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Abstract

Climate change is affecting human societydifferent aspects, thus attrang global
focus.With over half of the global population now living in urban areas, cities wil fac
great challenges as they are hotspots for disaster and climate risks and major
contributors tgreenhouse gas (GHG) emissioAswever, as a highly artificial system,
urban development depends omnfan decisions to a large exteit is possible to
minimize the influence through reasonable development strategies. The previous
conceptand endeavor of sustainableiestlikely need to be adjusted according to
climate change. China and other emerging countries are experiencragica
urbanization, industrlzation and modernization process that will result in a
significant increase irconomicdevelopment and urban construction in the future
decadesin this process, if the urban development followstthditional pattern, once

they arebuilt, cities will be locked iran energy and carbofintensive development
modelover a considerable period of timeow-carbon city development will ensure
thatthe processs more resilient to potential climate crisis andrat $ame time prevent
aggraation of the ongoing climate change. Thiene, there is an urgent neet
develop an appropriats/aluationframework of lowcarboncity development levsin

China

German Federal Ministry of Education and Resea(BIMBF) launched the
i Cooper attiSkaaghaP integraged Approaches towards a Sustainable and

EnergyEfficient Urban Developmerit Ur ban For m, Mobility, Hous
in 2008 and entrusted the Institute of City Planning and Urban Desgigie
University of Duisburgessen to develom t o o | iLow C&  doholnde

evaluatethe energyefficiency and CQ@ emissionsof urban aregswhich has been
tested inthe Shanghai Honggiao Low Carbon Business Cergayject This
evaluation toois intuitive and understandéd and provides anew consideration for

the study of dw-carbon city evaluation, bumprovements arstill needed in terms of
practice guidance, operability, flexibility, etc. Under this background, the aim of the
thesis is to develop a leearbon city evaluation systemrf@€hinese cities based on
the experienceof LCI®, in order to provide standards and guidance for-davbon

city development in China.

Firstly, the connotation and definition of the lesarbon citywas taken from a review

of the theory and its backgroundBased on the review ogxisting research
achievemers the lowcarbon city is defined aa city that strives to reduce its GHG
emissions and increase its carbon sinks, while simultaneously adapting to the
anticipated climate change impacts. This definifoggests that climate mitigation and
adaptation are two key points of lesarbon city development with the same
significance, and identifies these both as the main basis efddvon city evaluation.



Secondly, six key climaterelated urban sectorsf i bra n designo, Atrar
Aenergyo, Abuil di ngo, A w avereidentified amdtder A muni c i
significancein low-carbon city evaluatigncarbon emission contribution, climate risk,

andclimate mitigation and adaptation strategsesestudied in depthAction in these

six sectors could substantialiyprove the level ofow-carbon development in a cjty

thus, it indicates the orientation of lesarbon city evaluation.

Thirdly, an evaluation framework of lowarbon city development level

Low-Carbon Indicator SysteinSino (LCISS)is constructedit consists of three parts:

Ai ndi cator i st o, Afeval uation checkl i st a
Al ndi cator | i st ¢ which is & boenprebensive indicator systent o o |
constructed through coupling three urban plansiragesvith the six key urban sectors

It isorganizd as a threkevel hierarchic structure that contains 6 fektss indicators,

17 seconetlass indicators, and 54 thigdass indicatorsAll indicatorsof this system

are selected by usinheoreticalAnalysis method anBelphi method, and the weight

of the indicators is determined by Delphi method and Analytic Hierarchy Process (AHP)

method. A Eval uati on checkl i st and wedpato is
systematic review of t -basbon develapraenti leval. o f a
ADevel opment guidelined is an action plan t

in the future.The feature of LCIS$ that it could help cities to evaluate the pess

and status of their lowarbon development, to identify where inefficiencies occur as
well as where action is needed, to assess the potential for improvement, and to
formulate an action plan, so as to advance the Hdcavbon development in a more
efficient way

Finally, the evaluation framework of Le®@arbon Indicator Systeiin Sino was tegd
using the Sino-Singapore Tianjin Ec€ity (SSTEC)project as an examplérhe
evaluation results showed that SSTEC has advantages 4calton development at
all three urban planning scales, but therestill room for improvement in several
sectors, such as traffic management, bogdcertification, flood controland waste
recycling regulations The results of this evaluation conform with the actual
development situatioof SSTEC

It is expected that this thesis will be of practical value tfee low-carbon city
evaluation process.



Zusammenfassung

Der Klimawandel gewinnt zunehmend weltweite Aufmerksamkeit; denn er beeinflusst
die Gesellschaft in vielfaltiger Weise. Uber die Hélfte der Weltbevolkerung lebt heute
in Gro3stadten. Daher werden diese grof3en Herausforderungen zu bewaltigen haben;
denn sieverden sowohl Brennpunkte fur Klimakatastrophen umslken als auch die
Hauptverursacher der Treibhausgasemissionen sein.  Stadtentwicklung ist ein
hochkomplexes kinstliches System, das hauptsachlich von menschlichen
Entscheidungen abhangig ist. Insofekbnnen verninftige Entwicklungsstrategien
Katastrophen und Risiken minimiert werden. Bisherige Konzepte und Bemiihungen
zukunftsfahiger Stadte missen dem Klimawandel entsprechend angepasst werden.
China und andere Schwellenlander erleben gerade einememaglrbanisierungs
Industrialisierungsund Modernisierungsprozess, der in einem bedeutenden Anstieg
von Bauprojekten und wirtschaftlicher Entwicklung in den kommenden Jahrzehnten
minden wird. Wenn die Stadtentwicklung dem bisherigen Muster folgt, weliden
Stadte, sobald sie gebaut sind, tUber einen betrachtlichen Zeitraum in einem- energie
und kohleabh&ngigen Entwicklungsmodell stecken bleiben.

Umweltfreundliche Stadtentwicklung garantiert eine belastbarere Entwicklung im
Angesicht einer potentiellenlihakrise und beugt gleichzeitig einer Verscharfung des
andauernden Klimawandels vor. Daher ist es dringend notwendig, angemessene
Bewertungsmalfistabe fur umweltfreundliche Entwicklungsstufen in China zu
entwickeln.

Das deutsche Bundesministerium fir Bidduund Forschung (BMBF) startete 2008

das ACooperative Project Shanghai : I ntegra
EnergyEfficient Urban Developmerit Ur ban For m, Mobility, Hous
und beauftragte das Institut fir Stadtplanung und Stadtean der Universitéat
DuisburgEs s en mi t der Entwicklung des ALow
Energieeffizienz und CO2 Emissionen im stadtischen Raum bewerten zu kénnen.

Dieser Index wurde bereits im Shanghai Honggiao Low Carbon Business Center

Projekt geteet. Dieses Bewertungsinstrument ist intuitiv und verstandlich und stellt

eine neue Betrachtungsweise fir die Erforschung der Bewertung umweltfreundlicher

Stadte dar, allerdings sind immer noch Verbesserungen vonnéten, was den Praxisbezug,

die Bedienbarkeiund die Flexibilitdt anlangt. Vor diesem Hintergrund ist das Ziel der

Arbeit, ein System fir die Bewertung der Umweltfreundlichkeit chinesischer Stadte auf

der Praxiserfahrung des LCI® zu entwickeln, um Standards und Anleitungen fir eine
umweltfreundlicle Stadtentwicklung in China zur Verfigung stellen zu kénnen.

Zunachst wurden Inhalte und Definition einer umweltfreundlichen Stadt hergeleitet aus
der Betrachtung der Theorie und deren Hintergrund. Basierend auf der Auswertung
bereits vorhandener Forseigsergebnisse ist die umweltfreundliche Stadt als eine
definiert, die sich flr eine Reduzierung der Treibhauggassionen und Anhebung



der Kohlenstoffsenken einsetzt, wahrend sie sich gleichzeitig an die erwarteten
Auswirkungen des Klimawandels anpasddiese Definition unterstellt, dass
Klimaschutz und -anpassung zwei elementare  Schlisselaspekte der
umweltfreundlichen Stadtentwicklung von gleichrangiger Bedeutung sind, und
bestimmt diese beiden auch als Hauptgrundlage fur die Bewertung der
umweltfreundichen Stadt.

Zweitens wurden die sechs stadtrelevanten Klimafaktoren Stadtgestaltung, Transport,
Energie, Gebaude, Wasser und kommunale Abfélle bestimmt und ihre Bedeutung fur
die Bewertung der umweltfreundlichen Stadt, den Anteil an Kohlenstoffemissionen
die Klimagefahrdung, den Klimaschutz und Anpassungsstrategien ausgiebig
untersucht. Ein Handeln in diesen sechs Bereichen kdnnte erheblich den Grad einer
umweltfreundlichen stadtischen Entwicklung steigern. Damit werden auch die
Richtlinien fir eine Bewtung umweltfreundlicher Stadte bestimmit.

Drittens wird ein Bewertungsrahmen zur Bemessung der umweltfreundlichen
Stadtentwicklungi Low-Carbon Indicator Systern Sino (LCISS) geschaffen. Er
besteht aus dr ei Teil en: Ai nadnidc at e p o rltios,t ¢
Adevel opment guidelineodo. Die Indikatorenl:i
ein komplexes Indikatorensystem darstellt, das sich zusammensetzt aus der Verbindung

von drei urbanen Planungsmafistédben mit den 0.g. sechs Faktorenuikdrist sie in

einem dreistufigen hierarchischen Aufbau, der sechs erstrangige, 17 zweitrangige und

54 drittrangige Indikatoren enthéalt. Alle Indikatoren dieses Systems werden gewahilt,

indem die Theoretische Analyse Methode und die Delphi Methode zage™

kommen. Die Gewichtung der Indikatoren wird durch die Delphi Methode und die
Analytische Hierarchie Prozess (AHP) Methode festgelegt. Bewertung, Checkliste und

Bericht (Aevaluation checklist and reporto
die systematische Erfassung des Entwicklungsstands der gegenwartigen stadtischen
Umwel t freundlichkeit. Entwicklungsrichtlin

auf den Aktionsplan, der beschreibt, wo Verbesserungen noétig sind. Das
Leistungsmerkmal des LCIS§, Stadten zeigen zu kdnnen, wie man den Prozess und
gegenwartigen Stand einer umweltfreundlichen Entwicklung bewerten, Ineffizienzen
herausfinden und Aktionsbedarf, Verbesserungsmaoglichkeiten und Aktionsplane
ermitteln kann, um die umweltfreundlichetiacklung effektiver zu gestalten.

Schlief3lich wurde der Bewertungsrahmen des 4Gawbon Indicator SystenisSino
getestet, indem das Sk®ingapore Tianjin Ec€ity (SSTEC) Projekt als Beispiel
herangezogen wurde. Die Bewertungsergebnisse zeigten, dasSSTEC zwar
Vorteile in der umweltfreundlichen Entwicklung auf allen drei stadtischen
Planungsebenen bringt, jedoch immer noch Raum fir Verbesserungen in einigen
Bereichen da ist, beispielsweise in der Verkehrsplanung, der Gebaudebewertung, dem
Hochwaserschutz und den Abfallaufbereitungsverordnungen. Die Ergebnisse dieser
Bewertung stimmen mit der aktuellen Entwicklungssituation beim SSTEC Uberein.



Es wird erwartet, dass diese Arbeit von praktischem Nutzen fur einen
umweltfreundlichen Stadtentwicklurg®zess ist.
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Chapter 1 Introduction

1.1 Research background

Climate change has been an unequivocal fact, as is now evident from climatological
models and observations at different levels and from the work of the Intergovernmental
Panel on Climate Change (IPC@gcordng towhich the global average temperature
hasincreased by 0.74°C from 1906 to 20@%achauri and Reisinger 200 Human
activities, such as ¢éhuse of fossil fuels,hanges in land use, agricukyuetc., have
played crucial rolgin this process (Figure 1.1). In 2013, the 5th assessment report of
the IPCC stated that human influence on the climate system igSteeker, Qin et al.
2014. An explicit example of this ithat the atmosphericoncentration of C®has
increased frona pre-industrial level of about 280ppm to 379ppm in 2@85lomon,

Qin et al. 200Y. Without efficient climate mitigation florts, the global average
temperature is expected to rise by-6.4°C relative to 1982990 by the end of this
century, depending on different scenario assump(idashauri and Reisinger 2007

20 |

15 |
— Observations

m Natural and
human factors

1.0 |

0.5 [ m Natural factors

only

0 fufl

Global Temperature Change ('T")

0.5

-1.0

1900 1920 1940 1960 1980 2000
Year

Figure 1.1 Separating human and natural influences on climate

Source:(Melillo, Richmond et al. 2034

The consequences of climate change include far more than temperature change and
may also include melting iceising sea leved, changes in precipitation patteymore
frequent and severe extreme weather events (incl. heat waves, cold spells, extreme
predpitation events, and storms), etc. Global warming causes glaciers, ice caps and
polar ice sheets to melt. As the IPCC projected, oversonex t h o f t he
population relying on meltwater will be affected by water supply reduction and drought
problems(Parry, Canzianietal. 2007 A combi nati on of the
sealevel rise. According to recent calculations, sea levels will increp<e8-2m by

2100 (Pfeffer, Harper et al. 2008This poses ahteat for lowelevation coastal zones

1
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(LEC2)! that are at risk of eventually being submerged underwater. Additionally,
rising sea levalwill increase the risks of inundation and destructive storm surges in
LECZs. The precipitation pattern is also pronsdwere changes that are likely to lead

to increased floods and/or droughts in some regions. Moreover, extreme weather events
are expected to occur more frequgrandbe more intensive. All the changes could
significantly impact a range of environment&tonomic and social processes that are
affected by the weather.

It is expected that climate will continue to change over the coming decades as there is a
time lag in the climate systeifiParry, Canziani et al. 20R7Whereas, if effective
mitigatior? action is taken now, there is still a chance to limit the carbon dioxide levels
less than 560ppm, the threshold carbon dioxide concentration for dangerous
consequences predicted by the IPCC. On the other hand, considering the levels of
carbon dioxide that have been emitted in the past and its lifetime in the atmosphere,
adaptatio of sonme level of climate change is likely to be an inevitable choice. For
integrating both mitigation and adaptation as responses to climate change, an urgent
shift toward to lowcarbon development is required. Furthermore, as the miajoal
sources ofjyreenhaise gas GHG)* emissionsanddisaster and climate rishotspos,

cities are playing an increasingly active role in the climate change response,
particularly in six key urban sectors: urban design, transport, energy, building, water,
and municipal solidvaste. Therefore, the concept of learbon city development will

be introduced and discussed in this work, as well as estalglianow-carbon city
evaluation system for China, the biggest carbon emitter worldwide, on the basis of
studying how these kayban sectors influence tieenstruction of lowcarbon cites

1.2 Cities and climate change

1.2.1 Contribution of cities to climate change

Cities are key sources of G@missions, as they are centers of human activities of
production and consumption thgteatly contribute to carbon emissions such as
transportation, industrial production etc.

Currently, due to the lack of a globally accepted calculation method, carbon emissions

from citescannot be pinpointed. Howe v and, citie
carbonintensive has been widely documented. Estimates suggested that as much as 80%

of the worl dés carbon emissi ons(Chukinae sour c ¢

1 Low-elevation coastal zon{eECZ) refersareasadjacent to the coast tHass than 10 meters abaveansea level
2 According to IPCC, mitigation is defined asthropogenic intervention to reduce the sources or enhance the sinks
of greenhouse gases
3 According to IPCC, adaptation is definedaaiustment in natural or human systemeeisponse to actual or
expected climatic stimuli or their effects, which moderat@sn or exploits beneficial opportunities
4 According to the Kyto Protocol, greenhouse gases include: carbon dioxide) (@®thane (Ckj, nitrous oxide
(N20), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluorileA{8éng them, CQis
the major element, accounting 72% of the totally emigt@&nhouse gases.
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2008 Hoornweg, Bhada et al. 201Rue, Han et al. 2000 According to a report of
United Nations Human Settlements Progran{tdbl-HABITAT ), the main sources of
global GHG emissions include energy generation, transportation, buildingumbiostr

and operation, industrial production, waste treatment and disposal, and agriculture and
forestry(UN-Habitat 201} As shown in Figure 1.2, most sources are astw®utiaith

cities and their functions.

= Energy

® Transportation
m Building

m Industry

m Waste

m Agriculture and forestry

Figure 1.2 The sources of GHG emissions
Source Author based oUN-Habitat 201)

A recent study of 114 countries around the watldgests that economic growth and
population were important driving factors behind increasing global&ssions in

the last decade@ani and Mukhopadhyay 20{1Gand cities are the most important
carriers of population and economy. By now, cities are home to more than half of the
worl dos popul ati othewolrd d16%5 (p,o pandlay i d0% (&4 6
cities; in 2014, this number rose up to 549%.9 billion people were urban residents
(United Nations 2014 Figure 1.3 clearly illustrates that global £émissions hee

been rapidly growing with urban population growth in the laslf-century. As
projected by U.N., 66% dheglobal populatiorwill be living in cities by 2050, which

will further drive carbon emission growth. Moreover, cities provide opportunities,
benefits and generate more than 80% of global Gross Domestic P(Gdfe) (The

World Bank 201% The relationship between global €@missions and economic
growth is shown in Figure 1.4 that GDP per capita is positively related to carbon
emissions. However, at different stagé the development of a citythis relationship

can take different forms (He and Richard 2009 (Mart§ez-Zarzoso and
Bengocheaviorancho 2004Galeotti, Lanza et al. 2006

The above analysis suggests that cities are significant contributors;ten@gsions,

thus, they shodl be stakeholders in all climate mitigation efforts. Due to the
concentration of considerable economic resources, skilled people, creative industries,
cities play irreplaceable radén addressing the climate change issues.
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Figure 1.4 Comparison of global @@&missions and economic growth
Source:Author based on the World Bank Data

1.2.2 Impacts of climate change on cities

Cities account for approximately 80% of global €@missions. They also face the

worst risks from the wultimate consequences

cities are clustered on costal lands, especially the -&lawation coastal zones.
Although the IECZs akeup onl y 2% o f (McGramahamoBalktehlo s

ar ea

2007, butth¢gc ont ain 10% of the worl dbés popul ati o

(Dickson, Baker et al. 20)2In light of the UNHa b i t at 0 stheaetatoiships i s
between cities and current climatelated hazards, most cities are situated in high
hazard risk areas (Figure 1.5). In addition, cities withrepeople, resources, industry,
and infrastructure will be more adversely affected by climate change in the future. A
present, more than half of the worl dos
concentrated in urban areas, and surely, as urbanizabws this trend will continue

and further aggravate in the futullemay lead to increased exposure to elienchange
hazards.
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pop!



T

"Gl

JTTTTTREes

=]
'

Figure 1.5 Cities in relation to current climatdated hazards

Note: The urban areas included in this figure have populations greater than 1 million.

The hazard risk represents a cumulative score based on risk of cyclones, flooding,

| andslides and drought. A score of 6006 denc
Source:(UN-Habitat 201}

As discussed, climate change is supposed to reswihimer temperatusgrising sea

levels, changed precipitation pattermore frequent and intensive cyclones and storms,
extreme precipitation events, more extreme heat waves and cold spells. These physical
changes and their associated-sgstemic and ecmmic responses have discernible
impacts on cities worldwide (Table 1.1).

Table 1.1 Sample of climate hazards and impacts on cities

Projectedchange Drivers of urban  Consequences for Sectorsinvolved

in climate exposure and cities, if
phenomena vulnerability unaddressed
(likelihood)
Warmer with fewer Urban heat island Exacerbated air Transportation,
cold days and effect. pollution housing, private
nights, more hot sector building
days and nights Lack of electricity Heatinduced industry, public
(virtually certain)  and cooling illness and death  health

systems, especially
Hot spells/heat in many informal

wavesd increased settlements.
frequency (very Lack of diversified Energy shocks and Energy

likely) energy supply and disruptions becaus:

substandard energ' of increased

infrastructure. demand
Heavy precipitation Rapid urban growtt Exacerbated Land use, housing,
event® increased leading to informal flooding and solid waste, public

frequency (very settlements on landslides health, emergency




likely)

Intensity of tropical
cyclone activity
increases (likely)

Rising sea level
(virtually certain)

marginal land with Contaminated management
no roads or waters and spread

drainage systems, of disease in

or drains that are  stagnant waters

clogged with debris

and silt.

Nonexistent or Blockage of Transportation,
substandard emergency routes emergency
transportation because of road  management,
infrastructure. flooding, resulting private sector

in delayed
emergency
evacuations

Losses in

commercial activity

Storm water
infrastructure
unable to deal with
current or future
runoff,
compounded by
deforestation /
degradation of

natural storm watel

filtering functions.

Increased runoff in
absence of
vegetatedand

Increased flooding

Sanitation, solid
waste

Natural resources
management

Already high
population
densities and
concentrated
commercial
activities (for

example, ports and
industry), located ir

coastal cities or in
river deltas.

Loss of property
andinfrastructure,
potentially before
the end of their
useful life

Private sector

Lower structural Loss of property  Housing,
quality of homes, and life emergency
especially in management
informal

settlements.

Location of Saltwater Water supply
aquifers, infiltration of

wastewater infrastructure (for Wastewater




treatmenplants, example, potable treatment
and other water supplies and
infrastructure in wastewater

coastal areas or on treatment)

river deltas.
Areas affected by Existing water Exacerbated water Water supply (with
drought increase  scarcity and scarcity and implications for
(likely) competing competition energy sector in
pressures for watet areas of
use (for example, hydropower
potable water, generation)
irrigation, Food shortages or Food and
wastewater, or higher food prices agriculture
hydropower). because of impacts

in other parts of the
region or world.

