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NN Eendd The decision made on

the performance of long lifetime urban infra-
structure (e.g. the built environment) today will
have decisive influence on its future energy and
climate footprints due to strong inertia, low etfi-
cient infrastructures risk the irreversible lock-in
for several decades.

NG agseiayed [mprovement in the energy

performance of buildings (e.g. insulation, build-
ing design...) can allow reducing significantly
the energy consumption and carbon emissions
related to heating, cooling and other services
while ameliorating the thermal comfort of resi-
dent.

HIGHLIGHTS

We have tried to compare the dif-
ferent investment strategies in energy efficiency
implementation in the building sector in a typi-
cal northern city in China, the simulated results
allow us to evaluate the economic and environ-
mental impacts of each strategy for decades to
come.

In the post-2012 regime, devel-
oped countries may provide incentives for China
to adopt more stringent efficiency and emissions
targets in its building sector. ‘Technology Finance
and Assistance Package’is to be designed to facil-
itate technology transfer and deployment of low
carbon construction techniques.
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Summary

China is playing an increasingly crucial role in
the global effort to combat climate change due
to its sheer size and strong economic growth,
which is primarily fuelled by coal. China alone
will contribute 30% of the increase in global
energy demand and more than 50% of the
growth in coal consumption by 2030; carbon
emissions in 2030 will be more than double
those in 2005 under the BAU scenario (IEA,
2007). At the same time, China is experiencing
rapid urbanisation: around 60% of Chinese peo-
ple will live in cities by 2020 (UNEP, 2007; UN
Habitat, 2008), meaning that 300-400 million
rural residents will migrate to urban areas in
the coming decades, a major driver of demand
for urban dwellings in cities. Energy consump-
tion and greenhouse gas (GHG) emissions will
increase exponentially with unprecedented ur-
ban expansion and lifestyle changes as a result
of the constant rise in living standards, unless
drastic policies are implemented immediately.
Empirical studies show that urbanisation has a
significant impact on carbon emissions’. More
specifically, the impact of population growth,
urbanisation and economic growth on carbon
dioxide emissions is more pronounced in de-
veloping countries than in developed countries
(Shi, 2003; Azomahou et al, 2006; Martinez-
Zarzoso, 2008). Given its long lifetime, the
quality and performance of large-scale urban
infrastructure with high inertia (e.g. buildings,
transport) will be key factors in achieving the
long-term objectives of GHG control, given the
spectacular pace of urban development in Chi-
na (for example, China will build the equiva-
lent of the entire EU’s existing housing stock
over the 2005-2020 period).

1. Cities produce almost 80% of global GHG emissions,
although they account for only 2% of the earth surface area
(World Bank, 2009).
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While the trajectories pursued by China in the
coming decades will have tremendous implica-
tions for global climate stabilisation, this paper
attempts to address the question of the relation-
ship between the capital investment decisions
that enhance building energy efficiency (BEE)
today and the subsequent creation of financial
capacity to make it possible to scale up climate-
friendly energy supply technologies tomorrow.
This analysis shows how the shrewd allocation
of financial resources can positively influence
policies related to tackling climate change by
managing the quality of developed urban in-
frastructure. By contrast, inaction or delays in
investment to improve energy efficiency tech-
nology in infrastructure would have significant
consequence in terms of future social costs,
which may be avoided by anticipating the im-
plementation of appropriate measures backed
by strong public policy (Stern, 2007). Buildings
have the largest potential for mitigating GHG
emissions throughout the world, according
to the IPCC’s fourth report (IPCC, 2007). The
trade-off between long- and short-term invest-
ment strategies should be addressed in the cli-
mate policy-making process, since the degree
of environmental integrity of the infrastruc-
ture development will determine the trajecto-
ries of energy consumption and CO, emissions
for decades to come.

The main purpose of this paper is to demon-
strate the existence of a least-cost trajectory
(denoted hereinafter as the optimal pathway)
for energy performance improvement strate-
gies in buildings in the context of extremely
rapid urbanisation in China. In addition, it
seeks to identify appropriate policy and eco-
nomic instruments allowing cities to approach
the optimal pathways of energy efficiency pol-
icy development. Based on a scenario analysis
of the energy, environmental and economic
consequences of different building efficiency
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implementation pathways, depending on the
decisions made today, we demonstrate that
maintaining the current BEE standards is not
a rational decision from either an economic or
an environmental perspective; more stringent
efficiency requirements are needed to mini-
mise the costs of the trajectory.

Findings from scenario analyses give rise to
relevant recommendations for the energy and
climate policymakers as to mitigation strategies
and international climate negotiations, from
the perspective of China’s sustainable economic
and urban development. Policy instruments are
analysed with insights from the CDM/BEE pro-
curement scheme and land use regulations. The
key to the successful implementation of the car-
bon finance instrument will depend on adopt-
ing an integrated approach combining energy
efficiency in buildings, climate-friendly tech-
nologies and urban planning strategies, backed
by sound public policies and relevant institu-
tions. Pricing reform is arguably indispensable
for realising the potential of carbon emissions
mitigation and sectoral transformation in the
built environment in Chinese cities.

China can undoubtedly set its large cities on
a sustainable pathway to energy supply and
demand in the near future by constructing
climate-resilient building infrastructure in its
cities from now on, without necessarily incur-
ring significant extra costs compared to the
business-as-usual scenario. Avoiding a long-
term technological and financial lock-in will
require cities to immediately adopt high-effi-
ciency building standards to facilitate invest-
ment in new technologies that provide a less
carbon-intensive energy supply in the future.
Considerably improving energy efficiency in
buildings today will significantly enhance the
prospective financial capacity to allow invest-
ment in innovative backstop technologies, such
as Carbon Capture and Storage (CCS), in order
to decarbonise the energy supply and meet the
low-carbon economy (LCE) targets. In this re-
spect, a shrewd reallocation of economic and
financial resources is a critical determinant
that will enable cities to embark on the optimal
pathways. More specifically, altering the trajec-
tory of the building sector to achieve the op-
timal target implies a fundamental revolution
in the whole building supply chain, such that
more emphasis should be given to the struc-
ture of the building and construction industry.

Overview

Urban growth and climate impacts

China is rapidly urbanising, and the urban
population is projected to increase from 460
million in 2000 to 830 million in 2030, with
an average annual growth rate of 2% (Toth
et al., 2003). Some 300-400 million rural resi-
dents are expected to migrate to the cities in
the next 20 years. China is adding nearly 2
billion square metres of new buildings each
year; it is estimated that half of the buildings
existing in 2015 will have been constructed af-
ter 2000 (World Bank, 2001). Around 20 to 22
billion square metres of buildings are expected
to be constructed by 2020, which is equivalent
to the total existing building stock in the EU-
15 today (Ecofys, 2006). The extremely rapid
urban growth in many Chinese cities poses a
daunting challenge in terms of the quality of
urban infrastructure, which is characterised
by a long lifespan and irreversibility. Failure to
implement efficiency in the huge number of
buildings constructed today would result in an
irreversible technological and carbon lock-in
for several decades to come. Therefore, a sound
urban development policy must take energy ef-
ficiency into account at the stage of new con-
struction, as the retrofitting or rehabilitation of
existing buildings would be extremely costly
and complex to carry out.

Currently, the share of residential energy de-
mand is around 15-20% of total energy con-
sumption in China, which is still fairly low
compared to the OECD countries (more than
40% of total final energy demand) today. How-
ever, demand for energy services in Chinese
households is very likely to increase as a result
of the continually improving quality of life in
the coming decades. China has experienced
rapid growth in residential energy demand
since 1990; energy demand in the housing sec-
tor increased at an average growth rate of 8.5%
per annum during 199o-2003. In comparison,
the world average is 3.6%, and 7.4% for Asian
countries, and less than 1% in Europe and the
US during the same period. This turns out to
be consistent with the precedents in developed
countries, which experienced a rapid rise in
residential energy demand during 1950-1970,
along with the steady economic growth over
that period. In the meantime, space heating
already accounts for almost 40% of energy
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consumption in the urban building sector in
China? Thus, the energy performance of build-
ings in northern Chinese cities represents a
daunting challenge for ensuring energy supply
security and combating climate change in the
next few decades.

