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The Reality and Future Scenarios of Commercial Building Energy Consuption in China*

Nan Zhou!and Jiang Lih

1Ernest Orlando Lawrence Berkeley National LabosatbiCyclotron Road, MS 90R4000, Berkeley, CA 948286, USA

Abstract

While China’s 11th Five Year Plan called for a refihn of energy intensity by 2010, whether and hbes energy
consumption trend can be changed in a short tinsebkean hotly debated. This research intends taateathe
impact of a variety of scenarios of GDP growth, rggeelasticity and energy efficiency improvement emergy
consumption in commercial buildings in China usindetailed China End-use Energy Model.

China’s official energy statistics have limitedormation on energy demand by end use. This [grdicularly
pertinent issue for building energy consumptione &lathors have applied reasoned judgments, basexpbenience
of working on Chinese efficiency standards and gneelated programs, to present a realistic intgtion of the
current energy data. The bottom-up approach alldetiled consideration of end use intensity, eqeipm
efficiency, etc., thus facilitating assessment ofeptial impacts of specific policy and technologyanges on
building energy use.

The results suggest that: (1) commercial eneapsumption in China’s current statistics is uerdémated by
about 44%, and the fuel mix is misleading; (2)rgpeefficiency improvements will not be sufficietat offset the
strong increase in end-use penetration and intensicommercial buildings; (3) energy intensityafpcularly
electricity) in commercial buildings will increas€4) different GDP growth and elasticity scenarosild lead to a
wide range of floor area growth trajectories , &melefore, significantly impact energy consumptiorrommercial

buildings.

Keywords: China, commercial building, energy intensity, igyeefficiency, scenario, elasticity, bottom-up retidg, energy

statistics, energy consumption

* This work was supported the U.S. Department of rggnender Contract No. DE-AC02-05CH11231.
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1. Introduction

China’s 11th Five-Year Plan (FYP) sets an ambgitarget for energy efficiency improvement. Thg goal is
that energy intensity relative to the country’sggalomestic product (GDP) should be reduced by 266 2005 to
2010. [14] Whether and how energy consumption miighthanged has been hotly debated, considerirfg¢he
that energy consumption has grown more rapidly tBBX® in the last five years. If the recent trendtoaies, not
only will it jeopardize China’s development godisit it may also create greater than expected aglvers
environmental impacts and introduce a significamexpected” disturbances to the global energy intte

system.

Experience in developed countries shows thatggriatensity reduction in the industrial sectond® achieved
through energy efficient technologies and strudtcinange. Energy efficiency improvements in comriatrc
buildings, however, are likely to be offset by gingvdemand for higher levels of energy servicelvasy
standards rise, including more space heating aalihge higher lighting intensity, more hot watereysnd more
office equipment. These responses to the demartddgber functional standards make it difficult tmuce energy
intensity in the building sector in China. Howeveigher equipment efficiency and stronger policias together

act to slow the growth of energy consumption indings.

This research evaluates the impact of a vagesgenarios in GDP growth, floor space elastictyy energy
efficiency improvement on energy consumption in ooarcial buildings in China using a detailed Chimal&ise
Energy Model [1]. At the same time, this analydfers a realistic interpretation of current enedaga for the

building sector.

2. Commercial Building Energy Consumption in China

The service sector consists of a wide rangefiies whose common feature is the provisiose@rdvices rather
than the production of goods. It is often calleel thommercial” sector, though some of the actigitkee not really
commercial in character (e.g., education, provisibsocial services) [2]. The types of buildingsluded in this
sector include retail, hotels, offices, schoolsgitals, and government buildings. Except for somezellaneous
uses (e.g. sanitation and public lighting servicek)f the energy use in this sector takes piadaiildings of one

kind or another.

Reliable and accurate data are critical to gamalysis and calibration of energy consumptionn@lsi official

energy statistics does provide supply side infolamatEnergy data reports production of all enemgyrses in all
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regions, and consumption by fuel type and sectowéver, it has limited information on energy demagdend use.
Further, China uses a different classificationesysfor energy reporting (relative to OECD countyjss the
sectoral energy breakdown has long been questidiniscparticularly an issue for building energynsomption.
Many analysts, and even government agencies, issBghire to make judgments on China’s current gnatatus

and make projections for China’s energy future iclwltould thus be misleading or wrong.

