4.7.2 Regression analysis of appliances’barsiowned per 100 household (part 2)
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4.3.2 Operation Condition of Household Appliance

Table 4.2 summarizes the operation condition ob@skhold appliances. Most of those settings refer
to the SCHEDULE program developed by SHASE (Theipof Heating, Air-conditioning and
Sanitary Engineers of JAPAN). The working powestive is related to the average household size.
Operation times were later adjusted during modéredion (see chapter 5).

Table 4.2 Operation condition of household appksnc

Working Power (W) Standby Power (W) Operation Time (h/day)

Washing Machine 86.00 0.00 1.00
Refrigerator 20.80 0.00 24.00
TV Set (color) 60.50 0.40 8.00

Computer 100.00 10.00 8.00
Stereo System 74.00 0.50 1.00
Micro-wave 1200.00 1.20 0.34

Stove 234.6xHH+253.2 0.00 6.00
Vacuum Cleaner 1332.00 0.00 0.25
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4.4 Heating and Cooling Database

Input parameters of heating and cooling load inelhdat transmission coefficient, operation hours
and air conditioners’ temperature. Table 4.3 gitlesse parameters settings of different climate

areas.

Although Chinese residential buildings ought todesigned following some certain building codes,

in the real case not all the buildings fulfill sualstandard. There is no verified national wildadait

heat transmission coefficient as well. Becausehefdbove grounds, after model calibration (see
chapter 5), the heat transmission coefficient chesrea has been adjusted around 140% of Japanese
old standard (lkaga, 2005).

The settings of air conditioners’ temperature ameration hours refer to several field survey
researches (Cai, 2007; Yu, 2008; Liu, 2007).

Table 4.3 Parameter settings of heating and cooling

Severe cold Cold HSCW  Temperate HSWW

Heat Transmission FT 4.47 4.47 4.47 4.47 4.47
Coefficient (W/nfK) RS 2.38 2.62 2.89 3.95 3.95
Heating 18 23 23 23 23
Heating AS 16 21 21 21 21
Room Temperature (°C) ]
Cooling 26 26 25 25 25
Cooling AS 28 28 27 27 27
Heating 24 24 8 8 8
) Heating AS 18 18 6 6 6
Operation Hours (h) ]
Cooling - 8 8 8 16
Cooling AS - 6 6 6 12
HSCW: Hot Summer Cold Winter HSWW: Hot Sumiéarm Winter
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4.5 Solar Energy

China is divided into 5 radiation zones based @nahural amount of solar radiation. In this study
each district’s anural amount of solar radiatioien® to its capital city’s value (Zhang, 2003) whic
is listed in Table 4.4.

Table 4.4 Anural amount of solar radiation

Region R-eference Area Radiation Intensity Similar Radiation
City MJ/m?- year  kWh/m - year Area

Qinghai Xining 1 5634 1565

Tibet Lhasa 1 7655 2127

Xinjiang Urumgqi 1 5174 1437 Northern India

Ningxia Yinchuan 1 5961 1656

Gansu Lanzhou 1 5096 1416

Inner Mongolia  Hohhot 2 4880 1356

Beijing Beijing 2 5013 1393

Tianjin Tianjin 2 4836 1343 Jakarta, Indonesia

Hebei Shijiazhuang 2 5013 1393

Shanxi Taiyuan 2 5067 1408

Jilin Changchun 3 5066 1407

Liaoning Shengyang 3 4880 1356

Shandong Jinan 3 4871 1353

Shaanxi Xi‘an 3 4509 1253

Anhui Hefei 3 4675 1299

Henan Zhenzhou 3 4879 1355 Washington D.C..

Jiangsu Nanjing 3 4524 1257 the U.S.

Yunnan Kunming 3 5684 1579

Guangdong Guangzhou 3 4092 1137

Fujian Fuzhou 4490 1247

Hainan Haikou 4092 1137

Heilongjiang Harbin 4 4997 1388

Shanghai Shanghai 4 4682 1301

Hunan Changsha 4 4132 1148 Milan, Italy

Zhejiang Hangzhou 4 4524 1257

Hubei Wuhan 4 4497 1249
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) Reference Radiation Intensity Similar Radiation
Region _ Area
City MJI/m?-year  MJI/M- year Area

Jiangxi Nanchang 4 4610 1281

Guangxi Nanning 4 4455 1238

Sichuan Chengdu 5 3307 919

] ] Most EU
Guizhou Guiyang 5 3766 1046 )
_ _ countries

Chonggqing Chongqing 5 3410 947

(1 MJ/nf =0.2778 KWh/rf)
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4.6 Energy Source Share and C@intensity

The coal-fired boilers are wildly used in northéhina as residential heating equipment. On the
other hand, air conditioners are the main equiprf@riboth heating and cooling in southern China.
Therefore the energy source of heating in the eontlistricts is set as coal while the energy surc

of cooling and heating in the southern districtsdatas electricity.

As for DHW and cooking equipment, first energyoatdf city gas is set based on “population of gas
users” from Chinese year book. There are 3 kindgasfwhich are currently used as city gas: LPG,
nature gas, and coal gas. Unfortunately the regiemergy ratio of DHW appliance is unclear. A

case study (Cai, 2007) reviews that electric whtsater holds about 10% in Shanghai’s families.
After calibrating with recorded electricity consutiopm (Chinese year book), in most districts the

final ratio of electricity and gas is set as 20% 80%, respectively.

The energy source ratio of DHW appliance is illatgd in Figure 4.9.
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Figure 4.9 Regional energy source ratio of DHW epyle

Although most of the electricity generation depeadghermal power, after the Three Gorges Dam
fully functioned in May 2010, electricity generatirom hydropower reaches 20% (Figure 4.10 left)
of the total electric generating capacity in ChiRgure 4.10 (right) shows the hydropower’s ration

of each province.

51



Thermal 79%

2009 total
3695928 GWh

Others 4%

Hydro 17%

Qinghai
Gansu

Shaanxi

Yunnan

Guizhou

Sichuan

Guangxi

Guangdong
Hubei

Henan

Jiangxi
Fujian

Zhejiang

Jilin

Liaoning

Shanxi

Beijing

0% 20% 40%

60%

80%

100%
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4.7 Investment Cost and Energy Bill

Research related to the AIM endues model (NIES,9P00cludes many investment cost and
payback time of efficiency technologies. Due to tbason that most results conducted by AIM are
based on Japanese cost standard, here all theheagdeen convert into Chinese cost value with
respect of relative exchange rate (BLS, 2011). Thets of eco-appliances (refrigerator and
television) refer to the price gap between non-secmlels and eco models in the regular Chinese
electronic market. Investment cost of photovoltsatar energy generation in china is about 9600
USD per kW (Ma, 2010), and maintenance fee per y®aet as 10% of the initial cost. The
converted costs and payback times that listed ieTd.5 are used to calculate marginal abatement
cost of low carbon technologies. While for behaai@mhange related efficiency policies, energy bills
for electricity, city gas and central heating asedito calculate the financial profits that broulgint
energy saving actions. Energy bills of all dissiate listed in Table 4.6. Despise that the enleittyy

in the same district slightly differ from city taty, for each district we take one major city (ubpa

the district’s capital city) as the reference saobje

Table 4.5 Investment cost and payback time

Initial Investment Cost Payback Time (year)
Thermal retrofit 1166.29 USD per household 15
Eco-appliances Refrigerator 160 USDY, 195 USD (per unit) 8
High efficiency lighting 15.35 USD per household 8
Solar water heater 153 USD per household 10
Photovoltaic generation Installation 9600 USD per kW, maintenar8f 20

USD per year (10% of installation cost)
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Table 4.6 Energy bills of 31 Chinese districts

) ] Electricity City Gas Heating

Region Reference City
USD/kWh uSsD/m USD/Year/m

Heilongjiang Harbin 0.08 0.32 6.46
Inner Mongolia Hohhot 0.06 0.23 3.53
Qinghai Xining 0.07 0.17 3.52
Tibet Lhasa 0.06 0.21 3.52
Xinjiang Urumgqi 0.07 0.21 3.52
Jilin Changchun 0.08 0.32 4.64
Liaoning Shengyang 0.07 0.38 4.48
Beijing Beijing 0.07 0.30 4.80
Tianjin Tianjin 0.07 0.32 4.00
Hebei Shijiazhuang 0.08 0.35 4.00
Shandong Jinan 0.08 0.32 4.32
Ningxia Yinchuan 0.07 0.20 3.12
Sichuan Chengdu 0.07 0.23 -
Shaanxi Xi'an 0.08 0.26 4.64
Shanxi Taiyuan 0.08 0.34 3.84
Gansu Lanzhou 0.08 0.23 3.36
Shanghai Shanghai 0.10 0.34 -
Anhui Hefei 0.09 0.34 -
Henan Zhenzhou 0.08 0.26 -
Jiangsu Nanjing 0.08 0.35 -
Chongging Chonggqing 0.07 0.18 -
Hunan Changsha 0.09 0.36 -
Zhejiang Hangzhou 0.08 0.38 -
Hubei Wuhan 0.08 0.37 -
Jiangxi Nanchang 0.09 0.51 -
Yunnan Kunming 0.06 0.18 -
Guizhou Guiyang 0.06 0.17 -
Guangxi Nanning 0.07 0.70 -
Guangdong Guangzhou 0.10 0.55 -
Fujian Fuzhou 0.07 0.58 -
Hainan Haikou 0.10 0.34 -
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4.8 Summary

This chapter specifically focused on database oectgtg. In order to conduct an emission
evaluation through 2050, the parameter inputs dikeh household number and ownership of
appliances have to be projected follow the timeeserThe cohort component method has been
applied to project household number and size. Wioitefloor area and ownership of household
appliances, the projection were based on regressiatysis of the past statistics. The operation
condition of each appliance was set according fiereace literatures. Later a few of the parameter

settings have been modified to match the macrsstatof energy consumption.
The database of energy source share was basedtistics of energy source penetration rates from

Chinese yearbook. Other appliance usage relatetimeder inputs were first set based on certain

literatures, and later adjusted to match the msiatistics of energy consumption (see chapter 5).
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"Trust, but verify". (Riassproverb)

5.1 ModifiCation Of the DatabDaSE. ... ..uiveiieiiie ittt et e e e e et e et et et e e s et e s e e et e ereens 58

5.2 Calibration of MOdel'S QUIPULS .......uiiiiiieiiiiiis et eee s e ee e e e e e e e e e e e e e eeneees 63

The initial estimates from CCemission sub-model have showed some mismatchishigitorical
statistical data of year 2000 and 2005. Therefatalzthse and modeling process have been calibrated
in order to ensure the evaluation model is weleabl reproduce the historic trends. This chapter

mainly introduces model calibration and correctsiiheating results.
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5.1 Modification of the Database

There are certain parameter inputs in the evaloatiodel that are based on assumptions, such like
shower frequency, appliance usage pattern. In oasts the specific information from a few case
studies (ref) has been applied to all the regidinés however leads to a mismatch with the macro

statistics.

Another reason that caused the mismatch is therdifte between energy demand and actual
consumption. During the estimating process of gnemnsumption, the evaluation model simply
calculates the total demand of residential seatgpide that in some areas the demand has not been
fully satisfied due the limited financial resourdéherefore it is necessary to bring in penetration

coefficient of end-uses and convert energy demardtual energy consumption.

The model calibration includes the following 2 step

1. The assumed inputs have been modified in ooderatch estimates outputs with macro statistical
data.

2. Penetration coefficient of each end-use has be#erduced into the evaluation model. Table 5.1 —
5.4 show the specific settings of each end-useidiyidd. The basic penetration coefficients of year
2000 and 2005 are determined after calibrationstijent with statistic data.