Property hoom and housing price escalation

In 1998, the Chinese State Council promulgat-
ed the “Notice on accelerating the urban hous-
ing system reform and housing construction”,
which established the fundamentals of the
market-oriented commodification of China’s
housing distribution system. This marked the
shift in China’s urban housing policy from
government-led welfare distribution to market-
oriented deregulation. Private ownership has
grown steadily since the housing reform. One
of the main drivers of the rapid increase in
property ownership is the relatively low cost
of a house during the operating stage. Unlike
in developed countries, where the cost of house
ownership is relatively high, since the property
tax is levied in most of these countries, in Chi-
na’s property market the majority of the cost of
house ownership is made up of acquiring land
use rights (LUR) and various development fees
at the construction stage. In other words, when
someone buys a new house in China, he actu-
ally pays the implicit property tax of the house
in advance, at the purchasing stage, instead of
paying it year by year during the operating pe-
riod, and the taxes during the operating stage
are relatively low.

On the other hand, property prices have been
rising sharply in all the major Chinese cities
since 2003, and the housing price hike has
become the primary concern of urban house-
holds in China. A CASS (Chinese Academy of
Social Sciences) survey showed that the ratio
of family debt to disposable income was 155%
in Shanghai and 122% in Beijing in 2004,
while five years ago very few Chinese fami-
lies had any debt at all3.In many cities, urban
households have to undertake a 20 to 30-year

2. Energy consumption in buildings in rural China is excluded, as
a large number of rural households still use biomass (straw, stalks
and firewood, among others) for residential consumption, and little
detailed statistical data is available.

3. China Daily. China’s housing price hike reasonable? 2004-12-19

www.chinadaily.com.cn/english/doc/2004-12/19/content 401454,
htm
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mortgage to purchase a 100-120 m* apartment.
Hu et al. (2006) conducted an empirical study
by using a modelling approach to investigate
the main driver of the housing price rise; they
found that the rise is mainly due to market fun-
damentals, in addition to the existence of the
bubble factor in the market. Zhang et al. (2007)
model the fluctuation of housing prices in Chi-
na to explore the mechanisms affecting these
prices. Their research shows that the equilib-
rium price significantly influences the fluctua-
tion of actual housing prices, which return to
the equilibrium price through self-adjustment.
Moreover, their model shows that the actual
prices in China look set to go on rising in the
future. Theses results imply that property mar-
ket development will still be very attractive to
the new entrants and households given their
cultural reliance on property possession.

Some Chinese property experts estimate that
taxes and fees account for around 30-35% of
house prices in most property markets in China
to date. They also argue that levying the prop-
erty tax will not necessarily countervail current
property speculation, since this tax is based on
calculating surface areas instead of assessing
property and land values, as is the case in the
US and other countries. Also, the tax on prop-
erty transactions is not high enough to discour-
age short-term property speculation. Although
the central government has issued several direc-
tives aimed at curbing speculation?, the house
price hikes are still being observed in many cit-
ies, since the upfront land supply is still being
tightly controlled by local authorities.
Admittedly, the national housing policy has
specified that low-income urban households
should be provided with low-rent housing so
that modest-income households can buy eco-
nomically affordable housing (EAH), with
normal commodity housing for the other ur-
ban residents. Land designated for EAH con-
struction is allocated by the local government
through administrative means. In this case, the
housing developer’s profit is controlled and the
sales price is capped by the government. Devel-
opers may benefit in turn from tax reductions

4. For example, since 2007, some local governments issued a new
regulation, which states that an EAH may not be exchanged on the
secondary market within five years of purchase, to prevent specu-
lation on houses that are designated to be sold to low- to modest-
income urban households.
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and/or fiscal advantages in exchange for sell-
ing houses at the regulated price. However, the
rules of EAH distribution are ambiguous and
have been frequently violated in many cities
due to design flaws in the mechanism and in-
stitutional inconsistence. Some housing reform
proponents therefore recommend abolishing
this policy and replacing it with monetary sub-
sidies for low-income households when pur-
chasing housing. From the viewpoint of equity,
neither the developer nor the low-income fam-
ily truly benefit from the EAH, due to a lack of
relevant facilities.

Land market

LURs were adopted in China in the late 1980s
to promote land markets and to improve land
management and land use efficiency (Ding,
2007). Since the 1988 amendment to the Chi-
nese constitution, land leasing has been legal-
ized so that urban land can be leased to devel-
opers or users for a fixed period after paying
a lump sum rent to the State. Land leaseholds
can be acquired through tender, auction or ne-
gotiation (Zhu, 2004). Fast-pace urbanisation
and economic growth, motorisation, globalisa-
tion, the restructuring of the urban economy,
policy reforms in land allocation and housing
provision, and government decentralization
are considered as the major forces behind the
spatial transformation of cities in China.

Land acquisition (mainly land leasing and the
purchase of LURs) is the foremost issue when
starting a property development programme,

and is considered the priority for a housing
developer before proceeding to submit detailed
construction feasibility plans to the relevant
planning and construction authorities, since
no construction project can take place with-
out allocated land. It has been observed that
more and more housing programmes are being
launched on the outskirts and in the suburbs
of the large cities, following the rapid urbani-
sation characterised by spatial expansion in
the urban fringes; many rural lands have been
turned into construction land designated for
housing construction or industrial develop-
ment. It should be noted that in China, agricul-
tural land is owned by rural cooperatives rather
than by the State. According to Chinese law;, all
development is prohibited on non-State-owned
land; land acquisition, in which land owner-
ship is converted from collective communes
to the State, must take place prior to any land
construction (Ding, 2007). Urban development,
driven by the property boom across the coun-
try, has resulted in large-scale land use changes
in Chinese cities, as shown in Table 1.

Property development procedure and BEE

According to the 1989 Chinese Urban Planning
Act, prior permission is required for land and
property developments. More specifically, be-
fore a property development commences, the
developer must prepare a detailed land and
property development project and submit it to
the urban planning authority. Land develop-
ment applications are evaluated by the plan-

Table 1 New built-up areas in the Chinese mega-cities during 1990-2000 (in ha) Source: Zhao et al., 2004

fumland  forest  grassland T::I mi’:;m hd“‘?ﬂ;”mml Ul':“'njd SUM
Beifing | 2538746 44287 11474 17160 778288 1901 73 3580137
Changchum  1730.07 113 66 1843 73
Chengdn 766497 1431 1203 186 15126 795043
Delisn 433191 177041 03396 804 9902 203542
Guangzhou 638271 103375 9507 324465 69.20 1082637
Haetbin 56160 34068 01137
Nemjing 632214 8218 025 11041 6.5 6563 24
Shanghai 1720189 268 1113.03 184076
Shemyanz 99166 091 66
Timjin 230073 10239 71 62728 1642 18 %056 530525
Wiben 183533 12.37 789.05 263677
Yian 24783 UM 1806 333015
Chomgging 2203125 37247 1406 40168 3081.46
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ning authority against the non-statutory Land
Use Master Plan. A land use planning note will
be issued with land use planning parameters
attached, such as land use, plot ratio, site cover-
age and building height, etc. (Zhu, 2004). When
all the formalities for the land transmission are
cleared and the land site details finalised, a
Land Development Permit and a Building Engi-
neering Planning Permit are issued. With these
permits, the developer can proceed to commis-
sion architects to design the building. After
the building design has been examined by the
planning bureau and the construction commis-
sion (for example, a review of the building EE
design by selected experts), a building permit
is granted and the project can proceed to the
construction stage. The construction commis-
sion undertakes regular in situ inspections
of the operating construction projects in col-
laboration with other municipal authorities in
charge of planning fire precautions, and pub-
lic works quality inspections in selected sites
around the city. Guaranteeing the enforcement
and implementation of BEE regulations is one
of the main aims of these inspection processes.
However, housing developers in general play
no active role in energy supply infrastructure
decisions (e.g. district heating), since energy
planning has been undertaken prior to the
land acquisition in the master plan of the ur-
ban development scheme, compromising the
effectiveness of energy efficiency measures un-
dertaken in buildings.

The challenge of energy
efficiency in buildings

Rationale for curhing carhon emissions

in China’s building sector

Mitigating CO, emissions without hindering
economic development is a major challenge for
the world in this century, in particular in devel-
oping countries like China, for which the priori-
ty is economic development and improvements
in social welfare. Large-scale urban infrastruc-
ture often needs to be developed as quickly and
cheaply as possible in order to accommodate
new urban dwellers and to meet their grow-
ing demand for energy services in urban areas.
Given the timing and scale of these projects, en-
ergy efficiency and carbon emissions reduction
are often considered as “secondary issues” for

IDDRI ANALYSES 03/2009

the society. Nonetheless, decisions made now
concerning infrastructure performance will
influence future consequences for energy and
climate due to strong inertia; poor efficiency
in buildings will have long-term consequences,
since thermal rehabilitation and/or reconstruc-
tion may require huge capital investment and
pose enormous implementation difficulties in
retrofit programmes.