Source:(The World Bank 20)1

Facing theimpacts above, cities in developing countries are often more vulnerable
compared to cities in developed countries. On one hand, as the population in
developing countries is large, cities in these regionpantecularly densely populated

Additionally, many developing countries are experiencing the process of rapid
urbani zati on, and it is expected that most
occur in these countries during the next decddedig 2012. This can significantly

increase climatic threats and exacerbate global warming. On the other hand, lacking
economic strength, cities in developing countries are less abieke significant

investments to upgrade their infrastructure to better withstahdal hazards, such as

storm surges and flooding.

Given the above analysis, cities are imporfactors in tackling disasters and climate
change. To realize sustainable developnattpnshould be taken to make cities more
resilient to anticipated ichate change impacts.

1.3 Climate changdan China

Since 2006, China has been the top emitter of carbon dioxide in the world, accounting

for 29% ofthetotal global CQ emissions and its increase was equivalent to about 60%

of t he wo pihctedsen 20E{OlivierOJanssenMaenhout et al. 2034

Chinese cities, representing 54% thie total population and 78% of total GDP

(Manyika, Remes etal. 2002 contri bute 85% of (Diidakai nads c ¢
2009. Arecent research found that the total carbon emissions from 150 Chinese cities

are around 6006Mt carbon equivalence in 2010, which contributes 70% of total carbon
emissions in Chiné.iu 2015).



With the constant developmenitthe economyn Ching urban population continues to
grow steadily. Asestimated by MKinsey, there will be another 350 million people
living in Chinese cities by 2025, and more than 240 million of them will be migrants
(Woetzel, Mendonca et al. 200An inevitable consequence of this process is that
energy consumption and corresponding@@issions will be accelerated since urban

citizenso®6 ener gy c o ntsauofrpral resident§LisancaDemgu t 3 .

2011).

From another point of view, China itself is also one of the most vulnerable countries to
climate change. The existing research indicated that the general tendency of climate
change in China accords with global climate change. According to the Third National
Assessment Report on Climate Change, during 1909 to 2011, the surface air
temperature ilChina has shown a clear increasing trefidd if this trend continues,

the average temperature will increase by3.( by 2100. During 1980 to 201fhe

rate of sea level rise was 2.9mm/Yhe sea level will rise by 0:d.6m by 2100. Over

the last centry, no obvious change imaual precipitation in China has been detected,

but evicent variations among regions vea beenrecorded As projected, annual
precipitation will increase by-3% by the end of this century, but this is not likely to
reducewates hort age problems. Rather, Chinads
climate change. The frequency and intensity of extreme weather events have changed
significantly throughout China in the last half century, and this trend is estimated to be
continued (Editorial Board of the Third National Assessment Report on Climate
Change 201p All these changes havand will, continue to deeply impact the natural
ecosystem and the social economic system in China, especially in urban areas where
population, industry and wealth are highly concentrated.

More than 70% of large cities and more than 40% of the population areddcate
Chi nads c o ageneraté over 708vafstotal GD& but occupy less than 1/7 of
the total territory of ChingLiu and Han 2007Wang 2014 However, thesenore
developed and crowded regions are vulnerableatoraldisasters related to climate
change, such as cyclone activities and floods. As Organization for Economic
Cooperation and Development (OECD) reported, a number of Chinese cities, including
Guanghou, Shanghai, Tianjin, Ningbo, Hong Kong and Qingdao, wereedhnk
amongsthe top 20 cities in terms of population and assets exposed to coastal flooding
in 2070s(Nicholls, Hanson et al. 2097

As the biggest carbon contributor worldwide, meanwhile one of the most vulnerable
countries, China is tasked with responding to climate change. In 2009, the Chinese
leadership mada clear commitment of trasition to a lowcarbon growth path that
could reduce carbon intensity of GDP by-48% by 2020 from a 2005 baseline.
Chinese cities present an opportunity for such a transition since they are politically,
financially, and administratively organized to enpaalicies quickly to meet the carbon
emission reduction goéBaeumler, ljjasa/asquez et al. 20)2Today, in response to

this development transition, numberfscities are already developing lesarbon city

8



initiatives. As the Chinese Society for Urban Studies repaut#id February 2011, 259

cities above prefecture | evel h acviet ydoe colrar e
Al e¢ewr bon ci t yobqgver 89 af allprefecturalgeitiegChinese Society

for Urban Studies 20)1

1.4 Research objectives

Given the CQ intensity reduction goal, lowarbon city development becomes an

inevitable targefor Chinese cities. However, though numbers of cities have shown
considerable interest in developirglow-carbon city, there is still no consistent
definition of the conggt flacwon cityo, and no evaluatio
city meets the requirements and definition. This makes thec#rhon city

development lose its direction and become unmeasurable, which hinders the
low-carbon progress in Chinese cities. idfere, there is an urgent need to define the

ter mcfalrbbwon cityo and to devel &rgmeworkieci ent i f
order to evalwuate a <cityos current situa:
low-carbon development.

Accordingly, the olgctives of this work are fourfold:

i To <clarify the <connotat-canbamdcidtefd nt b
researchingthe theory from its origins. To discuss the insufficiencies of the
existing research achievements of loarbon city evaluation and eéhresearch
space for this work, on the basis of the review of the research background of
low-carbon city and lovcarbon city evaluation.

i To systematically investigate six key ur
Afenergyo, Abui |l dinnigedi,p aft wastoel riace closgypsdt efomuw h |
related to climate change, and explore climate mitigation and adaptation strategies
for each of the sectors, on the basis of the analysis of carbon emission contribution
and climate risk of these sectors, so as tcatd the orientation of lowwarbon city
development.

i To construct a evaluationsystem for lowcarbon city evaluation in China, on the
basis of coupling urban planning with key urban sectors that offer cities great

potential for carbon reduction and resilce enhancement.

i To test the use of this leaarbon city evaluation system through a case study, in
order to examine its validity and operability.

1.5 Thesis outline

This thesis contains six chapters and is organized in the following way:

9



Chapter One, lmoduction, introduced the research background, emphasized the
important role cities play in climate change mitigation and adaptation by deeply
studying the relationship between cities ar
contribution to global arbon emissions and its climate risk. On this basis, this chapter

identified the research objectives and briefly stated the organization of the thesis.

Chapter Two, LowCarbon City and Evaluation, explored the derivation of the concept
Al e€ewr b on nainttoduced a definition of lowarbon city that highliglst
climate mitigation and adaptation as two key points of city development. After that, this
chapter reviewed the research situation of the theory and practice-ohtban city

and lowcarbon ciy evaluation. Finally, the limits and prospects for research on
low-carbon city evaluation were analyzed in chapter two.

Chapter Three,Key Sectors of LowCarbon City Evaluation introduced the
significance of ur ban sectergyd,ur Bhoi ldckisn
Awat er 6, and @ muni-caibgnaity evaluatioifrd themaisfurteed i n | o v
analyzed the carbon emission contribution and climate risk of each sector, and proposed

the corresponding mitigation and adaptation strategies. h3n biasis,evaluation

aspect®f all sectors were determined.

Chapter Four, Development of Le@arbon Indicator System Sino, intended to
develop an evaluation method for laa&rbon cityi Low-Carbon Indicator Systeifin
Sino (LCISS). The evaluation framevk, mode, function, products of LCISS, the
process of LCISS constructioand the introduction of indicatovgere detailed in this
chapter.

Chapter Five, A Cas8tudyof Sino-Singapore Tianjin Ec€ity, examined the use of
LCISS through the case study 8ino Singapore Tianjin EeGity (SSTEC). This
chapter firstly explained the background of the project SSTEC, and then introduced the
application process of LCIS&ndfinally discussed the evaluation results.

Chapter Six, Conclusioand Future Worksummarized the contents, discussed the
contributiors and pointed out limitatioand future worlof this thesis.

10



Chapter 2 Low-Carbon City and Evaluation

2.1 Concept oflow-carbon city

2.1.1 Origins otow-carboncity

The concecpatr boofn ofil(ofiwc ar bono here refers to t
was put forward under the background of global climate change and increasing energy
consumption and greenhouse gases (GHGs) emission. The early exploration started

with the research of loear bon economy. Thi s Il dea fir st
horizons in the United Nations Framework Convention on Climate Change (UNFCCC)
in 1992. Thaer hem me did mavmy 0 wa aBrifisbEnergyl | vy pr o

Whi te Papegry iFQururEenerCreating a Low Carbon
book, lowcarbon economy was defined as an economic development model which has

higher resource productivityproducing more with fewer natural resources and less
pollution- will contribute to hgher living standards and a better quality of life, and will

provide opportunities to develop, apply and export leadohge technologies, creating

new businesses and jo{i3epartment of Trade and Industry 2003

The proposalofi | e€¢var bon e c on o myrll-wileacaientiarr. Ondes thiss wo
background, more relative researches have been carried out. Since 2004, the
government and scholars in Japan started the research of the model and path towards
low-carbon society, and therten fid aorwbon soci et yo was initial
the JapatUK | oi nt research project 02058 Sustain
Japan Low Carbon Society" scenario team 2008e core content of lowarbon

society is: on one hand, to increase energy utilization efficiency by usingaiden

energy sources and technologies, and on the other hand, to minimize energy
consumption and GHG emissions through promotion otdadwon and sustainable
consumption concept and lifesty@ai, Wang et al. 2032

Al t hougdrloil ewon o myca rabnadn fid coowi et yréduceidh ar e t he
carbon emissias they have different emphases. Specifically, -avbon economy

focuses on mitigation of carbon emissions from industrial production, while
low-carbon society highlights a $hof consumption style and behavior pattern towards

low levels of emission. On this basis, with the deepening ofclawon development

research, a ncoat rhbeorn i cdi etay dHlers daitiesethe icanterdof It
human activitbeasi!| asi edlhdo fAonfai mi ti goati on ar
address climate cheamge,onand onarerpite s no uth ef Ip

development.

Al t hough t-d@r bem mcind pyov i s new, tilhtkeoreoncept
Fromtheancielthi nese ecol ogical concept of Athe i
11
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the theory of Howar § éesturygtathedeeoity canceptythei n t he |
1970s and sustainable development theorythiea 1980s, tlen to smart growth

movement irnthe 1990s, nuneroustheories have shaped the debate aboutciasuon

city concepts.

(1) The integration of heaven andman

In traditional Chiese culture At he i ntegration of heaven an
of the ecological concept of harmony between naturédnanchn(Ji 1993. This ancient

ecological awareness holds that human beings and all things in nature are equal, which
opposst he f-bembharedo view of nat uityeocietfyt t akes
and nature as an organic unity of interaction tne$e elements impact, constrain, and

interact with each othanutually every parts similarly constituted and governed by

the same rule&hou, He et al. 2002 The harmony between the city and surrounding
environment is one of the core characteristics of¢éawbon city.

(2) Garden city

Garden city is a method of urban planning that was first put forward by Ebenezer
Howard in 1898.Garden cities were intended to be planned,-cattained
communities surrounded by "greenbelts" (parks), and containing proportionate areas of
residences, industry, and agricultteicey 1973. The workingemphasis of garden

city development optimizing parks and green spaces in the city, is also an important
task of creating lowcarbon cities.

(3) Sustainabledevelopment

The concept of sustainable development was initially presented by the United Nations
WorldCo mmi ssi on on Environment and Devel opmen
Common Futurebo. It is a development idea fc
coordinating environment with development, which represents a great progress in the
viewpoint of human development. As a commonly used definition, sustainable

devel opment S Nfdevel opment t hat meet s t
compromising the ability of f ulBrundtlendgener at
Commission 198)/

Theory of lowcarbon city is a branch of the theory of sustainable city development,
which aims to aieve sustainable urban development under the background of global
climate change by taking energy consumption and enviromngnpact as main
research objects.

(4) Eco-City

The idea ofan ecological city (eceity) was born in the implementation af
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programme of United Nations EducationalScientific and Cultural Organization
(UNESCQ on Man and the Biosphere (MAB) the 1970s. It aimdo improve the
well-being of citizens and society through integrated urban planning and management,
harnessing the benefits of ecological systems while protecting and nurturing them for
future generationgSuzuki, Dastur et al. 20)0Despite divergent views on the
definition of ececity, all related studies show a common development goal eigco
harmonious development of society, economy and nature.

The concepts of eeaty and lowcarbon city are interconnected and overlap eaatroth
(Chen and Lu 2010 Energy use and carbon cycliage the research focuses of both
theories, while the research span and spatial scale of each are different.

(5) Smart growth

Smart growth, an urban and transport planning theory, has arisen in the USAsince t

early 1990s. It concentratasw development angédevelopnent incompact walkable

urban centexto preventurbansprawl. Smart growth is a sustainable development

mode, focusing on compact city design, mixeg development and transiiented

development (TOD) by integrating transportation and larel Ufiese approaches

could effectively limit the urban spravand in turn, | ower the <cit
energy consumption and associated carbon emission. This has a great alignment with
spatial development strategy of laarbon city.

2.1.2 Definition ¢ low-carboncity

Despite theextensivaesearch that Isdbeen done in the past decade, it remains unclear
what defines a lovearbon city. Through the literature retrieval on Google Scholar with
Al ow carbon cityo as keywor dgenyearhbefore, wer e 4
in 2005, this number asonly 3 3 . I n most of-cahleom esieay @ hj
recognized as a city that leads to fomrbon economics and society, which cuts GHG
emissions in ways tharenot at the expense of economic development and livability
(Fu, Wang et al. 200&ia 2008 Xin and Zhang 200&huang 2008Dai 2009 Liu,
Dai et al. 2009Zhu 2009 A. Wang 2010J. Wang 2010Li and Zhang 2010Qin,
Zhang et al. 201,&Zhang, Ye et al. 201@hu and Chen 201Baeumler, ljjas/asquez
et al. 2012 According to the Climate Group, leearbon city promotes and
implements lowcarbon economy to achieve low carbon emission, en @ero carbon
emission in the scope of a city through transitional efforts on four aspects: economic
development, energy structure, consumption pattern, and carbon in(@hsit@limate
Group 2009. I n the Chinese government 2report
Emi s s i o n, ow-éakgnaity teférs to a city that adopts loarbon economy as
its developing model and orientation, lavar bon | i fe as <citizens
behavior pattern, and lewar bon soci ety as government
construction(The Research Group of 2050 China Energy and BExX@issions 2000
From these definitions given by authorities, it can be seen that currently the definition
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of a lowcarbon city is still relatively general and vague, and with a strong emphasis on
mitigation action but not enough on adaptation action.

Actually, adaptingto climate change has equal importance as reducing the
anthropogenic causes of climate cha(Rgry, Gnziani et al. 2007 The IPCC Fourth
Assessment pointed out t hat Aino mitigatio
relentless, will prevent cli mate([Krihhange frc
Huq et al. 200y Thereby, climate mitigation and adaptation play the same significant

role in lowcarbon city development.

Based on the above dission, this work adopted the definition of l@arbon city
from the book fATowaRdadcsusa dnfAESAEIEFEwhamh Ci t y
is described as follows:

A A dcasban city is one that strives to reduce its GHG emissions and increase its
carbon sinks, while simultaneously adapting to the anticipated climate change
i mpacts. O

In this definition,two key points of lowcarbon city developmentjimate mitigation
and adaptatigrareof equalsignificance

2.2Research pogresses ofow-carbon city

2.2.1 Theoreticalesearch

Low-carbon city, as the key to addressing climate chatgdlenges, has been
extensively studied. At present, the research ondasbon city mainly focuss on
driving factors of carbon emissions in urban area, carbon cycle and metabolism of
urban system, urban planning of kmarbon city, and framework and teufor
low-carbon city.

In urban areas, four driving factors influertbe GHG emissions: population growth,
economic development, urbanization, and energy efficiency. According to the existing
research results, the population has obviously positive atimel with carbon
emissions, i.e. population growth could drive an increase in carbon emiddaitisus

1967, Boserup 1981MartinezZarzoso, Bengochddorancho et al. 20Q7Dai and

Zhao 2014 GDP per capita, as measurement of economic development, is also
positively related to carbon emissions. However, at different stgkevelopment in

city, the relation between per capita GDP and carbon emissions can exhibit several
forms, such as inverted shape(He and Richard 20Q09N shapeMartgipz-Zarzoso

and Bengoche®orancho 2004 and linear(Galeotti, Lanza et al. 2006In the
process of urbanization, owing to the change of forms and functions of the city, the
timing aggregation, spatial distribution, and composition of carbon emissions could be
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altered(Lebel, Garden et al. 2007Thus, there is positive correlation betwedhe
urbanization level and carbon emissiqi@&istainable Dedopment Strategy Study
Group Chinese Academy of Sciences 2080n, Jin et al. 20)3 Researclon the
relationship between energy efficiency and carbon emissions indicated a negative
correlation betweerthem, which means that emissions could be mitigated by
improving energy efficiency. With the progress of loarbon technology, energy
efficiency has been greatly enhanced. This directly affects the level and cost of carbon
emissions from the fields of @duction and consumptiofinternational Energy
AgencyIEA 2009 Strachan, Pye et al. 2009

Researchnto thecarbon cycle and metabolism of urban systemainly focugson

lateral and vertical carbon flulChurkina 2008 A study of 29f the largest citiesn
Baltic Europe suggested that the range of
larger than the area of the city, which could be extended to hundreds of kilometers away
(Folke, Jansson et al. 199For the vertical carbon flux in urban aseaoils are the

major carbon reservoir: the planits green spaceabsorb carbon dioxide and release
oxygen, and fix carbon on the vegetation and twdugh photosynthesi{denks and
Jones 200P Thereby, urbanrgen spaces are an important carbon sink that soak up and
store CQ (Jo 2002. The process of urban development and expansion significantly
affecsthe carbon cycling in urban pland soil¢Pataki, Alig et al. 2006 and cause
alterations of vertical carbon cycle. The studies of lateral carbon flux in urban area
mainly focus on direct and indirect humgenerated carbon emissions, and emissions
over the full life cycle of product®iedmann and Minx 20Q8Activities, such as trade,
service, material flvs could have significant influence on the lateral carbon ¢@ile

Zhang et al. 2010

Discussions of strategies of urban planning targetingdaron developne were

heavily focused on compact urban form, transit oriented development (TOD), and

mixed land us€Gu, Tan et al. 2000 These three strategies are organic wholes which

are connected and promoted mutuéifgtersen 20Q4Vright 200534, Yokota, Hansen

et al. 2012 Specifically, compact urban form is the key to energy consumption and

carbon emissions control in a cifpieleman, Dijst et al. 1999 and it could be

achieved by implementing TOD and smart mixed land(Kgeand Doi 2005 Shim,

Rhee et al. 2006 A series of studies showed thaturban development density is

strikingly correlated to carbon dioxide emissions that-temsity development is

associated with more G@missions than higher density construct{@laeser and

Kahn 2010; ii) with a focused TOD growth strategy, a city could significantly reduce

future VMT-related GHEHaas, Miknaitis et al. 20}0iii ) smart mixed land use could

reduce the demand forotorizedmobility by keeping distances short, thus reducing the
associated emissiorfsong, Matsumoto et al. 20p8&urthermore, th representative

low-car bon <city planning concepts and model
concepts and four types of urban forfdsbareen 2006Rickdo y 6s si x sett |l e
patterng Rickaby 1987, and Kenworthyodés ten key transpc
(Kenworthy 20@).
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In terms of achieving lovearbon city development, there are three main routes: spatial
structure, technology, social policy and institut{@nen and Lu 2010

Urban spati al structure has a fundament al
and CQ emissions. As has been widely documented, @iffeurban forms (measured

in terms of residential densities, job concentration, and mix of land uses) require
different amounts of land for accommodating similar amounts otilptpn and

activities, resulhg in different levels of energy consumption a@®, emissions

(Newman and Kenworthy 1988an de Coevering and Schwanen 2@gen, Jia et al.

2008 Liu and Salzberg 20)2Moreover, urban form hasfil eicnk ef f ect 0 on
generation of C®(Pan, Tang et al. 20D8

Technology is one of the key factors affecting energy efficiency and energy structure.
Application of lowcarbon technology in the sectors of build{lsge-Vorsatz, Danny
Harvey et al. 200){ energy, and transpofiloll, Noorman et al. 2005are important
means to mitigate carbon emissiq@hen and Zhu 2009In addition, technological
change could also reduce the costs o @liatemenfManne and Richels 20p4

Policy, social mechanism, and li#yle could influence energy consumption and

carbon emissiaof a city too. Emissions reduction policy and mesaism involves)

marketing approach, such as carbon tradimy;controlling approach, such as
establishing limits and standards of £x¥missionsiii) fiscal approach, such as setting

up energy, envirooment, and emissiomelated taxes and subsidi@Shenand Lu

2010. A low-carbon life style and consumption pattern are also practical ways citizens

can adcar bon mitigation. A recent study anal
carbon emissions in detdGoodall 201(. The results highlighted the essentiality of

individual actions ddang with climate change fotow-carbon development and

provided a guide of a lowwarbon life.

2.2.2 Practicatesearch

The lowcarbon city development might be esserntbalespond to the pressing issue of

climate change, thus, the practice of foamrbon city has been outspread in many
countries worldwide. Some giatribesn oh awd i bev @l
such as the famous London, Stockholm, Copenhagen(Tetble 2.1). At present,

experiences of lovearbon city development for reference are mostly from the
programmes organized by international networks and initiatives on climate change,

such as C40 Cities Climate Leadership Grdwggal Governments for Stanability,

etc. Some of the representative programmes, to name a few, are as follows:

Climate Leader shi p°laGnched ip @05 & 4 hetwork dftl8 at i v e
megacities, and has since expanded to include 75 cities around the globe. It is a network

5 http://www.c40cities.org/
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of the worl ddés megacities taking action t
involve famous world cities, such as New York City, London, Tokyo, Paris etc.,
remarkably, Beijing, Shanghai, Hong Kong, Shenzhen, and Wuhan, five Chinese cities

are alsonvolved.