In addition, lack of information on end use daechaould also lead to inadequate ability to capthiespotential
for efficiency improvements and impacts of effiaggrpolicies and programs. It is crucial to evalumtel
understand the actual situation, rather than sirmapplying questionable statistics, as some enanglysts have

done.

One study [3] points to problems with statstitiblished by China’s National Bureau of Statss{BS) . It

states:

Changes in definitions and coverage have raisedtipres about the reliability of trends observedrdire.
Problems like misreporting or non-reporting andfidiflties in adapting systems of data collectiomapidly
changing social and economic structures have ledbiabts about the accuracy of some indicators, @afg
economic output. Some sectoral and categoricahidifins do not accord with accepted practices imgnather

countries, and contradictions between some stesistave appeared.

End-use fuel consumption in China is recorded lystctor in which the consumption occurred, nahiey
purpose for which it was used. In 2000, statisttosw 69% of total energy being used in the indalssiector, 12%
in the residential sector, and 7% for the comméggator (Services plus Other) and transportatemtcs.By
comparison, the commercial sector represents 13#talffinal energy use in IEA countries [4]. Thsatepancy
may be attributable to China’s unique classificatgstem. For example a work unit (or, danweihélace of
employment, and also the living quarters. Manyd®ssiial and commercial energy uses associatedindtistrial
enterprises or plants have thus been reporteddastity energy use. Similarly, many transportatibmuges were

treated as energy use within the industrial, agitice, and building sectors.

We have applied reasoned judgments based ortéomgexperience in working on Chinese efficienandards
and energy-related programs to present a morestiealiterpretation of the current energy dataoAly using a
bottom-up end-use model, we adjusted sectoral gnesg. As discussed above, end-use fuel consumptiGhina
is recorded by the sector in which the consumpticeurred, not by the purpose for which it was usgbat this
means is that gasoline consumption, for examplaivided among the major users (agriculture, ingustommerce,

transport, residential), even though gasoline ptswides transportation services within these secteor example,
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it is assumed that all but a small volume of gamois used for transportation purposes, and alinek from other
sectors have thus been allocated to the transjporisector and subtracted from the other sectansdiésel, based
on a study done in the 1990s [5], we have realkmt20% of agricultural diesel use, 10% of induktfid% of
commercial, and 10% of residential diesel use éatthnsport sector, and subtracted accordingly freother
sectors. For coal and other fuel uses, we calaifaie consumption in the commercial sector basedrivers such

as activity, intensity and energy efficiency. Thidl be further elaborated in the following section

As a result, we estimate that the industry sagses only 61% of the total energy rather than @8%eported in
the statistics. Simultaneously, commercial seat@rgy use is up to 9%, with 16% for the residersédtor, and
10% for the transportation sector in 2000 (Fig.hxflimplies the commercial energy consumption shbel 127.8
Mtce instead of 88.9 Mtce in the statistics, a 4Aébease. Other research using data from Ministi@anstruction
[6] shows that building energy consumption accofmt£6.9% of the total primary energy consumpiim2000.
Furthermore, Wang [7] indicated the building and@gture together account for 27.8%f the total final energy.
Correspondingly, while the statistics indicate that7% of the energy used in the commercial seéstoit and oil
products and only 5% is coal, we estimate that 858% of the energy used in the commercial sestooal, 20%
is heat, and only 5% is oil. The predominant use of caghie commercial sector is mostly attributed taritis

heating and coal boilers used to deliver spacertpat

3. Methodology

Integrated assessment models have been usegjeotfoth baseline and alternative scenarios. gereral
approaches have been used for the integrated ass@ssf energy demand and supply — the so-calleddin-up”
and “top-down” approaches. We used LEAP (Long-raiagergy Alternatives Planning System) to build Glwina
commercial end-use model, based on a bottom-umapprthat allowed a detailed consideration of es&l-u
intensity, equipment efficiency, and technologyrekaWith this model we applied reasoned judgmensectoral
energy statistics to form a base to facilitatedbeelopment of energy scenarios and assess thetimfyaolicy and

technology choices on building energy use.