Indeed, implementing carbon mitigation op-
tions in urban infrastructure is associated with
a wide range of co-benefits, including social
welfare benefits for low-income households,
increased access to energy services (housing
and transport), improved indoor and outdoor
air quality, improved comfort, health and qual-
ity of life, employment creation and economic
competitiveness (IPCC, 2007). The energy per-
formance of buildings is characterised by an
irreversible process (inertia) and long opera-
tional life; once constructed, buildings will gen-
erally last at least 50 years or more before being
demolished or rebuilt. Inappropriate decisions
concerning investment in quality could result
in an irreversible lock-in deadlock. On the oth-
er hand, retrofitting existing buildings is very
costly and is related to long-term decisions.
However, at present investment decisions are
mainly oriented by the short-term objectives of
meeting the mass market’s demand and max-
imising developers’ profits, without necessarily
taking long-term consequences into account.
Governance and the relevant institutional ca-
pacity of many local authorities are seen to be
fairly weak when dealing with the quality man-
agement of urban infrastructure. Local govern-
ments should harness low-carbon transition
opportunities to enhance their governance in
urban development strategies, by redirecting
sectoral investment choices towards high-effi-
ciency and less carbon-intensive technologies
and planning patterns.

Buildings will certainly play an overarching
role in the process of transition to an LCE,
given the long supply and value chains. For
example, a building construction project will
involve many private and public actors and
related upstream and downstream industries:
architectural design professionals, property de-
velopers, construction companies, subcontrac-
tors, regulatory authorities for urban planning,
monitoring and land use regulations, financial
institutions, manufacturers of materials, such
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as cement, steel and aluminium — which to-
gether produce nearly 80% of global emissions
in the industrial sector — and residential and
commercial energy suppliers (utilities and dis-
trict heating services).

Status quo of BEE in China

Several regulations relating to thermal perform-
ance requirements in residential and commer-
cial buildings have successively entered into
force in China since the 199os. Fig. 1 shows the
building envelope heat transfer coefficient (U-
value)® in a typical residential building comply-
ing with different building efficiency standards.
Note that the building thermal performance is

5. The technical specification and calculation of thermal
and appliance consumption in the residential and commer-
cial buildings constructed in compliance with different BEE
standards is explained in Li et a/.(2009).

Figure 1 Comparison of overall envelope U-value for an 11-storey building complying
with different efficiency standards
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Figure 2 Useful energy demand in 11-storey building according to BEE levels under
different comfort assumptions

KWh/m2

a0

70 A

60

a0

40 A

30 A

20 4

TJ-97

i o 16°C m18°C o20°C o22°C

1

TJRT2005 TJ-SWE

TJWEB-97  TJ-2004 TJWB-2004 TJ-CAN

10

inversely correlated with the U-value. It is clear
from the graphic representation that there are
still significant gaps between the current Chi-
nese building codes and the best practices in
the world (e.g. the Swedish building code).
More specifically, heating consumption in resi-
dential buildings increases with the rise in av-
erage indoor temperatures (see Fig. 2), which
is likely to occur with economic growth and
the improved quality of living. Today, many
Chinese buildings still have poor heating con-
ditions in winter, when temperatures may fall
below 14°C. In the long run, residents — in par-
ticular the younger generation — will require
more thermal comfort as a result of an im-
proved quality of life. Indoor temperatures are
likely to rise steadily to eventually reach 20-22
°C (comparable with the current level in OECD
countries). Energy demand will escalate sharp-
ly in buildings in the case of poor efficiency in
new construction. In other words, the so-called
rebound effect can be partly offset and mini-
mised in more efficient buildings.

Objective

Previous studies concerning forecasts of Chi-
na’s energy demand and environmental im-
pacts explored energy demand scenarios and
prospects for carbon emissions reduction in
the building sector in China (ERI, 2003; NDRC,
2004; Jiang and Hu, 2006; IEA, 2007; IPCC,
2007; Zhou et al,2007). However, they have
not simultaneously addressed the questions
surrounding optimal trajectories for building
energy efficiency improvements and different
strategies for energy supply infrastructure de-
velopment using an integrated approach. This
working paper aims to bridge the gap between
the macroeconomic analyses and sectoral tech-
nology options in view of determining the op-
timal pathways for building performance, such
that the social costs incurred during the trajec-
tory may be minimised, thereby allowing the
benefits to be used to finance investment in
new technology R&D and deployment in order
to accelerate sectoral transformation.

The issue of how to optimise investment port-
folios consisting of different options in order
to meet climate change mitigation targets with
minimised costs is the centrepiece of climate
policy, especially in developing countries,
where the priority in the policy agenda is to
ensure robust economic growth while alleviat-

ANALYSES 03/2009 IDDRI
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ing energy poverty as well as improving access
to energy services for middle- and low-income
households. From an economic analysis per-
spective, decisions on improving energy effi-
ciency in long-lifetime infrastructure, such as
buildings, raises the question of the rational
choice of investment strategies relating to tech-
nological performance.

Our objective is to examine the dynamics of
short- and long-term investment strategies in
BEE and the creation of technical and finan-
cial capacities in energy supply technology in-
novation to tackle climate change. We seek to
investigate the extent to which decisions on ef-
ficiency standards in buildings will ultimately
have diverging consequences in terms of fi-
nancing capacity for transforming the energy
supply. Without loss of generality , improve-
ment in building energy efficiency brought
about by tightening building codes for energy
performance may make it possible to integrate
the whole building and energy services supply
chain; subsequently, the benefits yielded may
facilitate sectoral transformation by combining
the political objectives and financing systems
to overcome the barriers to the upfront costs
associated with the technological learning proc-
ess as well as institutional changes. A corollary
question arises: what role will energy efficiency
in buildings play in enabling cities to harness
the benefits resulting from reduced operating
costs in the early stages in order to facilitate in-
vestment in new technological research, devel-
opment and deployment in the future?

Method

Building on scenario analysis, we compare a
variety of strategies for managing energy per-
formance in buildings and their environmental
and economic consequences and policy impli-
cations based on a case study in a Chinese city.
Ideally, improving building thermal efficiency
should involve measures that make it possible
to reduce both space heating and cooling con-
sumption, while achieving a higher comfort
level. This research deals only with heating ef-
ficiency in the residential sector in a northern
city (Tianjin) with typical large-scale district
heating infrastructure.

This techno-economic analysis is based on two
different scales:

» First, we conduct a life-cycle analysis with
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respect to one-time investment decisions to
meet energy demand for space and water
heating in a typical new residential district
in the city of Tianjin. The energy, environ-
mental and economic performance of dif-
ferent BEE standards, coupled with differ-
ent supply options, are compared. We test
five BEE standards coupled with six supply
systems (coal and gas-fired). The objective is
to find out whether the current BEE stand-
ard implemented and the supply system in
a typical Chinese city are the most rational
choices, and if not, to what extent should a
more stringent BEE standard be adopted for
new construction projects?

m Second, we simulate a series of scenarios to
compare the economic performance of rel-
evant investment strategies across the whole
city of Tianjin up to 2030, taking into account
the dynamics of buildings (stock and turno-
ver). Besides new construction after 2005,
both the retrofitting of existing inefficient
houses (built before 2005) and the penetra-
tion of new supply technologies will be con-
sidered in the model. The citywide analysis
uses LEAP, a bottom-up simulation model.
The primary objective is to investigate the
economic and environmental performance
of the BEE improvement portfolio, in order
to identify the best choice in terms of mini-
mising the total costs of the modelled trajec-
tories over the period.

The two analyses share some similarities, but
are also distinct from one another.

The first analysis assesses investment strate-
gies for adopting the BEE standard in a new
residential district developed in a city today. In
this case, the housing stock is static, excluding
the dynamics of movement. It examines how to
adjust the initial building efficiency improve-
ment level with the relevant energy supply sys-
tem in order to minimise the discounted global
costs for a period of 20 years.

In contrast with the first modelling analysis, the
second exercise is conducted from a city-level
perspective to investigate the optimal path-
way to building efficiency improvements and
investment in energy supply infrastructure in
the longer run. Both dynamics in building de-
velopment (new construction, demolition and
the rehabilitation of old houses) and innova-
tive technologies will be considered in differ-

11
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ent time spans. We compare the economic per-
formance of the different investment choices
both in buildings and in energy supply systems
in five scenarios. The results will enable us to
demonstrate the existence of a rationale for
initial energy efficiency investment for hous-
ing construction in the context of rapid urban
development.