ICLEI- Local Governments for Sustainabilttywas founded as the International
Council for Local Environmental Initiatives by the United Nations in 1990. ICLEI is an
international association of over 1,000 cities, towns and metropolises that aunfdto

and serve a worldwide movement of local governments to achieve tangible
improvements in global sustainability, with a specific focus on environmental
conditions through cumulative local actions.

The World Mayors Council on Climate Chang&/MCCC’, founded in 2005, is an
alliance of committed local government leaders concerned aheytrotection of
climate change. It aims for enhanced engagement of local governments as
governmental stakeholders in multilateral efforts addressing climate changseaed r
issues of global sustainability. Presently, there are over 80 members of the WMCCC.

The Climate Alliancg of European Cities with Indigenous Rainforest Peoples is an
association of local authorities created in 1990 that have committed to theipnodéct

thewor | ddés <c¢cl i mat e. The Climate Allianceos
throughout Europe have committed themselves to reduce GHG emissions at their
source.

The Asian Cities Climate Change Resilience Netwonkas launched by the
Rockefellef~oundation in 2008 with a focus on 10 Asian cities, and has since expanded
to over 50 cities. It aims to promote partnerships, funding, and action for enhancing
climate change resilience of vulnerable people, institutions and systems to prepare for,
withstand, and recover from the anticipated impacts of climate change.

The Covenant of Mayol8 is a European initiative involving local and regional
authorities. By 2015, the Covenant of Mayors has 6289 signatory towns and cities
around Europe. The signatoriesliuntarily commit to reduce CQemissions through
increasing energy efficiency and use of cleaner energy soldgeheir commitment,

they support the European Union to reach the 20%r€duction objective by 2020.

In addition to the above lowarbon city initiativesglobally, many communities, cities,
countries and organizations are developing and practicing climate action plans. These
various experiences of implementing l@arbon development worldwide provide
multiple perspectives for interpreting sustainable development in the context of climate

6 http://www.iclei.org

7 http://iwww.worldmayorscouncil.org
8 http://www.climatealliance.org

9 http://acccrn.net

10 http://www.covenantofmayors.eu
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change.

Table 2.1 Climate action plans and development experiences from representative cities

City Urban planning/action plan Development strategy and experience

Manchester Manc hest er C The majorlowcarbon initiatives involve:
Climate Change Delivery retrofit public and commercial buildings anc
Plan 2010 2020 housing to improve the energy efficiency;

induce lowcarbon energy infrastructure;
developintegrated transport strategies,
provide efficient public transportation servic
facilitate new and alternative modes and fu
of transport; adopt a zero waste policy by
2020; provide information and training for
residents and employees across the city
through the programm
green the city by developing green spaces,
installing green roofs and facades in the cit

centre.
New York  PLANYC 2030 NYC& climate protection plaiargets a 30%
City emission reduction of GHGs by 2030 from |

2007 baseline. The key actions involve:
improve energy efficiency in existing
buildings and reduce the use of hg&eating
oils; strengthen its building code; develop tl
use of cleaner energy anehewable energy;
green the city by maintaining and expandin
green spaces; improve public and
norrmotorizedtransport systes) facilitate
electric vehicles and alternative fuels; heigh
resilience measures to protect critical utility
facilities from clmate risks.

London The Mayor 6s L o ndon 6 s:reduotionestra@@es
Change Action Plans include the following: improve the energy
efficiency of residential and other buildsigy
investing decentralized energy infrastructur
improve waste and recycling infrastructure;
green the cityds pu
carbon economy; facilitate more hybrid bus

Tokyo Tokyo Climate Change Tokyo is the worl do:
Strategy- A Basic Policy for Cap and Trade Programme for reducing
the 10Year Roject for a carbon emissionsn addition a number of
CarbonMinus Tokyo ideas for future climate actions were devise

make carbon mitigation mandatory for
business opations; strengthen energy
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efficiency standards for new buildings; crea
a system to provide consumevih
information on energy efficiency; curb
emissions from road traffic; promote the
utilization of renewable energy; consider
measures tackling the hesland effect as pal
of urban planning.

Freiburg

Freiburg Climate Protectior

Strategy 2030

Freiburg is renowne
a NnGreen Cityo. Thr
energy savings, energy efficiency and
renewable energy, the reduction of eyye
consumption in Freiburg is considerable. It
climate protection action plan involves:
improve renewable energy utilization throug
encouraging combined heat and power plal
in public buildings and schools; implement
energy efficient renovation of muipal
buildings; emphasize the importance of
municipal leadership and community
involvement; promote nemotorized
mobility, particularly bicycle and pedestrian
traffic.

HongKong Gr een Hong

Audit

K

Hong Kongds cl i mate
reduce 25% GHG emissions from 2005 lev
by 2030. The action agenda inclsde
maximize energy efficiency at buildings
through reducing energy demand of major
electrical equipment; promote use of electri
vehicles and alternative fuels, and strength
eneqgy efficiency standards for vehicles;
promote the use of renewable energy sourc
or energy from waste; increase the utilizatic
of nonfossil, clean and low carbon fuel for
power generation.

Toronto

Climate Change, Clean Air

and Sustainable Energy
Action Plan: Moving from
Framework to Action

The GHG reduction targets of Toronto are,
from the cityds 199
reduction by 2012, 30% by 2020, and 80%
2050. Its climate change actions include:
engage the citizens, community groups anc
busiresses to reduce energy consumption ¢
associated emission
Torontoo0O progr amme,;
high-rise residential buildings; invest
residential solar hot water heating; develop
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website to provide consumessth

information on energy efficiency and
environment; promote local food productior
community gardens, and community energ
planning; provide incentives to encourage t
use of low emission or hybrid vehicle
technology.

Seattle

Seattle Climate Action Plan

Se at t jorelinate antoons contain:
expand transportation options to divert fron
cardependence; encourage Aootorized
transport by improving bike and pedestrian
infrastructure; facilitate hybrid and electric
vehicles and alternative fuels; promote sole
and oher alternative energy sources; provic
residents and businesses with the tools to
improve energy efficiency in buildings;
highlight the importance of community
engagement.

Copenhager CPH Climate Plan

The city of Copenhagen has a vision of
becomingthewo| dés first «
capital in 2025. Its mitigation actions genere
include: aim to achieve 10% of total €0
reduction through building redesign and
construction projects by 2015; 97% of the ¢
heating is supplied by a system capturing
waste heia develop high qualitpubic
transport system and cggbath system. In
addition, its adaptation actions contain: red
the risk of flooding by implementing various
methods of water draining, and green roofs
facades that slow rainfall runoff; improve th
ventilation and insulation of buildings.

Stockholm  Stockholm's Action

Programme on Climate
Change

Initiatives in Stockholm toward mitigating
carbon emissions include:-design and
construct buildings to improve energy
efficiency;adopt district heating and hea
pumps, and promote the use of renewable
enggy sources or energy from waste or
residual waste heat; encourage o$clean
vehicles.

Curitiba

Accelerate the Transition tc

Sustainable Communities

and Societies

The city is recognized as one of the most

sustainable cities, which is best known for i
innovative urban planning and managemer
and sustainable transport. Even Curitiba is
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densely populatedity, the importance of
green areas is highlighted. The agy
dominated by an integrated Bus Rapid
Transport (BRT) system. Furthermore, all
public buses in Curitiba run on biofuels inste
of fossil fuels.

Yokohama Yokohama City Action Plan Yokohamd@s carbon reduction targistover
for Global Warming 30%per capitaby 2025 and over 60% by 20¢
Countermeasures from 2004 levels. The detailed action plan

mainly includes: improve energy efficiency
commercial buildings and households throt
support of energgaving products, promoting
low-carbon buildings; reduamissions from
transport sector through improving public a
nonmotorizedtransport systems,

implementing traffic demand management,
promoting fuelefficient and electric vehicles
and increase the consumption of renewable
energy terfold by 2025 from tle 2004 levels.

Source:(ASSAf 2011Global Carbon Project 2011C40 Cities Climate Leadership
Group 2019

China has committed to redng its CO, emissions per unit of GDP by 40 to 45% by

2020 during CORL5, compared with the 2005 baseline. Cities aréntegral part of

this reductciaam,ontohithsaasiilbew ome the main conc«
urban development in China. In the past, numbers of cities have shown considerable

interest in developinglow-carbon city. According to statistics repetby the Chinese

Society for Urban Studies, till February 2011, 259 cities above prefecture level have

decl ared the intendiitoyo adar biwoowiiny 0an ate ow
over 90% of all prefectural citig€Chinese Society for Urban Studies 20JAmong
t hem, representative cases -CiamdblomdePitl lbe €Cii

program that launchad 2010 by the National Development and Reform Commission

(NDRC) (Table 2.2) and demonstration projects, such as-Simgapore Tianjin

Eco-City, Shanghai Dongtan E€dity and Honggiao Low Carbon Business Center,
Tangshan Bay Ec@ity, Shenzhen Guangmingew Di stri ct , Baoding
Val |l eyo and fASolar Cityo (Table 2.3).

However, despite these efforts, the practical research e¢dolaon city in China is still

in its infancy, usuallyspontaneus unsystemati and tentative. At the central
governmentevel, there is still an insufficiency of detailed and rigid climate protection
standardin macroscopic planning, thus lezarbon city development strateglack of
systematicness and binding force. At the local government levelcddwon
development model and planning of most Chinese cities are not able to embody and
reflect their own characteristics, such as development stage, population size, resources
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endowment and industrial structure. A number of cities simply copied the Baoding
model in which new energy and lesarbon industry plays leading role, and the
demonstration project modeWhich was represented by SirSingapore Tianjin

EcoCity.

To meet he emission target, China should on one hand introduce absolyte CO
emission control in its macroscopic development strategy-yiae plan), which could

provide more targeted development time schedule and route plan to the future climate

mitigation and daptation actions(\Wang 201% on the other hand, municipal

governments should adopt advanced experiences of the pilot projects, but formulate

their own lowcarbon development strategiesrresponding to the actual situation
instead of simply copwg (Li, Ma et al. 201}

Table 2.2 Lowcarbon plans for eight pilaities

City Action plan Issue date Drafting institution
Baodng Baoding city peop 12.2008 Baoding
on building low carbon city Municipality
Government
Hangzhou Hangzhou city peo 12.2009 Hangzhou
government views on building low Municipality
carbon city Government
Xiamen The overall planning framework for lon 01.2010  Xiamen Constructior
carbon city of Xiamen & Administration
Bureau
Tianjin Tianjinbds cl i mat e 03.2010 Tianjin Development
and Reform
Commission
Guiyang  Guiyang city low carbon development 07.2010  Guiyang
action plan framework (2012020) Municipality
Government
Nanchang The action plan for Nanchang low 11.2011  Nanchang
carbon pilot city Municipality
Government
Shenzhen Medium andLong-term plan for 02.2012 Shenzhen
Shenzhen low carbon development Development and
(2011%-2020) Reform Commission
Chongging The action plan for Chongging low 03.2012 Chongging
carbon pilot city Development and
Reform Commission
Source:(Khanna, Fridley et al. 2013
Table 2.3 Development concepts and experiences frorcdolon cities
demonstration projects in China
City Project Development concept amkperience
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Tianjin Sino-Singapore Tianjin
Eco-City

The development concept of Siingapore
Tianjin EceCity involves: establish an industrial
system on the basis of circular and loarbon
economy; form an integrated landscape systenr
comprising lakeriver, wetland and greenery;
construct an efficient green transportation syste
promote alternative energy technologies and ra
energy efficiency; develop a livable and friendly
community mode. It is expected to be the most
successful demonstration peot in China.

Shanghai Dongtan EceCity

DongtanEceCi t y i s Ch-City prgest
that has been credited for its planned zeabon
footprint. Its development concept focuses on
development of new energy, environmelytal
friendly buildings, andgreen transportation
system. Since 2009, the project has been shelv

Honggiao Low Carbon
Business Center

The development concept of Honggiao project
includes: adjust industrial structure to develop
low-pollution low-carbon industry; limit the urbai
sprawl; encourage mixed land use; and establis
public and normotorized transport oriented
transportation system.

El ectricit
Solar City

Baoding

ot It

The development target of Baoding is to establi
six industry clusters of wind power,
photoelectricity, electricity conservation,
electricity storage, electricity transmission and
transformation and electric automation. Other k
actions of lowcarbon city construction include
urban ecological environment construction,
low-carbon communitgonstruction, lowcarbon
public building construction, and leearbon
transportation system construction.

Tangshan Tangshan Bay Ec@ity

An ecocity indicator system with 141 indicators
7 categories was developed by Tangshan Bay
Eco-City. It is used tquide the development in tf
field of urban function, building and constructiol
industry, traffic and transportation, energy, wast
water, and landscape and public space. Its
development focus is on resource conservation
green buildings, city securitgecycling economy,
green transportation, renewable energy, lifestyl
cultural integration, and highly efficient public
utilities. Because of the reorientation and capite
constrains, the progress of this project is slow.
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Shenzher Guangming New Distric' The core concept of the leearbon planning of
this project includes: optimize the urban space
structure; adjust industrial structure, and develc
low-carbon economy; establish green
transportoriented transport system through
implementing TOD model; devagb green
buildings.

Source: Author based difang, Liu et al. 2009.i, Ma et al. 2011Zhou, He et al. 202

2.3Low-carbon city evaluation

With the devel o@artelnan oQGi ttyhoe tfihLeoom y and pr a
low-carbon city, as the key to realizing lasarbon development has gradually become

a new hotspot in th research fieldVarious methods and moddiave been applied in

the research of lowarbon city analysis and assessmewith a great deal of

achievement. The main methods include: Decomposition Analysis (DA) models,

carbon footprint analysis models, lasarbon city planning relevant models, and

low-carbon city environmental governance models.

Decomposition Analysis models amevidely used tool of analysis of drivers of €0
emissions in urban argamainly including Index decomposition analysis (IDA) and
Structural Decomposition Analysis (SDA)DA is a static and comparative
methodology that uses aggregate data at the degtgdr Through the implemestion

of IDA, the information of energy/emission indicators gathered at different levels of the
energy/emission hierachy can be appropriately tse¢ke greatest exteiiKu 2013.

Its common methods aredaptive Weighting Decomposition (AWLiu, Ang et al.
1992, Laspeyres indegPark 1992, the Simple Average Decomposition (SAQ@g,

Xu et al. 2008, Logarithmc Mean Divsia Index (LMDI) (Zhao, Huang et al. 2015

and etc SDA is a comparativestatic technique with a very detailed inpofitput
analysis. Utilizing a SDA, it decomposes the change in carbon emissions into several
determinantsuch as input/output coefficient, final demand mix, industrial efficiency,
etc.(McGregor, Swales et al. 2008

Studies of carbo footprint analysis have also been receiving more attention. Major
methods are as follows) Life Cycle Assessment (LCA) model, is a technigbat

mainly analyses the mass and energy fl ows
grave (Tukker 2000; ii) Environmental InpuDutput (EIO) model,it is used to

calculate carbon footprints on the basis of availability of persistent environmental data
(Leontief 1970 Wiedmann, Minx et al. 2006 iii) Hybrid-EIO-LCA model, is a
combination of the above two methods that integrates advantages of both, but with high
operation complexity and relidity on good and detadld data (Heijungs and Suh

2009.

24



Relevant éw-carbon city planning models can be broken down into three types:

Scenario Analysis, System Dynamics (SD) model, and Cellular Automaton (CA)

model. With the help of Scenario Analy, the further developmemtf a city can be

forecasted, in turn, lonerm scenarios for moving towards a loarbon target can be
designed(Shimada, Tanaka et al. 208D models areften used in analysis and
forecasting of the devel opment 2émssiongl of a
(Fong, Matsumoto et al. 20p7CA models have enjoyed a wide application to the

simulation of changes in urban spatial structure and land conversion, and estimation of

carbon emissiond.i and Yeh 2000

Environmental governance models are mostly used to analyze theffecsiveness of
carbon emissions from aspects of energy economy, energy technologyy energ
consumption, environment, policy etc., and provide scientific bassdor t y 0s ener gy
strategy(Qin, Zhang et al. 2030There are three representative methadsg-range
Energy Alternatives Planning (LEAP) system, Computable General Equilibrium (CGE)
model, and MarkaMarco model. LEAP system regarded future energy demand and
environmental impact as research objest and analyzes the trends in energy
consumpbn and carbon emissions of a dihang, Feng et al. 20LICGE model uses
historical data to estimate how an economy might react to changes in policy,
tecmology or other external factors. It provides insight into eriexggnomy
environment interactions and indicates opportunities for acladson development
(Kumbar oj)l Mark&dNabc8 model is an integrated enemgyvironment
economy model that comh#e an integrated energy demasdpply model and a
macreeconomic model. It is widely used as the tool for-cavbon policy analysis
(Chen 200%

Although the lowcarbon city evaluation is a new lesson in Chinds itlevelopng

rapidly. Through the literature retrieval on China Knowledge Resource Integrated

Dat abase withyoflaomwl cdiervbadu adiitono as keywor c
1641 results, while in 2007, this number was only 14. Mb#teresearcis based on

t he studdietsy odv dilecaoti ono and fAsustiag nabl e c
that i n -cafonoiat yio oawmnd ydbecse often thought of
concept, and widely applied to theory and practice studies. Currently, research
achievements of lowarbon evaluation systeyare generally in three forms.

(1) Evaluation systems developed by acadeninstitutions or government
departments, and issued in the form of research reports or evaluation standards.

In 2009, Objectives of LovCarbon Urban Development Strategy in China (22020)

has been proposed by the Chinese Academy of Sei@Meemg2009. It is established

on the basis of three themes: economy, society, and environment, including 26
indicators (Appendix 1). In this evaluation system, low carbon developonienited
indicators, such as fAEl astircengwald!l e nemagryg )
AAverage wal king distance to BRT stationso,
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In 2010, the Chinese Academ Process (Behavior)
of Social Sciences launched tr
first evaluation criteria for
low-carbon cities that consiste

Second Quadrant: Developing Stage First Quadrant: Increasing Stage
of 12 indicators, refledtg the g5oe o e ure et Tmeneiy - Suong
situations of lowcarbon
productivity, lowcarbon
consumption, lowcarbon Result (Effect)

resources, and Ilowarbon
policy (Zhuang, Pan et al. 2011
(Appendi x 2). _ N _

. . Third Quadrant: Initial Stage Third Quadrant: Steady Stags
Low-carbon City Evaluation Ecological Effect - Bad Ecological Effect - Good

. Behavior Intensity - Weak Behavior Intensity - Weak

I ndex/ I ndicato - -
developed by Institute for
Urban and Environmenta

Studies in Chinese Academ riq e 2 1 Re Pulotc e s s 0 UELDI u ¢ t

of SO‘?“’J" Sc_iences .in Source:(Chinese Society for Urban Studies 2012
cooperation  with  Swiss

Agency for Development and Cooperati@institute for Urban and Environmental

Studies Chinese Academy of Social Sciences R013s composed of three parts:

indicator list, lowcarbon city assessment report, and action plans. As the key part,

indicator list includes 15 major indicatoasd 50 supporting indicators (Appendix 3).

This tool is developed through learning from the experience of European Energy Award,
which functions as an action guidance to
staged improvements. Another evaluation eystUrban Ecological & Livable
Development IndeXJELDI was developed in 2011 by Chinese Society for Urban
Studies(Chinese Society for Urban Studies 2R12 Thi s systemtonspect
(behavior and process) and Ahar-pgracesy r esul t
valuation on urban ecological construction. In accordance with the evaluation result,
assessed cities are classified into four types: irstede city, developingtagecity,

steadystage city, and increasirgjage city (Figure 2.1). According to the UELDI

resuls, the evaluated cities could find the kewints, difficulties, risks of current

ecological urban construction to find waytewgetfuture development. In September

2011, AEval uation I ndex on Green and Const
(Trial)o was rel eased by -RdialnDegetopment o f Ho u
(MoHURD), Ministry of Finance (MoF) and National Development and Reform
Commission (NDRC). This index includes 7 parts this expressed as social and

economic development; planning and construction and manageuneatjland use

intensity preservation of environmentesources decreasewaste, energy saving,

facilities andparks; public services level; and historical and cultural preservation.

Within these 7 parts, 35 items and 62 indicators are involved (Appendix 4).

(2) Evaluation systems set by local government or pilot demonstration urban project.
Representative casesas follow:
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ABeijing Ecol ogical Demonstration Area Eva
Municipal Commission of Urban Planning in 2014. This standard consists of 8 parts of

land layout, ecological environment, green transportation, energy utihizatiater

utilization, green building, informatization, innovation, containing 54 evaluation
indicators (Appendix 5).

Sino-Singapore Tianjin Ec€ity is a project implemented through international
partnership of China and Singapore. As an important exaafpelow-carbon city
project in China, it has set ambitious goals for cutting carbon dioxide emissions by 80%
compae with the average emission levil cities of the same sizeTo guide the
development of the EeGity towards achieving the goals, 22 quemive and 4
qualitative key performance indicators have been selected under four categories:
ecological and healthy environment, social harmony and progress, dynamic and
efficient economy, and integrated regional coordination (Appendi8i6p-Singapore
Tianjin EcceCity Administrative Committee 2008 The KPIs include explicit
indicators of lowcarbon city assessmeniich as:

A KPI 5: Carbon emissi-@perlpndlionUSdollats GDP: O15(
A KPI 7: Proportion of green buildings: 100%

A KPI 12: Proportion of green trips: O0O90%
A KPlI 13: Overall solid waste recycling rat
A KPI 19: Renewal20% energy usage: O

A KPl 20: Water supply from nonconventional
A KPI22:EmploymenHousi ng Equilibrium Index: O50 %.

Currently, the KP$have become an example that many other-lmavbon city projects
in China are anxious to study and imitate.