Table 5.1 Penetration coefficients of heating sk (

Heilongjiang 20 20 30 35 40 50 60 70 80 90 100
Inner Mongolia 20 20 30 35 40 50 60 70 80 90 100

Qinghai 20 20 30 35 40 50 60 70 80 90 100
Tibet 20 20 30 35 40 50 60 70 80 90 100
Xinjiang 20 20 30 35 40 50 60 70 80 90 100
Jilin 20 20 30 35 40 50 60 70 80 90 100
Liaoning 20 20 30 35 40 50 60 70 80 90 100
Beijing 20 20 30 35 40 50 60 70 80 90 100
Tianjin 20 20 30 35 40 50 60 70 80 90 100
Hebei 20 20 30 35 40 50 60 70 80 90 100
Shandong 20 20 30 35 40 50 60 70 80 90 100
Ningxia 20 20 30 35 40 50 60 70 80 90 100
Sichuan 5 10 20 30 40 50 60 70 80 90 100
Shaanxi 20 20 30 35 40 50 60 70 80 90 100
Shanxi 20 20 30 35 40 50 60 70 80 90 100
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Gansu 20 20 30 35 40 50 60 70 80 90 100
Shanghai 5 10 20 30 40 50 60 70 80 90 100
Anhui 5 5 15 30 40 50 60 70 80 90 100
Henan 10 5 15 30 40 50 60 70 80 90 100
Jiangsu 20 10 20 30 40 50 60 70 80 90 100
Chonggqing 15 5 15 30 40 50 60 70 80 90 100
Hunan 5 5 15 30 40 50 60 70 80 90 100
Zhejiang 5 5 15 30 40 50 60 70 80 90 100
Hubei 5 5 15 30 40 50 60 70 80 90 100
Jiangxi 5 5 15 30 40 50 60 70 80 90 100
Yunnan 5 10 20 30 40 50 60 70 80 90 100
Guizhou 5 10 20 30 40 50 60 70 80 90 100
Guangxi 20 10 20 30 40 50 60 70 80 90 100
Guangdong 20 10 20 30 40 50 60 70 80 90 100
Fujian 5 10 20 30 40 50 60 70 80 90 100
Hainan 5 10 20 30 40 50 60 70 80 90 100
Table 5.2 Penetration coefficients of cooling %2 (
Jilin 20 30 40 50 60 70 80 90 100 100 100
Liaoning 20 30 40 50 60 70 80 90 100 100 100
Beijing 20 30 40 50 60 70 80 90 100 100 100
Tianjin 20 30 40 50 60 70 80 90 100 100 100
Hebei 20 30 40 50 60 70 80 90 100 100 100
Shandong 20 20 30 40 50 60 70 80 90 100 100
Ningxia 20 30 40 50 60 70 80 90 100 100 100
Sichuan 20 30 40 50 60 70 80 90 100 100 100
Shaanxi 20 30 40 50 60 70 80 90 100 100 100
Shanxi 20 30 40 50 60 70 80 90 100 100 100
Gansu 20 30 40 50 60 70 80 90 100 100 100
Shanghai 20 30 40 50 60 70 80 90 100 100 100
Anhui 20 20 30 40 50 60 70 80 90 100 100
Henan 25 25 40 50 60 70 80 90 100 100 100
Jiangsu 30 10 20 30 40 50 60 70 80 90 100
Chongqging 40 20 30 40 50 60 70 80 90 100 100
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Hunan 10 10 20 30 40 50 60 70 80 90 100
Zhejiang 10 10 20 30 40 50 60 70 80 90 100
Hubei 20 25 40 50 60 70 80 90 100 100 100
Jiangxi 25 10 20 30 40 50 60 70 80 90 100
Yunnan 20 30 40 50 60 70 80 90 100 100 100
Guizhou 20 30 40 50 60 70 80 90 100 100 100
Guangxi 40 20 30 40 50 60 70 80 90 100 100
Guangdong 40 20 30 40 50 60 70 80 90 100 100
Fujian 40 20 30 40 50 60 70 80 90 100 100
Hainan 10 15 20 30 40 50 60 70 80 90 100
Table 5.3 Penetration coefficients of hot water (@sg

Heilongjiang 80 80 90 100 100 100 100 100 100 100 100
Inner Mongolia 20 40 50 60 70 80 90 100 100 100 100
Qinghai 70 70 80 90 100 100 100 100 100 100 100
Tibet 20 30 40 50 60 70 80 90 100100 100
Xinjiang 60 60 70 80 90 100 100 100 100 100 100
Jilin 40 40 50 60 70 80 90 100 100 100 100
Liaoning 20 40 50 60 70 80 90 100100 100 100
Beijing 50 55 60 70 80 90 100 100 100 100 100
Tianjin 40 45 50 60 70 80 90 100 100 100 100
Hebei 60 60 70 80 90 100 100 100 100 100 100
Shandong 15 15 20 30 40 50 60 70 80 90 100
Ningxia 30 40 50 60 70 80 90 100 100 100 100
Sichuan 50 40 40 50 60 70 80 90 100100 100
Shaanxi 40 30 40 50 60 70 80 90 100100 100
Shanxi 25 25 40 50 60 70 80 90 100100 100
Gansu 45 45 50 60 70 80 90 100100 100 100
Shanghai 30 35 40 50 60 70 80 90 10100 100
Anhui 40 20 30 40 50 60 70 80 90 100100
Henan 30 10 20 30 40 50 60 70 80 90 100
Jiangsu 20 10 20 30 40 50 60 70 80 90 100
Chonggqing 40 20 30 40 50 60 70 80 90 10QL00
Hunan 25 25 40 50 60 70 80 90 100100 100
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Zhejiang 20 20 30 40 50 60 70 80 90 100100

Hubei 20 25 40 50 60 70 80 90 100100 100
Jiangxi 25 25 40 50 60 70 80 90 100100 100
Yunnan 50 55 60 70 80 90 100100 100 100 100
Guizhou 65 70 80 90 100 100 100 100 100 100 100
Guangxi 40 10 20 30 40 50 60 70 80 90 100
Guangdong 30 30 40 50 60 70 80 90 1000 100
Fujian 40 20 30 40 50 60 70 80 90 100100
Hainan 25 30 40 50 60 70 80 90 100100 100

Table 5.4 Penetration coefficients of householdiappes use (%)

Heilongjiang 50 50 60 70 80 90 100100 100 100 100
Inner Mongolia 10 50 60 70 80 90 100 100 100 100 100

Qinghai 90 90 100 100 100 100 100 100 100 100 100
Tibet 50 60 70 80 90 100 100 100 100 100 100
Xinjiang 60 60 70 80 90 100 100 100 100 100 100
Jilin 60 60 70 80 90 100 100 100 100 100 100
Liaoning 50 70 80 90 100 100 100 100 100 100 100
Beijing 80 85 90 100 100 100 100 100 100 100 100
Tianjin 60 65 70 80 90 100 100 100 100 100 100
Hebei 50 55 60 70 80 90 100 100 100 100 100
Shandong 60 45 60 70 80 90 100100 100 100 100
Ningxia 60 70 80 90 100 100 100 100 100 100 100
Sichuan 90 60 70 80 90 100100 100 100 100 100
Shaanxi 70 70 80 90 100 100 100 100 100 100 100
Shanxi 55 50 60 70 80 90 100100 100 100 100
Gansu 100 70 80 90 100 100 100 100 100 100 100
Shanghai 55 60 70 80 90 100100 100 100 100 100
Anhui 60 40 50 60 70 80 90 100 100 100 100
Henan 60 30 40 50 60 70 80 90 100100 100
Jiangsu 50 30 40 50 60 70 80 90 100000 100
Chongging 70 50 60 70 80 90 100100 100 100 100
Hunan 40 45 50 60 70 80 90 100100 100 100
Zhejiang 50 40 50 60 70 80 90 100100 100 100
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5.2 Calibration of Model’s Outputs
5.2.1 Calibration with Macro Statistics

Figure 5.1 shows the comparison of anural eletfriconsumptions between model estimates and
macro statistics in year 2000 and 2005. In eacphgreertical axis represents statistical data and
horizontal axis represents model estimates. Thehgaéso gives regression equation that reviews the
relationship between model estimates and macristatat The fact that the slope of each equation is
very close to 1 proves that the estimates fromuatan model generally well matches with historic
data. Most of those dots that have large divergéeteeen horizontal and vertical value represent
districts from the northwest of China, like QingloaiNingxia, where the reliability of statisticstda

needs to be further confirmed.
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Figure 5.1 Comparison of model estimates and mstattstics in 2000 (left) and 2005 (right)
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5.2.2 Calibration with Field Measurement

During year 2006 and 2008, a research group frohoKio University conducted a large-scale field
measurement research on Chinese residential energgumption (H.Yoshino, 2009). The general
information about the subjected household is ligtegippendix 12. The research involved 6 Chinese
cities, and measured anural energy consumption &odiuse including heating, cooling, domestic
hot water, lighting and other appliance in 12 hbwdes (2 households per city). In this section the
model estimates of 2005 have been compared witlsuned value to see if the model could well

represent the real consumption situation.
Figure 5.2 shows the regression results of modehates and measurement data. Some of the dots

appear to be away from the diagonal line, but dvdree model estimates match with the
measurement data.
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Figure 5.2 Comparison of model estimates and measamt data
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5.3 Summary

In this chapter the evaluation model has been tigiy examined of whether it could accurately
review the reality of energy consumption systenthéligh several input parameters were set based
on assumptions, after necessary adjustment, essrfraim evaluation model generally well matches

with historic data.

Obviously there are many directions for the modeiniprove its accuracy. Based on the present

modeling experiences the following modificationsl @xtensions are listed as high-priority ones:

1. The accurate insulation level of the exitingidestial buildings, preferably gathered by field
research.
2. The living standard (or usage status of heatiogling, DHW etc.) of households at different

income levels.
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"The flap of a butterfly’'s wings in Brazil set aftornado in Hiyoshi". (Butterfly effect)

6.1 Projected COEMISSIONS .....cuuuuuiieeeiiiitiiiisteeeeteeattt s reeesseeaseeeernnraeaeereeerrnraeeeseeessnnnnsd 68
6.2 Lifestyle VS. TECHNOIOGY.......iiiiriiiiiiiie ettt e e e e e e e e aea s aeaees 72
6.3 Marginal ADatemMENT COST........ ittt e e e et e e e e eenaes 74
6.4 UNCErAINTY ANAIYSIS. .. .. iiiiiie et ee e e e e et e e e et e e e et eeennaaa s 77
5.5 SUIMIMIAIY. ... i ieeeti e eet et e et e e e e r e e e e e e e e e et s e e ee et s e e ee s e e e eesa s e ennnmnsn s eeeennnaeeennnsnnns 84

The reliability of the evaluation model has beeaved by data calibration. Now it is possible to
conduct a future prediction for both @@®mission and marginal abatement cost. This chdipser
gives estimated results of G@duction potentials and marginal abatement ddstn the estimated
results are applied with uncertainty analysis cateli by Monte Carlo simulation. This chapter also

give an in-depth assessment of efficiency polices.
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6.1 Projected CQ Emissions

Figure 6.1 — 6.3 illustrates the projected ;G&nissions by end use in 3 climatic representative
districts. In frozen technology scenario, £€issions in the 3 districts see an aggressivease
over year 2050 compare with the 2000 level. Witlwegoment plotted efficiency policies in the
reference scenario, the emission will drop abo®b 3fmpare with frozen technology estimates.

While the maximum reduction rate reaches 70% iratledement scenario.