Results
Case of the district-wide one-time investment

Without carbon constraint

Figure 2 provides a graphical representation
of total discounted cost scenarios (the discount
rate is 8% in the calculation) with coal- and
gas-fired district heating options (both use
cogeneration) respectively® in the district in
question. Strikingly, we find that adopting the
best BEE standard, or the equivalent energy
performance prescribed in the Swedish BEE
standard, is less costly than the current Chi-
nese BEE regulations enforced in China and
Tianjin, regardless of energy supply systems.
All scenarios show that the national BEE stand-

6. A detailed technical description of all scenarios is provided in Li
et al. (2009).

ard (TJ-97 equivalent efficiency requirements)
is not a rational decision and turns out to be the
most costly choice, no matter which supply op-
tion is selected. Despite considerable progress
against the national standard, the BEE standard
implemented in Tianjin (T] 2004) is not strin-
gent enough to make it possible to achieve an
optimal level, since the present value of total
costs incurred over a 20-year period can be re-
duced by tightening the building code, given
a discount rate of 8%. Without any imposed
carbon price, the optimal choice turns out to be
the equivalent of the current French RT-2005
building efficiency standard, coupled with
district coal-fired CHP (cogeneration), which
allows for the lowest present value of overall
costs. Not surprisingly, we find that gas-fired
systems are more costly than coal-based supply
options if no carbon price is imposed.

Not surprisingly, from a carbon emissions per-
formance perspective, the SWE equivalent BEE
standard is the most effective technical specifi-
cation, allowing a 22-29% overall reduction in
carbon emissions relative to TJ-97 (equivalent
to the national standards); gas-fired CHP supply
systems strictly dominate the coal-fired system.
The 20-year period cumulative carbon emis-
sions in the gas-CHP supplied district would be
reduced by 55-59% compared to the coal-CHP
system over that period (see Fig. 3).

Figure 3 Total costs and implications for cumulative carbon emissions over 20 years in a residential district developed today with coal and

gas supply options.
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Fuel-switching under carbon constraint

In the current international climate negotia-
tions arena, some policy analysts and research-
ers argue that coal use in China is a major
obstacle to solving the climate problem, and
advocate the immediate implementation of
fuel-switching in China’s energy sector. Their
main proposals include massively substitut-
ing natural gas for coal in order to solve the
GHG problem, particularly in power genera-
tion (e.g. Logan and Luo, 1999; Heller, 2007).
From a domestic energy policy perspective,
the municipal government of Beijing has im-
plemented the switching policy by replacing
coal-fired boilers in the centre of the city with
natural gas-fired boilers’. Likewise, Guangdong
Province has planned significant investments
in LNG infrastructure development for power
generation due to the coal-supply bottleneck in
this region. This section assesses the economic
impact of different fuel-switching strategies in
the target residential district.

Under a likely climate constraint, which is
represented by an imposed carbon tax on fuel
combustion-related carbon emissions, Chinese
energy policy will need to address decarbonis-
ing the district heating systems in the building
sectors in the northern cities. One of the tech-
nical solutions that may be envisaged is opting
for fuel-switching (coal to natural gas), which
may imply two basic strategies, namely S1 and

S2;

= S1: Complying with the current national BEE
standards and switching directly from coal-
fired boilers to gas-fired CHP systems.

m S2: Unlike S1, an integrated approach is
taken in S2, which involves adopting state-
of-the-art building efficiency practices (SWE
BEE standard equivalent) and switching to
gas-fuelled CHP supply systems.

The reference scenario refers to the TJ-97 BEE
performance standard (equivalent to the na-
tional BEE standard requirement) supplied by
coal-fired district boilers, and the alternative
energy supply option is gas-fired CHP. We have
shown in the previous section that the total cost
of SWE BEE is lower than TJ97 and TJo4 BEE

7. The main driver of this policy is local atmospheric pollution
control (reducing sulphur dioxide emissions) rather than for
the sake of cutting carbon emissions.
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in the baseline energy supply case (coal-fired);
this means that the first step of S2 will generate
an economic gain (the difference between their
respective total costs), which will partly offset
the cost of switching from coal to gas. The pay-
offs of the two strategies, without carbon prices
and respective carbon emissions implications,
are presented in Table 2. Note that implement-
ing SWE BEE standards involves significant
improvements in thermal comfort: indoor tem-
peratures will be maintained at 22°C during the
heating season, compared with 16-18°C in the
Chinese building codes.

Tahle 2* Pay-off of baseline and decarbonisation strategies
total cost (CO;

Total emissions

) price=0)
kg C02/m Yuan/m?
baseline 583 570
decarbonisation strategy
S1 206 770
S2 155 650

* Note: Levelised costs with a 6% discount rate

At present, China has no quantitative con-
straints on carbon emissions. However, it is
likely that the nation will explicitly internal-
ise the costs of carbon emissions in the post-
Kyoto climate regime. Furthermore, the social
costs (shadow price) of CO, emitted do exist,
whether or not they are internalised in the cost
analysis. In fact, the Chinese government has
already put in place a resources tax on the con-
sumption of domestically-produced or import-

ed fossils fuels (coal/coke, gas and oil). Figure 4

presents the cost profiles of the baseline, S1 and

S2, with an assumption of a moderate carbon

emissions constraint (30 USs/t CO;) imposed

by local government to provide incentives to
opt for fuel-switching.

Some key information can be derived from Ta-

ble 2 and Fig. 3, as follows:

= when no carbon price is imposed, in terms of
economic performance;

m S, > S but Spaseline > S2, which means that
S2 strictly dominates S1, but is dominat-
ed by the baseline strategy, determined
by the order of total costs. In this case,
S2 = Shaseline if Pco>= 18$/t;

S1 = Shaseline if Pco>= 65$/t;

m Table 1 shows that upgrading or retrofitting

the coal-fired boilers to natural gas-fired heat-
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Figure 4 Cost of different fuel-switching strategies at 30 US$/tC0»
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ing systems will require imposing a carbon
price of 65 USs/t in the case of S; in order
to be equal to the baseline, whereas the fi-
nancing cost will be three times lower if S,
is adopted.

m When a moderate carbon price (30 USs/t)
is imposed, the order of preference of
strategies will be changed, in this case
S1 > Shaseline > S1, which means that S, be-
comes the strictly dominant strategy amongst
the three options, whereas S1 will still be the
most costly option.

This result has significant implications for
climate policy-making in the building sector
in China. If stakeholders need to find interna-
tional carbon financing mechanisms (for ex-
ample the Kyoto Protocol CDM, which will be
discussed in detail later), S, will be more prob-
able than S1.

The most striking point is that the environ-
mental effectiveness of S2 in terms of CO,
emissions reductions is significantly more pro-
nounced than S1 with reduced total discount-
ed costs. This conveys a very strong political
message: Chinese decision-makers must rein-
force the BEE standards on a par with the fuel-
switching policy for decarbonising the energy
supply in order to maximise the economic and
environmental performance.

From the viewpoint of climate negotiations and
technology transfer, international assistance
should integrate improvements in BEE into the
climate technology transfer package, by requir-
ing Chinese construction stakeholders to first
update to the best international practices in
order to maximise the fuel-switching project
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performance for the implementation of carbon
offset projects in China.

The long-term trajectory of city

Pathway to optimal trajectories

We compare five central scenarios for BEE im-

plementation in the building stock in the city,

namely:

m TJ-2004 (maintain the business-as-usual BEE
standard in new construction): BAU scenario;

» RT-2005(equivalent to the French BEE stand-
ard);

» SWE (equivalent to the Swedish BEE stand-
ard);

» LC (equivalent to the Passivhaus level and
more stringent BEE standards than the
French or Swedish standards), and;

m A2 (gradually tightened performance stand-
ards)

Finally, a “pessimistic” scenario, ParCom (de-
lay in the implementation of EE in buildings
in new construction by 2015), is simulated to
quantify the consequences of partial non-com-
pliance in the early stages.
Thermal retrofitting is assumed to be carried
out in the existing inefficient housing stock at
the same rate in all the scenarios (500 coo m?
per year); the total existing housing stock was
around 141 million m? in 2005. BEE in com-
mercial buildings is assumed to pursue the
same trend in all scenarios, since our analysis is
focused on residential buildings. Technical de-
tails concerning building thermal calculations
are provided in Li et al. (2009). Like the calcula-
tion for the previous district analysis, the costs
in the city-wide building simulation consist of
the following components:
m costs related to building efficiency improve-
ments;
m capital costs of newly installed heating capac-
ity;
m costs of operation and maintenance (O&M);
m costs of energy resources (the market price is
used as a proxy);
» external costs of environmental impacts (the
exogenous carbon tax is used as a proxy).