Another pild project with much fanfaré Tangshan Bay Eec@ity, which is a
cooperation project between China and Sweden concerningtggaanning theory

and technology, has also established a set of characteristic evaluationssystem
consists of 141 indicatorsategorized into 7 topics: urban function, building and
construction industry, traffic and transportation, energy, waste, water, landscape and
public space (Appendix 7). The indicator system for Tangshan BaEghas been
established on the basis oetBymbioCity integrated and multidisciplinary approach,
which reflects the current Swedish development in planning theory and practice and
has been adapted to the specific situation and challéBgkyglberg and Tan 20D9

Hongdgao Low Carbon Business Center is the factice project of urban planning in
Shanghai. Through the Cooperative Project Shanghai: Integrated Approaches towards a
Sustainable and Energsfficient Urban Developmeni Urban Form, Mobility,
Housing and Liug, an evaluation tool Low Carbon Index (LCY) has been
developed by academics at the University of Duistitsgen. The evaluation process is
divided into 3 phases, and examines the energyAifi@iency from 4 topics of urban
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design, mobilitypuildings, and renewable energy, involving 75 criteria (Appendix 8).
All criteria are evaluated on a scale from +2-2o There are different criteria
qualitative and quantitative onésfor each of the four topics. The L€kvaluation
results in a sergeof products (Checklists, Guidelines, and Design Codes) that may help
diverse target groups in different stages and priorities of progBattes and Schmidt
2010.

(3) Evaluation systems published in academic publications.

Since there is no universally accepted definibblow-carbon city, evaluation methods
of low-carbon dy have been developed on the basis of different understandings and
emphases. Most studies are conducted from the following two perspectives:

i Evaluation systems developed based on the analysis of the correlation of key
elements of city developmefuch stidies measure the carbon emissions from the
carbon sources within urban aseand perform statistical analysis of €€missions
produced from urban social and economic activities according to different departments,
thus to evaluate the lesarbon developent level of a cityfA. Wang 2010Niu 201Q

Price, Zhou et al. 20)1In addition some scholars studied this issue in view of carbon
reduction and carbon sequestration that on one hand empghdiseeabsolute
importance of reducing G@missions from the main carbon source such as industry,
energy, transportation, building, and on t¢tleer hand alsputsemphasis on enhancing
carbon sink through construction of parks and for@is!, Ju et al. 2011.u, Tian et al.

2011, Zhang, Chen et al. 201%u, Li et al. 2018

i Evaluation systems constructed from the perspective of sustainable development.

Three pillars of sustainable developmér@conomy, society, and environment are the

core to these studies. In such studies, the key points afddvon city construction are

generally selected as main evaluation objects and organized within a hierarchical
structure. Moreover, criteria are calculated with specific calculation methods, such as
Analytic Hierarchy Process AHP method, Principal Component Analy$isPCA

method, D&hi method, etc(Fu, Liu et al. 2010Ma, Zhou et al. 201,(Hua and Ren

2011, Wang, Zhou et al. 201Xin 2011, Xiong 2011 Yang 2011Jiang and Zhang 2012

Lian 2012 Zhu and Liang 2012 There are also some academit® haveestablished
evaluation systems g r-PBressudStatcimpactRdsgorsé i Dr i vi n
DPSI R0 framewor k, w h i c-barbenrcity linyproklertaiverd e v al u a
mode(Shao and Ju 201@hang, Wang et al. 2011

2.4 Limits and prospectsof research onlow-carbon city evaluation

According to the reviews hereinbefore, scholars from different disciplines and fields

have studied the lowarbon city from different approaches, and have come up with

fruitful achievements. On the other side of the coin, owing to the differences i

theoretical foundation, discipline background, and spatial scale between these
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researches, the findings cannot be easily integrated and applied. Thereby, further study
should be more systematic and integrated.

In practice, many pilot projects have forratdd their lowcarbon development goals
and strategy in light of their characteristics. Most of their actions focused on improving
energy efficiency, adjusting energy structure, promoting green traffic systech
green building, and advocating lovearbonlife and consumption etc. On the whole,
while the lowcarbon pilot cities are booming worldwide, the practtéow-carbon

city is still at the stage of exploration.

At present, research of legarbon city evaluatiors still in its infancy. Mostevaluation
systems are developed in different disciplines. The evaluation objectives, functions,
and applicable scopes vary from one to another. Thus, these achievements are not easily
compatible and comparable. As mentioradabve in China, scholars havaso made

many beneficial attempts into this issue; however, tagstill some insufficiencies:

i Insufficient evaluation on climatadaptability. In addition to climatmitigation
concerns, separate and adequate attention should also lhe adéghtationof the
evaluation of lowcarbon city.

i Unadaptable to urban planning syssenn many Chinese cities, there is a
disjunction between the losarbon development strategy and the planning system.
This in turn makes the lowarbon development pogrsupported by the regular
planning system. Consequently, the construction ofdavbon city becomes an
armchair strategy. Furthermore, if the evaluation of-t@arbon city is unable to
evaluate a <cityodos performance pécted ough
low-carbon goal will be difficult tguarantee

i Lack of specific characteristics. The carbeaduction potential and climate
vulnerability vary from city to city, according to its size, natural environment,
economy and social development. Accordynghe actual situation of target cities
should be taken into consideration as the evaluation system is developed.

vV

T Confusi on bet ween feval uati on i ndi cator o

i ndicatoro is di fferent f r ot of evaleatian!l uat i

on

i ndicator system is intended to monitor

and detect various efficiengglated problemgLi and Yu 2012. The evaluadn

target is normally an internal management tool set by resource allocation agencies,
enforced bya higher level of management or external agen@ieand Yu 2012,

which canbe used to cheakhetherthetarget has been reachleg a city, butnot

able tohelp a city to define the gap between the reality and the-davbon
development objectivelt is important to note that, currently, the majority of
low-carbon city evaluation system in China is evaluation target, with the
evaluation indicator unsatisfactory.
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The above shortcomings indicate the direction for this work:

i Paying equal attention toni t i gati on and ada-patbant i on.
development strategy, climate mitigation and adaptation are both significant. On
one hand, without successful mitigation actions, the magnitude of climate change
may be greateand make adaptation strategieneffective(Blanco and Alberti
2010. On the other hand, without successful adaptation measures, even though the
mitigation efforts are rigorous and relentless, climate chavily not be prevented
in the next few decadéBachauri and Reisinger 200HAHence, both mitigson and
adaptation are indispensable in the evaluation ofdarbon city.

i Establishing a coupled model with lesarboncity evaluatiorand urban planning.
In the frame of the Chinese urban planning systemrban planning includes
overall plan,regulatorydetailed plan, andgite detailed plan that correspantb
macro, middle and micro planning scales. The development etdolon city is

on the basis of wur bamn aplbaommi ncgo,n caempd (i My

pars of planning with diferent focuss Thereforethe evaluation of lowcarbon

city should be integrated with urban planning, in order to scientifically evahete

ci t y é&arboh dewelopment level on different planning scales, and to indicate
the inefficiencies.

i Emphasizinghe specific and characteristic indicators. Since different cities have
distinguishing features in terms of urban scale and form, natural environment,
economic development level, carbmduction potential, etc., in lowarbon city
evaluation research, aetl situation of cities in different regions and provinces
should be fully considered.

i Diagnostic evaluaton. Low-carbon city development is a dynamic process.
Thereby,compared to a statitevaluation targét a diagnosticevaluation could
more accuratelpinpoint the problems on different planning scales, and help cities
to identify their strengths and weaknesses, so that they could better understand
where improvement is needed in the future.

Based on the above analysis, this wankends topropose a newperspective of
development of lowcarbon city evaluation systenor Chinese citiesand m&e
empirical analysis through case study.

11 Urban and Rural Planning Law of the People's Republic of CAitiale 2 i éCity or town planning includes
overall planning and detailed planning. Detailed planning includes regulatory detailed planning and site detailed
planning 0
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Chapter 3 Key Sectorsof Low-Carbon City Evaluation

As mentioned in earlier chaptersities play irreplaceable raddn addressing the
climate change issueshat offer many options for lowarbon development,
particularly in six key sectors: urban design, transport, energy, building, water, and
municipal solid waste. Accordingly, thesectorsare of significance to lowarbon

city evaluation.

3.1 Urban design

3.1.1 Urban design and climatbange

Urban form is the physical shape of a city, including the spatial and geographical layout
of buildings and infrastructui@he World Bank 2011 Urban desigis the most direct
activity thataffectsurban form, whictcould be considered agynificant implications

for low-carbon city development. On one hand, urban form has considerakblet iomp
energy use, resource consumption, and the climate change adaptatmty.oAshas

been extensively documented, difaturban forms (measured in terms of residential
densities, job concentration, and mix of land uses) require different anudlautsl to
accommodagsimilaramouns of population and activitiesgsulting indifferent levels

of energy consumption and G@missiongLiu and Salzberg 20)2

On the other hand, urban design bas | eirceffec t 6 on ur ban f or m,
COz emissions. Infrastructusend equipment gendhahave along service lifewhich,

once completedshould not be abandoned in a shetdérm. Thatmeans plenty of
investments and technologies will be locked, and rigsuling urban form may
influence energy consumption and carbon emissions of a city for centuries. Therefore,
managing the urban form through urban desgya critical area of intervention for
addressing climate isssie

According totherelevant statisticg majority of Chinese cities, especially central area

of megacities are characterized by intense exploitation, high density and centralization
(Figure3.1). However, China is in the midst of the largest and most rapid protess
urbanization the world hasverexperiencedA huge amount of newly built cities or

city areas may be locked into a high carbon pathway, if there is no regard for the
importanteffects of urban form on energy consumption and @@issions, and lack

of correct guidance in development of building, transportation and energy. This can
seriously hinder the losvgarbon city agenda in the future. On the other side of the coin,
urbanizdion brings opportunities to lowarbon citydevelopmenin Chinaas well
Taking climate problesiinto account in the initial capital and technology input phase
may pravide more significant potenti&br mitigation and adaptation to climate change.
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Figure3.1 Internationalcomparison oturbanpopulationdensity
Source:(Editiorial Board of Annual Report on Urban Development of China 2004
Chen and Lu 2010

3.1.2 Contribution of urbanekignto climate tiange

Urban Design determines whet the urban form influenc€0, emissiongositivdy
or negativéy, andto what extent Transportation, building energy camsption and
conversion of landuse are the most crucial links betwe@@®, emission and urban
form.

Transportation 7 Previous tudies showd that urban form impactaci t yes CO
emissions through its interaction with urban transportation. It is a key factor in
explainng patterns of automobile dependence and transportation esgrgymption
Generally speaking spatially compact and mixage urban development tends to
shorten the trip distances and pronsotailization ofthe nonmotorized and public
transportall of which couldreduce the carbon emissginom urban transport. On the
contrary, spatiallyextensive (low densityJurban development will cause larger
emissions trough longer trip distances and higher share of privaie tarssportation
methods

In the urbanizatioprocessn China, it is worrying that new growth in most cities takes
the form of urban sprawthat refers to low density, dispersed or even decentralized
forms of urban expansio(Blanco, McCarney et al. 201.1Chinese municipalities
normally consist o central city area andlarge area of suburban districts or suburban
counties. These suburbaneas provide important langesourceneeded byurban
development and urban population increment. However, since converting farmland into
urban land can bring sizable financial gains, it becomes onleeahostimportant
sources of funds (@ 3.1). Municipal governments acquire rural land designated at
rural land prices, then change it to urban lagdmproving urban infrastructuseand
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transfer its land use to developers for property development at higher rates. This large
revenue makes a great incentigethe city leadership to develop city aseacessively
and inefficiently, whicloftenresuls in low-intensity, sprawled land use.

In addition to urban sprawl, the break ofdanwet? system has also contributed to the

increase in trip rates and trip distances to an exfatido, TorresMontoya et al.

2009. With Chinads economic tr aanwdisgstermat i on t
disintegrated gradually. Many urban residents no lohgemwhere they work. As the

commute distances extend, eallsto anincreagd demand on transport systems and

levels of motorized transport activity, finally resuibg in higher energy consumption

and emissions.

Box 3.1 Municipalfinance andandconcessions

In 1994 China adopted a Tax Sharing System that provides separatsdl¢akion

powers for the central government and subnational governments over ¢
categories of taxes. However, residential property tax and land value incremen
the main sowre of municipal revenue for many countries, have not yet been w
imposed in China. Currently, residential property tax colledtias beerpiloted in

Shanghai and Chongging since early 2011.

The system is asymmetrically designed in the assignmentscél fipower and
expenditures. It finallyesults in fiscal distress thhical governments increasing|
face the burden of rapidly growing expenditures without the power to rais
revenues on the required scale. This gap between limited municipal byd
revenues and growing expenditures is generally filled bybwdiget funds. Lanc
concession is the most important source ofboffiget funds. In this contex|
municipal governments are forced to pursue financial gains from exce
conversion of farmlashthat contributes to excessive urban sprawl.

Source:(Liu and Salzberg 20}2

Building energy i Ubanf or m i s the gener al character
environment. It camaffect buildingdenergy efficiency to a large extent. For every

individual building, the surrounding streetscapes, green spaces and existing
constructions can increase or reduce its demand for heating, cooling and electricity,

which is associated with thevel of CQ emissions in a city (se&e4). For example, the

green space or water space aroahbdilding will significantly moderate the heat island

effect, thereby, redileg the energy consumption for cooling in summer days.

Moreover, urban density, ascrucial factor of urban form, determirtegsize of living

space per person. Compared with low density areas, compact housing is more

12 The danwei, or work unit, was a walled compound organized around -@stagel entergise or other institution
such as a school or government agency which provides housing, entertainment, and other basic needs and services
for its employees all reachable by walking distance.
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low-carbon with less energy consumption for heating and cof@lihgHabitat 201}

Conversion of rural lands to urban usé Urban spatial development drives rural land
conversion to urban uses, i.e. formerly farmland/forestland becomes incorporated
within urban construction land. This chariges a serious impact on climate change. On
one hand, farmland and forestland have the ability to sequester and store carbon. The
continuing encroachment on these carbon sinks will reduce the potential to absorb CO
On the other hand, the land thatsizeen covered with natural vegetation replaced by
impervious surfaced urban area will result in flux shift between the sensible and latent
heat and related increases in thermal radigBlanco, McCarney et al. 20} 1thus
intensifying flooding and heat island effect. As described above, urban growth in
Chinese citis is mostly sprawledwhich causes severe damatgecarbon sinksand
strongly challengs the lowcarbon city development in China.

3.1.3 Impacts otlimate change on urbamrsign

Climate change brings serious risks to urlmtizens and activities. Such risks
influence urban design through deciding theatan of industry facilities, transport
infrastructure, housing, green space and other imergs, so as to ensure a @atlaps
to climate change.

As projected the climate change impacts cities typically include: temperature

increases, precipitation changgasing sea leved, and more frequent extreme weather

events. Among them, flooding associated witing sea leved poses amajor risk for

urban land, causing increased inundatiolowfelevation areas in coastal cities, in turn,

massive lossesf valuableland and infrastructur@Hoornweg, Bhada et al. 2010t is

noted above that infrastrucas and equipmendttract ahuge amount of investments

and technologies, and normaligvelong service lives. Nonetheless, climate risks are

estimated to beo highthat such facilities mayaveto be abandoned prematurely.

Globally, low-elevation coastaones (LECZ), which is defined as the contiguous area
along the coast |l ess than 10 meters above
but is home to 10% f the wor | dos% eofdhg wrbam tpopolationand 60
(Dickson, Baker et al. 20}2n China, LECZ takes 2% of total land area, where 23% of
urbanpopulationlives andaccounts fol4% ofthetotal populatior(Procee and Brecht

2012. According to a study of OECD, China has the largest number of people exposed

to coastal flooding today and in the 2070s, taking into account both future climate and
socioeconomic changélicholls, Hanson et al. 2008
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Figure3.2 Top 15 countries by population exposed today and in the 2070s, showing the
influence of futureclimate change vs. socioeconomic change
Source:(Nicholls, Hanson et al. 2008

3.14 Mitigation and adaptation strategy of urbasidn

The energy consumption and the associated
climate vulnerability are dependent on urban design. It can developsaplans that

promote urban growth in resilient locations, encourage urban densificatied-use
development, climat&iendly traffic modes, and green infrastructufenally, it can

increase the energy efficiency of the urban built form and reduce climate vulngrabilit

There are four key strategies: compadban form mixed land usetransit oriented
development (TOD), and green infrastructure.

Compact urban form 7 Promoting compact urban growth can efficiently lovaer
ci tyo0s emssonsdblbene is a strong relationship revealed by many studies
between urban density and traffic feats, particulady in the level of automobile
dependence and the effectiveness of public trangideswman and Kenworthy 1989
Newman and Kenworthy 199RBenworthy 2006Dalkmann and Brannigan 200For
instance, in a linear regression analysis of correlation between urban density and
automobile use, the value of B up to 0.8392, which meamgban density explains
83.92% of the variance in automobile tragieenworthy 2006. As density increases,
public services and facilitigend tobe concemtaited whichreduces the need to travel
long distancs, correspondingly promotes the use of mmatorized tiaffic instead of
private motorzed traffic. In addition, ira highly populatedcity, major activity centers
are concentratesh order toprovideadequate passenger flow for public transport to
increase its effectiveness, thus dinegta transitoriented development in the city.
Moreover, compact development can reduce energy and carbon intensity of
infrastructure operation (water supply, wastewateatment, electricity supply, etc.),
e.g. dense city can be connected with relatively shorter water pipe networks than
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sprawled city, therflere energy demand and related emissions foewptimping and
pressure maiehances decreased

Compacturban fom directs cites toadapt to climate change. It encourages-aselin

a dense, mixedise way in low climate risreas, and prevents green feg{thrmland/

forest land) on the urban periphery from excessive development, which will enhance
resilience ofa city, and protect the carbon sinks.
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Figure3.3 Urban density versus private car travel in 58 higher income cities (1995)
Source:(Kenworthy 200%

Mixed land usei Mixed land use refer® the factthat the various forms of land use
(such as residential houses, offices, shops, public services, etc.) are not separated in
different city quarters, but mixed wih close proximity of one aneér(Dalkmann and
Brannigan 2007 Yokota, Hansen et al. 20L2As a complement of the compact
development strategy, it decreases the distance and number of automobge agp

reduce the associate
energy consumption ant
carbon emissions Smart
mixed land wuse could
reduce the demand fo
motorzed mobility by
keeping distances shor_
People are able to mee 3
most of their daily needsi=_Si#t
by walking or cycling. & =+
Additionally, the mix of Ey 4n
various functions enable | 1
people to link multiple
tasks (commuting, - & ; i
shopping, visits etc.) intc Picture 3.1 Mixeeused Essen Hauptbahnhof

A ol Al o
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one trip,therebyredudng the numbeiof trips. Empirical evidence demonstrates that
the mixed land use could not only héte city to mitigate and adapt to climate change,
but also enhance the quality of liteoffers. An example that can be given is the mixed
use development dhe main tain stationin Essen (Essen Hauptbahnhof), including
public transport, retail, catering, and public services. It imprdhesefficiency of
traveles, andat the same timbrings convenienct® customers.

Transit oriented development (TOD)i TOD is a typeof development strategy that
coordinates public transport planning and land use planning in an integrated fashion to
pursue mutually beneficial synergies. It promotes commercial and residential
densification around transit stations that will encourageisieeof public transporta
climatefriendly traffic mode (se8.2), and providepeople with conveniencégvright

2009.

Transit oriented development, compédewelopmentand mixed land use aeewhole

of mutual connection, promotion and organic uiiiRgtersen 20Q04Nright 200533,
Yokota, Hansen et al. 20L.ZTOD can combine various forms of land use, such as
housing, offices, schools and other key public servicesamend t y 6s publ i c
system thatguides its developmentoncentratedalong transit accessible lines and
nodes;o avoidurban sprawl. On the other side, high density developmentramsit
connection point helps to improve the quality of access to public transport by reducing
the average walking time to nexhe bus stop or rail station, while increasittge
frequency ofervice. Mixed land use helps to enssuéficient numbers gbassengers

use public transport throughout the day in every directiorby promoting
multi-oriented travel demand distribution. For exampléhéfmain residential area and
work place are conograted in different districts and orientations, tide traffic
phenomenon will occur in the road between them. This residiswnload coefficient,
operation efficiency and adaptability of public transport system.

As a result of Transit oriented develogmt, cities will be led towards an ordered
development. It significantlyeducesthe adaptation costs for infrastructure of all
sectors. Besides that, TOD providesell-constructedransit network thagélsoplaysa
crucial role in disaster evacuation.