A baseline scenario that incorporates targatedtin China’s official plans and business-as-uaehnology
improvement was developed first, and a contraginegn growth scenario was created to examine thadtrof

stricter policies. For these two scenarios, diffiéi@DP growth and elasticity scenarios have beeated to

! This number represent energy used in a buildingsdot include energy used to produce the buildiaterials
% This is in final energy term, the primary sourééhe heat is mostly coal.
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evaluate the impact of a variety of scenarios irPGjbowth, energy elasticity and energy efficienopiovement

on energy consumption in commercial buildings.

Commercial energy use is dominantly drivenlbgif area growth. GDP is not used as a direct dibwe rather as
a force that drives the floor area growlttis also shaped by a variety of factors, inclgdiuilding types,
penetration of end-uses (such as space heatingoatidg), end-use energy intensity, choice of tetbgies, and
energy efficiency of each technology. Omitting ritpee subscripts for the energy intensity terngste can be

represented as:

. OPTION OPTION OPTION
Equationl. g, - % D Y | Acgn X Py x (Z Intensity  , x Share, , / Efficiency k'qj
k n q k

where, in addition to the variables listed above:

k = energy type /technology type

q = type of end-use,

n = building type

Acgn = total floor area in commercial building typén n?
Pgn = penetration rate of end-ugén building typen
Intensity, , = intensity of end-usgin building typen

Sharg, = share of type of technologyor end-use typg, and
Efficiency 4= efficiency of technology k for end-use type q

4. Ordinary Effort Scenario

4.1 Assumptions of the Drivers

The Ordinary Effort (OE) case incorporates tbkective scope of technology choices, efficientyprovements,
policy targets, fuel switching, equipment ownersduil other elements of the development plan thataCtas
proposed to shape its energy growth path to 202@etlying this scenario is the assumption China>¥Gwill
grow at a 7.9% CAGR (Compound Annual Growth Ratedugh 2010 over its 2005 base and 6.6% CAGR from

2010 to 2020 [8]

4.1.1 Floor area

Floor area is the key driver of commercial seetwergy demand growth. Historical trends in depetbcountries

show a strong correlation between the floor arehsanvice GDP across time [4]. In China, comméfoar area
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has increased at a relatively steady level, witwgn of 6% CAGR between 1985 and 2000 (Fig.2). &lasticity
of commercial floor area to GDP was 0.63 for thequebetween 1985 and 2000, with a higher elagtimiit0.75 in
early years (1985-1989) and 0.58 for subsequemsy®ée set elasticity in the Ordinary Effort scenat 0.75 to
2010 to match official 2010 floorspace targets §i¢d 0.58 for years after 2010. That implies thmmercial floor

area will grow from 8.0 billion fin 2000 to 14.7 billion fin 2010, and 21.2 billion fin 2020.

This strong growth of commercial floor area cor@ygs to the rise of the service sector in Chin@eReresearch
by the McKinsey Global Institute [8] shows that, 2325, China will become the world’s third-largeshsumer
market, approaching Japan in real-dollar termsndyaidetailed approach by income class, the stoolywsthat by
2025 there will be eight million “global” househslih China with average spending of over 290,00@niebi* per
year, and 19 million affluent households with agerapending of 109,000 renminbi per year. The patg
spending will also change dramatically, with tharghof discretionary spending, which includes sEvj

increasing from 55 to 74 percent of total urbamsiieg by 2025.

B Industry China's Statistics: 2000 LBNL Adjustment: 2000
O Agriculture 9 ]
O Residential 7% 9%

| Transport
B Commercial

source: China Energy Databook 2005

Fig.1 The Commercial Primary Energy Consumptiorsegtor

% GDP growth rate is a real GDP growth rate (in 2pfioe)
* 1 renminbi(RMB) = 0.13 US dollars
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4.1.2 Penetration of building energy end-uses

To meet Chinese consumers’ growing demand for cdrafal convenience, penetration of all major buaidi
energy end-uses will increase significantly to 2026 space heating, it will increase from 35 petde 2000 to 55
percent as the country’s “heating zone”, histohclinited to northern China, continues to expantimany
southern regions. In commercial buildings, heat pain-conditioners are the major technology fortimegin the
winter in many southern cities. In 2004, the Ddthleating has supplied about 25% of the totalrferea, while
some northern cities have reached 90%. Similarily a fraction of commercial buildings are currgrdir-
conditioned, with very low penetration in older ldings and in hospitals and schools. We expecpé&metration
rate to reach 55 percent for most building type2@20 based on qualitative objectives stated ieareh by