Estimates of costs associated with thermal effi-
ciency improvements and supply technologies
are based on Liu (2006) and Li et al. (2009); the
cost of CCS is based on IPCC (2005) and Rubin
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et al. (2007). The discount rate used is identical
to the previous exercise (8%).

Describing how annual costs in each scenario
evolve during the simulation period makes it
possible to quantify the sequential results of
the decisions made previously. It determines
how the trajectory is likely to evolve over the
period, which may be disguised in the analy-
sis of total discounted costs. The annual cost
profile in each of the simulated scenarios is
presented in Fig. 5(a). We can see that the en-
hanced BEE in the case of RT-2005 and SWE
will be far less costly than the reference case;
the annual cost in 2030 will be 8-17% lower
than in the reference case (T]-2004). In practice,
LC is more difficult to implement, despite the
fact that the cost will be far below that of the
reference from 2015, as the upfront cost during
the first decade of the modelling period will be
significantly higher than that of the reference
case. In this case, the annual cost in 2030 will
be more than 20% lower than in the reference
case. This suggests that a more intelligent fi-
nancial arrangement will be needed in order
to reallocate the limited economic resources in
order to achieve the optimal target. By contrast,
failure to implement BEE in new construction
in the first 10 years will entail a significant in-
crease in annual costs. For instance, the costs
of ParCom (the least effective case) in 2030
will be 19% higher than those in the reference
scenario. More specifically, ParCom will never
be cheaper than efficiency compliance and im-
provement scenarios, with a significantly high-
er emissions footprint over the entire period.
The modelling results clearly demonstrate that
the current building efficiency standard used
in Chinese cities is not an optimal choice, since
both the costs and carbon emissions can be re-
duced simultaneously by upgrading the BEE
standard. Achieving the optimal target requires
the immediate uptake of efficiency technolo-
gies in the building and construction sector in
order to minimise the costs of the trajectory.

Implications for low-carhon supply: the need to
change pathways

As mentioned earlier, it is very likely (almost
imperative) that China will need to decarbon-
ise the energy supply infrastructure in order to
minimise climate change risks. The cost trajec-
tories in the case of the adoption of CCS and fu-
el-switching (GS) in the heat supply are plotted
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Figure 5 Annual (non-discounted) cost trajectories in the simulated scenarios
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in Fig. 6. It is clear that the extra costs associat-
ed with these backstop technologies will be sig-
nificantly higher in the less efficient cases if the
city decides to opt for low-carbon supply sys-
tems from 2020 under carbon emissions con-
straints. It is likely that there would be a sharp
jump in the annual cost in 2020, when CCS will
begin to be deployed in some coal-fired power
plants in the less efficient scenarios, includ-
ing the ParCom scenario, among others. The
annual cost in the case of reference+CCS and
ParCom+CCS will entail a 14% and 30% jump
respectively relative to the reference scenario
in 2020 when backstop technologies come in.
This is totally unacceptable for the local author-
ity, since huge financial resources will have to
be mobilised to cover the abrupt rise in operat-
ing costs of introducing CCS. In contrast to the
less efficient scenarios, in which there will be a
sharp increase in costs when new technology
penetration is envisaged, higher-efficiency sce-
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narios have more flexibility in facilitating tech-
nological transition in the energy supply in the
long run. Strikingly, the annual cost of the LC
+CCS option in 2030 will still lie below that of
the reference level. Efficient buildings can help
achieve the investment strategy that allows
smoother sectoral transformation towards the
gradual decarbonisation of the city’s coal-fired
supply system, without a significant impact
on the available financial resources, thanks
to appropriate reallocation over time. But our
modelling results suggest that significant extra
costs will be incurred when more ambitious
BEE targets are pursued over the coming dec-
ades, which means a rational choice should be
made rather than making unlimited efforts to
invest in compliance with high-tech efficiency
standards (e.g. the zero emissions house).(b)

The analysis of annual costs shows that a re-
markable jump in investment costs will be
shouldered in almost all scenarios when back-
stop technologies penetrate the energy supply.
Notably, the carbon emissions from buildings
(direct and indirect) could be reduced by nearly
50% in 2030 with the CCS option in the case of
implementing a high-efficiency standard (LC)
while stabilising the costs over the trajectory.
Furthermore, this is far less abrupt in the high-
er efficiency case than in the lower efficiency

case. To avoid an overly sharp jump in operat-
ing costs, such as in the ParCom scenario, up-
front building energy performance is of criti-
cal importance and should never be ignored,
otherwise the city would become trapped in a
vicious circle: lower efficiency buildings result
in capital-intensive investment in capacity ad-
dition and costly operations; less financial ca-
pacity could therefore be formed to invest in
low-carbon technologies in order to mitigate
carbon emissions in the future. It is interest-
ing to compare the abatement costs of BEE
enhancement scenarios relative to the baseline
case. Table 3 summarises the discounted abate-
ment costs and carbon emissions scenarios of
implementing BEE standards coupled with dif-
ferent energy supply options.

In the BAU heat supply scenario (coal-fired
large CHP), it is clearly demonstrated that the
local governments need to tighten the BEE re-
quirements immediately, since the abatement
costs are generally negative. Interestingly, the
more stringent building performances are even
more necessary if the city is required to decar-
bonise the energy supply infrastructure with
the scaled deployment of CCS installation and
massive fuel-switching (GS) from 2020. The
strategy matrix situated in the bottom-right
area of Table 3 refers to the rational choices,

Figure 6 Annual cost and carbon emissions trajectory with the introduction of CCS and the fuel-switching option from 2020
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since the costs of abatement will be signifi-
cantly lower than otherwise. This means that
the city must commit itself to embarking on
the more stringent BEE development pathways
as soon as possible in order to anticipate de-
carbonising energy infrastructure in the near
future.

It must be pointed out that the cost-effective-
ness of CCS and GS as shown in Table 3 may
not be fully revealed until 2020, when the cost
and availability will indicate their feasibility
and cost-effectiveness. At present, it is still too
early to decide whether to choose CCS or the
massive shift to the NGCC, because the costs
and availability of CCS are highly uncertain
and a massive shift to the natural gas-based
system also raises risks for the security of the
energy supply. However, improvements in EE
in buildings will make it possible to reduce the
cost of transition in the future, when either of
these technologies turns out to be mature and
cost-effective. The main implication is that Chi-
nese cities should anticipate the future carbon
constraint by moving rapidly onto the trajecto-
ries within the dotted blue box, without neces-
sarily showing a priori a definite preference for
CCS or fuel-switching. In fact, engaging too ear-
ly in one single supply option to reduce carbon
emissions would involve an irreversible tech-
nological lock-in, with increasing risks of either
technological unavailability (in the case of CCS)
or the security of energy supply (in the case of
massive gas-switching®). A portfolio combining
several available mitigation technologies proves
to be more relevant and risk-averse from an in-
vestment decision standpoint.

8. Fuel-switching policy is a potential threat to China’s
long-term energy supply security, since a significant propor-
tion of natural gas will be supplied by Russia and Eurasian
Countries. The frequent disputes between gas supply and
consumption countries over price (in particular between Rus-
sia and eastern European countries) reveal the considerable
geopolitical uncertainty risks and the supply fragility of high
dependence on imported natural gas. The Chinese energy
policy-makers must take long-term energy supply security
into account in addition to the obligatory climate consid-
erations. Some framework agreements on gas and oil supply
have been signed between China, Russia and Turkmenistan.
It is estimated that the pipeline between Russia and China
will supply 80 bn m? of natural gas from Siberia to China
annually from 2011.
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Policy instruments design
and institutional change

The role of public policy in facilitating

sectoral transition

The findings in the quantitative analysis sug-
gest that building efficiency standards should
be upgraded to become more stringent as early
as possible from a social optimum perspective,
and also to facilitate the transformation of en-
ergy infrastructure towards a less carbon-inten-
sive energy supply. A subsequent question is
how to make things happen, since the market
is unlikely to adjust itself in order to move onto
the optimal trajectories spontaneously. It is not
surprising that various technical, financial and
institutional barriers hamper the implementa-
tion of energy efficiency and the deployment
and diffusion of efficiency techniques in the
building sector. Richerzhagen et al. (2008) iden-
tified various market and non-market barriers.
In practical terms, improving energy efficiency
in buildings and tightening the building code
requirements will by no means be free and
easy; issuing regulations and mandatory stand-
ards will make little sense if local authorities
and construction industries are incapable of
implementing them effectively. The success of
the implementation of new energy efficiency
policies in buildings requires both technical
and financial capacities, backed by a sound in-
stitutional framework. There will inevitably be
a transition period, during which the building
and construction sector will adapt to new tech-
nologies through a learning-by-doing process.