Figure 6.4 shows the same projections by energyceoun Beijing where the biggest energy
consumer regional heating relies on coal as fuetcg coal accounts for over 50% of the total
energy consumption. While in Shanghai and Guangddmgye most of the household power relies
on electricity, electricity accounts for almost 9086 the total energy consumption. And the
electricity caused CPemission could be reduces by power generatiociefity and renewable

energy utilization.

Figure 6.5 shows the overall results of all 31rilits in year 2050. In the northern cold area, r&nt
heating will still be the major energy consumethe future, which means reference scenario will
have larger contributions for emission reductiohisTbalance sees a turnover in the southern area
where energy resource mainly relies on electriartyich gives a clear point of view that in suchaare
efficient electricity generation is reasonably restdas well as the technology innovation of
household appliances. Reduction rate of referecemrasio gets smaller from north to south. The top
3 FT compared emission drops occur in Tibet (51)33#mer Mongolia (48.21%) and Xinjiang
(47.98%). On the other hand, reduction rate ofeahaht scenario gets bigger from north to south.
The top 3 FT compared emission drops occur in Sier(@1.01%), Jiangsu (70.17%) and Zhejiang
(70.15%).
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Figure 6.1 Projected G@missions by scenario (Beijing)
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6.2 Lifestyle vs. Technology

The executors of efficiency policies could be daddinto 4 major groups: residents, technology
developers, electricity industry, and renewableg@nedustry. Thus emission abatement potential is

also examined from a point view of policy executors

Figure 6.6 shows the breakdowns of emission redludtom each policy executor. Included in the
figure those are outputs of 3 climatic represewmtatiistricts. In a cold area such like Beijing,
equipment improvement that includes thermal rdtagpears to be contributing the major part (24.8
megatons in year 2050) of GQ@eduction. On the other hand, efforts from elettriarea are
efficient in the area with a milder climate. Takea8ghai as an example, improvement of electricity
intensity alone could bring 27.4 megatons of ,Gatement, which is almost half of the whole
abatement amount. Another interesting finding ceéuithe south area. In Guangdong’s breakdown,
abatement contribution of equipment improvemeneappto be extremely small, while efforts from

electricity industry contributed more than halftioé total reductions.
Comparing to other 3 executors renewable energysing has minor contributions of G@duction
in all 3 districts. None of the 3 districts hasd@nresource of solar radiation, and the penematite

of solar energy utilization was set considerably in the efficiency scenarios.

Nevertheless, behavioral changes contribute a etgply significant amount of COreduction in

all 3 districts. The implementation of low carbdfedtyle will play an important role in the future.
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6.3 Marginal Abatement Cost

As the second part of the model outputs, estimegsdlts of marginal abatement cost have been
conducted by MAC sub-model. Figure 6.7 gives exas@f the marginal abatement cost curve
(MACC) in 3 districts.

The features of MACC differ from area to area duéhie distinctive climate characters and energy
consumption structure. In Beijing’s case, impleraéioh of eco-appliances appears to be the most
expensive policy (1270.93 USD per ton). Despite high-priced initial investment cost, energy
savings contributed by eco-appliances are quitd. liifhe cost saving of electricity expense offers
little to balance out the investment cost whichdiealirectly to a stiff MAC. Regarding to

cost-effectiveness of eco-appliances, MACCs of §hanand Guangdong resemble to Beijing’s.

On the other hand, the other 2 policies that atsmdnnitial investment cost: thermal retrofit anghh
efficiency lighting have good performance on cditiency. The investment costs are well
compensated by money savings from energy expeigeiniplementation of thermal retrofit could
be fulfilled at a -71.51 USD per ton MAC in Beijirgnd -529.02 USD per ton in Shanghai. The
MACs of implementing high efficiency lighting arewer than 30 USD per ton in all 3 districts. One
exception is thermal retrofit's MAC of Guangdong.duch a subtropical area with a heavy energy
load of cooling system, thermal retrofit could toing enough energy reduction. MAC of thermal
retrofit unfortunately becomes the most costlycadiicy policy in Guangdong. Although not being
included in this study, instead of thermal retraddvanced ventilation system would be more

appreciate in the southern China.

As for behavioral changes policy, they all bringisgs of energy expense at different amount levels.
Therefore MACs range from -200 to -800 USD per tvhile the emission abatements from
standby power saving and economy usage of DHW s$edra minor compare to economy usage of

air-conditioning.
The 8 policies’ average MACs of all 31 districte dlustrated in Figure 6.8. From the national MAC

curve it appears that districts in hot summer euidter area have lower MACs, while districts in

cold / sever cold area have higher MACs.
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6.4 Uncertainty Analysis

6.4.1 Uncertainty analysis of G@batement

During the past several years, increasing atteriigmbeen paid to the subject of managing some of
the risk inherent in most projects. For the most, pagk has been interpreted as being unsure about
project tack durations or costs, but uncertainggpes all aspects of the work on projects and is
presented in all stages of project life cyclesl{etil 2011).

To apply risk analysis, one must assumptions atheuprobability distributions that characterize key
parameters and variables associated with a de@sidrthen use these to estimate the risk profiles o
probability distributions of the outcomes of theciden. This can be done analytically but in this
study the Monte Carlo simulation was applied. Tineutation software Crystal Ball (CB) allows the
decision to be represented by a mathematical maelthen selects samples from the assumed
distributions for each input. The software thenggluhese inputs into the model and finds the

outcomes of the decision.

The basic steps for doing Monte Carlo analysisiltustrated in Figure 6.9 (A. Boardman et al,
2006). First, specify probability distributions falt the important uncertain quantitative assumpsio
In this case, penetration rate of each policy aaking efficiency of each appliance were defined as
normal distribution while investment costs of loardgon technologies were defined as triangle
distribution (ENAA, 2002; Kuzuki, 2010). Table &ives the specific settings of all parameters.

Penetration rate Efficiency Investment cost
etc.
a D S
(e, o] (B, 8] [y, v
Monte Carlo simulation on reduction rate and MAC

Figure 6.9 Basic steps of Monte Carlo simulation
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Table 6.1 Distribution settings of parameters

Expected

Standard Deviation

Value Range

Parameter Distribution
Value 4} Max. Min.
Penetration rates of low-carbon policies
Heating and cooling policy 80% 8% 100% 56%
DHW policy 80% 8% 100% 56%
House appliances policy 80% 8% 100% 56%
Penetration rates of renewable energy
Solar water heating 30% 3% 39% 21% g
Solar photovoltaic 2% 0.2% 2.6% 1.4% g
Appliances' efficiency 0 o2
Regional heating efficiency 39% 4% 51% 27% Expected value
Heating COP 1.8 0.18 234 1.26
Cooling COP 2.0 0.20 2.60 1.40
DHW supply efficiency 70% 7% 91% 49%
Reduction rate of electricity CGQ, intensity 60% 6% 78% 42%
Investment cost of low-carbon technologies
Thermal retrofit (USD/household) 1166 - 1399.21049.4
High efficiency lighting (USD/household) 15 - 18 53 =
Solar water heating (USD/household) 153 - 183.6137.7 Z: _
Eco-refrigerator (USD/unit) 160 - 192 144 D~ 4
Eco-television (USD/unit) 195 - 234 175.5 Mir{‘ Expectzd value MTaX_
Solar photovoltaic (USD/kW) 9600 - 11520 8640
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Section 6.1 gives a maximum abatement potentidl%d percentiles). However, taking uncertainties
of the efficiency policies’ executions into accquthie reduction rate of abatement scenario appears
to be waving in a certain range. Figure 6.10 shthesresults in the form of a frequency chart, a
statistics table, and a percentiles table. Out,000 trials, both the statistics table and pertesti
table indicate that one trial had a reduction exte837% while another was as 51%. The frequency
chart indicates that the reduction rate occurredtrfrequently during the 1,000 trials is close to
45.5%, but that many other rates up to 5% eithes ler more than this also occurred with
considerable frequency. The mean reduction ra4&%6. (The mean standard error O reported at the
bottom of the statistics table shows that the sarapérage of 45% from the 1,000 trials probably is

extremely close to the true mean of the underlpirapability distribution of reduction rate.)

lllustrated in Figure 6.11 are the 3 parameter imgassumption cells in CB) which have the most
influential power over the estimates of £@batement. It is understandable that due to difter
structures of energy consumption, area with repitasige climatic characters have its distinctive
sensitivity holders. In a regional heated areaBkging, heating policies' penetration rate appear

be the most influential variable. For warm areée IShanghai and Guangdong, reduction rate of
electricity CQ intensity appears to be the most influential v@daSuch influential variables should

be put much effort into in order to achieve theestpd CQ reduction rate.
The same uncertainty analysis was applied on 3triaiss Figure 6.12 shows the simulation

resolution. Besides giving a possible range of cédn rate, the orange dots represent the mean

values, which could be seen as a proper reductark for year 2050.
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Figure 6.10The frequency chart, statistics table, and peresntable of Beijing's resu
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Figure 6.11Sensitivity chart of uncertainty analysis (reductiate
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Figure 6.12 Possible range and mean value of emniseduction rate
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6.4.2 Uncertainty analysis of marginal abatemest co

The MAC sub-model involves cost related parameatputs that lead to projection of results of
MAC. Therefore in uncertainty analysis of MAC, assamption cells, initial investment cost of
efficiency technologies, social discount rate oérgy price and investment cost have been set up

with normal distribution.

Figure 6.13 show the sensitivity chart of MAC uragtty. A correlation coefficient between two
variables measures the strength of the relationséipveen those variables. Thus, each correlation
coefficient in Figure 6.13 measures how stronglgt tmput value is influencing the marginal
abatement cost. The higher the correlation coefiigithe stronger is this influence. Therefore, the
parameter input with the highest correlation coedfits are those where the greatest effort shaaild b

made to minimalize the cost.

Figure 6.13 indicates that penetration rate ofihgatolicy has a far higher correlation coefficient
than the other in Beijing and Shanghai. The minesssivity value suggests that the larger
penetration rate could bring lower average MAC. M/lin Guangdong and other warm areas
reduction rate of C@intensity shows a strong impact on average MACd Atre plus sensitivity

value suggests that in the future, with CO2 intgriseing improved, the cost of low-carbon policies

could be more expensive. Figure 6.14 shows themeltiwild results of uncertainty analysis.

Heating policy penetration rate -52 _

Investment cost of thermal retrofit 21
Beijing Investment cost of eco-appliance - 17
DHW policy penetration rate -7
Cooling policy penetration rate -1

Reduction rate of CO2 intensity 15
Shanghai Cooling policy penetration rate -4
Investment cost of thermal retrofit 3

Appliance policy penetration rate 1

Reduction rate of CO2 intensity 38
Cooling policy penetration rate -21
Guangdong  Investment cost of thermal retrofit 13
Heating policy penetration rate -12 -
DHW policy penetration rate -12

-100 -80 -60 -40 -20 0 20 40

Figure 6.13 Sensitivity chart of uncertainty anay$1AC)
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6.5 Summary

This chapter first presented the estimated res@il30, emission and marginal abatement cost, and

then presumed with uncertainty analysis.

In the national overview of CQemission, for the northern cold area, centralihgawill still be the
major energy consumer in the future, which meafeyeace scenario will have larger contributions
for emission reduction. While in the southern at@ient electricity generation is needed as asl|
the technology innovation of household applianBesluction rate of reference scenario gets smaller
from north to south. The top 3 FT compared emisdiaps occur in Tibet (51.33%), Inner Mongolia
(48.21%) and Xinjiang (47.98%). On the other haratjuction rate of abatement scenario gets
bigger from north to south. The top 3 FT comparedssion drops occur in Shanghai (71.01%),
Jiangsu (70.17%) and Zhejiang (70.15%).