China’s Energy Research Institute [9]

4.1.3 Intensity of building energy end-uses

Similarly, most of the intensities will also rease to deliver higher levels of comfort (FigSpace cooling and
lighting intensity in Chinese buildings are stillt compared to developed countries. With economietbpment,
people demand more energy services to provide a oamfortable working and living environment. Besa of
this, energy use will increase, unless intensityegases are offset by increases in efficiencyomroercial
buildings, more office equipment will result in nrecenergy use per floor area. We assume that eirgemsity will
grow rapidly, for example with brighter lighting oétail space or thermostats set at lower tempeagin the
summer. The use of office equipment will also gignificantly, resulting in higher energy use pdeof area in
office buildings. The energy consumption of Chiratsconditioner users has increased dramaticiallg, current
level of about 15 percent of national power constimnp In the summer, electricity consumed by aimditioning

accounts for 40 percent of the of peak load. Sphae¢ing stands out as the exception, since builslied)
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improvements allow consumers to reach higher levet®@mfort with the same energy consumption. Gitye
heat loss through exterior walls is about 3-5 timesigh in Chinese buildings as in similar buitginn Canada or
Japan. Loss through windows is over twice as hMglditional major losses are caused by imbalancddraability
to control heat use in central heating systems,nconty forcing consumers to open windows as the amans to

regulate overheating. We project significant imgnovents on both these fronts.

As a result of both higher end-use penetratiwhiatensity, overall energy intensity will increais the
commercial sector. Chen [11] indicated that the@aye energy intensity in Shanghai increased by 8&#6 148
kWh/n?-year in 1998 to 194 kWh/ fyear in 2005. Our modeling results show averaged3e energy intensity
increasing from 91 kWh/ fayear in 2000 to 105 kWh/ fyear in 2020. By comparison, it increased by 12%ro

the 1985-2004 period in the U.S. [12]

4.1.4 Energy efficiency

China’s government plan calls for efficiency mpement through a tightening of standards, ineestand

100 T
90 1

100
90 4 -
80 1
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|| -
O]

70 H Centralized 70
60 - AC by NG 60
50 Geothermal 50 D:f:vtepump
i e 401 m Electric Heater
301 ¥ Room AC 301 m Small Cogen
20 20 A1 Gas Boiler
10 A H Centralized 10 4 l m Boiler

0- AC m District Heating

2000
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0
2000 2010 2020 2010 2020

Fig.4 Space Cooling Technology Shift in Office &l  Fig.5 Space Heating Technology Shift ific® Building

(=]
S [08] [0.7]
s 1.9
=]
3 o=
=
8
) 5.7
ol 5.0
14
N
g
U]
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Fig.6 Growth Rate Contributed by Each Driver (%)

® US commercial building energy intensity in 2003%+.6 kwWh/ rfryear [12]
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subsidies, as well as moderate measures to adeetbeaadoption of higher-efficiency technologiég We model
energy efficiency as the combination of the efficig and market shares of different types of teabgies. Our
analysis reveals a 35 percent demand-abatememttjpbtmompared with a business-as-usual scenagalyn
driven by sizable efficiency opportunities for spaand water-heating end-uses. Space heating sh&@percent
efficiency-improvement potential, which in turnppliuces a 47 percent demand-abatement potential high
figure is based on a double “catch-up” assumptiae—that both the efficiency and market sharebefifferent
space-heating technologies used in the Chinese eotiahsector will converge to their current leireJapan by
2020. As an illustration, an average efficiencyeat pumps (in heating mode) will double from .86 and their
market share rise from less than 1 percent to thare 10 percent. In parallel, the use of converfional boilers
will decrease significantly. For lighting, statetbk art technology includes electronic ballast eempact
fluorescent lamps (CFLs). Fig. 4 and Fig.5 shovexample of how space cooling and space heatingtéaties

are projected to change respectively in officedods under this scenario.