Tahle 3 Comparison of abatement costs (US $/tC02 in 2005 price) and cumulative carbon emis-
sions over the trajectories in different scenarios (emissions for TJ)-2004 + BAU supply option = 100)

abatement cost Coal BAU CCS GS
cumulative
emissions
RT2005 =56 32 39
93 75 34
A2 -38 43 67
93 75 a5
SWE -43 7 8
84 69 77
LC 1 11 14
G4 54 60

Note: Reference case is T)-2004 equivalent BEE coupled with coal-fired large CHP
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For example, the manufacturing of efficient
materials and equipment and innovative con-
struction techniques need institutional and
financial support in the initial stages. Public
policy will therefore play a role as a facilita-
tor/catalyst in accompanying the sectoral
transition to a high-efficiency and low-carbon
development pathway.

Appropriate policy instruments need to be
designed to complement the enforcement of
regulatory standards in order to help ensure
the effective implementation of BEE policies.
The relevance of institutions is a prerequisite
to achieving improved efficiency in build-
ings and the related energy savings explored
through the quantitative analysis undertaken
previously. Implementing energy efficiency
improvements requires an appropriate institu-
tional framework, such that efficient technol-
ogies can be delivered effectively to the actors
concerned in the building sector. Achieving
an optimal trajectory for the whole building
and construction sector in Chinese cities will
necessitate an institutional framework and
fundamental organisational restructuring in
the building sector. This will require deliver-
ing new technologies and massive shifts in in-
vestment and financing, as well as appropriate
institutions to enable policy implementation.
The following section examines two types of
incentive-based economic and policy instru-
ments, namely the carbon financing tool and
flexibility in land use regulations to create
an enabling environment for improving the
city’s governance in the building performance
enhancement programme.

Harnessing the climate finance mechanism

Estimates of CER price in BEE improvement projects
The carbon market can be used by means of
international aid with technology transfer to
facilitate energy efficiency improvements in
the building sector in China. Local stakehold-
ers can use the carbon market shrewdly to
leverage carbon finance in collaboration with
international financial actors.

Currently, there are many ongoing discussions
about the possibility of introducing the CDM
to finance energy efficiency in the building
sector. An assessment of cost-effectiveness is
necessary to provide the order of magnitude
of carbon prices that would allow builders or
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property developers to adopt the best avail-
able techniques (BAT) in building energy
efficiency (coupled with the most efficient
energy supply system). Here we examine the
Certified Emissions Reductions (CER) price of
upgrading BEE to the equivalent of the Swed-
ish building code with natural gas combined
cycle (NGCC) energy supply (the baseline is
coal-fired district boilers). The credits granted
by implementing CDM projects should allow
the investor to pay off the initial extra costs
within a manageable risk range. In other
words, the developer may be interested in
the CDM if the adoption of non-mandatory
higher BEE standards with a more efficient
supply system can vyield sufficient carbon
emissions credits that are tradable at a com-
petitive price that exceeds the marginal costs
of emissions abatement by taking enhanced
efficiency measures.

As far as a building efficiency improvement
project is concerned, a builder will consider
adopting a higher efficiency practice package
(HEP) consisting of compliance with the best
practice building techniques (equivalent to
the Swedish standard), coupled with a 24-MW
NGCC system, if he perceives the opportunity
cost of forgoing these options to be higher
than the upfront costs associated with invest-
ment in building efficiency improvements
and more efficient energy supply options.

Li and Colombier (2009) tested the price of
CERs that allows abatement costs to be cov-
ered, based on the data from Liu (2006) and
the author’s field study in Tianjin, which is
used to estimate the cost of BAU and best prac-
tices and to calculate the emissions reduction
potential and relevant costs. The calculation
shows that the levelised abatement cost of
CO, emissions in a typical residential build-
ing project in Tianjin through the adoption
of HEP is around 16 USs/tCO, (a 6% discount
rate at 2005 prices), which is fully compatible
with the carbon price in international carbon
markets, such as the EU-ETS Allowance (EUA)
price, which was even close to 30 USs/t CO,
(Point Carbon, 2008)?. In addition, the carbon

9. The EUA price has dropped significantly since the second half of
2008 due to the global economic downturn. However, with the eco-
nomic recovery and the perspective of tightened EU mitigation tar-
gets, the price is likely to rise again. The EUA averages 16 Euros/tCO;
at the moment of drafting this paper.
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price in the European market is expected to
rise continuously in the post-Kyoto period.
Recent studies on climate change economics
suggest that the global benchmark CO, price
is expected to range between 30 and 40 USs/
tCO, in the 2020-2030 time frame (Ander-
son, 2006; IPCC, 2007; Stern, 2007; Blanco
and Rodrigues, 2008; Colombier et al., 2008).
The prospect of high carbon prices may be
a strong incentive for changing the sector’s
growth trajectory in favour of high-efficiency
and low-emissions pathways.

BEE procurement and programmatic CDM nexus
Although the CER price implied by introducing
the CDM to the upgrading of residential BEE
in northern Chinese cities appears to be quite
competitive and attractive for carbon financ-
ers and investors, a critical look at the property
market and the way the CDM functions sug-
gests that the CER price per se can hardly trig-
ger any effective individual uptake of this kind
of initiative, contrary to what carbon finance
proponents may imagine. The observation of
carbon markets shows that the current CDM
fails to provide market transformation in the
urban infrastructure in developing countries.
There are currently hardly any CDM projects
concerning energy efficiency in buildings, be-
sides electrical appliances or equipment ret-
rofitting. As pointed out by Colombier et al.
(2007), by nature the CDM can only influence
investment decisions if it brings significant
additional revenue or guarantees. This is why
most CDM projects in energy sectors focus
on wind energy or other renewable energies,
since the credits sold forward may cover up
to 30% of investment, whereas the economic
and financial characteristics of investment in
infrastructure projects, such as improvements
in energy efficiency in China’s building sector,
are considerably different due to their specific
situation. Undoubtedly, the incremental cost of
improving energy efficiency in buildings is far
from enough to incentivise the property devel-
opers and construction companies, who are un-
likely to be interested in accepting a low rate of
return by taking a long-term investment risk.
The rate of return on capital investment in the
property market is significantly higher (more
than 100%) for developers and speculators in
the Chinese property market under the prop-
erty boom climate, characterised by a short
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payback time. Therefore, the interest rate of re-
turn implied in the calculation (6%) can hardly
influence the individual developer’s decision to
take measures concerning construction, such
as enhanced building efficiency, whereby the
carbon credits are expected to be issued over
a long period (more than 10 years) that repre-
sents little interest for developers and entails
high uncertainty that is generally avoided by
rational private investors based on risk aver-
sion preference. Moreover, the transaction
costs of the CDM, associated with complex pro-
cedures (methodology formulation, registra-
tion, monitoring and evaluation, verification,
issuance) and required technical competences,
make the project-based CDM unattractive and
difficult to implement in the real property de-
velopment project.

Building on the analytical framework of the
CDM'’s operating mechanism and underlying
institutional and organisational structures, we
suggest a scheme that will reaccommodate the
CDM within the energy efficiency improvement
package in the building sector by means of an
integrated approach. The revenue from the
CDM could be redistributed by the local pub-
lic authorities in the form of different kinds of
premiums to property developers (e.g. building
labelling programmes). Local governments will
formulate a medium- or long-term political ob-
jective and action plan with regard to improve-
ments in BEE standards and the updating, en-
forcement and implementation of regulations
with the support of rigorous technical interven-
tion measures and emissions reduction metrics.
Instead of treating the efficiency-related CDM
projects individually, a programmatic approach
is employed, in which local authorities will
play an intermediate role by centralising the
integrity of potentially issuable carbon credits
from distributed individual house builders and
property developers, and then bargaining the is-
sues relating to financing public policies, such
as implementing the policy on building energy
efficiency improvements, with international
climate negotiators and carbon financing in-
stitutions. This is in fact a public procurement
scheme with the support of international carbon
finance at the city or sector level. A schematic
representation of the procurement operation is
illustrated in Fig. 7.