Green infrastructure i Green infrastructure is an interconnected network providing
the Aingredientso for solving urban and
(Poetz and Bleuzé 201.2The aforementioned strategies of compact development,
mixed land use and TOD can encourage dense and efficient urban development, but
meanwhile it can intensify the heat island effect, exacerbate air pollution, and increase
the risk of flooding. To avoid u ¢c h i s i ddeneeify heedto e dalanced by
implementing green spacds provide cooling, cleaning and infiltration. Green
infrastructure offers great opportunities to mitigate and adapt to climate change,
alleviate air pollution, and imprevthe quality of living environmentto promote

climatic, environmental and social mditenefits in cities. In a repolty Center for
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Clean Air Policy (CCAP), these benefits were summed up as ®(l6ester, Lowe et
al. 2012:

ABenefits include b e-tvéatee runoffn doweseg e me n t of
incidents of combined storm and sewer overflows (CSOs), water capture

and conservation, flood prevention, stesarge protection, defense against

sealevel rise, accommodation of natural hazards (e.g., relocating out of

floodplains), and reduced ambient temperatures and urban heat island (UHI)

effects. The U.S. Environmental Protection Agency (EPA) has also

identified green infrastructure as a aumtor to improved human health

and air quality, lower energy demand, reduced capital cost savings,

increased carbon storage, additional wildlife habitat and recreational space,

and even higherland al ues of up to 30%. 0O
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3.1.5 Urban @sign inlow-carbon city evaluation

Site planning1 Site planning is the critical first step of urban development, asd ha
important implications for climate change mitigation and adaptation. While economic

and related factors have favored the site of cities in certain environmental settings, the
location and physical conditions of a city detereinh e ci t y6s chmatener abi |
change impacts. Careful site plannimgyich tiesto avoidareas prone to climate and

related hazards, can minimize climate risks to people and bussraess lower the
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adaptation costs. Furthermore, through deciding and enforcing where to promote city
development, itlscaf f ect s a ci tyods | and use intensit
are strongly associated with the energy use and carbon emissions withtg.the ci

LanduseiiLand use refers to where and how peop
and commerci al buil dings, farmland, wat er
(Word Bank, 2011). Land use planning is to balance the competing requirements of

these functions on limited urban space, and further, the spatial distribution of the
functions determines urban form that affects energy consumption and carbon emissions

from many sectors, ranging from hougito transportation. A plawith appropriate

urban population density, mixture of land uses and balancetigoising can contribute

to low carbon urban development. On one hand, it minimizes the distances between
origins and destinations of urban trips, thus, &elp keep a high share of
climatefriendly transport modes (i.@ublic transport and nemotorized traffic). One

the other hand, as described above, it helps to improve the energy efficiency of
infrastructure and buildings.

Accessibilityi Accessi bility refers t oserycesognd eds ab
activities, which is the ultimate goal of mdsansport activity(Litman 200§. As a

measurement of the general cost (time, money, discomfort and risk) needed to reach
destinations, accessibility determines the ease withhwteople can reach what they
want(Litman 201). Public transport is the key factor of green transportation system in
cities,andat the same time, is a crucial way to improve accessibility. When the trip
generation (housing) and trigraiction (work sites, shopping, services, etc.) are mainly

clustered near public transport junctions, with high density and mixed land uses, the
mobility and accessibility will be improved in the city, while the né@dmotorized

individual traffic will be decreased.

Green open spacei In general, urban open space is the land and water areas on all or
most of which there is no artificial structure inside of city boundamese specifically

it means urban public green spé€bang and Cen 200./By way of good desigmgreen

open space could play a constructive role in regulating temperature, providing green
shades and managing flood risks, thus, inglpities to mitigate the heat island effect
and adapt to incesed precipitation events. Higjuality green spaces can reduce
energy consumption for cooling purposes by lowering high temperaturamimer

days, and make nemotorizel transport more attrage by maintaininga comfortable
temperature for pedestrians and cyclists. Moreover, green ajsacgrves as crucial
carbon sink and emergency shelter within a city.
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3.2 Transport

3.2.1Transport andlimate change

Transport, particularly urban transpatinterpreted to be one of the key and growing
sources of greenhouseasy(GHG) emissions. It accountedor about 22 of
energyrelated carbon dioxide emissions globdllgternational Energy AgenefeA

2012 and is therapid rising sector of fossil fuels consumption andbca dioxide
emissions. According to theeport by World Business Council for Sustainable
Development (WBCSDin 2004 a businesssusual scenario couldredict thatthe
worldwide transport carbon dioxide emissions from vehicles will increase by 140%
from 2000 to 2050, and the rate of growth in depaig countiesvould besignificant
(Figure 3.5 (Fulton and Eads 2004Anotherobviousexampleis the 27 European
Union countriegFigure 3.6), during 1990 to 201GHG emissions frommost sectors

have decreasedle. industry {32%), energy generation16%), household-24%).

Unlike these sectors, emissions from transport have increased significantly up to 28%
(Randelhoff 2013 Moreover,transport is also one of the most difficult sectors in
redudgng carbon emissions since there are considerable small emission sources (i.e.,
vehicles) andit is closelyrelated to theconomiacdevelopment.
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Figure3.5 Transportation vehicle C{&missions by regions
Source:(Fulton and Eads 2004
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Due to the continous urbanization and economic growfrocess volumes and
structures of urban transport change dramatically in CAum@mobile has become the
main source of C®emissions and air pollution. After the promulgation of auto
industrial policy was launched in 99, the auto industry of China experiedegperiod

of high-speed dvelopment. In 200, every 100 households hawely onecar.However,

by 2014, this number increased to @&rs (Xinhua Net 2011 These changes are
usually accompanied with increasing energy consumption and carbon dioxide
emissions. Following a similar pattern of rapid growth,.@®issions by transport in
China grew to 160%rom 1994 to 2007, and this growth is above the, @@issions
growth in all energy related activities (118%) in the country during the same period
(Cai,Caoetal. 201 According to statisticspy 1in
emissions were approximately 290 million tons. This number is estimated to increase to
522 million tons in2015 and 1.1® billion in 2030 (Ministry of Transpar of the
People's Republic of China 2008

Besides contributing talimate change, the increases of motor transport bring other
challengedo citiessuch as overloang existing roads, congestioimcreasing accident
rates and varous problems of pollidgn. Accordingly, urban transport professionals all
around the world have mostly acquiesced thatbeaed urban transport is not a
sustainable path, neither with respect to urban functions, nor to the climate ohange
environment.

3.2.2 Contribution of tansporto climatechange

The amount of C@emissions (E) caused by urban transpatepends on a number of

13 Considering the difference among every city with diffeteamisport conditions, this study focuses on road
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drivers. The relation of them is illustrated in the identity below, and wherihe trip
mode,T is the number of tripg) is the distance of the tripS,is the vehicle occupancy,
VKT is vehicle kilometers traveled, and E/VKT is the vehicle efficiency.

xEp=Ti* Di* O; * (E/VKT)i

(1) The carbon emissi@irom urban transport has been increasing as a result of travel
demand growth that is directly related to the number of trips and travel distances.

The growth of population and personal income drive an increase of the average number
of trips. With the urbaization progress and population increase over more than 30
years, the average number of trips increased inevitably in Chinese cities. During the
same period, demand for urban services has grown rapidly with the income level
growth of urban residents. Aacad i ngl y, p e o pdbecanse more diversel pur pc
and the trip raté trips per capita per day grew. In the past years, the estimations of
annual vehicle kilometers traveled (VKT) of cars in Chinese cities has been up to about
3860043500 kilometergKnorr and Dunnebeil 20Q08A survey of transport systems

and CQ emissions of 17 Chinese ieis suggested that tmeimberof overall tripsin

most cities increased significantly ihe last three decades, irrespective of city size,
wealth, or geographical environmgbtarido, TorresMontoya et al. 2009

Over more than 15 years, China has experienced explosive urban growth spatially. The
substantiarevenue stream from converting farmland into urban'faockated a strong
incentive for the municipal leadership to develop urban land excessively at low
densities. The urban sprawl finally leads to longer travel distances. For most city
residentsmotorizedtransitis the inevitable choice to access work, education, and other
public services when such services are beyond the viable distance of walking or cycling.
Thus, the neetbr motorizedtravelis likely increas.

(2) It is crucial to reduce emissiofrem urban transport by lowering the €€nissions
per passengeim against the background of an increasing travel demand. Two factors
have to be considered: the trip mode and the vehicle occupancy rate.

The specific carbon emissions for a certain trartsperformance (passengan) first

depend on the chosen means of transport. Compared to the average car, public transport

and nomrmotorizedt r anspor t are relativelade 3.l ow e mi
Generally, the cities with higher modal share for thesedaron transport means tend

to have lower GHGmissions per passengan. In Table 3.2, the modal share for

public transport and nemotorized transport means greesented, as well as the £0

per capita per year for different cities. With the developimajorizedtraffic and the

shrinking nommotorizedtraffic, the CQ emissions per passengen soarin cities in

transport that had the highest share on energy consumption aredr@Sions in transport.

14 Municipal governments acquire rural ladesignated at rural land prices, then change it to urban land with

improving urban infrastructure, and transfer its land use right to developers for property development at higher rates.
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China. For example, in Beijing, this parameter increased 4.5% in ten years, from
49g/per passengém in 1995 to 76gler passengedm in 2005(Li 2011).

In addition, CQ emissions per passengen are directly related to the average
occupation rates, i.e. the number of passengetually using the vehicles. As vehicle
ownership increases at high rates, the occupancy of private cars is declining in Chinese
cities. During 2000 2007, the average vehicle occupancy per trip decreased from 1.56
persons to 1.26 persofi3arido, TorresMontoya et al. 2000 It indicates an increase in

sole occupant car use over the period.

Table3.1 GHG emissions of selected transport systems

Mode of transport Maximum GHG emissions GHG emission in
capacity in grams per grams per
(passengers per vehiclekilometer passengekilome
vehicle) ter (for 100%

occuation)

Passenger Car (gasoline 5 191 38.0

Passenger Car (diesel) 5 161 32.0

Diesel Minibus 40 750 19.0

Metro Rail (single oach 117 1415 12.4

Diesel Bus 105 1038 9.9

Diesel articulated Bus 167 1402 8.4

Diesel btarticulated Bus 270 1848 6.8

Bicycle 2 0 0

Pedestrian - - 0

Source:(Dalkmann and Brannigan 207

Table3.2 CO emissions from passenger transport vs. modal split in selected cities

Cities % of public transport, COe emissions (kg per
walking and cycling capita per year)

Houston 5% 5690kg

Montreal 26% 1930kg

Madrid 49% 1050kg

London 50% 1050kg

Paris 54% 950kg

Berlin 61% 774kg

Tokyo 68% 818kg

HongKong 89% 378kg

Source:(Bongardt, Breithaupt et al. 20)0

(3) At the vehicle level, improving the vehicle energy efficiency, in the fofm o
emission control technogjiesor alternative fuels technologies, is an effective way to
reduce C@emissions and dependence on fossil fuels.
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With strict vehicle efficiency standasdit greatly reduces the energy consumption and
emissions while the vehicle kilometers treace(VKT) remains the same. Indure3.7,

China has lowered the fuel consumption levels of new vehicles by implementing the
national fuelefficiency standards for cars, SUVs and minibuses in 2005 and 2008.

_ ——— - M— w—g== Japan

™ =8=Furopean Union

g \ wt== China
—~— =8= Australia
7 | o S

=g (Canada
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Figure3.7 Internationalcomparison obveragenew vehiclefuel efficiency standards
Source:(International Energy AgenelfeA 2007

I n considering Chinabs energy status quo a
energy vehicléS are expected to be an important element ofdawbon transport. The

Rules on the Production Admission Administration of New Energy Automobiles was

launched in 2007 by China National Development and Reform Commission. However,

new energy vehicles could nbe promoted widely in a short time, because of its high

cost, lav operation economy, and laak supporting infrastructure. By 2012, it

accounted for less than 0.1% of civilian vehicle ownership. It still has a long wgay to

to achieve the energy consption and GHGs emissions reduction targets through

advanced vehicle technologies.

Overall, the dramatic increase in travel demand and motorized trips in China are

driving carbon dioxide emissions higher at unprecedented rates. It has almost fully
overwhelned the benefits of improved vehicle efficiency.

3.2.3 Impacts otlimate change ortransport

While transport impacts on climate, it is also affected by climate change. The most
worrying of the expected impactsf climate chang® increases in temperaturac

15 New energy vehicleare those vehicles whiailseunconventionabehiclefuelsas a power source (or the use of
conventional motor vehicle &ls but using new vehicle power unit), integrated with the power control and advanced
drive technology, hence forming vehicles that hidnesdvantage of advanced technical principles, new technology
and new structureNEVs can be divided into differentptgs by kinds of fuels. There ahgbrid electric vehicles

(HEV), batteryelectric vehicles (BEVincluding solar ca), fuel cell electric vehicles(FCEV), hydrogen engine
vehicles, and other new energy sources (e.g. high energy storage devicesettiethylehicles of all kinds

Ministry of Industry and Information Technology (2009). Rules for New Energy Auto Manufacturing Companies
and Produts. M. o. I. a. I. Technology.
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heat waves, droughts, sea level, intense rainfall events and storms idtepsibg

enormous challengdo urban transport. In many cities of developing countries, the
transport systems have been seriously impacted by extreme weather eventsthaich as

huge floog in Beijing in July 2012 (B0x3.2).

The climate change impacts urban transport generally in three aspkdtastructure,

it will need to be built and maintained to withstand worse weather, such as hotter

weathers, intense rains and floods, and higher sea levelsi)étehicles, it will need
to retain the function and comfort in more clesging weather conditionsi) Mobility
behavior, it vill be largely influenced by extreme weatl{Eichhorst 2008

Box 3.2 July 2012 Beijinglood

The heaviest rain in 61 years hit Beijing on July 21, 2012. Within a day of the floc
56,933 people had been evacuated, while the floodwaters killed 79 people, eau
| east US $1.6 billion economic dalpe
affected by the flood: many vehicles were trapped on seriously flooded roads; A
Express closed; water poured into 9 subway lines.

Picture 3.2 Iooded street on)JQﬂSt’ZE)lZ in Beijing
Source: www.people.com.cn

Source: The author based on Wikipedia and various news reports in China.
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3.24 Mitigation andadaptationstrategy oftransport

Effective response to climate change needs transport development stitiatedidly

consider both mitigation and adaptation to climate change. Hence, many countries,
cities and organizations -Shitl Impw ¢Rides®® coher e
3.3) for a city looking to reduce transport emissionkich is very relevant to cities in

China today.

Picture3.3 Shiftd Pusl® Pull effects
Source:(Rye 201D

Reduce reducing travel or the needto travel while maintaining mobility through

integrated urban land use planning.As discussed in 3.1.2)é relationship between
transportation and | and use is interactive,
carbon emissiondNormally, land us@lanning thats orientedtowards relatively high
populationdensity and mixed-use developmenwill reduce the travel demand (both

the number of trips and their length) and the reliancenotorizedprivate \ehicles,

while enahihg better efficiency of infrastructure arglblic transport. Furthermore,

transit oriented development (TOD) will alsdbe a measure used to encourage higher

density and diversity of urban functions by concentrating housing, offices, and key

public serviceslongside diesdpublic transport corridors.

As a resul tonmifenthedd Redlwmamre | and use plannin
will not take place. In this case, @@missions for a trip that woulgreviously have

been made are reduced to zero.t@nother hand, reducing transport demand through

better land use planning, from the adaptation perspective, also means less exposure of
infrastructure and travelers to climate risks.

Shiftd promote a modal shift from the urban transport mode with high erergy
consumption and high emission towards more climatériendly modes to satisfy
the remaining transport needs.As describedn 3.2.2, the different transport modes
have different carbon emission intensities. Mootorizedtransport (i.e. walking and
cycling) represents the most climdteendly option with zero GHGemission.
Although public transport is not zesamission mode, with a reasonable level of vehicle
loading, its associated G@missions per passengelometerare lower than private
cars. Therefore, modal shift aims at strengtheningmotorizedand public transport,
as well as restricting the amount of travelootorizedindividual mode.
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By modal shift, trip efficiency of transport system can be improvedaandrdingly
results in lower energy consumption and carbon emissions per trip. In addition, the shift
towards lowcarbon transport modes can also help adapting to climate change. Public
and nommotorizedtransport needs less space and built infrastruatarepared to
motorizedindividual transport(Picture 3.4) This reduces adaptation costs for roads.
Moreover, public transport is the key instrument of disaster evacuation in a city, which
becomes increasingly important with climate change.

Picture 3.4Space requirements to transport the same number of passengers by different
modes: car, bicycle, and bus

Note: It illustrates space requirements of 80 passengers either going by car, by bus or
cycling.

Source:(Petersor2004)

Improved improve the efficiency of motorized transport through technological
measures.As a complement tohe above two fundamental strategies, the strategy
Ai mproveod pur s uwensissionsomoteridedvehicled (frieate Cats and
public transpd vehicles) per unit of travel by improving vehicle and fuel efficiency
and optimizing transport infrastructure. It includes measofreslecting lighter, more
fuel-efficient vehicles; new types of engine technology; and lower carbon energy
sources.

Advanced vehicle technology benefits not only in reducing carbon emissions, but also
help the vehicles providing reliable and comfortable transit under changing climate
conditions. It is indispensable, especially for public transport to maintain its
attractivenes.
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Figure3.8 ReduceShift-Improve: nitigation andadaptation otransporisystem
Source:The author hsed onEichhorst 2009

3.2.5Transportin low-carbon city evaluation

Transport asone of thesignificant secta of low-carbon city evaluation, concerns
four main aspectd motorizedindividual transport,nor-motorizedtransport,public
transport andreighttransport.

Motorized individual transport: Private cars have undoubtedly the gkst
transporirelated carbon emissions per capitéh@urban transport system. Figu3®
illustrate that in Shanghai in 2005, private cars accounted for 30% of the total passenger
performance, however, represented more than 50% of energy consumption and CO
emissions. Thereby, it is imperatitbkat the development ofmotorizedindividual
trarsportis restrictedthrough Transport Demand Management (TDM) measures, such
as parking management, road use management.

48



Share of transport modes on total
passenger performance 2005

mtwo-wheelers
Hears

Wtaxis

mbuses

Mrail transit

Share of transport modes on
primary energy consumption 2005

mtwo-wheelers
Hears

W taxis

mbuses

M rail transit

Share of transport modes on total
CO; emissions 2005

mtwo-wheelers
Hears

W taxis

mbuses

M rail transit

Figure 3.9 Share oftransportmodes onpassengeiperformance,primary energy
consumption and C&£emissions ofmotorizedpassengetransport in Shanghai in 2005
Source:(Knorr and Dunnebeil 2008

Non-motorized transport: Walking andcycling arethe essence of a leearbon urban
transport system, since they offer mobility without producing@Hysand pollution.

In the majority of Chinese cities, even though Romotorizedtransport remains one of

the principal forms of mbility, its mode share fell in the last three decades. This was
mainly because many cities adopted-OaientedDevelopment (COD) strategy, i.e.
discouraging nomotorizedtrips through priority measures for automobiles. Many
urban arterials in these @8 are virtually impossible or fairly inconvenient to use by
bicycle or other nomotorizedmodes. That forced massive potential smootorized

trips to rely ormotorizedmodes. Under this condition, improvemenézd to be made

to safety, accessibility and climate adaptability of pedestrian and cyclist infrastructure
and facilities to ensure that they are attractive to existing and potential users.

Public transport: Efficient public transport will be a crucial element in any
low-carbon urban transport strategy. As an alternativadtorizedindividual transport,
public transport provides a variety of benefits: efficient space use, less infrastructure

and facility requirement, low carbon emissions and low air pollution. In additi@isp

undertakeshe task of disaster evacuation.

Chinads

rapi d

economic

devel opment

poses

The increasing income levelsillwenable an increasing numbef commuters to
acquire private cars if the publicatrsport services are uncompetitive in comfort,
reliability, speed, convenience, and cost. For promoting public transport, the key
options are to expand the systems and improve the quality of infrastructure and service,
in order to make public transit moaéractive.

Freight transport: A functioning goods distribution and transport system is a major
guarantee in maintaining the vitality and prosperity of urban economgheAsame
time, it providesa significant source of carbon emissions, especially thelvased
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mode. In China, as a result of industrial structure chi&nfreight traffic with trucks

has been growing fast over the past ten years. In turn, trucks, as well as private cars,
tend to le the other large contributor of @@missions. For achieving a lesarbon

freight transport, such measures need to be considered: improving city logistic planning,
promoting intermodality, and adopting advanced truck technologies.

In general, the objectey of mobility evaluation is to guide the transport system of
Chinese cies for a way of the lowcarbon development while at the same time
improving the welfare of individuals and increasing their mobility and accessibility, by
taking such measures as r&sing motorized individual transport, encouraging
non-motorizedand public transport, and improving freight transport.

3.3 Energy

3.3.1 Energy and climatelmnge

Urban energy system is defined as fAthe cor
energy to satisfy the energy (Keisteadiande de man
Shah 2013 |t i's the Abloodo of cities and key

supports the energy needs of households, businesses, transportation, health care, water
managemen and food systemgrhe World Bank 2011 As it is related tsso many
issuesthe energysectorcan be discussed in either broad or narrow terms. In broad
terms, energy irluades all kinds of energy consumption within a city.narrow terms,

the energy sector involvesnergy consumption for buildings in forms of electricity,
heating, and cooling. In this sectioanalysis will focus on electricity and heat
generation, atheseare the bulk of energy used in most cities.

According to the report of International Energy Agency (IEA), the @@issions from
energy systesworldwide experienced stable growth in the last decAdéesrnational
Energy AgencyEA 2012. Remarkably, the emission frothe electricity and heat
generation sector was the largest part, accounting for 38% of the total number in 2010
(Figure3.10). Globally, fossil fuels such as coal/peat, oil and natural gas are the main
sources to meet energy demand, and also the mairbedot of those C@emissions
(Figure 3.11), and at the same time, excessive consumption of fossil fuels tlead
serious environmental pollution and energy crisis.