4.2 Future Energy Demand

The Ordinary Effort (OE) scenario offers a sysitic and complete interpretation of the social eoahomic
goals proposed in China’s national plan. It shomergy demand growing at 5.7% per annum to 202theagesult
of strong floor area growth (5.0%), and increasadtese penetration and intensity (2.5%), only plytioffset by
significant energy efficiency improvement (-1.5%dauilding mix (-0.3%)(Fig.6). This high growthteameans
that this sector will contribute a large share rérgy demand growth to 2020, both in China and ajlgt§14% for
China and 5% globally), based on recent researc¢héivicKinsey Global Institute on energy demand and

productivity [13f.

The commercial sector’s fuel mix will also chardyamatically, with the share of coal droppingird9 percent
to 12 percent between 2003 and 2020, while theesbfeglectric power will more than triple to 47 pent, and
natural gas will grow from 2 percent to 19 percéninging China closer to the global average. Téfkects a
change both in the mix of building end-uses, withvpr-intensive end-uses such as air conditionigbtihg, and

office equipment doubling their share to 50 percastwell as changes in technology choices (Figd7Fg. 8).

5. Other Scenarios

The increase of the world energy demand is 19.T@Brom 43.4 QBTU in 2003, whereas the energy deiia
China increases from 4.3 QBTU to 13.8 QBTU, anease of 9.5 QBTU [13].
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Both the pace of GDP-driven floor area growtd policy-driven energy-efficiency improvements ¢eca
uncertainty around our Ordinary Effort scenariosekies of scenarios was developed to evaluaterthadt of GDP

growth and energy efficiency improvement on enamgysumption in China’s commercial buildings.

Our GDP scenarios assume variations from our base (Ordinary Effort Scenario) of +2 percenigho
annually. We also assume that the elasticity betv@@eP and floor area growth could remain at 0.7&r&010,
instead of decreasing to 0.58. As a result, wergbsg wide swing in demand between our “extremehacios: in
a low-GDP base elasticity scenario, demand woulg gow at 4.3% per annum, while in a high-GDP high
elasticity scenario, demand would grow at 8.9%gmerum (Fig.9 and Fig.10). The high-GDP scenaridccou
possibly jeopardise China’s goal of quadrupling Gititle only doubling energy consumption, which impla
growth rate of 2.8% per annum. However, the afficy potential in the commercial building sectonldo

contribute toward the goal, while additional substd structural changes are also necessary.

Building on the Ordinary Effort scenario, thee&n Growth scenario incorporates additional eneffigiency
improvements which lead China to capture greaterggnsavings potential. In both scenarios, the ¢inaf floor
space is assumed to be the same, and the treddbvered useful energy (energy intensity) are m&slito be
identical as well. For each technology, howeves, @G scenario describes the impact, for exampla,robre
stringent equipment standards program that acdetetie improvement in efficiency (i.e. boilersremsing from
68% average efficiency in 2020 to 76%, up from 38¥ay, and room air conditioners increasing fronae@rage
2.65 COP in 2020 to 2.76, up from 2.57 in the 2b8%e year). At the same time, the technology maghs in the
alternative case. Either through stricter buildéogles or through incentive programs, the altereatase looks at
the impact of more rapid adoption of more efficieathnology choices, such as increasing the pdiuetraf

geothermal heat pumps from 6% in 2020 to 11%.

The analysis also encompasses measures suatreasing the share of efficient technologies afidieficy
improvement. This requires policy changes that arage the shift to less energy intensive prod@téna has
developed an extensive set of building energy cadesminimum efficiency standards for applianceswelver,
government agencies need to significantly incrélaseesources for enforcement actions in ordeeatize the full
impact of the building cods and appliance standakdsa result, a change in the pace of energyieffoy
improvements would reduce annual demand growth rately from 5.7% to 5.4%, bringing total energy
consumption in 2020 down by 6.6%. Table 1 showstlerage efficiency improvement by end uses foh égoe
of building. The reduction is moderate becauséefdiready strong efficiency gains in the Ordin&affprt

scenario.
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6. Conclusions

This paper is intended to evaluate the impaet wdriety of scenarios of GDP growth, energy elagtand energy
efficiency improvement on energy consumption inr@fs commercial buildings using a bottom-up enamgpgdel.