Under this scheme, all would-be carbon cred-
its issued in the individual BEE improvement
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Figure 7 Schematic representation of BEE procurement-CDM coupling scheme
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projects will be centralised in the repository
pool, managed by the local government that
commits itself to financing (by means of public
banks or social development funds) the policy
implementation costs associated with both the
physical and institutional infrastructure for effi-
ciency improvement in buildings and construc-
tion, the upfront extra costs of construction, the
upskilling of the qualified workforce, the manu-
facturing capacity for efficient components and
training in new construction techniques.

The aggregate carbon savings from improve-
ments to all candidate buildings will be han-
dled through international CDM financers (e.g.
the World Bank Carbon Fund or other carbon
trusts, etc.) by the local government. In other
words, the CDM transaction activities are con-
centrated among the upstream stakeholders
(local government, financers, bankers and oth-
er consulting companies). In contrast with the
project-based individual investment project,
carbon finance is mainly used as a leverage to
bridge the gap between current domestic capac-
ity and best practices, by temporarily covering
the costs incurred when taking actions com-
mensurate with the optimal trajectories during
the transition period; the high efficiency build-
ing construction programme temporarily re-
ceiving subsidies from the municipality during
the transition period will eventually be stand-
ardised after technological diffusion through
the learning process.
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What distinguishes this scheme from the cur-
rent CDM paradigm is that the carbon credit
revenues will not be confined to financing an
individual, ultra-efficient building or one spe-
cific technology for demonstration purposes;
instead local government needs to establish a
strategic policy programme to induce sectoral
transition. During the transition period, carbon
finance will contribute to upgrading building
codes, the learning and diffusion of best practic-
es, raising the building supply chain and green-
ing building-related jobs and working skills.

In this respect, a policy-oriented programmatic
CDM aims to finance public policy implementa-
tion rather than a private monetary gain for an
individual actor’s carbon emissions reduction
actions. Furthermore, both the so-called trans-
action costs and non-delivery risk (e.g. conflict
of additionality) implied in the project-based
CDM model can be significantly reduced, since
the local government will ensure the imple-
mentation of a policy package consisting of per-
formance compliance, credit delivery and reve-
nue distribution, as defined in the provisions of
the procurement scheme and the terms of the
carbon credits transaction contract. Indeed, this
policy financing scheme will need to engage as
many property development programmes as
possible to create economies of scale in order
to eventually drive down the upfront costs of
high-efficiency building construction relative to
the prevalence of techniques practiced today.
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In short, the revenue from carbon credits is
used for financing the transformation and ca-
pacity building of the whole building sector
and its supply chain by improving the learn-
ing curve for energy efficiency technologies in
construction, in order to lower the cost of im-
plementing efficiency policies in the transition
period. Local government will commit itself to
financing the extra cost of programmed hous-
ing construction during a transition period (the
next 10 years) before instituting a higher level
of mandatory BEE standards (more effective
than the current Swedish code requirements).
The CDM is finally used as a financial tool to
accompany the Chinese building industry in
transforming the sector into a high-efficiency
and low-carbon infrastructure, by anticipating
the BAT construction techniques instead of a
purely project-based financial tool that gener-
ates additional carbon credits in the narrow
sense. China’s building sector offers tremen-
dous potential for mitigating CO, emissions
through the implementation of clean technolo-
gies under a properly designed BEE procure-
ment programme combined with programmat-
ic CDM offset. Institutional change is needed
to enlarge the scope of CER-EUA linking on the
global carbon market and to facilitate the pro-
grammed CDM based on a whole jurisdiction
of local authorities.

The programmatic CDM, which is an option
already recognised by the UNFCCC, appears to
be a compatible instrument that is adapted to
the transition to implementing the policies and
measures (PAMs) in the future framework of
Nationally Appropriate Mitigation Actions (NA-
MAs).

Policies concerning improvement in energy
efficiency in infrastructure (residential and
commercial buildings, among others) could be
integrated into national climate actions plans
such as NAMAs or pledged action packages in
the sectoral approach (SNLT, among others)
in order to achieve win-win targets by taking
the building sector into the post-2012 climate
regime (UNEP, 2008). This will open a broad
perspective for international agreements on cli-
mate change policies and sustainable urban de-
velopment trajectories in Chinese cities in the
longer term. Nevertheless, the inclusion of the
building sector in climate financing, such as a
sectoral crediting framework, is not so straight-
forward. According to existing literature (Baron
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and Ellis, 2006; Baron et al., 2008; Cheng et al,
2008; Winkler, 2008; Ellis and Moarif, 2009),
the issues surrounding methodology design,
additionality, MRV, accountability, the inherent
characteristics of disperse emission points in
buildings, IPR in technology transfer, public-
private partnerships and relevant institutional
capacity building need to be addressed to en-
sure the successful implementation of carbon
finance in the building sector.

Flexibility of urban development (land

use) regulations and fiscal incentives

Aside from linking BEE to carbon financing,
the local authorities may also introduce policy
instruments based on “non-additionality” out-
put, or rather an integrated package combining
the regulations and incentives. For example, in-
centive-based land use and fiscal policies could
also be introduced into the property market to
induce developers and/or construction compa-
nies to build more efficient houses and to adopt
low-carbon technology, whereby property de-
velopers may benefit from land use-related tax
reductions or increased plot ratios' (PR) in the
property development project, provided that
more efficient buildings and low-carbon or car-
bon-free energy supplies are considered. One
policy instrument that could be implemented
is to integrate the BEE technical requirements
into the city’s urban planning and land use regu-
lations. Some European countries have already
implemented specific policies in favour of ef-
ficient building construction and renewable en-
ergy promotion in residential and commercial
building construction projects. For example,
the French Urban Planning Act stipulates that
a developer can be partly exempted from land
use regulatory restrictions, urban planning
codes or other specified technical requirements
such as PR when high-efficiency buildings are
constructed, or when large-scale renewable
energy use is included in the property devel-
opment programme (Law 13-07-2005). A com-
prehensive approach is preferred in order to

10. The plot ratio (PR) is defined as the ratio of constructed floor
area to the occupied land area in a property development project,
which is one of the key parameters in the evaluation of urban plan-
ning and land development project submittal documents. In general,
prescriptive minimum and ceiling PR values are defined a priori by
local authorities (Bureau of urban planning) during the urban plan-
ning process for each specific land parcel category, depending on the
nature of land use, the property types, the site location and so forth.
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establish the linkage between the BEE policies
and general and detailed urban development
schemes through the land use specification. In
fact, regulatory flexibility of land use can be
regarded as an alternative economic tool that
provides long-term incentives to property de-
velopers, although no cash inflow is perceived
by developers, nor do they receive explicit tax
rebates or reductions. Instead, the increased PR
allocated to the property developer who com-
mits to adopting higher efficiency techniques
will allow him to sell more floor space to com-
pensate for the incremental cost in the initial
construction stage compared to the reference
case. Like the instrument concerning the pro-
grammatic CDM-financed district and citywide
BEE procurement, if a property developer
will commit to complying with the most effi-
cient building energy performance standards
(equivalent to the Swedish building codes with
gas-fired CHP systems) instead of continuing
current BEE practices, mandatory PR values
may be adjusted in accordance with the energy
performance of buildings. To keep the housing
sales price identical to the reference case' and
to ensure that the developer will be better off
compared to the business-as-usual case, the val-
ue of the plot ratio should be raised by at least
5% compared to the regulatory value'=.

Pricing reform: the road to climate-

friendly technologies

Experiences in OECD countries show that en-
ergy efficiency improvements since 1973 are
mainly the result of ongoing technological
progress and responses to rising energy prices
(Geller et al., 2006). However, energy prices for
end-users in China are often not cost-reflective
due to government energy subsidies, in par-
ticular the district heating service in northern
China. This constitutes a major deadlock for
the uptake of energy efficiency investment
by private actors, since no energy suppliers or
property developers will engage in BEE invest-
ment if the energy prices remain artificially
low. The improvement in energy efficiency in
buildings will provide more possibilities for

11. It is assumed that the property developer will not be allowed
to pass on the incremental costs to the final consumers (house
buyers).

12. The calculation is based on a residential district in the city of
Tianjin. A detailed description is available upon request.
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the energy suppliers to devise more flexible
tariff building blocks for different customers
in the new buildings. The whole energy pricing
structure could be negotiated between energy
suppliers and local authorities. New pricing
structures for energy services can be imposed
for the consumers moving into the new build-
ings complying with high-efficiency standards
as well as adapted equipment (e.g. heat con-
sumption billing), whereas consumers living
in existing buildings will continue with the old
tariff structure.