16 In China, industrial structure has been changing towards a setup with higher division of labor and higher degree of
specializationThis leads to an additional demand for goods transportation linked purely to thieiahdestor.
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Figure3.10 CO; emissions from differensectors from 1971 to 2010
Source:(International Energy gencylEA 2019
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Figure3.11 Electricity generated fronfiuel from 1971 to 2010
Source:(International Energy AgenelfeA 2019

Along with the sustained and rapid economic growth, enesggumption in China is

also saring, characterized by high fossil fuel dependenc06, China overtook the

Uni ted States, becomi ng . ltibestimatedrthatdné ®tall ar ge st
COz emissions ofchina in 208 wereabout 3% of the global C@emissions of this

year (Olivier, JanssenMaenhout et al. 2034 Since 1990, emissions from the

electricity and heat generatisectorshave been increasing significantly, and till 2010

it took part of about 49% of the total carbon emissions (Figu®. Although in the

last twenty years, the overall efficiency of elaity generatioh’ has been improved

from 31.3% (398ce/kWh) in 1990 to 38.4% (320gce/kWh) in 2q@&ng 2012, the

gains had been overtaken by growth in aggregated demand (Big8kelhe heating

17 Efficiency of electricity generation is evaluated by Lower Heating Value (LHV). LHV rédeasproperty of a
fuel, defined as the amount of heat released by combusting a specified quantity (initially at 25°C or another reference
state) andeturning the temperature of the combustion products to 150°C.
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sectw is another major energy consumer. For example, in 2010 this sector consumed
152.5 million tons of raw coal, about 4.9% of total coal consumption in GBitade
Statistics Bureau of China 2012

In addition to contribting to carbon emissions, higlependence on fossil fuels of the
electricity and heat generation sector has resititeshergy crisis and unstable energy
supplies, and enviromental pollution. Especially smoke or other pollutants emitted
seriously threaterhe health of human beings ¢B 3.3). Therefore, making effort to
minimize the fossil fuels and carbon intensity in the electricity and heat generation
sector is a crucialgt of low-carbon and sustainable development strategies in China.
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Figure3.12 China: CQ emissions frondifferent sectors from 1990 to 2010
Source:(International Energy AgenelfeA 2019

2,500, -1,200
)
O 1=
2 2,000 -1,000 z
= ==
S I L300 =2 g
T 1,500 I=je) B Total CO; emission
= £
z L 600 Eé\' m CO; emission factor
g EU from fossil fuel
= 1.000 2Y
2 F400 22 m Weighted average CO,
g Sv emission factor
g 200
=
=
U O T T T T T T L} 1 T T T L T T U T T T T 0

1990 1995 2000 2005 2009

Figure 3.13 CO; emissions in theslectricity generationsector from 1990 to 2009 in
China
Source:(Peng 2012
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Box 3.3 Heating andweragdife expectancyi China

Recent study nAevidence on the i mpac
expectancy fromp€@hiogdbsi HdaicaRedet h
of the 500 million residents of Northern China are about 5.5 Y@aer thanthosein
souttern China,because ofan increased incidence of cardiorespiratory morte
caused by air pollution from coal congtion. During 1950s to 1980s, the Chine
government adopted a heating policy that pravifiee winter heating via the
provision of coal for the urban residemsorth of Huai River, while the people wh
live in south of Huai River were not entitledttee free coal. The study suggested t
this 30-yearlongarbitrary policy resulted in serious air pollution in North China, th
increasednortality caused by diseases related to air quality.

Source:(Chen, Ebenstein et al. 2013

3.3.2 Contribution ofnergy to climatelange

As described above, the electricity and heat generation sector is the main carbon
contributor in cities, thereby attractse most attentionin urban carbon emission
reduction. This sector can be analyzed in terms of stpg@é/an demanekide.

The supplyside consists of electricity and thermal energy supply and distribution
systemsi) Currently, coal is still the dominant fuel for electricity and heat generation.
Therefore, the combustion efficiency and carbamission level of coafired
power/heat plant largely determgte he el ectri city and heat
efficiency and climatic impacts. Additionally, the proportion of renewable or cleaner
energy in the energy resource structure of electrasitl heat generation is another key
factor determining the carbon intensity of this sector. Widely alternative use of
renewable or cleaner energy instead of coal provides tremendous potential for carbon
emission reduction. Figur8.14 and Figure3.15 shows the renewable electricity
generation capacity and carbon intensity of power generation in Germany from 1990 to
2012, respectively. It is obvioushat the CQ emissions pro kWh decreased
significantly, when the use of renewable electricity increasednergy loss during
power/heat distribution through power lines/heating pipes is inevitable, and results in
efficiency loss of the electricity and heat generation sector. Optimization of electricity
and heating distribution system can helpeduce the transmission losses, and improve
energy efficiency.
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Figure3.14 Electricity fromrenewablesources in Germany 1999012
Source:(www.unendlickviel-enagie.de 2013
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The primary units of the demasitle analysis are power/heating demand and
low-carbon energy use. Worldwide, sustained economic development drives growth

in demand of power and heating in most cities, and the climate changes may serve as a
catalyst in this procegslammer, Keistead et al. 2031 Though Electricity and thermal
energy are clean emissibree secondary energy, their production processes produce a
large amount of carbon emissions. Therefore, ineffective control of power and heating

demand will impede lovearboncity developmentii) Promoting the purchasing and

use of low-carbon energy can help to lower the carbon emissions associated with
electricity/heat consumption in a city. For this purpose, the power system and
government should take meassito provide an end user with a choice of-tmaxbon

erer gy

suppl y.

F o r leckioityd pripgtams® implémented ig mang n

countries, such as Germany, NetherlndiSA, Australia, etc(Peng ®12). It gives

end wusers

t he

opti

on

t o

purchase and

18 Under green electricity programs, utilities purchase or genevagavablesourcecklectricity and offer it as a
distinct product tauses. Theend uses have the option to purchamed useartor all of theirelectricity fromthe

green sources.

54

e

consu



with a guarantee that all the payment will be used in renewable energy production.

3.3.3 Impacts otlimate tvange orenergy

Many cities are currently reliant to a large extent on energy sources and system assets
outside of the city, which makes the climate charedated impacts on energy supply

and demandh urban areamore complicated. The following information is primarily
based orfrom the report of Hammer et al. for the Urban Climate Change Research
Network (UCCRN)Hammer, Keirstead et al. 201 Linless otherwise noted.

Climate change may affetite urban energy demandthrough the impact of extreme

heati a virtually certain change of climate change is global warming. In urban areas
wideuse of impervious surfaces, large amount of artifivgslt sourceBom buildings,
vehicles, and industry, and high le'éHGs e mi ssi on r esallandon Aur
effecti a phenomenwherebythe temperature dheurban area is significantly higher

than that of its surroundings. It can increaseergy demand on spaceoling on
summer day¢Santamouris and Georgakis 200Global warming may intensify heat
island effect in cities and the pressure on local energy supply. This increases the risks of
blackouts and brownouts. Lack of electricity and cooling systems affects industrial
production and daily life in cities seriously, and Eisealth risks for people inurning

hot summe(Klinenberg 2002

Climate change could affeatban energy supplythrough impacts on primary energy
fuel supply, energy production operation, and energy transmiasid distribution. The
cimater i sks of a cityodés energy supply chain ar

Climate change impacts aking temperatues, precipitation distributing variety, sea
levels rising, extreme weather events, and associated secondary disasters may affect
availability of primary energy fuel or the transport of fuels to the energy production
sectors. For example, the offshore afld gas drilling platforms and refineries are
vulnerable to storm surges and extreme weather events. Once damageiowaallir

cause shortage of fuels anlus increased fuel price Besides, changing temperature

and precipitation levels may reduceop vyield, thereby, affeicty the availability of
biofuels for biomass power generation. Inundation, storm, and other associated
disasters can also affect the transportation infrastructure used for primary energy fuels
transport, and lead to unreliableeegy supply. For instance, the snow disaster in
southeastern and central China in 2008 caused delays in transport of fuel in many
regions. As a result, 17 provinces were forced to ration power.

The impacts of climate change vary from different sypé erergy production and
operations in cities.

i Thermoelectric and nuclegower plants need large quaa#of water to cool
them down. Warmer air temperatsraay warm up the water, thus, cannot satisfy
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the cooling function. In addition, owing to the heavy nfegdvater, many thermal
and nuclear power plants were sited along waterways, and therefore vulnerable to
flooding, rising sea leved and extreme weather events.

i Changing climate pattesmay alsccause hydrological change. This will affect the
timing, level and type of precipitation available to feed hydropower plants.

i Biomass power generation is also vulnerable to climate variables because the
availability of biofuels is largely depending on tlaetors such as air temperature
and precipitation.

i Solar power generation is estimated to be affected by cloud cover incfeases
Segal et al. 2004 Wind energy generation is vulnerable to pattern shifts in wind
speed, duration and directions. The impacts of climate change on these areas are
still unclear and being studied.

Furthernore, climate change shows influence on energy transmission and distribution.
As discussed above, the rising temperature level may push up urban energy demand in
summer. At the same time, power demand burden over the rating level of transmission
and distrilution lines andelectrical transformers wilhlso be increased, which will
damage theequipment and may cause outages. Moreover, energy transmission and
distribution may also be vulnerable to storms and extreme weather events. As we
witnessed in 2012, Huoane Sandy caused largeale outages in the United States,
electricity networks of 15 U. S. states and the District of Columbia were affected to
different exterds. As of October 31, the worst affected states were New Jérsey
2,040,195 customers withopbwer; New York with 1,933,147; Pennsylvania with
852,458; and Connecticut with 486,92@. S. Department of Energy Office of
Electricity Delivery & Energy Reliability 2072 Owing to extensive wind and water
damage, several facilities of energy generati@msmission and distribution remained
closed for a long time after the storms passed. Until January 2013, there were still 8,200
people without powefNessen 201)3

3.3.4 Mitigation and aaptationstrategy ofenergy

Mitigation and adaptation efforisy the energysectorcan offer the city numeus
co-benefits, including reduleg carbon emissics) increagg climate resilience,
lowering risks of energy crisis, and enswglocal economic development. Based on the
status otheenergy system in Chinese cities, such efforts can be imalge following
ways:optimize energy structure antbntrolenergy demand

Energy structure optimization i Currently, cities in China have limited capacity to

affect the national policies and measures relating to energy supihys caseenergy

structure optimizationwhich means increasinthe share ofenewable energy, new

energy and clean energythe energystructure becomes a practical option to reduce
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their carbon emissions and enhance their climate resili€rcene hand, because the
consumption of fossil energy is the main source of @@issions, to increase the share
of nonHfossil fuels in energstructure could efficiently decrease carbon emissions from
theenergysystem On the other handimate change may affect urban energy systems
in many different ways, and tleatentof impact will vary significantlyaccording tdhe
dependency of the siem ona specific energy source. Hendhe diversified energy
structure couldveakenthe dependencen one certain energy sourcs) the energy
systemcan be safeandmoreclimateresilient.

Energy demandcontrol i From 2000 to 2010, glob&nergy demand has increased
by about 1/3. It is notable that Chiaacountedor nearly half ofthis growth(van der
Hoeven 2014 Thereby, reasonablcontrol of energy demand by improving energy
efficiency and encouraging utilization of low carbiotensity energy (e.g. renewable
energy) isan indispensable strategyo reduce theenergy demand could make
low-carbon energy alternatives more affordafBraugelis and Li 2012 To be
specific, when consumerssel less energyhey can afford higher prisgbut more
low-carbon alternatives. Furthermprenergy demand reduction couldwer the
maximum power load dheenergy systenso as talecreasds vulnerability.

MITIGATION ADAPTATION
* Less use of fuels with high ENERGY » Enhance energy security,
COy intensity, emit less COy STRUCTURE reduce dependence onfossil
and other pollutants OPTIMIZATION fuels

COy intensity, emit less COy load of energy system, so as
and other pollutants CONTROL to decreaseits vulnerability

* Less use of fuels with high ‘ ENERGY DEMAND ) » Lower the maximum power

Figure3.16 Mitigation andadaptation ofnergy

3.3.5 Energy idow-carbon city evaluation

The sector of energis evaluated from two aspects: energy supply side and energy
demand side.

Energy supply sidei Energy supply of dow-carbon energy system shouls
diversified by increasing the share @dw-carbon energysuch as solar, wind, and
biomass, in order to reduce its carbon intensity additionally raise energy security
by decreasing the dependence on fossil energy.

Energy demand sidei For the purpose of develow lowcarbon energy systesn
efforts of energy demand side should fbeusedon energysavingand improving
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energy use efficiency, so as to tame rapidly rising energy demand and assoctated CO
emissios. Moreover,carbon emissions anergy demand side could keEuced also

by introducing market mechanism and creating incentive policies that expand the use of
low-carbon energy and control the demand of fossil energy.

3.4 Building

3.4.1 Building andclimate tvange

The sector of buildig accounts for a large share of the worldwide energy consumption

and GHG emissions.As the United Nations Environment Programn{&/NEP)
estimatedbui | di ngs are responsible for 30% of
consumes up to 40% of all energynited Nations Environment Programme
Sustainable Buildings & Climate Initiative 200According tothe Global Building
Performance NetworlK GBPN), with a hypothetical naction scenario, buildings

related energy consumption will increase by 110%080 as compared the amount

in 2005 (Figure3.17). Remarkably, such increases would happen almost totally in
developingcountries(Figure 3.18), as the construction activities are intensified by
population growth, urbanization and economic developnmemansitioral countries.
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100 The most ambitious scenario

W Moderate
80 4 Based on recent policy trends
67 3
60 W Frozen

The reference scenario

40

20 4

g 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Figure3.17 World total final building energyuse forthreescenarios
Note: Frozen Efficiency Scenario illustrates the development of energy use with no new
policy or market developments since 2005. Moderate Efficiency Scéhesti@tes the
devel opment of energy use under todayos
Scenario il lustrates t he devel opment
stateof-the-art knowhow and technologies.
Source:(Global Building Perbrmance NetwoHGBPN 2013
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Figure3.18 Current angrojectedbuilding sectoremissions byworld region
Source:(The GLOBE Alliance 2032

China, a developing country, is just experiencing a-Sjgged urbanization period. The

incessant development and expansion of cities drives a dramatically growing demand

for housing, commercial office spa and other building types (Figu8el9). Thus far,

it has become the biggest real estate market in the world, with every year up to 2 billion

square meters new constructions. This number represents half of the annual
construction quantities globally. M® noteworthy is that ove80% of these new

buildings would benigh energy consuming buildings, while the ratio is even higher in

existing building stockstanore than 95%Xinhua Net 201h The huilding sector is

one of the largest energy consusand carbn emittes. According to statisticthe

building sectorin China take252 8 % of t he countryds total er
contributes approximately 40% of the Gmissions. If buildingareto be operated

pursuant to current standardsntinually the related problem of energy shortage and

carbon emission will be strongly exacerbated by the urban demographic préksure.

formervi ce mi ni ster of C hRurak [@eseloprhent Bri Qilg and L
Baoxing has pointed out mauatrofsrésourcestando ns  c ot
causes serious pollution while providing benefits to us. Now we are approaching a

dangerous tipping point where we will exce
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Figure3.19 Development ofirbanpopulation andloor space ofouilding in China
Source:(State Statistics Bureau of China 198012
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Box 3.4 Urbanizatiorworldwide and China

A study of United Nations, Department of Economic and Social Affairs (2011)
shown that 52.1% of thglobal population (3.63 billion) was resided in cities in 20
while by 2050 this number is projected to increase to 67.2% (6.25 billion). That r
an additional 2.62 billion population will move to cities. In less developed region:
percentage ofgpulation residing in urban areas will also increase from 46.5% in |
to 64.1% in 2050. Its 24.5 billion urban population growth accounts for more thar
of the growth worldwide. As a highpeed urbanized cou
population (1 billion is expected to live in cities in 2050, compared 50.6% in 201

Source:(Heilig 2012

From another point of view, tHauilding sectormeanwhilehasimmense potential to

become more energy efficieldw-carborand c¢cl i mate resilient. |In
it has proj ect e dof-thdad knowowtand techmalogigspenergyt at e
use in buildings in 2050 could be reduced by 10% of that of 2005 ap@1GiGsions

could be reduced by 12% in Chin&lobal Building Performance Netwc&BPN

2013. Additionally, since buildings are generally lelged, their performance has a

longt er m ef f ect o refficgency and carban gniissiohs staedalpye,

buildings are seen by climate change experts as a kegfaesdizinglow-carbon city.

3.4.2 Contribution of bildingsto climate bange

Buildings consume energy and emit carbon dioxide in a number of ways. The definition
of energy consumptionnd CQ emissions fronthe building sector has narrow and
broadperspectives. From the narrow sense, it involves only the building operational
energy and carbon emissions thet¢ due to heating, cooling, lighting, ventilation and

other appliances. Thebma sense, on the other hand, sugg
energy consumption and related emiassions
buil dingdbs whol e Iarbbnemsigsians take place fivgphasess e and

production of building materials; transportation of building materials; construction of
building; operation of building; demolition of buildifdones 1998 Since the phases

of building materials transportation, constructiondademolition accounts foa
relatively small share of the total life cycle energy consumption angde@ssions,
emphasis is given to the phases of building operation and material production in this
sector.
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Figure3.20 Life cycle phases obuilding
(1) The operational phase

The operational phase of building is the most enexggl carbonintensive phaséver

the whole life cycle, more than 80% of GHG emissions occur during the operational
phase of buildingsEnergy is consumed for heating, cooling, tdation, lighting and
other applicationfUnited Nations Environment Programm8ustainable Buildings &
Climate Initiative 2009 Buildings generalljrave dong periodof usethat over time it

adds up to much more energy than is used for all gihases in its lifespan. As
illustrated in Figure.21, in Chingthe total operational energy consumption of existing
buildings has increased constantly from 1980 to 2009. Especially, aftetB&@0Owas

a highspeed growth staggong withthe rapid ubanization development. In 2009, it
accounted for up to 23.39% of total energy consumption., thesperational energy
isthek ey to i mprovi ng bcyand rdduang Geemissionsthaty ef f i c
areof foremost concern.
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70000 - i ;;”382/0— Operational

- 23,50% energy
60000
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50000 - 22,50% existing building
40000 - 22,00% in C)?hina (104
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20000 - U7 energy

IIIIII - 20,50%  consumption of
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Figure3.21 Operationakenergyconsumptiorof existing buildings in Chinaandshare
of total energyconsumption 198@009
Source:(Cai 201)
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(2) Production of huilding materials

Foll owing ener gy c o nratianal phaseahe eneryeuonthel di ng o s
production ofbuilding materials is another essential part in the building life cyicle.
corresponds to energy consumed by all processes associated witlhdhetipn of
building materials, such as steel, nonferrous metals;nmetallic materials and
chemical materials, etc. Building constructions consume maasigants ofmaterials,
especiallyenergyconsuming and carbentensive products likesteel and cenmg.
Each year, China uses up to 40% of the wisridemand for cement and steel Zor
billion square metarofnew buildings. Building materials production is indisputably a
big CO emitter. Figure3.22 shows the energy use of building material production and
its share of total energy consumptidaring 1980 to 2009 in ChinaAlong with the
urbanizationprocess energy consumption used by building matsriproduction
continued a rapid growth. It accoedtfor approximately 1% of the total energy
consumption. Therefordéesidedhe operational phase, the energy efficiency and CO
emissons of material production sgnificant

50000 16,00%
10000, 14004 e pergy
F 12,00% consumption of

35000 - I building material
30000 - 10,00% production in China
25000 -l‘ I - 8,00% (104 tce)
20000 I . 6,00% == Share of total

_ energy
1(5)888 I - 4,00% consumption of

=000 L LLELLL 1 2.00% China
o MINNNRRNNNNNNNRRRRNNNNNE

19801990199219941996199820002002200420062008

Figure3.22 Energyconsumption obuilding materialproduction in China anghare of
total energyconsumption 1982009
Source:(Cai 2019

3.4.3 Impacts of climate change ouilalings

Every aspect of our life wilbe affected by climate change, the buildings are no
exception. Some of the greatest concerns are as ®llow

i Windstorms, including tropical cycloneshichare predicted to have much greater
intensity and frequency with climate changdll wicreasingly thieaten ciesd
buildings. Because of their extreme nature, erosion and landsbaéss happen
more frequently which may cause significant damage buildings and other
structures.
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T As aforecased change in climate phenomena, more frequent heavy praoipita
events will substantially increase the flood risk to the buildings located adjacent to
rivers and deltasThis would be a serious challenge to ther i | ddrainages 6
capacity.

i Many regions of the world share the problemisihg sea leved, especidy in such
island nations and lowying coastal countries. It will cause coastal flooding, and
can be more acute when combined with storm surges, then severely impact
buildings in coastal areas.

i Warmer weather resitig from climate change could have a direct impact on
buil dingsd energy (Bos3b) and its composition

Box 3.5 Averagetemperature anbeating ofbuilding

Urumgiis a big city in northwest China with 3.1 million resident populations tisat
characterized by ficol d thaelastwécadesethe ageral
temperature of this city has risen slightly (Figure33.Recent research found that :
the weathelis getting warmer, the heating degree days (HDD) of Urumgi decre
(Figure 3.2), and onthe contrary, the cooling degree days increased to some €
(Figure 3.3). It was proved that heating/cooling degree days are approxim
linearlyre |l ated to buil dingsdéd operational
global warming on buildingéen and K adiogl(1998).
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Figure 3.23 Annualaveragetemperature of Urumgi 1988007
Source:(State Statistics lBeau of China 1982008
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Figure3.24 Heatingdegreedays (HDD) of Urumqi 1982007
Source:(Chen 201

The lines inblue, red and greerepresent HDDs that have different base temperaty
The values on the black lines are the average values of HDDs of the recent five
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Figure3.25 Coolingdegreedays CDD) of Urumgi 19852007
Source:(Chen 201%

The lines in blugred and greerepresent CDDs that have different base temperat
The values on the black lines are the avexadaes of CDDs of the recent five year
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3.4.4 Mitigation and adaptation strategy of building

Facing both energy crisis and global warming, to make the building stocks become
more energy efficient, lowarbon and resilient to climate change effects is the ultimate
goal of many countries, including China. It could be achieved through these Ways:
energy efficient building desigim;) energy efficient building operationi) renewable
energy utilization.