In a cold area such like Beijing, equipment improeat that includes thermal retrofit appears to be
contributing the major part (24.8 megatons in y2@50) of CQ reduction. On the other hand,
efforts from electricity area are efficient in theea with a milder climate. Take Shanghai as an
example, improvement of electricity intensity alaceuld bring 27.4 megatons of g@batement,
which is almost half of the whole abatement amoBehavioral changes contribute a respectively
significant amount of C@reduction in all 3 districts. The implementatiohlow carbon lifestyle

will play an important role in the future.

For marginal abatement cost, thermal retrofit aigth lefficiency lighting have good performance on
cost-efficiency, while implementation of eco-apptas appears to be rather expensive (1270.93

USD per ton in Beijing).

After getting primary results of GQOreduction rate and MAC, the uncertainty analysis been
applied using Monte Carlo simulation. First sevevariables have been setup with relative
distributions, then both mean value and fluctuatingge (percentiles 10% - 90%) have been

conducted by the simulation.
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"A safe, environmentally sound, and economicaliplei energy pathway that will sustain human
progress into the distant future is clearly impérat It is also possible. But it will require new

dimensions of political will and institutional coefation to achieve it".

("Our Common Future”, 1987)

7.1 CONCIUSION AN DISCUSSIOMN. ..vuitueiteiteetteee ettt e et et e seansesa st sensesnsssnssteseraeereernrernsd 86
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During the above 6 chapters the future vision of, @@ission from Chinese residential sector as
well as the mitigation plan have been created aadhaed. This chapter gives the conclusion, and

points out the future direction for the continuan€ehis research.
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7.1 Conclusion and Discussion

Since 1990, China’s economy has grown fourfoldyltggy in more than a doubling of energy use.
Strong energy efficiency improvements have helgetiniit growth in energy use. But the rising
dominance of coal in the country’s energy mix hasant that energy-related carbon dioxide §CO
emissions have grown faster than energy consumpfspecially in the urban area, with the
improvement of living standards, energy consumptamd CQ emissions have increased

significantly.

In order to cope with the energy issue and be pegpfor the escalated energy crisis in the future,
this study addressed the household energy end-asdrevaluated the related efficiency policies.
The previous researches that related to energyemobsually take China as a subject and overlook
climatic difference and economic gap between distri This study focused on 31 districts of
mainland China and conducted evaluations on easthialivia a macro engineering model. The
applied model consists of 3 sub-models. First thésgion sub-model projects energy consumption
and CQ emission through 2050 with a bottom-up approadtco8dly the scenario sub-model

provides several efficiency policies that have bi#festrated as 2 efficiency scenarios.

In this paper, the efficiency policies for Chinesesidential buildings have been evaluated
thoroughly about their effectiveness and possitigaict to the future. During the evaluation process

both climatic and civil characters of 31 distriatsre fully considered.

CO, emissiondn year 2050, the CQemissions in all Chinese districts see an aggresscrease
without any mitigation plan. Reduction rate of refece scenario gets smaller from north to south.
The top 3 FT compared emission drops occur in T{p&t33%), Inner Mongolia (48.21%) and
Xinjiang (47.98%). On the other hand, reductior r@tabatement scenario gets bigger from north to
south. The top 3 FT compared emission drops oct@hianghai (71.01%), Jiangsu (70.17%) and
Zhejiang (70.15%).

In a cold area such like Beijing, equipment improeat that includes thermal retrofit appears to be
contributing the major part (19.3 megatons in y2a@s0) of CQ reduction. On the other hand,
efforts from electricity area are efficient in tlaeea with a milder climate. In the south area,
equipment improvement appears to be extremely smidilile efforts from electricity industry

contributed more than half of the total reductions.
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Marginal abatement costhe features of MACC differ from area to area doethe distinctive
climate characters and energy consumption structlre Beijing’s case, implementation of

eco-appliances appears to be the most expensiigy (o270.93 USD per ton).

On the other hand, the other 2 policies that atsmdnnitial investment cost: thermal retrofit anghh
efficiency lighting have good performance on cditiency. The investment costs are well
compensated by money savings from energy expeimgeiniplementation of thermal retrofit could
be fulfilled at a -71.51 USD per ton MAC in Beijirgnd -529.02 USD per ton in Shanghai. The
MACs of implementing high efficiency lighting arewer than 30 USD per ton in all 3 districts. One
exception is thermal retrofit's MAC of GuangdongAMN of thermal retrofit appears to be the most

costly efficiency policy in Guangdong.

Behavioral changes policies all bring savings @rgy expense at different amount levels. Therefore
MACs range from 200 to 800 USD per ton.

Policy suggestionwith a high MAC in all the districts, implementatioof eco-appliances is

obviously not a preferable choice for efficiencyigies. On the other hand, the other 2 policies tha
also need initial investment cost: thermal retrafid high efficiency lighting have good performance
on cost-efficiency. The investment costs are welnpensated by money savings from energy
expense. However thermal retrofit in HSWW (hot sienmvarm winter) area may not be the best
choice simply because a heavy energy load of opdystem in such a climate area makes the

energy reduction brought by thermal retrofit arésignificant enough.
As for behavioral changes policy, they all bringisgs of energy expense at different amount levels.

While the actual problem with behavioral changetha its profits are not wildly understood by the

public, which makes it an important task to dispdtee information.
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7.2 Further Work

During the database constructing, necessary infawsmaf both social and engineering side have
been gathered as much as possible. However, thetdl iquite a few items remain assumptions due
to a lack of information sources. These items water modified during the model calibration
process, but it is preferable to replace them wa#tbured reference. To make a more provable case,

the accuracy of the evaluation model needs to ipeawed.

While conducting this research, due to the limiiete period and human resource, the evaluation
subject has been narrowed down to the urban aespjtd the fact that rural household holds about
70% of the total residential energy consumptiorChina. The applied bottom-up model has been
constructed in a fairly opened way. Therefore itp@ssible to switch the parameter inputs of
household and other basic information with ruralein and make it suitable for the rural area’s

projection.
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Appendix 1. Regional household number projectionugh 2050 (million)
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1.01

0.85

4.82

6.32

11.27

6.45

4.14

13.08

17.65

1.25

13.70

7.10

6.82

3.72

7.36

11.17

15.47

18.58

6.38

11.97

12.97

11.38

7.59

6.72

4.91

8.24

26.43

8.06

1.84

9.65

5.88

1.06

0.89

5.07

6.64

11.84

6.78

4.35

13.78

18.52

1.31

14.40

7.46

7.17

3.92

7.74

11.76

16.28

19.53

6.71

12.60

13.64

11.97

7.88

7.08

5.17

8.67

27.82

8.49

1.93

9.96

6.10

1.11

0.92

5.29

6.84

12.19

7.01

4.50

14.37

19.17

1.37

14.92

7.75

7.45

4.09

8.01

12.26

16.93

20.24

6.96

13.15

14.16

12.40

8.12

7.38

5.40

9.07

28.95

8.84

2.02

10.11

6.24

1.16

0.95

5.51

6.93

12.31

7.13

4.59

14.88

19.61

1.43

15.24

7.95

7.66

4.24

8.16

12.71

17.45

20.71

7.13

13.63

14.52

12.68

8.34

7.63

5.61

9.43

29.86

9.13

2.11

10.12

6.31

1.20

0.98

5.70

6.90

12.23

7.16

4.61

15.28

19.85

1.48

15.37

8.06

7.79

4.36

8.22

13.06

17.79

20.94

7.22

14.00

14.72

12.82

8.48

7.82

5.78

9.74

30.50

9.35

2.18

9.95

6.27

1.22

0.99

5.81

6.76

11.93

7.06

4.55

15.47

19.78

1.51

15.26

8.04

7.80

4.43

8.13

13.23

17.87

20.83

7.19

14.18

14.70

12.74

8.46

7.90

5.87

9.92

30.69

9.43

2.23
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Appendix 2. Regional household size projectioniio2050 (person)
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3.69
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3.12
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2.79

3.44

4.34

3.39
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2.71

2.52

3.18

3.18

2.78

3.45
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3.36

4.22
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2.84

2.64

2.43

3.13

3.13
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3.40
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2.81
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2.28
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2.39

3.40

2.75

2.86

3.92

3.34

3.77
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2.83

3.58
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2.71

3.33

4.18
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2.62

2.39

3.12
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2.72

3.38

2.66

2.77

2.94

3.45
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2.64
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3.00

2.35

3.42

2.74
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3.95

3.32
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3.56

2.59
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4.14

3.32
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2.60
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3.10

3.10

2.70

3.37

2.64

2.74
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3.42

2.07

2.51

3.20

3.00
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3.43

2.74

2.82

3.98

3.29

3.80

3.83

2.82

2.80

3.54

2.57

2.67

3.29

4.11

3.31

2.79

2.58

2.33

3.09

3.09

2.69

3.36

2.61

2.71

2.88

3.39

1.97

2.39

3.19

3.00

2.28

3.44

2.74

2.80

4.01

3.27

3.81

3.84

2.78

2.78

3.52

2.56

2.66

3.27

4.08

3.30

2.77

2.56

2.30

3.08

3.08

2.68

3.35

2.59

2.68

2.86

3.37

1.87

2.27

3.18

3.00

2.25

3.45

2.73

2.79

4.03

3.26

3.82

3.85

2.75

2.77

3.50
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Appendix 3. Regional projections of floor area (ioil square meters)
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204.6
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920.5

365.2

54.9

468.7

243.0

46.4
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295.6

260.2

528.9

247.8

137.6

570.2

684.6

49.4

491.4

216.7
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162.9

435.5

248.3

439.8

925.4
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570.5

726.3
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220.5

209.0

147.0

257.4

949.3
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258.3

49.3
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143.1

597.0

722.6

50.3

502.7

222.4

676.2

167.9

467.8

250.8

438.9

983.0

311.3

605.4

775.9

504.4

218.6

211.7
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969.0

424.0
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51.9
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225.9
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435.5

1027.2
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285.1

587.6
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52.4
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211.4
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61.5
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Appendix 4. Regional projections of household appies (ownership per household)

Heilong- Washing Machine 083 092 094 095 096 097 098 098 099 099 0.9

jiang Refrigerator 066 078 087 091 094 09 098 099 100 101 102
TV Set (color) 1.02 112 117 119 120 121 122 123 124 124 125
Computer 005 026 045 065 085 104 123 142 160 178 1.96
Stereo System 0.16 013 022 023 024 025 025 026 026 026 0.27
Micro-wave 006 029 036 041 045 048 050 052 054 056 0.57
Stove 1.00 100 100 100 100 100 100 100 100 1.00 1.00

Vacuum Cleaner 0.14 015 017 018 019 019 020 020 020 0.20 0.21

Inner Washing Machine 091 09 09 097 097 098 099 099 100 100 1.01
Mongolia Refrigerator 070 086 093 098 103 106 109 112 114 116 1.18
TV Set (color) 107 113 116 119 121 123 125 127 128 129 130
Computer 003 023 041 068 099 134 174 218 265 316 3.70
Stereo System 0.12 014 017 0.a7 018 019 019 020 020 020 0.21
Micro-wave 005 026 033 037 041 043 046 048 050 051 053
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00

Vacuum Cleaner 0.09 012 012 013 013 014 014 014 015 015 0.15

Qinghai Washing Machine 101 098 102 103 104 105 105 106 106 1.06 1.07

Refrigerator 080 081 09 094 098 101 103 105 107 109 1.10
TV Set (color) 112 112 120 123 125 127 128 129 131 132 133
Computer 002 022 038 062 092 125 162 203 248 296 3.47
Stereo System 022 021 025 026 028 029 030 031 032 032 033
Micro-wave 0.07 038 048 055 060 064 067 070 073 075 0.77
Stove 1.00 100 100 100 1.00 100 100 100 1.00 1.00 1.00