It has also evaluated the current energy statiatidsmade adjustments on sectoral energy consumptio

The results suggest that: (1) commercial eneogggumption in China’s current statistics is uerdémated by
about 44% and the fuel mix is misleading; (2) egefiiciency improvements will not be sufficient adfset the
strong increase in end-use penetration and intenatticularly of electricity applications, in conercial buildings;
(3) higher equipment efficiency and stronger pebotan together act to slow down the growth ofgner
consumption in buildings; (4) different GDP grovethd elasticity scenarios could lead to a wide rasfdmor area
growth and therefore, to a degree dependent os adifgenetration of various energy technologies|dao

significantly impact energy consumption in commakbiuildings.

Realizing energy efficiency potential estimaitedur scenarios requires adoption or vigorous @np@ntation of a

host of policies to promote energy efficiency imggment. The following are key areas for recommdratgion:

¢ Building codes

Currently, commercial buildings are significgrittss energy-efficient in China than in developegions. As an
example, heat loss through exterior walls, thetgstaingle source of heat loss, is about 3 tmBgihigher in
China than in Canada or Japan. Heat loss througtiomis is over twice as high on the same compabssis.
China has recently designed and promulgated neldibgicodes, with increasing construction industry
involvement. The objective is to achieve energyrggs/in a range of 35% to 50% at less than a 108binorease
compared to pre-existing buildings. Implementingsih codes implies upgrading envelope insulationrastélling
advanced windows, HVAC and lighting technologiesatidition, currently the compliance rate of builficodes in
new constructions remains low (5~10 percent)[18Fdl government agencies need to significantlysase the
resources for enforcement actions in order tozedhe full impact of the building energy codes.tHe model,
energy intensities of space cooling technologiesligting increase significantly; however, tighitegn building

codes and strengthening enforcement effort cartri@siower energy intensity.

« Office Equipment and Appliance Efficiency Standads and Labelling

Currently, China has minimum efficiency standaiar HVAC equipment, as well as labelling progriomair
conditioners and office equipment such as compuatedsprinters. In developed regions, these stasdausually

updated every 5 years to accelerate the introduatiore efficient technologies. Standards remairetotivan in
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several developed countries. Therefore, standands de tightened at an even faster rate as méicieet
technologies are developed, in order to achiewanational best practice standards that could eiefvgreater
amount of societal and consumer savings. In thergseenario, the assumption of improved energgieffcy of
technologies is based on the perception that #relatd of office equipment will be further tightdrfeom the

current level.

« Reform of heat metering and pricing

The model assumes reduction in heating intenisaiwever, the savings are not guaranteed abséeating
pricing reform. The heat supply system in Ching tyeeat potential for efficiency improvements, wstrong
impact for Northern regions where space heatiry ifar the dominating end-use. Currently heat ismetered, so
users are not charged according to use. Many aselig fact not charged at all since employersiefglanned
economy often foot the bill. Major additional loss&e caused by inability to control centralizedtimg systems,
commonly forcing consumers to open windows as tilg means to regulate overheating. In 2003, theiditiy of
Construction has started pilot reform projects artNern China with heat metering and heating teldgyo
improvements. These pilot schemes are projecteé tolled out at the national level. This reforntl @iso support

the planned development of Combined Heat and Pmweymmercial buildings.
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Table 1 Weighted average efficiency improvement bgnd uses

Weighted

Commercial Sector

Efficiency

improvements

based on based on | [Share of Share of

2005 2020 total, total,

Office Retail Hospital School  Hotel Other shares shares 2005 2020

Space heating 99% 102% 89% 75% 86% 99% 93% 94% 49% 34%
Cooling 12% 10% 11% 12% 10% 12% 11% 11% 9% 15%
Lighting and Other application 6% 7% 6% 7% 7% 6% 6% 6% 17% 34%
Water Heating 41% 41% 41% 32% 41% 39% 40% 40% 26% 18%

Share of sector in total, 2005
Share of sector in total, 2020

25%
23%

19%
28%

7%
8%

10%
9%

26%
17%

14%
15%

Weighted average efficiency improvement 2003-2020

[ 5%

Weighted average efficiency improvement 2003-2020

43%)
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