Energy efficient building designi The energy efficiency o& building is always
related to tweelements: how the building envelope is constructed, and how the building
is designed in the local context

By using efficient building envelope design, high quality insulation and sun protection
in summer, the thermodynamic performancehetbuilding® physical envelope can be
improved, and in turrbecome more energiefficient and low carbon. Building
envelope contact directly with the exterior, it is the main part of heat transmission. For
this reason, efficient envelope design with less exterior wedl ean minimize energy
losses. On the contrary, a more complex design may need an increased amount of
exterior wall space, consequently, resiglin more consumption of building materials

and larger energy losses. In addition, as key components of lguiloienational energy,
heating and cooling energy demand largely depends on the performance of building
envelope insulation. According to UNE#&h envelope with high levslof insulation

(incl. walls, roofs and windows) and good building airtightness iassipe way to
obtain a low heat/cool demand and improved thermal conffduovila 2007.
Moreover, sunprotection also plays an important role in reducing the energy
consumption fromhe building sector. Welblesigned sun shade, especially with green
elements (e.g. green roof,-timensional greenness) can reflect the niigjaf the
sunlight in summer dayand keep the associated heat away. This will significantly
decrease the amount of energy needed for cooling.

Moreover, buildingbds energy efficiency is n
also affected to a large extent by the local enviroriat@onditions, such as climate
type, prevailing wind, urban form, ety taking them into accouit building design,
substantial energy demand and related carbon emissions can be reduced at very low or
zero cost through the maximum utilization of natural daylight, natural ventilation, and
passive heating/cooling. In China, for instance, sauinted liildings are widely
prevalent, which is a kind of design with nature. China is located in the Northern
Hemisphere, north ahe Tropic of Cancer, thus the sunlight comes only ftbesout.
Based on that, buildings figy towards the south hawmany obvious advantages in
accessingnatural daylight and solar radiation than towards any other orientation.
Furthermore, China is a typical monsoon climate country. In summer days, since the
southerly wind dominates, south facing buildings have better ventiladigrermit
natural cooling. In winter, the prevailing wind will turn to northerly wind. Less
exposure to the cold winter monsoon reduces heat loss, and accordingly benefits in
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maintaining the indoor thermal comfort level.

Energy efficient building designis not only beneficial to energy sawg and CO

emissions reductiomutalso importanto climate change adaptatighbetter insulated

envelope can provide buildingith better interiorthermal comfort, to adapt to the

warmer circumstansand more acutedat wavesandultimately reaaintheb ui | di ngos
resilience.

Energy efficient building operationi Theoperational energy is generally the major
part of the total energy used in buildings. It is mainly constititg the energy
consumption for heating, amonditioning, ventilation and lighting. Therefore,
improving the efficiency of HVAC (Heating, ventilation and air conditioning) systems
and lighting is one of the effective measures of lowering energy use aneh@€3ion
from the building sector. Amontghem, space heating and cooling is the mainueseiin
buildings. In developed countries, most residential energy is consumed for this purpose
with 60% at an average lev@Huovila 2007. This number is similam China. To
realize amore efficient heang and airconditioning systemoptimal design should be
made on source, distribution net and -e13é ofthe systemAs essential appliance,
ventilation and lighting are also driving the growth of energy consumption of msldin
(International Energy AgenefEA 2006). The energy performanagf them can be
improved by using, among oth#hnings: controlled ventilationheat recovery of the
exhaust ajrefficient illuminants, fittings, andvoid over illuminating.

Since the impact of climate change on energy security is unknown, efficient energy
systems in buildinggproviding good indoor conditions with low energy consumption
and CQ emissioms, are significant in coping with energy crisis, and adapting to
extreme weathers brought on by climate change.

Renewable energyUtilization i Besidesthe abovementioned optimizingolutions,
adjustng the energy stcture in buildings and promag the use of renewable energy
should also be considered by the dwell@smpared with the traditional energy widely
used in buildings, renewable energy resoyr@sssolar, wind and hydro power,
geothermal, bieenergy etc., have outstanding advantagesheir huge resource
potential and sustainability, and less environmental impactsdulfid the energy
demand of buildings witlthis kind of energycan satisfy the indoor comfort of the
dwellers while minimizing CQ emissions. On the other hand, incregdime share of
renewable energy in the energy consumption structure will effectively reduce the
buil di ngds r ertensive fossil fuels. Thereby,bitohelps buildings to
actively cope with the climate change and the energy crisis caused byiexces
consumption of traditional energy.
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MITIGATION ADAPTATION

* EKeduce the energy demand and
related CO; emissions by
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and using solar energy and
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* Energy efficient energy * Mitigate climate changeby
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Figure3.26 Climatechangemitigation andadaptation obuilding

3.4.5 Building in low-carbon city evaluation

The key to achiamg building energy efficiency andow carbon emission are:
promotingenergy conservation new buildings, and encouragitige reconstruction of
existing buildings.

New buildings i As mentioned abovehalf of theglobal construction from 2000 to

2020 happens in China. However, it is remark&abat 80% of these new buildings

would behigh energy consuming buildingddoption of energagaving technologies

and standardsinnewibd di ngs coul d hel p i mprandine bui |l di
turn address this situation.

Existing buildings 7 According to the China Intelligent Building Industry
Development Prospects and Investment Strategy Report-@ilil3,there are more
than 50 billion square meters of existing building stock€hina, over 90% of the
existing buildings are high energy consum{@ganzhan Business Information Co. Ltd.
Industry Research College 2Q014omparedto new buildings, theenergysaving
reconstruction work for existing buildisgn Chinais larger and has more potential to
lowerthe level of energy consumption and carbon emission
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3.5Water

3.5.1 Water andlimate change

Water is the basic condition and essential resource for the existence end th
development of cities. lhuman history, early cities grew up mostly along rivers. This
illustrates the importance of water for urban survival, human fertility, and social
civilization. Currently, growing population and economy, and changing lifestyle in the
world, especially in deeloping cities, are driving the increased demand of water and
wastewater treatment. During this process, environmental pollution and ecological
deterioration has beagettingdrasticallyworse which bringshugechallengs to the
availability and safety fowater ®urces, and increases diffidek in treating
wastewater.

Within this context, the impacts of climate change, includismg sea leved, more
frequent and intense rainfalis well as extended dry pergdould cause further stress

in an alrealy insufficient urban water system. To address such issues, the current
proposals are potentially very energy and carbon intensive. It is advisable to pay due
attention to thevater sector to reduce energy consumption and rel@@gdemissions,
particularl in China.

China is the biggest developing country
one of the most watgsoor countries with onl(BwC6 % of
2013. Per capita water resource (2008) in China is just 25% ahe global average.

Even this number is estimated to shrink by 1700im2030, if population growth
continues. Parallel to water shortage is the problem that the pollution of water sources is
getting worse. According to China Water Resources Bulletin,28&lwater quality of

35.8% of the lengtbf theriver and 0f41.2% of the lakevas below clas$ *°, which

is not suitable for human consumpti@f. 660 cities in Chinamore than 2/3 of them

are facing water shortage problenand more than 110 cities are acute shortage
(Carmody 201 In order to deal with this issue, exploration of new water sources,
such & interbasin water diversion, groundwater pumpage, and seadegalination

can consume an enormous amount of enanglwill cause increased G@missions.

Moreover, China is among the countries that are most impacted by climate change. As
sea levekise, precipitation patterns change, temperaturegaser, angtorm surges

19 According to the Chinese Environmental Quality Standard of Surface Water (GR883B, the water quality

can be definethto 5 classes, based on the surface water environmental functions teutegrobjects:

Class I: applied to head waters and national nature reserves;

Class II: applies to Gradeprotective zone of surface water resource area of drinking water, habitats for rare aquatic
lives, spawning grounds and feeding grounds;

Class lIt applies to Grad# protective zone of surface water resource area of drinking water, wintering grounds and
migration channels of fish and shrimp as well as aquaculture grounds and swimming areas;

Class IV: applies to ordinary industrial water areasramdc r e at i on ar eas without peopl eds

Class V: applies to agricultural water areas and ordinary scenery water areas.
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intensify, the operations of the urban water systems will be increasingly compromised,
notably in preurban areas and informal settlements. Even small perturbations of
water suppl, wastewater treatment, and storm water systean threaten the
informal systems greatly with service disruption, weakened capacity of flood storage,
reduced water quality, and increased energy use and carbon emission for operation
and maintenance.

3.5.2 Contribution ofwater toclimate change

In urban areas, water and energy are inseparably linked together. Water needs to be
captured at watershed areas, to be transported and lifted over obstacles, to be treated
and heated; then, wastewater also needie tveated, to be transported and disposed

of. All of these steps require ener@ajor, Omojola et al. 20)1and this implies the
generation of carbon emissions in the case of ffissilconsumption. Although water
systens are currently not major emitterof CO; in cities, they have the potential to

reduce emission lewvel Talde 3.3 shows the estimated energuse and carbon

emi ssions in Chinads municipal water and v
World Bank/WSP Shandong (2010) water utilities benchmarking study and
I nternati onal Energy Agency (2009) data o

(Danilenko, lkegami et al. 20).2

Table3.3Energyuse anccarbonemi s s i 0 n s municipalvater anavastewater
sector in 2010 and in 2020

2010 2020 Forecast

Water Wastewater Total Water Wastewater Total
Volume million cubic 50697 37400 67964 50137
meters
Energy use(GWh)
Energy use 25349 15708 41057 33982 25069 59051
Energy use with 21748 16044 37792

efficiency saving of
20% every five years

Carbon emissiongmillion tonnes)

China emission 20.03 1241 3243 26.85 19.80 46.65
factor
China emissions 17.18 12.67 29.86

factor with energy
efficiency saving

Assumptions: Average water consumption remains 165 liters per capita per day.
Wastewater collection and treatment rate will increase t&% @0d unaccounted for
water will remain at the level of 22on average. Current energy demand will stay the
same for water and wastewater.

Source:(Danilenko, Ikegami et al. 20)2
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(1) Watersupply

In water supply systesna critical question many Chinese citiasefacingis how to
address the problem of water scarcity while nmgethe increasingly stringent
requirement on water quality.

In order to improve water quality, the Chinese central government started full
implementation othe latest Standards for Drinking Water Quality (GB 57492006) in
2012. It increases the number of inspection items from 35 to 106 and imposes stricter
limits. At the same time, though, the pollution of water sources of cities is becoming
more serious. This will make the supply of quatibphsumablevater more energyand
carbonintensive, because of commonly needed higher levels of water treatment.

Moreover, undr the combined effect of rapid growth of urban population, increased
pollution, and climate change, the water shortage in Chinese cities is yatisg.

When the common sourceirface water is inadequate or unsafe, actions to expand or
improve the supplof water of an acceptable quality are inevitable, such as extraction
of groundwater, long distance water transfer, and water desalination. These options
have different effects on overall energy use, and are associated with carbon emission
intensity.

Watea-scarce cities, especially in northern China, are dependent generally on
groundwater as the primary source. It accodots36.0f nort hern Chi nad
supply in 2005China Water Risk 20)0The largescale exploitation and utilization of
groundwater requireon ore hand more punping and treatment, thus resoy in

more energy consumption and £€@mission; on the other hand, o\ettraction of

water from underground aquifers may draw the water table down, and could have
serious consequences of land subsidence or seawater intrusion. For urban areas where
the water demand has exceeded supply frmal lsurface water and even groundwater,
water becomes a crucial source of supply. An ongoing proj&duthNorth Water
Diversion Project is a representative example in China. It transfers water from Yangtze
River in central China to the more arid andustitialized northern cities. This project

will consume huge amounif energy because of its lomtistance and hightt
transmission. After all, in watescarce coastal cities, desalinization of saline water may

be utilizedto supplementvater supply. Suta process is also enefgyensive.

Most options discussed above, either for water quality improvement or for water supply
exploration, require high energy consumption. Therefore, exploring more
energyefficient and lowcarbon alternative measures addieg water issues should be

the priority. In addition, efforts on demand reduction also need to be valued. Because
the rational use of water resource can alleviate the pressure on water supply effectively
along with CQ mitigation benefits.

(2) Wastewatetreatment
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Cities consume huge amount of water resource, witiley area large wastewater
producer. According to China Urban Construction Statistical YearB6aR the total
wastewater from cities reached 41.676 billion cubic meters by the end of 2012
(Ministry of Housing and UrbaRural Developmetof the People's Republic of China
2013. In the process of transport, treatment, and disposal of such vast quantities of
wastewater, significant greenhouse gases could be generated. The analysis of the
emissions generally includes two categories:

I The gaseous emissions produced by wastewater degradation Hoxygan
conditiors arec al | ed #Adirect emi ssisand®O.THet consi
impacts of CH and NO on warming the atmosphere are, respectively, 40 times
and 300 times stronger than ¢@rummell and Siciliano 20)1

i The carbon emissions associateidhwthe energy consumption by wastewater
treatment facilities and equipment are fi
processes of wastewater transportation, pumping, treatment, effluent disposal,
residuals management, etcistowski, Ngo et al. 2001

In developed ities, thecollection and management of urban wastewater are strictly
controlled, in order to minimizéhe escape ofjlaseous emissions from this sector. Thus,

reduction of emissions from wastewater treatment infrastructures, i.e. the indirect
emission, has been idéred as important actions for climate change mitigation. In
developing citiesfor example in Chinawithout sufficient wastewater system, the
decentralized édnatural 6 treatment processe
CHs and NO (Bates, Kundzewicztal. 2008. Thereby, improved collection, treatment,

and disposal infrastructures would be a direct watdG emissions, and additionally

bring substantial public health benefiidajor, Omojola et al. 2031

3.5.3 Impacts otlimate change orwater

Climate change will mainly manifest itself through alterations in the water cycle. As a
result, the urban watsystem is at high climatic risk. The projected chamgelimate
phenomena such as changes in precipitation pattern and intensity, higher temperatures,
more intense stormand possiblyising sea leve areexpected to increase flooding

and drought, excerbate water pollution, and reduce water sup(Biates, Kundzewicz

et al. 2008. It will finally threaten urban water infrastructures with breakdown of
service, decreased storage for potential emergencies, lowered water quality, and
increased energy consungot for system operation and maintena(idajor, Omojola

etal. 201}

Increased frequency and intensity of @p&ation will lead to more flooding and

thereby cause destructiontbe physical infrastructure dheurban water system, such

as damagt pipelines and facilities, increasing sediment load of reservoirs, and broken

defenseqLoftus 201). In combined sewer systems, more intense rainfall can cause
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sewage overflows and consequent contamination of the nearby waterways and water
bodies. More intense and frequent rainstorms canralse turbidity levels of water

due to soil erosion and enhanced transport of pollutants to surface waters and
groundwater, ultimately resuig in degradation of water qualifBates, Kundzewicz

et al. 20083.

More intense droughts may result in decrease ofasarrunoff levels, thus
exacerbahg water shortage and threaten the security of water supply. Reduced
precipitation also leads to less groundwater recharge and more groundwater extraction.
This, in turn, would increase the energy use for pumpiader from deeper
groundwater leval Altered precipitation patterns in winter will negativelfect the

water storage in snowpack reservoirs. As a result, cities that depend on snow and
glacier melt agheir main source of water supply may be challenged by tedumn
freshwater availability (Loftus 201). Additionally, droughts will also cause
disappearance of natural wetlands that aggravate the ecological risks.

Increased temperaturesdarelated evapotranspiration will reduce water supply, and
meanwhile, increase demands for all consumptive water(uséisis 201). Besides
that, water quality will be affected bydé warmer air temperatures that can cause
deterioration of chemical and biological features of water b¢Bet®s, Kundzewicz et

al. 2009. Indirectly, warmer temperatures will also result in higher demand for cooling
water in the energy sector leading to irmed thermal pollutiofKundzewicz, Mata et

al. 2007.

As sea levdrise, the problem of saltwater intrusion will be more acute, which reduces
the available potable water supply from coastal surface water and groundwater
(Kundzewicz, Mata et al. 200 7Higher sea levels and more intense storm surges can
also increase the occurrence of coastal flooding. This may cause damage to and
degradation of infrastructures of water supply and wastewatémegeg consequently
resuling in disruption of public water supply and sewer overflows.

3.5.4 Mitigation andchdaptationstrategy ofwater

In the context of increasing water scarcity and climate change, mitigation and
adaptation strategies ahe water ®cor in Chinese cities include: demandhter
reduction,water reclamation and recyclingnd improvement of drought and flood
prevention capacity.

Reducing water demandwwith efforts to make proper use of water and enhance water
use efficiency will yield mulple benefits. The most direct one is to alleviate the
pressureof water resourcehortags. Reducing water demand can increase resiliency
and security of existing water suppli@dajor, Omojola et al. 2031 and help this
sector to adapt to the impacts of climate change. Moreasieigless watemeans less
need for water extraction, transportation, treatment, heating, and less foeed
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wastewater transportation and treatment. Energy required by such activities and
associated C&£emissions can be saved. The effective approaches of demand reduction
involve pricing poicies, leakage management, utilization of wat@ring appliances,

and behavior change.

Another strategy for reducing the energy consumption of water supphatisr
reclamation and recycling for nonpotable useslt is estimated that 460% of
drinking quality water is used for nepotable demands such as industrial cooling,
landscape irrigation, toilet flushing etd4artinez and Clark 20)2Water for drinking
requires higher quigdy than for nonpotable meds and thereby requires more
sophisticated and energytensive treatment methods. Using reclaimed and recycled
water for nonpotable uses can decrease energy use and related emissions by reducing
treatment requirements. Furthermore, since the reclaamédecycled water is already

in the city, energy demands of water extraction and transportation from sources can be
saved, thus providing GCGemissions mitigation benefits. Apart from that, reclaimed
and recycled water camso be used to create or enhaneetlands/marshlands that
provide a buffer against flooding andaised sea levels. For instance, a rainwater
collection and use prograisinstituted in the Harbin Qunli Stormwater Ptokevive a

dying wetland and transform it to an important flabdersion zondor the city.

Improving capacity of drought and flood prevention in a city can effectively
minimize the impacts from the more intense and frequent floods, droughts, and extreme
weather events atme urban water sector. This strategy covemide range of actions

with regard to urban water supply, wastewater treatment and stormwater management.
Expansion of water storage through aquifer storage and reco@riyrportant option

for drought relief and supply security enhancement. Anoth&ormphat should be
considered is decentralized wastewater treatment techniques. Obviously, cities
depenthg on one large wastewater treatment plant face more risks than cities with
several small plants in different locatiofisoftus 201). Additionally, the energy
consumption and cost of operating decentralized plants will likely be less than the
centralized solutions. In respect to flood control, construction of seawalls and flood
barriersareeffective actios, while attenuation of runoff by rain and sewage diversion
systens and green infrastructure application (e.g. green roofs, permeable pavement,
etc.) can reduce potential flooditap.
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Figure3.27 Climatechangemitigation andadaptation ofvater

3.5.5 Water inow-carbon city evaluation

The impact of kmate change orthe water sector is mainly manifested in water
supply, wastewater and stormwater systems. Hehese are also the main aspects in
low-carbon cityevaluation.

Water supply is an important guarantee for the sustainable development of a city that
is significantly vulnerable texpected climate change. As mentione.;.3, water
shortage will be aggravated by more intense droughts, incressgaration rate
related to warmer temperatures, and saltwater intrusion causesirigysea leved.
Furthermore, another crucial component of water suppisater quality willalsobe
negatively affected by flooding and increased air temperatures. diegdo a report
released by China's enenment authority in 2014, it vgaestimated that 280 million
residents in Chinaould not get access to safe drinking water. Those climatic impacts
may add more pressures on (dsa cities thaarealready sufferingvatershortags.

Under this condition, water demand management, water reuse, and water storage
expansion are necessary approaches for enhancing the resilience of urban water
supply, while reducing the requirements of endrdggnsive water treatment and
supply expansion.

Wastewater treatmentis also anaspect thais greatly affected by changing climate

conditions. Due to the anticipated incrieasrequency of high intensity precipitation

events and rising sea levels, wastewater treatment infrastruemnréec physically

damaged or functionally degraded. In cities with combined sewer systems, this will

lead to more overflow events and untreated sewage into surrounding water bodies
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(Kenward, Yawitz et al. 2033 Simultaneously, wastewater is a growing emitter of

GHGs. Asdiscussedi®a 5. 2, finatural 0 treatment proces:
cause massive emissions of nitrogen dioxide, methane, and carbon dioxide. Thus,
wastewater treatment is no doubt an indispensable evaluation aspect etabow

city.

Another aspect of concern Eormwater management since it will be highly
affected by increasingly frequent and intense precipitation. During heavy rainfalls, the
stormrunoff can overwhelm the capacity of stormwater system, resulting in street
flooding. A reportby China's Ministry of Housing and Urbdural Development
indicated that between 2008 and 2010, 62% of the 351 surveyed Chinese cities
suffered from different levels of floods, and 39% experienced floods more than 3
times(Li, Wang et al. 2014 Thereforejn cities affected by increasirtgeavy storms,

the capacity of stormwater systeand emergency response syssemil need to be
improved to pevent flooding.

3.6 Municipal solid waste

3.6.1 Municipalsolid waste andlimate change

Municipal solid waste (MSW) contributes to climate change through the generation of
methane (Ch), nitrous oxide (MO) and dioxide (C@) during the process of waste
management and disposal. All can be identified as greenhouse vg&s global
warming potential of 40, 300 and 1 respectiy@yummell and Siciliano 20)1As the
Intergovernmental Panel on Climate Chafif&C) estimatedthe waste management
sector makea contribution of approximately 5% of global anthropogenic emissions in
2005(Bogner, Ahmed et al. 20D 7Compared to other sectors discussed before, such as
transport, building, and energy, waste is a relative small emission source. Nevertheless,
it can become a carbon saver withusd waste management practices that provide
immediate and cosdffective opportunities to achieve substantial carbon emission
reductions.