Vacuum Cleaner 005 008 009 009 010 010 011 021 011 011 011

Tibet Washing Machine 100 095 09 098 099 100 100 101 101 1.02 1.02
Refrigerator 074 088 093 097 099 102 103 105 106 107 1.08
TV Set (color) 120 135 138 141 143 145 146 147 148 149 150
Computer 001 019 045 075 110 149 191 236 284 335 3.89
Stereo System 024 032 036 038 039 040 041 041 042 043 043
Micro-wave 003 034 039 045 050 053 056 059 061 063 0.65
Stove 1.00 100 100 100 1.00 100 100 100 1.00 100 1.00

Vacuum Cleaner 0.0r 0.07 0.07 0.07 0.07 007 0.07 0.07 0.07 007 0.07

Xinjiang Washing Machine 095 089 100 102 103 104 105 105 106 107 1.07
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Xinjiang Refrigerator 082 080 089 092 094 09 097 099 100 101 1.02
TV Set (color) 102 106 111 113 115 116 118 119 120 121 121
Computer 0.06 024 048 081 121 167 219 276 339 408 4381
Stereo System 0.18 016 021 023 024 024 025 026 026 027 0.27
Micro-wave 005 020 034 052 071 092 114 138 162 188 214
Stove 1.00 100 100 100 1.00 100 100 1.00 1.00 1.00 1.00
Vacuum Cleaner 0.17 016 019 019 019 019 020 020 020 0.20 0.20
Jilin Washing Machine 090 097 097 099 100 100 101 102 102 103 1.03
Refrigerator 069 08 089 094 098 101 103 106 108 110 111
TV Set (color) 107 127 127 132 135 138 141 143 145 147 149
Computer 005 030 054 093 139 194 256 325 401 484 573
Stereo System 0.15 014 019 019 020 021 021 022 022 023 0.23
Micro-wave 0.07 036 041 047 051 055 058 061 063 065 0.67
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.13 016 018 019 020 021 021 022 022 023 0.23
Liaoning Washing Machine 087 088 091 092 092 093 093 094 094 094 094
Refrigerator 081 088 09 098 099 101 102 103 104 104 1.05
TV Set (color) 114 122 126 130 133 136 138 140 142 143 144
Computer 0.06 033 062 1.02 149 202 262 328 399 475 556
Stereo System 0.18 022 026 027 029 030 031 032 033 033 034
Micro-wave 0.12 042 055 062 067 072 075 078 081 084 0.86
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 023 022 025 026 026 026 026 027 027 027 0.27
Beijing Washing Machine 103 105 109 111 113 114 115 116 117 117 118
Refrigerator 1.07 104 109 111 112 113 114 115 115 116 1.16
TV Set (color) 146 153 160 165 169 172 175 177 179 181 183
Computer 032 089 116 155 192 229 266 3.03 339 374 410
Stereo System 030 037 041 044 046 048 050 051 053 054 055
Micro-wave 058 089 100 109 117 122 127 131 135 138 141
Stove 1.00 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 025 040 044 047 050 052 053 055 056 057 058
Tianjin Washing Machine 098 09 100 1.01 102 102 103 1.03 104 104 1.04
Refrigerator 1.00 098 106 108 110 111 112 113 114 114 115
TV Set (color) 132 136 138 142 145 147 149 150 152 153 154
Computer 0.16 051 080 116 153 192 233 274 317 361 4.06
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Tianjin Stereo System 019 029 029 031 033 034 036 037 037 038 0.39
Micro-wave 031 074 086 097 105 112 118 123 127 131 134
Stove 1.00 100 100 100 1.00 100 100 1.00 1.00 1.00 1.00
Vacuum Cleaner 021 025 026 027 028 028 029 029 030 030 0.30
Hebei Washing Machine 093 09 102 104 106 107 107 108 109 109 1.10
Refrigerator 084 092 098 101 102 103 104 105 105 106 1.07
TV Set (color) 112 124 130 132 133 134 135 136 137 138 138
Computer 0.07 038 065 095 124 153 181 210 237 265 292
Stereo System 0.18 023 027 029 030 031 032 032 033 033 034
Micro-wave 0.10 040 051 058 063 067 070 073 075 0.77 0.79
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.10 013 015 015 016 016 017 017 017 017 0.18
Shandong  Washing Machine 089 093 09 09 09 097 097 098 098 098 0.99
Refrigerator 087 091 098 101 102 104 105 106 106 107 1.08
TV Set (color) 115 118 121 122 123 123 124 124 124 124 125
Computer 0.10 046 077 105 132 156 180 203 225 246 267
Stereo System 021 022 024 025 025 026 026 026 026 027 0.27
Micro-wave 0.16 043 052 058 062 066 069 071 073 075 0.76
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.16 017 019 020 021 021 021 022 022 022 022
Ningxia Washing Machine 087 09 09 097 098 099 100 100 101 101 101
Refrigerator 080 079 08 088 091 093 095 097 098 099 1.00
TV Set (color) 112 109 118 120 122 123 124 126 126 127 128
Computer 0.02 023 040 067 098 134 174 219 267 318 3.74
Stereo System 022 022 022 023 024 025 026 027 027 028 0.28
Micro-wave 007 031 036 041 045 049 052 054 056 058 0.60
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.08 008 006 0.05 005 004 004 004 004 004 0.04
Sichuan Washing Machine 091 098 101 103 104 105 105 106 107 107 1.08
Refrigerator 081 093 094 09 098 099 100 101 102 103 1.03
TV Set (color) 119 139 140 144 147 150 152 154 156 157 158
Computer 008 032 054 081 110 140 173 206 241 278 3.15
Stereo System 025 030 031 033 034 035 036 036 037 038 038
Micro-wave 0.15 043 050 056 061 066 069 072 075 077 0.79
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
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Sichuan Vacuum Cleaner 0.05 0.07 0.07 0.07 0.07 007 0.08 0.08 0.08 0.08 0.08
Shaanxi Washing Machine 093 098 098 098 099 100 100 101 101 101 1.02
Refrigerator 072 083 089 093 09 098 100 101 103 104 1.06
TV Set (color) 114 129 131 135 139 142 144 146 148 150 151
Computer 0.07 028 062 1.06 159 222 293 373 460 556 6.59
Stereo System 0.17 023 026 029 031 032 034 035 036 037 038
Micro-wave 008 035 045 051 056 060 063 066 069 071 0.73
Stove 100 100 100 100 1.00 100 100 100 1.00 100 1.00
Vacuum Cleaner 0.05 0.07 007 0.08 008 008 0.08 0.09 0.09 009 0.09
Shanxi Washing Machine 093 100 098 098 099 100 100 101 101 101 1.02
Refrigerator 076 087 09 095 098 101 103 105 107 109 1.10
TV Set (color) 1.07 114 117 120 122 124 126 127 129 130 131
Computer 006 030 052 083 119 158 202 249 299 352 4.09
Stereo System 0.17 017 019 020 021 022 022 023 023 024 024
Micro-wave 005 026 029 033 036 039 041 043 045 046 048
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.07v 006 009 0.09 010 010 010 011 011 011 011
Gansu Washing Machine 097 098 100 101 102 103 103 1.04 104 104 1.04
Refrigerator 073 089 093 098 102 106 109 111 113 115 117
TV Set (color) 121 118 133 137 141 144 146 148 150 152 154
Computer 005 023 044 063 084 106 129 153 178 203 230
Stereo System 025 027 035 038 041 042 044 045 046 047 047
Micro-wave 0.07 028 032 037 041 044 046 049 050 052 054
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.05 0.07 007 0.08 008 008 0.08 0.08 009 009 0.09
Shanghai ~ Washing Machine 093 097 100 102 103 105 106 1.07 108 109 1.09
Refrigerator 102 104 104 105 105 106 106 106 106 1.07 1.07
TV Set (color) 147 177 185 194 201 207 212 217 220 224 227
Computer 026 081 126 178 230 284 340 39 453 510 5.69
Stereo System 032 048 050 055 058 061 063 066 068 069 0.71
Micro-wave 078 09 101 106 111 114 117 119 121 123 1.25
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 046 054 054 055 057 058 059 060 061 061 0.62
Anhui Washing Machine 087 097 101 107 114 121 128 136 144 153 1.63
Refrigerator 084 092 09 098 100 102 104 105 106 107 1.08
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Anhui TV Set (color) 111 132 139 146 152 157 161 164 167 170 172
Computer 0.07 026 053 085 120 160 203 249 298 351 4.06
Stereo System 019 022 023 025 027 028 029 030 031 031 032
Micro-wave 0.11 041 049 057 062 067 070 074 076 0.79 0381
Stove 100 100 100 100 1.00 100 100 1.00 1.00 1.00 1.00
Vacuum Cleaner 0.07 008 009 010 010 010 011 011 011 0.12 012
Henan Washing Machine 088 098 102 104 106 107 108 1.09 109 110 1.10
Refrigerator 072 086 090 093 094 09 097 098 099 099 1.00
TV Set (color) 108 125 131 134 136 138 139 140 141 142 143
Computer 006 032 054 076 097 117 137 155 174 192 210
Stereo System 0.13 018 019 020 021 022 023 023 024 024 025
Micro-wave 006 030 038 044 047 050 053 055 057 058 0.60
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.03 0.06 006 0.07 0.07 008 0.08 0.08 0.08 009 0.09
Jiangsu Washing Machine 09 099 101 102 102 103 103 1.03 104 104 1.04
Refrigerator 0.8 092 097 099 100 101 102 102 103 104 1.04
TV Set (color) 124 153 166 174 179 183 186 189 191 194 195
Computer 0.11 046 079 111 140 169 197 224 250 276 3.01
Stereo System 020 028 029 031 033 034 034 035 036 036 037
Micro-wave 037 077 089 097 103 108 112 115 118 120 1.22
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.15 0.18 016 0.7 0.7 017 018 018 0.18 0.18 0.18
Chong- Washing Machine 095 100 103 104 105 106 1.07 1.07 108 109 1.09
qing Refrigerator 1.00 102 107 110 111 112 113 114 115 115 116
TV Set (color) 132 155 158 164 168 172 175 178 180 183 184
Computer 0.14 051 078 115 154 19 240 285 332 380 4.30
Stereo System 034 042 042 044 046 048 050 051 052 053 054
Micro-wave 036 071 077 086 092 098 102 106 110 113 1.15
Stove 1.00 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.07r 010 016 0.7 019 019 020 021 021 022 0.22
Hunan Washing Machine 092 097 099 100 101 102 102 103 103 104 1.04
Refrigerator 083 09 092 093 094 09 09 097 097 098 0.98
TV Set (color) 109 129 131 135 139 143 145 148 150 152 153
Computer 011 035 056 082 110 139 170 202 235 269 3.04
Stereo System 028 033 033 036 038 040 041 042 043 044 045