In order to address the institutional barriers
and make it possible to implement the pro-
posed instruments, an optimal pricing scheme
is required, in that each stakeholder must be
at least unchanged or better off compared with
the previous situation (without extra efforts in
BEE improvement). As such, a transparent en-
ergy pricing mechanism must be set up to al-
low the transmission of economic signals from
the upstream energy suppliers to the down-
stream energy consumers in buildings, other-
wise no rational decision will be made. Prices
need to reflect the actual economic cost and
internalise environmental externalities. Apart
from government intervention and industry
mobilisation in energy efficiency programmes
in the building sector, private initiatives should
also be encouraged through the energy pricing
mechanism combined with fiscal incentives.
Likewise, consumers will not be interested in
energy efficiency programmes without a clear
price signal or other market incentives. The
energy pricing reform is a necessary means of
accompanying private financing in the area of
energy efficiency improvements in buildings.
As an illustration of the idea of pricing nego-
tiations, let us imagine that an energy supplier
(for example a heating company) commits to
paying the upfront costs of building efficiency
improvements. Consequently, the BEE meas-
ures taken will allow the company to reduce
the capital investment associated with addi-
tional new capacity and related operating and
management costs. However, the company will
probably see a significant fall in the quantity of
heat supply (the volume consumed by the end
users) as a result of improved energy perform-
ance in buildings (reduction), thus the general
turnover may fall sharply to reduce the com-
pany’s profit margin, while the end users will
be the only beneficiary (a reduction in their en-
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ergy bill). By contrast, a fairer mechanism aims
to make both supplier and consumer better off,
or at least unchanged. Our calculation suggests
that the heating price needs to be raised by
16-21%"3 based on the analysis in the district,
which is identical to the previous examples of
BEE-CDM procurement schemes. Indeed, the
price escalation of heat supplied will increase
the heating company’s margin, while the end
users will be better off or unchanged, such that
the heating bill will be lower or equal to the
reference case with a significant improvement
in thermal comfort'.

More importantly, this scheme of reorganising
investment resource allocation has significant
implications for climate policy in the building
sector in China, since the price increase will
enable the heating company to create benefits
without any loss of welfare for end-users, who
will still pay the same energy bill with signifi-
cantly improved thermal comfort. In turn, the
increased profit will eventually give the energy
company a higher margin to accelerate invest-
ment in innovative and low-carbon supply
technologies, which are even more efficient
than the current supply options (to further re-
duce the supply costs and increase the possibil-
ity of price rise in the future). For example, the
benefits could serve in part to finance the ret-
rofitting of inefficient district boilers and the
adoption of environmentally-friendly supply
technologies, such as NGCC or CCS, etc. This
will create a virtuous catalyst to engage more
heating companies in investment in BEE and
state-of-the-art supply technologies to feed the
efficiency market.

Conclusion and perspective

There are both challenges and opportunities
in the building sector in China for the imple-
mentation of BEE improvements to ensure cli-
mate resilience in cities in the coming decades.
China will have strong political and economic
interests in enhancing energy efficiency in
urban building infrastructure to facilitate the
transition to socially optimal development tra-

13. The same assumptions regarding the technology portfolio
as in the PR adjustment instrument are used.

14. The underlying assumption is that end users will pay the
energy bill based on real consumption. This poses both insti-
tutional and technical challenges.
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jectories in the fast-growing Chinese cities. The
modelling results based on a case study in the
city of Tianjin illustrate the importance of tak-
ing timely action instead of indefinitely defer-
ring this action, since inaction or delayed action
would result in tremendous irreversible extra
costs compared to proactive approaches aimed
at significantly improving the quality of ener-
gy performance in buildings in Chinese cities.
The effort of investing in highly efficient build-
ings is justified by the fact that the “sacrifices”
in terms of upfront costs incurred today will
contribute to a significant reduction in costs
over the whole operating period. Consequently,
the savings can be used to strengthen financial
capacity building in developing low-carbon en-
ergy supply technologies and retrofitting inef-
ficient infrastructure (energy supply and build-
ings). Our analysis shows that it is imperative
to first improve building energy efficiency be-
fore opting for low-emissions intensive supply
technologies, such as directly switching from
coal to gas.

It is argued that regulatory instruments (e.g.
the building code) can be complemented by
economic instruments such as carbon financ-
ing tools in order to achieve the optimal BEE
uptake trajectory both effectively and efficient-
ly. Economic and policy instruments are to be
tailored appropriately to accompany learning
in implementing the regulatory and compul-
sory standards. Carbon finance may play a sub-
stantial role in driving cities to approach the
efficient and climate-friendly pathways leading
to a sectoral transition; a precondition is that
carbon emissions crediting through enhanced
BEE should be integrated into the public policy
framework with clear and evolving political
commitment targets. The current CDM mech-
anism can facilitate the leverage of carbon fi-
nance into BEE investment in China through a
programmatic or sectoral approach. The CERs
should not be used as a direct offset transac-
tion between private investors and property
developers, but rather as a public policy financ-
ing tool to drive the sectoral transition towards
high efficiency practices and raising the place
of buildings in the supply chain. From the per-
spective of long-term economic development
and welfare improvements, the incentives giv-
en to the property developers and energy sup-
ply companies should be conceived as a means
for the public authorities and local govern-
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ments, among others, to define the long-term
energy policy and urban development strat-
egy based on a BEE procurement model. The
programmatic CDM and efficiency housing
procurement programme proposals are based
on the argument that all economic incentives
should be coupled with the dynamics of the
continuous development of energy efficiency
and governance improvement in the property
and energy markets.

Furthermore, local government could use the
land use regulation shrewdly, as a non-mone-
tary incentive for property developers to build
much higher efficiency buildings. An integrat-
ed approach combining land use, urban de-
velopment strategies, BEE and carbon finance
should be designed as a key element of climate
action plans in Chinese cities. In this respect,
a synergy must be created between different
stakeholders to ensure the effective uptake of
appropriate decisions and the implementation
of target policies. The outcome would be a win-
win situation, in the sense that the government
does not need to subsidise the efficiency pro-
gramme thanks to the auto-financing mecha-
nism, through the efficient allocation of eco-
nomic and political resources.

Furthermore, the BEE policy should be integrat-
ed into a comprehensive policy framework of ur-
ban development in China to facilitate both tech-
nological and institutional transformation in the
building sector in China. The implementation of
BEE policies involves fundamental transforma-
tion in the whole supply chain of the building
industry, from architectural design to building
material manufacturing as well as skilled con-
struction workers training. However, the cur-
rent building market is extremely localised and
fragmented, synergy between actors and trans-
versal policy framework needs to be formulated
to promote the sustainable buildings initiatives.
High efficiency and low carbon buildings re-
quire highly skilled construction workers, own-
ers and operators. In this regard, China will need
to develop the skill levels in the construction and
property owning and operating industry (Lon-
nroth, 2009). Coherent public policies will en-
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courage R&D, innovation and sectoral capacity
building in terms of personnel training in high
efficiency infrastructure. Besides hard invest-
ment (materials, techniques, appliances & equip-
ment etc), the soft capacity building (education
and training of qualified engineers, architects,
urban planners and construction workers) for
EE management should receive special attention
in terms of human capital investment. Accord-
ingly, appropriate fiscal policies need to be im-
plemented to make it possible to scale up private
investment in the energy efficiency supply chain
in buildings, ranging from the manufacturing of
insulation products to high efficiency energy
supply techniques.

Finally, it is argued that a pricing reform in the
district heating energy supply should be imple-
mented on a par with actions concerning energy
efficiency improvements in buildings. Coherent
energy pricing will make it possible to transmit
transparent economic signals to the economic
agents concerned along the whole supply chain,
from upstream energy suppliers to downstream
end users in buildings. The DH pricing reform
should be undertaken to give heating suppliers
incentives to participate proactively in improv-
ing energy efficiency in buildings and to also
enable them to invest in high-efficiency supply
technologies, including low-carbon or carbon-
free generation technologies, such as NGCC, bio-
mass co-firing, CCS and so forth.

In conclusion, the development of low-carbon
building infrastructure in Chinese cities to
avoid the long-term climate lock-in will require
rapidly changing the sectoral development
pathway, involving a profound transformation
of institutions and governance throughout the
whole urban infrastructure development proc-
ess. An integrated approach should be adopted
by the policy-makers with regard to the opti-
mal trade-off between investment in BEE and
low-carbon energy supply technologies over a
different timeline. The sooner cities move to-
wards an energy-efficient built environment,
the more likely they will be and the easier they
will find it to enhance their climate resilience
in the future.
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