103



Hunan Micro-wave 0.15 037 041 047 051 054 057 060 062 0.64 0.65
Stove 1.00 100 100 100 1.00 100 100 1.00 1.00 1.00 1.00
Vacuum Cleaner 0.04 005 005 0.05 005 006 006 006 0.06 006 0.06
Zhejiang Washing Machine 090 091 094 095 095 09 09 097 097 098 0.98
Refrigerator 09 098 099 100 100 100 100 101 101 101 101
TV Set (color) 139 179 182 193 201 207 213 218 222 226 229
Computer 0.14 059 097 149 208 273 342 416 494 576 6.61
Stereo System 023 037 036 039 042 044 046 047 048 050 051
Micro-wave 023 058 067 076 082 087 092 09 099 102 1.04
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.15 018 019 019 020 020 021 021 021 021 021
Hubei Washing Machine 093 09 097 098 099 099 100 100 101 101 1.01
Refrigerator 088 09 098 100 102 104 105 106 107 108 1.08
TV Set (color) 109 132 136 142 147 150 154 156 159 161 163
Computer 0.08 042 073 120 175 238 3.08 384 467 556 651
Stereo System 025 032 034 037 039 040 042 043 044 045 0.46
Micro-wave 0.10 047 053 061 067 072 076 079 082 085 0.87
Stove 100 100 100 100 1.00 100 100 100 1.00 100 1.00
Vacuum Cleaner 0.05 0.07 007 0.08 008 008 0.09 0.09 0.09 009 0.09
Jiangxi Washing Machine 080 09 09 097 099 100 101 102 103 104 1.05
Refrigerator 076 091 094 097 100 102 104 106 108 109 1.10
TV Set (color) 106 139 145 154 160 166 170 174 178 181 184
Computer 005 032 051 081 117 157 202 250 3.02 357 415
Stereo System 016 025 027 030 031 033 034 035 036 037 038
Micro-wave 0.07 039 046 053 059 063 067 070 072 075 0.77
Stove 1.00 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.02 005 005 005 005 005 005 005 0.05 005 0.05
Yunnan Washing Machine 092 09 098 099 099 100 100 1.00 100 101 1.01
Refrigerator 070 078 081 084 08 088 089 091 092 093 094
TV Set (color) 116 122 127 131 135 137 139 141 143 144 146
Computer 008 029 049 075 103 133 165 199 234 271 3.09
Stereo System 032 037 040 043 046 048 050 051 052 054 055
Micro-wave 0.17 045 048 054 059 063 067 069 072 074 0.76
Stove 1.00 100 100 100 1.00 100 100 100 1.00 100 1.00
Vacuum Cleaner 0.08 009 010 021 0211 012 012 0412 012 012 013
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Guizhou Washing Machine 096 097 100 1.01 101 102 1.02 1.03 103 103 1.03
Refrigerator 083 086 092 095 097 099 100 1.02 103 104 1.05
TV Set (color) 114 125 128 132 136 138 141 143 145 146 148
Computer 0.06 024 050 081 119 161 207 258 313 372 435
Stereo System 031 039 042 046 049 051 053 055 057 058 059
Micro-wave 0.13 035 043 049 053 057 060 063 065 0.67 0.69
Stove 1.00 100 100 100 1.00 100 100 1.00 1.00 1.00 1.00
Vacuum Cleaner 0.04 005 006 0.07 0.07 007 0.08 0.08 0.08 0.08 0.08
Guangxi Washing Machine 088 092 097 101 103 105 106 1.07 108 109 1.09
Refrigerator 080 087 093 09 098 100 102 104 105 106 1.07
TV Set (color) 115 140 142 149 155 159 163 166 169 172 174
Computer 0.09 047 078 126 183 247 317 394 478 567 6.61
Stereo System 029 037 040 043 045 047 049 050 052 053 054
Micro-wave 0.15 051 057 066 072 077 081 085 088 091 0.93
Stove 1.00 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.03 0.07 007 0.08 008 009 010 011 011 012 012
Guang- Washing Machine 098 097 098 099 099 099 099 099 099 099 0.99
dong Refrigerator 082 094 097 099 100 101 102 103 104 104 1.05
TV Set (color) 136 155 162 168 173 177 181 184 187 189 1091
Computer 026 070 094 112 127 140 151 162 172 181 1.89
Stereo System 049 057 059 062 064 066 068 069 071 072 0.73
Micro-wave 030 061 073 080 08 09 094 097 100 103 1.05
Stove 100 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.07 013 014 016 018 020 022 024 026 027 0.29
Fujian Washing Machine 093 100 100 102 103 104 104 105 106 106 1.07
Refrigerator 0.88 098 103 107 110 112 114 116 117 119 1.20
TV Set (color) 128 164 170 180 187 194 199 203 207 211 214
Computer 0.11 055 074 084 092 098 1.04 109 113 117 1.20
Stereo System 025 029 033 035 037 038 039 040 041 042 043
Micro-wave 028 070 080 09 098 105 110 115 119 123 1.26
Stove 1.00 100 100 100 1.00 100 100 100 1.00 1.00 1.00
Vacuum Cleaner 0.03 006 006 0.08 008 009 010 011 0.12 012 013
Hainan Washing Machine 069 056 079 08 081 082 082 083 083 084 084
Refrigerator 050 067 077 082 08 088 091 093 09 097 098
TV Set (color) 109 117 124 128 131 133 135 137 139 140 141
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Hainan

Computer
Stereo System
Micro-wave
Stove

Vacuum Cleaner

0.04

0.18

0.07

1.00

0.02

0.26

0.24

0.21

1.00

0.02

0.49

0.26

0.38

1.00

0.03

0.80

0.28

0.54

1.00

0.03

1.17

0.29

0.72

1.00

0.03

1.59

0.30

0.91

1.00

0.04

2.05

0.31

1.10

1.00

0.04

2.55

0.32

1.29

1.00

0.04

3.10

0.32

1.50

1.00

0.04

3.69

0.33

1.71

1.00

0.04

4.31

0.34

1.92

1.00

0.04
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Appendix 5. Energy share of DHW and cooking equipime

0.20 0.06 0.36 0.38 0.07 0.45 0.47
0.20 0.08 0.24 0.48 0.11 0.30 0.60
0.20 0.00 0.65 0.15 0.00 0.81 0.19
0.20 0.00 0.00 0.80 0.00 0.00 1.00
0.20 0.01 0.56 0.23 0.01 0.70 0.29
0.20 0.15 0.20 0.45 0.19 0.25 0.56
0.40 0.16 0.23 0.21 0.27 0.38 0.35
0.20 0.00 0.61 0.19 0.00 0.77 0.23
0.20 0.00 0.75 0.05 0.00 0.94 0.06
0.20 0.10 0.36 0.34 0.13 0.45 0.42
0.20 0.05 0.37 0.38 0.06 0.47 0.47
0.20 0.05 0.36 0.39 0.07 0.45 0.49
0.20 0.03 0.69 0.09 0.03 0.86 0.11
0.20 0.00 0.55 0.25 0.00 0.69 0.31
0.20 0.27 0.34 0.19 0.34 0.43 0.23
0.20 0.04 0.37 0.38 0.06 0.46 0.48
0.20 0.15 0.35 0.30 0.18 0.44 0.37
0.20 0.01 0.40 0.39 0.01 0.50 0.49
0.20 0.10 0.39 0.31 0.13 0.49 0.38
0.10 0.05 0.38 0.47 0.06 0.43 0.52
0.20 0.00 0.69 0.11 0.00 0.87 0.13
0.10 0.03 0.29 0.57 0.04 0.33 0.64
0.20 0.01 0.21 0.57 0.02 0.27 0.72
0.20 0.03 0.32 0.46 0.03 0.40 0.57
0.20 0.16 0.13 0.51 0.20 0.16 0.64
0.20 0.37 0.05 0.38 0.46 0.06 0.48
0.20 0.35 0.02 0.42 0.44 0.03 0.53
0.20 0.05 0.10 0.66 0.06 0.12 0.82
0.20 0.00 0.16 0.63 0.01 0.20 0.79
0.20 0.01 0.18 0.61 0.01 0.23 0.76
0.20 0.00 0.29 0.51 0.00 0.36 0.64
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Appendix 6. Model estimates and statistics of elgtg consumption (billion kWh)

6.34 6.72 6.45 6.10
0.50 0.51 2.58 2.64
0.44 0.44 0.75 0.74
1.32 1.32 2.08 2.02
2.89 2.93 3.79 3.62
3.60 3.67 7.75 8.23
3.66 3.85 7.33 7.06
1.80 1.89 3.05 2.87
4.94 5.02 7.84 7.25
5.98 5.82 10.20 9.83

- - 0.71 0.70
5.82 6.04 8.21 8.50
2.18 2.13 3.98 3.68
1.63 1.70 291 2.81
1.54 1.55 2.19 2.13
4.57 4.55 10.08 10.21
3.41 3.15 5.27 4.80
4.71 4.75 6.63 6.27
7.95 7.44 10.84 10.22
3.19 3.25 4.41 4.15
3.12 3.22 6.54 6.52
4.26 4.35 9.76 9.08
4.47 4.50 8.43 7.74
1.79 1.74 3.99 4.08
2.23 2.28 5.48 5.32
2.03 2.16 3.96 3.89
2.96 3.05 4.04 4.07
11.70 12.24 20.57 20.97
3.63 3.77 7.16 7.02
0.36 0.38 0.73 0.69

(Ningxia’s electricity consumption was not includedhe yearbook 2000)
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Appendix 7. Projected Cemissions by end use (million tons)

Heating 3.01 784 1190 1407 1612 19.84 2299 2536 26.85 2741 26.95
Cooling 0.10 0.36 0.46 0.48 0.45 0.49 0.50 0.49 0.47 0.38 0.31
DHW 1.42 1.85 2.07 181 1.67 1.85 2.00 1.91 1.80 1.66 151
Appliances 4.32 7.73 8.85 9.48 8.90 9.33 9.55 9.55 9.36 8.99 8.45
AS Reduction 0.00 0.00 0.00 2.22 5.04 5.09 6.80 8.57 1040 1212 1371
RS Reduction 0.00 0.00 0.00 1.52 3.31 721 1027 13.69 1753 2165 25.82
Total 8.85 17.77 2327 2958 3550 43.82 52.11 59.58 66.40 72.23 76.75
Heating 0.50 2.14 4.60 6.31 7.07 8.60 9.73 1040 10.59 10.33 9.63
Cooling 0.49 157 2.25 2.61 2.67 3.09 3.40 3.59 3.65 3.26 2.83
DHW 1.25 1.52 1.73 1.60 151 1.70 1.83 191 1.93 1.74 1.53
Appliances 4.40 7.02 8.40 9.42 9.76 11.26 11.61 11.67 11.48 11.06  10.40
AS Reduction 0.00 0.00 0.00 4.09 10.89 11.40 1544 1979 2427 28.02 31.24
RS Reduction 0.00 0.00 0.00 1.18 2.87 9.33 1264 1638 2047 2450 2851
Total 6.64 1225 1698 25.19 34.77 4537 5464 63.74 7239 7890 84.14
Heating 1.26 2.74 6.36 7.92 8.41 9.90 11.03 11.81 1224 1231 11.98
Cooling 2.27 4.95 8.61 9.41 9.24 1030 10.98 11.31 11.32 11.01 9.42
DHW 3.29 4.07 6.52 6.09 5.89 6.79 7.57 8.23 8.76 8.30 7.75
Appliances 11.22 1756 25.64 2755 2791 30.64 3269 3215 3126 30.02 2835
AS Reduction 0.00 0.00 0.00 9.23 23.07 2365 3249 4081 49.60 58.00 63.91
RS Reduction 0.00 0.00 0.00 2.65 557 1668 21.20 25.05 2895 3208 34.44
Total 18.05 29.32 47.13 62.85 80.08 9797 11596 129.35 142.13 151.72 155.86
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Appendix 8. Projected Cemissions by energy source (million tons)

Electricity 3.78 7.26 8.45 8.66 7.67 8.02 8.15 7.99 7.64 7.10 6.44
Coal Gas 0.24 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nature Gas 0.92 1.82 2.16 2.30 2.47 2.69 2.87 2.92 2.93 2.90 2.82
LPG 0.90 0.81 0.76 0.81 0.86 0.94 1.00 1.02 1.02 1.01 0.99
Coal 3.01 784 1190 14.07 16.12 19.84 2299 2536 26.85 27.41 26.95
AS Reduction 0.00 0.00 0.00 2.23 5.05 5.11 6.82 8.59 1042 12115 13.73
RS Reduction 0.00 0.00 0.00 1.52 331 721 1027 13.69 1753 2165 25.82
Total 8.85 17.77 23.27 2958 3550 43.82 52.11 59.58 66.40 72.23 76.75
Electricity 473 10.04 1469 17.44 1832 2170 2341 2426 2426 23.07 21.20
Coal Gas 0.83 0.70 0.37 0.40 0.44 0.48 0.51 0.53 0.55 0.54 0.52
Nature Gas 0.13 0.59 0.98 1.05 1.14 1.24 1.33 1.39 1.43 1.40 1.35
LPG 0.95 0.93 0.95 1.02 1.10 121 1.29 1.35 1.39 1.36 131
Coal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AS Reduction 0.00 0.00 0.00 4.10 10.90 11.42 1546 19.82 2430 28.05 31.26
RS Reduction 0.00 0.00 0.00 1.18 2.87 9.33 1264 1638 2047 2450 2851
Total 6.64 1225 16.98 2519 3477 4537 5464 63.74 7239 7890 84.14
Electricity 11.49 2048 3521 3798 3731 4212 4558 4579 45.00 4293 38.93
Coal Gas 0.49 0.34 0.06 0.07 0.07 0.08 0.08 0.09 0.09 0.09 0.09
Nature Gas 0.01 0.18 217 2.36 2.57 2.81 3.03 3.21 3.37 3.39 3.37
LPG 6.04 8.33 9.69 1054 1145 1256 13,51 1433 15.03 1514  15.03
Coal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AS Reduction 0.00 0.00 0.00 9.26 23.12 2371 3255 40.88 49.68 58.08 64.00
RS Reduction 0.00 0.00 0.00 2.65 557 1668 21.20 25.05 2895 32.08 34.44
Total 18.05 29.32 4713 62.85 80.08 9797 11596 129.35 14213 151.72 155.86
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Appendix 9. Regional projection of G@missions by end use (million tons)

126.38

59.97

12.16

16.94

80.59

72.12

135.19

26.95

14.96

80.51

61.48

6.32

55.95

21.13

90.27

20.24

9.63

4.67

8.68

21.40

5.72

12.57

16.25

10.28

3.65

4.37

3.74

3.35

11.98

6.70

0.68

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.31

0.31

0.00

3.44

0.00

0.00

0.46

0.00

0.00

2.83

1.74

1.68

541

2.21

4.68

4.98

3.83

1.69

0.00

0.00

2.58

9.42

4.04

0.68

2.92

1.68

0.40

0.41

1.89

2.08

3.13

151

1.83

5.92

5.76

0.63

4.80

2.36

2.64

151

1.53

3.07

6.14

6.63

1.53

5.00

4.22

3.67

3.42

2.73

2.36

3.54

7.75

2.53

0.66

7.04

4.39

1.46

1.11

7.30

8.48

13.89

8.45

4.98

13.47

17.05

1.54

16.34

11.25

7.97

5.09

10.40

14.02

14.50

19.42

8.19

11.85

20.13

16.69

9.14

8.52

7.45

14.55

28.35

8.06

2.14

16.17

11.38

2.28

2.58

14.12

14.69

26.41

13.71

9.06

25.59

38.22

2.54

23.38

17.54

19.68

6.70

31.24

25.75

31.58

63.15

21.28

40.68

57.16

41.88

19.45

14.31

12.79

27.53

63.91

25.85

5.30

134.51

72.06

14.75

22.19

95.84

73.43

149.60

25.82

15.60

65.55

74.29

5.43

50.11

24.34

72.94

17.60

28.51

17.81

27.66

61.22

19.45

40.05

49.95

33.53

14.91

8.84

7.58

12.73

34.44

14.87

2.58
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Appendix 10. Estimated MAC of 31 districts

Heilongjiang Thermal retrofit -65.60 125.30
Economy usage of air-conditioning -85.21 7.18
Economy usage of domestic hot water -528.20 1.38
Solar water heating 85.34 2.40
Solar photovoltaic 2279.18 0.08
High efficiency lighting 16.91 5.01
Eco-appliances 1183.31 1.33
Standby power savings -505.25 1.18
Average MAC / Total abatement -56.43 143.86
Inner Mongolia Thermal retrofit -26.63 66.44
Economy usage of air-conditioning -49.15 3.81
Economy usage of domestic hot water -400.60 0.87
Solar water heating 91.15 1.42
Solar photovoltaic 2356.31 0.05
High efficiency lighting 20.10 2.66
Eco-appliances 1248.56 0.93
Standby power savings -419.25 1.34
Average MAC / Total abatement -18.30 77.51
Qinghai Thermal retrofit -29.25 13.57
Economy usage of air-conditioning -49.14 0.78
Economy usage of domestic hot water -354.38 0.21
Solar water heating 74.79 0.34
Solar photovoltaic 2018.29 0.01
High efficiency lighting 19.17 0.54
Eco-appliances 1234.24 0.18
Standby power savings -451.50 0.25
Average MAC / Total abatement -21.97 15.87
Tibet Thermal retrofit -39.73 20.74
Economy usage of air-conditioning -51.22 1.19
Economy usage of domestic hot water -367.88 0.21
Solar water heating 59.62 0.34
Solar photovoltaic 1409.28 0.01
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Tibet High efficiency lighting 10.20 0.83
Eco-appliances 1308.64 0.15
Standby power savings -408.50 0.23
Average MAC / Total abatement -34.38 23.70
Xinjiang Thermal retrofit -34.27 88.80
Economy usage of air-conditioning -48.85 5.09
Economy usage of domestic hot water -409.39 0.98
Solar water heating 74.92 1.60
Solar photovoltaic 2216.20 0.05
High efficiency lighting 13.94 3.55
Eco-appliances 1210.75 0.77
Standby power savings -473.00 1.70
Average MAC / Total abatement -32.16 102.53
Jilin Thermal retrofit -33.89 66.77
Economy usage of air-conditioning -59.19 3.83
Economy usage of domestic hot water -533.71 1.00
Solar water heating 80.99 1.72
Solar photovoltaic 2224.07 0.05
High efficiency lighting 21.55 2.67
Eco-appliances 1186.64 1.03
Standby power savings -522.45 2.22
Average MAC / Total abatement -33.44 79.29
Liaoning Thermal retrofit -37.98 137.59
Economy usage of air-conditioning -59.89 7.88
Economy usage of domestic hot water -594.65 1.53
Solar water heating 94.38 2.61
Solar photovoltaic 2367.44 0.09
High efficiency lighting 18.46 5.50
Eco-appliances 1231.48 1.73
Standby power savings -483.75 3.84
Average MAC / Total abatement -35.87 160.78
Beijing Thermal retrofit -71.51 19.93
Economy usage of air-conditioning -208.70 4.05
Economy usage of domestic hot water -505.55 0.75
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Beijing Solar water heating 114.60 1.27
Solar photovoltaic 2302.56 0.05
High efficiency lighting 24.87 2.42
Eco-appliances 1270.93 1.22
Standby power savings -473.00 1.75
Average MAC / Total abatement -50.86 31.44
Tianjin Thermal retrofit -33.95 11.22
Economy usage of air-conditioning -172.56 2.42
Economy usage of domestic hot water -515.52 0.89
Solar water heating 61.58 1.53
Solar photovoltaic 2436.42 0.03
High efficiency lighting 28.48 1.36
Eco-appliances 1269.49 0.72
Standby power savings -440.75 1.11
Average MAC / Total abatement -32.38 19.28
Hebei Thermal retrofit -52.43 51.03
Economy usage of air-conditioning -121.00 7.82
Economy usage of domestic hot water -572.65 2.42
Solar water heating 67.74 4,72
Solar photovoltaic 2248.79 0.12
High efficiency lighting 21.30 6.18
Eco-appliances 1175.41 2.22
Standby power savings -526.75 2.70
Average MAC / Total abatement -40.20 77.21
Shandong Thermal retrofit -328.58 57.00
Economy usage of air-conditioning -272.53 17.98
Economy usage of domestic hot water -548.56 2.42
Solar water heating 88.41 4.61
Solar photovoltaic 2297.44 0.15
High efficiency lighting 22.94 7.34
Eco-appliances 1119.09 2.72
Standby power savings -559.00 3.16
Average MAC / Total abatement -238.68 95.37
Ningxia Thermal retrofit -12.61 4.05
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Ningxia Economy usage of air-conditioning -94.97 0.62
Economy usage of domestic hot water -393.00 0.26
Solar water heating 61.69 0.50
Solar photovoltaic 1853.75 0.01
High efficiency lighting 26.15 0.49
Eco-appliances 1218.31 0.20
Standby power savings -480.52 0.33
Average MAC / Total abatement -8.35 6.46
Sichuan Thermal retrofit 34.12 107.39
Economy usage of air-conditioning -500.63 16.46
Economy usage of domestic hot water -440.70 2.00
Solar water heating 81.28 3.87
Solar photovoltaic 3706.74 0.08
High efficiency lighting 28.20 4.61
Eco-appliances 1237.72 2.31
Standby power savings -500.63 2.87
Average MAC / Total abatement -23.64 139.58
Shaanxi Thermal retrofit -50.58 17.22
Economy usage of air-conditioning -208.74 3.70
Economy usage of domestic hot water -473.38 1.01
Solar water heating 87.07 1.90
Solar photovoltaic 2559.04 0.06
High efficiency lighting 32.80 2.09
Eco-appliances 1197.45 1.20
Standby power savings -526.75 3.04
Average MAC / Total abatement -63.13 30.22
Shanxi Thermal retrofit -90.99 61.25
Economy usage of air-conditioning -120.76 9.39
Economy usage of domestic hot water -559.66 1.10
Solar water heating 75.76 2.13
Solar photovoltaic 2235.35 0.06
High efficiency lighting 8.95 7.42
Eco-appliances 1171.97 1.11
Standby power savings -510.62 1.84
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Shanxi Average MAC / Total abatement -78.25 84.30
Gansu Thermal retrofit -33.55 13.77
Economy usage of air-conditioning -105.83 211
Economy usage of domestic hot water -435.89 0.74
Solar water heating 72.98 1.25
Solar photovoltaic 2225.12 0.03
High efficiency lighting 22.58 1.67
Eco-appliances 1199.80 0.70
Standby power savings -505.25 0.61
Average MAC / Total abatement -12.88 20.88
Shanghai Thermal retrofit -529.02 15.54
Economy usage of air-conditioning -651.81 5.70
Economy usage of domestic hot water -608.43 0.66
Solar water heating 134.87 1.24
Solar photovoltaic 2316.02 0.06
High efficiency lighting 14.20 4.88
Eco-appliances 1152.31 1.53
Standby power savings -655.75 2.73
Average MAC / Total abatement -370.88 32.33
Anhui Thermal retrofit -201.92 7.46
Economy usage of air-conditioning -594.18 2.76
Economy usage of domestic hot water -580.38 1.32
Solar water heating 110.14 2.47
Solar photovoltaic 2374.21 0.09
High efficiency lighting 48.08 2.34
Eco-appliances 1144.41 2.14
Standby power savings -602.00 3.15
Average MAC / Total abatement -126.59 21.74
Henan Thermal retrofit -209.29 12.21
Economy usage of air-conditioning -540.01 4.52
Economy usage of domestic hot water -481.37 2.61
Solar water heating 74.52 4.95
Solar photovoltaic 2303.51 0.13
High efficiency lighting 39.73 3.83

116



Henan Eco-appliances 1175.29 2.53
Standby power savings -548.25 2.26
Average MAC / Total abatement -111.78 33.03
Jiangsu Thermal retrofit -404.30 32.12
Economy usage of air-conditioning -554.67 11.80
Economy usage of domestic hot water -580.36 2.84
Solar water heating 80.71 5.33
Solar photovoltaic 2516.54 0.14
High efficiency lighting 17.59 10.08
Eco-appliances 1223.00 3.55
Standby power savings -559.00 3.85
Average MAC / Total abatement -258.41 69.71
Chongging Thermal retrofit -332.66 10.34
Economy usage of air-conditioning -494.96 3.79
Economy usage of domestic hot water -383.96 0.68
Solar water heating 118.29 1.25
Solar photovoltaic 3582.59 0.04
High efficiency lighting 18.88 3.24
Eco-appliances 1248.96 1.25
Standby power savings -497.72 1.84
Average MAC / Total abatement -204.77 22.42
Hunan Thermal retrofit -434.79 20.74
Economy usage of air-conditioning -584.68 7.62
Economy usage of domestic hot water -598.81 2.17
Solar water heating 72.98 4.02
Solar photovoltaic 2778.22 0.09
High efficiency lighting 18.54 6.51
Eco-appliances 1153.00 2.06
Standby power savings -589.10 2.56
Average MAC / Total abatement -289.22 45.76
Zhejiang Thermal retrofit -436.10 25.96
Economy usage of air-conditioning -566.39 9.52
Economy usage of domestic hot water -609.55 1.81
Solar water heating 89.82 3.38
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Zhejiang Solar photovoltaic 2505.80 0.10
High efficiency lighting 15.36 8.15
Eco-appliances 1251.87 2.73
Standby power savings -569.75 5.65
Average MAC / Total abatement -295.66 57.29
Hubei Thermal retrofit -375.80 16.33
Economy usage of air-conditioning -558.12 5.99
Economy usage of domestic hot water -595.82 1.58
Solar water heating 89.21 2.95
Solar photovoltaic 2531.79 0.09
High efficiency lighting 21.18 5.12
Eco-appliances 1172.49 2.01
Standby power savings -562.22 4.78
Average MAC / Total abatement -261.67 38.85
Jiangxi Thermal retrofit -239.95 6.11
Economy usage of air-conditioning -595.27 2.25
Economy usage of domestic hot water -761.06 1.48
Solar water heating 63.93 2.75
Solar photovoltaic 2416.19 0.06
High efficiency lighting 37.52 1.92
Eco-appliances 1154.19 1.43
Standby power savings -602.00 2.06
Average MAC / Total abatement -173.35 18.07
Yunnan Thermal retrofit 727.84 1.55
Economy usage of air-conditioning -418.40 0.96
Economy usage of domestic hot water -353.70 1.16
Solar water heating 73.82 2.20
Solar photovoltaic 2015.75 0.07
High efficiency lighting 33.97 1.98
Eco-appliances 1309.38 1.09
Standby power savings -432.15 1.46
Average MAC / Total abatement 142.22 10.46
Guizhou Thermal retrofit 600.46 1.27
Economy usage of air-conditioning -425.20 0.77
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Guizhou Economy usage of domestic hot water -344.36 1.00
Solar water heating 63.59 1.90
Solar photovoltaic 3261.39 0.03
High efficiency lighting 30.79 1.62
Eco-appliances 1287.21 0.86
Standby power savings -433.22 1.49
Average MAC / Total abatement 93.13 8.96
Guangxi Thermal retrofit 905.21 1.58
Economy usage of air-conditioning -484.15 3.98
Economy usage of domestic hot water -893.98 1.50
Solar water heating 73.10 2.82
Solar photovoltaic 2636.21 0.07
High efficiency lighting 33.59 251
Eco-appliances 1263.83 1.61
Standby power savings -486.97 3.79
Average MAC / Total abatement -66.37 17.86
Guangdong Thermal retrofit 570.00 5.77
Economy usage of air-conditioning -650.99 14.54
Economy usage of domestic hot water -810.58 3.30
Solar water heating 102.66 6.18
Solar photovoltaic 2744.47 0.19
High efficiency lighting 28.51 9.17
Eco-appliances 1119.65 5.19
Standby power savings -655.75 3.76
Average MAC / Total abatement -84.97 48.09
Fujian Thermal retrofit 295.87 2.88
Economy usage of air-conditioning -450.87 7.24
Economy usage of domestic hot water -768.96 1.09
Solar water heating 96.10 2.03
Solar photovoltaic 2645.20 0.06
High efficiency lighting 17.55 4.57
Eco-appliances 1317.69 1.80
Standby power savings -453.65 0.81
Average MAC / Total abatement -39.10 20.49
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Hainan

Thermal retrofit

Economy usage of air-conditioning
Economy usage of domestic hot water
Solar water heating

Solar photovoltaic

High efficiency lighting
Eco-appliances

Standby power savings

Average MAC / Total abatement

709.61

-640.97

-591.22

87.01

2755.37

32.92

1079.24

-645.00

-121.85

0.36

0.91

0.29

0.53

0.01

0.58

0.31

0.59

3.58
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Appendix 11. Temperature and degree days

Average Temperature (°C) Degree Day
District Weather Station
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC CDD24 HDD18
Heilongjiang Harbin -18.30 -13.60 -3.40 7.10 14.70 20.40 23.00 21.10 14.50 5.60 -5.30 -14.80 0.00 5308.00
Inner Mongolia Hohhot -11.60 -7.20 0.30 9.00 16.10 20.70 22.60 20.60 14.60 7.00 -2.10 -9.40 0.00 4396.20
Qinghai Xining -7.40 -3.90 1.80 8.00 12.40 15.30 17.20 16.60 12.20 6.50 -0.20 -5.70 0.00 4336.80
Tibet Lhasa -1.60 1.50 5.20 8.40 12.30 15.90 15.70 14.70 12.90 8.70 2.90 -1.20 0.00 3657.20
Xinjiang Urumgqi -12.60 -9.70 -1.70 9.90 16.70 21.50 23.70 22.40 16.70 7.70 -2.50 -9.30 0.00 4437.80
Jilin Changchun -15.10 -10.70 -2.00 7.80 15.20 20.60 23.10 21.60 15.40 7.00 -3.40 -11.70 0.00 4824.20
Liaoling Shenyang -11.00 -6.90 1.20 10.20 17.00 22.00 24.60 23.60 17.40 9.50 0.30 -7.50 18.60 3985.00
Beijing Beijing -3.70 -0.70 5.80 14.20 19.90 24.40 26.20 24.80 20.00 13.10 4.60 -1.50 105.00 2846.90
Tianjin Tianjin -3.50 -0.60 5.90 14.30 20.00 24.60 26.60 25.60 20.90 13.90 5.30 -1.10 148.20 2773.60
Hebei Chengde -9.10 -4.90 2.60 11.90 18.30 22.60 24.40 22.70 17.20 9.90 0.40 -6.90 12.40 3716.70
Shandong Jinan -0.40 2.20 8.20 16.10 21.80 26.30 27.50 26.30 22.00 16.10 8.30 1.80 248.80 2225.70
Ningxia Yinchuan -7.90 -3.80 3.20 11.20 17.30 21.50 23.40 21.60 16.20 9.20 1.40 -5.50 0.00 3651.10
Sichuan Jiulong 1.10 3.40 6.70 9.50 12.70 14.60 15.10 14.70 13.00 9.90 4.90 1.30 0.00 3308.30
Shaanxi Xi'an -0.10 2.90 8.10 14.70 19.80 24.80 26.60 25.30 19.90 13.90 6.90 1.30 144.90 2367.60
Shanxi Taiyuan -5.50 -2.00 4.20 12.20 18.10 21.80 23.40 21.90 16.50 10.10 2.50 -3.70 0.00 3317.90
Gansu Lanzhou -5.30 -1.00 5.40 12.10 17.00 20.40 22.40 21.10 16.30 9.80 2.50 -3.90 0.00 3302.00
Shanghai Shanghai 4.70 6.00 9.20 14.70 20.30 23.80 28.00 27.80 24.40 19.20 13.50 7.80 253.80 1571.30
Anhui Anging 4.00 5.80 9.90 16.50 21.80 25.30 28.70 28.40 23.70 18.30 12.00 6.40 321.10 1611.30
Henan Zhengzhou 0.10 2.70 8.00 15.50 21.00 25.70 27.00 25.60 21.00 15.10 8.00 2.20 193.60 2248.00
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Average Temperature (°C) Degree Day
District Weather Station
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC CDD24 CDD24
Jiangsu Nanjing 2.40 4.20 8.70 15.20 20.50 24.40 27.80 27.40 22.80 17.10 10.40 4.50 235.20 1916.70
Chongging Shapingba 7.80 9.50 13.60 18.40 22.30 25.10 28.10 28.40 23.60 18.60 14.00 9.30 296.50 1080.30
Hunan Changsha 4.90 7.10 10.30 17.00 22.00 25.40 28.60 28.10 23.60 18.10 12.40 7.70 311.70 1467.30
Zhejiang Hangzhou 4.30 5.60 9.50 15.80 20.70 24.30 28.40 27.90 23.40 18.30 12.40 6.80 266.30 1616.60
Hubei Wuhan 3.70 5.80 10.10 16.80 21.90 25.60 28.70 28.20 23.40 17.70 11.40 6.00 323.90 1645.10
Jiangxi Nanchang 5.30 6.90 10.90 17.30 22.30 25.70 29.20 28.80 24.60 19.40 13.30 7.80 379.00 1402.80
Yunnan Kunming 8.10 9.90 13.20 16.60 19.00 19.90 19.80 19.40 17.80 15.40 11.60 8.20 0.00 1306.90
Guizhou Guiyang 5.10 6.60 11.00 16.10 19.60 22.20 23.90 23.60 20.60 16.30 11.80 7.40 0.00 1560.40
Guangxi Nanning 12.80 14.10 17.60 22.50 25.90 27.90 28.40 28.20 26.90 23.50 18.90 14.90 529.50 378.90
Guangdong Guangzhou 13.60 14.50 17.90 22.10 25.50 27.60 28.60 28.40 27.10 24.20 19.60 15.30 532.70 321.20
Fujian Fuzhou 10.90 11.00 13.50 18.20 22.20 26.00 28.90 28.40 25.90 22.10 17.70 13.20 405.30 713.40
Hainan Haikou 17.70 18.70 21.70 25.10 27.40 28.40 28.60 28.10 27.10 25.30 22.20 19.00 673.40 0.00
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Appendix 12. Information of the subjected housetdfcom section 5.3)

Floor area Energy source Household size
Subject City Climate
(sgm) Heating Cooling DHW Cooking (person)
01 129.6 Electricity Electricity City gas City gas 4
Shanghai HSCW
02 130.0 Electricity Electricity Regional hot water supply City gas 3
03 106.0 Electricity Electricity Electricity City gas 4
Changsha HSCW
04 103.0 Electricity Electricity City gas City gas 3
05 180.5 Central heating - Regional hot water supply City gas 3
Harbin Severe cold
06 104.0 Central heating - Electricity City gas 3
07 80.5 City gas Electricity City gas City gas 3
Beijing Cold
08 90.0 Central heating Electricity City gas City gas 3
09 101.4 Central heating Electricity Solar heat City gas 2
Dalian Cold
10 89.0 Central heating Electricity Electricity City gas 4
11 110.0 Central heating - Electricity City gas 5
Shenyang Cold
12 100.0 Central heating - Electricity City gas 3

HSCW: Hot Summer Cold Winter area
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Town And Country Air

It’s both town and country air
that we ultimately share.
So polluting one expect

to get a butterfly effect.

If the key to all our health
is to share in nature’s wealth
then we’d best invest a plan

to save our wildlife while we can.

(Celia Berrell)
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