The definition of MSW varies from country to country, reflecting different systems of
waste management. For instarites defined as all waste generated within a municipal
boundary that includes commercial, industrial, construction, and hazardous waste in

Europe(UNEP 2010. I n China, i n compliance with AL:
China on the Prevention and Control of Environmental Pollution by Solit Was, s ol i d
waste is divided into three categories: municipal, industrial and hazardous waste.
AMuni ci pal wasteo generally refers to hous
waste from street cleaning; ngnocess waste from industries; and consitoacand

demolition waste in some cas@g$oornweg and Xie 2002 Al ndustri al wast
the waste generated by industpabcesses which is less hazardouhé&environment

and human health | i ke slag, coal gangue, ar
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the waste regulated under National Hazardous Waste Inventory, or tested to exhibit one
or more of the traits obkicity, corrosivity, reactivity, and ignitability according to the
national identification standards that threatens environment and public health. The
focus of this chapter is on municigalid waste which is the main source of emissions
from thewaste nanagement sector and relatively controllable at city level.

With the fast development of urbanization and the growth of GDP in China, the amount
of waste increases dramatically. As shown in Figi28, China generated about 170
million tonnes oMSW in 2012, rising by 11.% when compared tamountumbern

2006, with an average annual growth rate o¥@2bétween 2006 an2012. Because of

this continuingrapid increase in MSW quantities, tlveaste sector becomes a
significantsaurce of GHGemissions in China. Despite a close link between growth in
per capita MSW generation and rising afflueriBegner, Ahmed et al. 207it is
remarkable that countries which implement effective strategies of waste management
and disposal alwaysroducedess waste than several atlseuntries at similar stages of
development. For instance, the levels of economic development of some developed
members ofthe European Union are roughly the same as the United States, whereas
their per capita municipal waste generationd@ser than tlat of the US (Tale 3.4. It
verifies that waste generation is not only
and affluence, but also its adopted strategy of waste management and disposal.

According to the experience of most countries, the development proc®4SWuf
management and disposal can be generally divided into four stages as the economy
grows(Chinese Society for Urban Studies 2D1h the first stage, the waste output is
moderate, and the composition is sleapin this period, open dump is theost
common form of waste disposal, and the methane produced by the decomposition of
the organic portion of waste is the main source of GHG emissions. In the second stage,
cities produce more waste with relatively coeyptomposition compared to the last
stage. Sanitary landfill is thmostcommon form of waste disposal for this period, and
landfill gas is the major source of emissions. In the third stage, the conflict between the
greatly increased waste output and ledittand resources has become an important
issue. For the purpose of waste minimization, MSW incineration is adopted more
widely. The total emissions from incineration are almost the sama& asore than
emissions from landfill, and generate heavy medal$ dioxins. In the fourth stage, as

the environmental problems brought by MSW incineration get increasingly outstanding,
integrated solid waste management (ISWM) becomes the developing tendency that
achieve significant GHG emission redoct through theapproach of 3R Reduce,
Recycle, and Reus&/NEP 2010.

Currently, the waste generation and management in Goliosv the same transition
processasmany other countries. &t large and mediwsized Chinese cities arethe

third stage or even earlier. Therefore, the development and optiomzati MSW
management is necessary to solve the problem of GHG emissions from the aspect of
waste handling.
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Figure3.28 Volume of municipal solid waste disposal in China 22082
Source:(State Statistics Bureaaf China 20072013

Table3.4MSW generation and GDP per capita of US and some EU countries (2011)

Countries Total MSW Per capita GDP per
generation (thousan: generation capita
tonnes/year) (kg/person/day) (current US$)

USA (20115 ¢@ 250400 2.00 49854

Austria (20119 ¢ @ 1.53 49485

Belgium (20119 ¢ 5035 1.29 46464

Denmark (201%) ¢ ¢ 4001 1.98 59898

Finland (2011 ¢ ¢ 2719 1.37 48678

France (201%)¢ ¢ 35019 1.45 42560

Germany (201P)¢ @ 50237 1.64 44355

Ireland (20119 ¢ 2823 1.75 49387

ltaly (2011§ ¢ ¢ 31386 1.48 36180

Luxembourg (201F)¢ ¢ 345 1.92 111913

Netherlands (2011)" ¢ 9479 1.64 49886

Spain (20113 ¢ 9 22672 1.37 31118

Sweden (201P)¢ ¢ 4374 1.26 56755

United Kingdom (2019)¢¢ 31066 1.45 39186

Source:a (U.S. EPA 2013 b (OECD 201); c (OECD 2013; d (The World Bank 20)1
3.6.2 Contribution omunicipalsolid waste toclimate change

The lifecycle of waste can be described as a journey from cradle toi gteatas, from
when products are put e dumpster to when value is restored by creating usable
material or energy, or the waste is transformed into emissions to water oriaig or
inert material placed in a landfi{White, Franke et al. 1995This process includes
activities of waste collection and transport, recycling/composting, and disposal (incl.
incineration and landfilling) that plagifferentroles in waste management and impact
GHG emissions (Figer3.29).
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(2) In cities with rapitly growing populations, the rising amount of waste often results
in demand growth for MSW collection and transport, and associated energy
consumption and carbon emissions. During the collection and transport of MSW, GHG
emissions mainly originate from burgnfossil fuel (petrol or diesel) for waste
collection and transport vehicles traae affected by multiple factors, such as vehicle
type, payload, haul distance, dficiu and Zhou 2018

(2) Recycling makesuse of certain products (e.g. glass, paper, metal, etc.) that
otherwise would become was(e).S. EPA 2002 Composting is another form of
recycling that biodegrades organic waste (e.g. food scraps, manure, plant matters, etc.)
into soil additives. Recycling and composting deliver GHG emission savings in two
ways: i) displacement of virgin raw materialshus avoiding emissios from raw
materials extraction, products manufacture, materials and products transpoiitation;
diversion of waste materials from landfills that generate G&stz, Thorneloe et al.

2002.

(3) Incineration is @ommon method ofaste disposal that involves the combustion of
organic substances contained in waste materials to reduce its v{unme 2005.
During this process, GHGources generally includée: emissionsof carbon dioxide
(COy) and nitrous oxide (PO) resuling from fossil fuel combustionj) emissions of
CQOe resuling from combustion of waste containing fossil carbon (e.g. plasiick);
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emissions of methane (GHresuling from anaerobic digestion of leachate in
incineration plarg (Bogner, Ahmed et al. 20Q.7In some cases, the heat provided by
burning wase can be recovered to produce electrical power. This contributes to the
mitigation of GHG emissions by displacing power generated fossil fuels.

(4) Landfill is the most widehused way of waste disposal, meanwhile a significant
contributor of GHG emissions. landfill sites, the sources of GHGs includéglandfill

gas (mainly CH and CQ) emitted by the decomposih of the organic portion of
MSW; ii) CHs and NO from landfill leachate tankii) CO; from energy consumption

for auxiliary processeéXu and Liu 2010. From another view, talfill gases can be
captured and recovered to produce electrical power, which delpesrefit in emission
reduction from the avoided emissions of other alternative energy. In addition, a
noteworthy amount of biogenic carbon (e.g. wood, paper, food scraps, etarptitt
degraded after disposal may remain in the landfill for very largpds of time. This
carbon sequestration is counted as a carbon balance.

3.6.3 Impacts otlimate change ommunicipalsolid waste

Climate change will have adverse effects for the future development and operation of
municipal solid waste management fa@t and infrastructures in a variety of ways,
since it could cause changes to numbers of factors affecting waste management
processes. The potential impacts across the MSW sector usually iBkfole and
Kersey 2003Zimmerman and Faris 2010he World Bank 2011U.S. EPA 2013

i Increased damage of constructions of waste management sites due to the potential
intense rainfalls and storm events, and related secondasyedlfsa

i Higher risk of slope instability at waste management sites from more intense
precipitation events.

i Increased disruptions in the supporting infrastructure and transportation of MSW
attributing to increases in heavy rainfall events.

i Greater incidence of flooding due to heavy precipitation, storm surgesisangyl
sea leved could increase the risk of contaminant spread. For instance, flooding in
areas of untreated waste could catlmespread of environmental pollutants, and
threaten public health.

i Coastal flooding and erosion due to higher sea $omild damage facilities and
equipment at lowying sites.

i Biological waste management process, such as composting and anaerobic
digestion will be affected by hydrology and temperature changes in site.
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i Melting permafrost resulting from warmer temperasaeuld affect water systesn
around landfill sites.

i Warmer temperatugecould increase the risk of fires at open dumpsites and
composting ies.

i Increased temperature could increase the activity of pathogen and vermin in sites
that result in spread of vectborne diseases.

Already, there are events proving that the current MSW management is insufficient and
vulnerable to the expected climateange even in developed countries. As one example,
in 2002,a serious flood of Elbe River in Germany caused by extreme rainfall created
landfill and dumpsites erosion and released environmental pollutants of in heavy metal
and arsenic that resattin significantpollution (FONA).

3.6.4 Mitigation andadaptationstrategy ofmunicipalsolid waste

Municipal solid waste management involves a series of steps, including waste
collection and transport, recycling/composting, and disposal. Each of the steps could
provide considerable opportunitigsr GHG saving, when the system of waste
management is wetlesigned(Hoornweg and Xie 2032 Globally, a number of
organizations have a consensus across the municipal solid waste sector that significant
benefits for climate change mitigation and adaptation could be achieved through
activities of waste preventiaand waste recycling

Waste preverion refers tothe redudion of the amount of waste generated. This
strategy includeg using less packaging to eliminate excess material while maintaining
functiond as an important cause of the increase in waste volume, packaging waste
represents about 30 of MSW; ii) designing and manufacturing durable/reusable
products to prolong the useful life of the materials, in turn, to delay final dispo¥al;
redesigning products to use less raw materials, usually the fewer materials are used, the
less waste is produc€d.S. EPA 2002 The waste prevention strategeesild deliver
multiple benefitsredudng the needor material extractionrad manufature of new
products, decreasinthe amount of waste that must be transferredycted, and
disposed, and extenditige lifetime of landfills. As a result, less energy will be needed
for these processes and ultimately fewer carbon emissionsengienerated frorthe

MSW sector

China is currently experiencing a rapid increase in waste generation, and this trend
seems tdesure to happen in moShinese cities. In this context, waste prevention will

be the inevitable choice of waste managenedetoupling the waste generation from
economic growthn China

Waste recycling is to minimize the waste by material recovery and energy recovery
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when waste generation is unavoidable, including forms of recovering certain waste
materials (e.g. papeaglass, metal, etc.), composting, and recovering energy from MSW
incineration. Recycling rate refers to the amount of seseggegated waste in relation

to the total amount of waste generatiin and Liu 2010Q. Thereby,to recycke
effectivdy, waste segregation is the critical prerequisite that can significantly ieprov
the potential of waste recyeh and the quality of comgst and recyclables, and
optimizes incineratiofHoornweg and Xie 20)2After waste prevention, recycling is
another strieegy substantially curbing the rapislowing waste generation. In Figure
3.30, from 2002 to 2012, the total German generation of MSW decreased from 52.8
million tonnes to 49.2 million tonnes, while the recycling rate increased frorf36.1
64.8%. This resllt comes down to the strict implementation of waste segregation in
Germany (separate collection of packaging wastewaiste, waste paper, glass, etc.)
(Fischer 2018 Recycling of MSW generates numbers of climatic, emmental and
economic benefits, i.ereducingthe level of carbon emissions throutgssuse of
virgin materials ananoreuse of energ from nonfossil MSW incineration, supplying
valuable reources (e.g. compost), improviagvironment thougwaste minimization,

and creatinggmploymenbpportunitiesand income.
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Figure3.30 Total MSWgeneration andecyclingrate in Germany 2002012
Source: (German Federal Statistics Offi@®13 Eurostat 201%

In China, the development okaste recycling is restrained by the absence of
transformative policjor waste segregation. As an examjple recycling rate of the
capital cityl Beijing, is just less than 15%Xiao, Bai et al. 200/ This level lag
behind compakwith most developed countries.

In addition to their mitigation contributions, strategies of waste prevention and

recycling can also substantially reduce the denfantandfill and extend the lifetime
of landfills, thus edudng the adaption costs.
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disposed waste GHG
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products manufacture, d .
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manufacturs, and transportation
+  Energy rzcovery from waste
combustion can reduce GHG
emissions by displacing power
generated from fossil foels

Figure3.31 Mitigation andadaptation of MSW

* Reduce the demand of
WASTE RECYCLING landfilling, thus reduce its

adaptation costs

3.6.5 Municipalsolid waste inlow-carbon city evaluation

Municipal solid waste management systems usually include an operational chain of
collection and transport, and disposHhese processes on one h@gasherate carbon
emissions, and on the other hand they are subject to climate change.

Waste collection and transportwould be a crucial linkto a successful MSW
management system, since insufficient collection and transport ssreicsea series

of problems, such as contaminatitige environment, increasing flood risks, and
threatening public health. Additionally, MSW collection and transpatth wroper

waste separationsag greatly increase the quality of materials for recycling and
optimize incineration, in turn delivieig benefits in CQ emission savingéHoornweg

and Xie 2012 One study in 2001 suggested that by separating food, garden, and pater
waste to recycling, thus decreasing the organic fractions in landfills, emissions could be
reduced by 260kg Gz-equivalent per tonne of MS\(Bmith, Brown et al. 2001 In

China, there is stilspacefor improvement in waste collection and transport. The
existing waste collection and transport systems in Chinese argesften unable to

keep up with the growing demand for service driven by rapid urbanizations. Moreover,
the | ack of waste <classification has furt
municipal solid waste management sector.

GHG emissions fromwaste dismpsal are mainly attributed to waste combostand
landfilling, including CQ emissions from incineration plants and methane from
landfills (U.S. EPA 2002 It is regarded to represent the biggest impact on the climate
from the wastesecta. Currently in China, landfill is the most usetethodof MSW
disposal amouing to 81.75% of the total disposed wastelJdwed by incineration
accouning for 15% (Li and Liu 201Q. But most of the landfills are insufficiemt
proper gas and leachate collection and treatment, and most of the incinerators are
without energy recovery facilities. This has negative cormsecgs on public health,
environment and climate, so improvemearitwaste disposal is necessary for low
carbon ciies
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Chapter 4 Development of LowCarbon Indicator Systemi Sino

4.1 Mode, framework, results of LowCarbon Indicator Systemi Sino

Low-Carbonindicator Systeni Sino (LCISS) isa low-carbon city evaluation system

devel oped through | earning from the experi
Shanghai: Integrated Approaches towards a Sustainable and Hifgcggnt Urban
Development UrbanFe m, Mobi | i ty, F.drhissprojeayis apartof Li vi ng

fFuture Megacitie® researchprogram launched byserman Federal Ministry of
Education and Resear€BMBF) in 2008 and it was entrusted the Institute of City
Planning and Urban Design afiversity of DuisburgEssenas the acting research
group. The main outcome of this project &stooli i Low Car bon® dndex (
(Appendix 8)to evaluate urban areas regarding their enef§giency and CQ
emissionsAs a new method abw-carbon city galuation it has been testdd the
Shanghai Honggiao Low CarbdBusinessCente case studyAccording to the
application feedbacK,CI® still has some insufficienciest) not enough attentiois
paid to climate change adaptation strateg)y;inadequateconsideration ofsome
significant urban sectois low-carbon city evaluation, such as water and municipal
solid waste iii) lack of flexibility in adapting to cities with differensocial,
environmental andeconomic conditionsjv) weak operability in the context of
Chinese cities These problems pointed out theprovementdirection for the
development of LCISS.

LCISSiscomposed f t hr ee parts: Ai ndi cator | isto,
and Adeveldepimeartd. gdihe main b odyas anf LCI SS
evaluation toolis a comprehensive indicat@ystem that is constructed through

coupling urba planning and séars invohed in low-c ar bon acti ons. nEvV
checkl i st anevduatior rpsolras well ass systematic revieaofi t y 6 s
low-carbon development statuB.Dev el opment guidelineo is i

describes wich improvement is needed the future.

Evaluation within LCISS is a circularly ascending process (Figure 4.1). It follows the
sequence of applying fAindicator l'isto to
summari zing status with fdeval usotrmakimg checkl i
with fAdevel opment tlewiideyldisneme x ti mplranrn inmg .
continuous process, experience could be summarized and lessons could be learned for

future development.

20 hitp://futuremegacities.org/index.php?id=12#c213
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Figure 4.1 Evaluation process of LCISS

4.1.1 Mode

(1) Comprehensive indicator system

City is a complex giant system consmgf of various subsystems and elements
connected/interacted with various relations. According to this charactahstivel

of a c-carbgndsveldpmend not determined by orspecific factor, but related

to synthetic effects of mufile-factors.Previous researcim low-carbon city evaluation
attempted to address this complex problem in a simplistic way, whereas they may be
too aggregated to be meaningful measurements of ethatbity is a real lovearbon

city and do not provide any indication of where the shortcomings occur or where
actions can be targeted. On the othand excessive emphasis on the complexity of
low-carbon city tends to go to the other extreme. It will entile problem difficult to
understand and solve.

Instead of both approachake comprehensive indicator method could offer a better

way for evaluating lowcarbon cites. It is one of the main methods to work it

complex objects that anakyzan object wih various related indicators, in order to

reflectthe overall characteristics of the object. In this work, this method is applied to
identify deci si v e-catban develapmentdefvel and establisfk &s | ow
comprehensive indicator system withicators closely related to the decisive factors.

(2) Coupled mode

In physics, two or more systems are coupled if theynéeeacting and influencingach
other. In the process of developiagow-carbon city, actions to respond to climate
change are coupdl with urban planning.

As an important basis of city construction and management, urban planning has a major

impact on the implementation of climate mitigation and adaptation achenaus¢he

current climate initiatives, technologies and approaclies anvolve urban sectors

which are concerned in urban planning, particularly in six key sectors mentioned in
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Chapter 3: urban design, transport, energy, building, water, and municipal solid waste.
Therefore, urban planning plays a role as a platforrhich the lowcarbon actions

can be integrated to, and then corresponding policies, standards, and supervision
mechanisms can be formulated, so as to ensure those actions can be effectively
implemented aa local level. On the other hand, to institutiomalilowcarbon actions

into the urban planning system could hetlpe city to shift the development goal from
promotion of economic construction to la&rbon development.

Based on the above analysis, establishing a coupled evaluation model with urban
planning and keyrban sectors that concen&abn most lowcarbonactionsis an
optimal way to evaluata c i t y é&arboh dewelopment level on different planning
scales, antb indicate the inefficienciesf different urban sector3his can effectively

help the decisiomaker to develop improvement measures, and ultimately realize the
goal of lowcarbon city development.

4.1.2 Framework

As mentiore d , Ai ndi cat evaluatidni teot of LGISS, wthibhe i
comprehensive indicatsystemconstructed through coupling urban planning and key
urban sectorslt includes three planning scales, i.e. macro, middle and micro scales,
and six sectors: urban design, transport, endrgyding, water, and municipal solid
waste(MSW) (Figure 4.2).

Scale 3:

Urban Design Urban Design TUrban Design

Transport Transport

[
[ mmse )
[

Water

[
(
—
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I J
[ mew
Building ][ Building ]
I ]
| J

Figure 4.2 Framework of indicator list
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(1) In the frame of the Chinese urban planning sy$teorban planning includes
overall plan, regulatorgetailedplan, and siteletailedplan that corresponib macro,

middle and micro planning scales. In the planning process, the conceptual planning
ideas are developed, which are increasingly made more concrete and detailed. The
evaluation of LCISS follows the same process.

i Scale 1: evaluation starts from macro planning scale (1:10,000), a large scale with
little information and parameters. During this stagee ci t y0s sStructur e
overarching development strategy are taken into consideration. Attention should
be paid to th following issues: urban form, land use pattern, transportation
network, development direction of energy, infrastructure construction, etc.

i Scale 2: in the middle planning scale (1:2,000), further details evolve. Evaluation
carries on in a smaller scatigwn to the level of land use plans or spepiaipose
plans, such agspecial plan for urban transport, water supply and drainage, energy,
and municipal solid waste.

i Scale 3: micro planning scale (1:500) is the smallest scale with most details, in
which evaluation focuses on urban construction and policy initiatives concerning
technology and management of building, transport, energy, water, etc.

Since the specific targets of development and construction in three planning scales are
different from one artber, evaluations of them are conducted with different indicators.
However, the indicators of the bigger scales could be maintained in the smaller scales
and the evaluation of the bigger scale is accepted with less significance.

(2) As mentioned in Chapteéd, & the city levelmostof the low-carbon actions focus
on the following six sectors:

i Urbandesign is the key to success in l@arbon development. It determines the
spatial and geographical layout of buildings amfdastructuregThe World Bank
2017), in turn has considerable impact on energy use, resource consumption, and
the climate change adaptation and mitigation ability of a region. Inséutor,
low-carbon actias aimto optimize urban spatial structure and land use through
promoting the development of compact urban growth, mixed land use, transit
oriented development (TOD), and green infrastructure.

i Transportis interpreted to be one of the key anaimg sources o€O, emissions.
It accounted for 22% of energglated carbon dioxide emissions globally
(International Energy AgenefeA 2012). Moreover, urban transport is vulnerable
to climate changémpacts In this sector, the objective of le@arbon actions is to

22Urban and Rur al Pl anning Law of the People's Republic o
overall planning and detailed planning. Detailed planning includes regulatory detailed planning and site detailed
pl anningébo
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redue travel or the need to travel, promote cliriatendly transport modes, and
improve the efficiency omotorizedtransport.

i Globally, carborintensive fossil fuels such as coal/peat, oil and natural gas are the
main source to meet energy demand. It cbatas toclimate changeand at the
same timecauseserious environmental pollution and energy crisis. On the other
hand,energy supply and demand iniegis also impacted complicatedly by the
anticipated climate change effects. Loarbon actionsn this sector focus on
optimizing energy production and consumption structure, and ctinganergy
demand.

i The building sectoris estimated to consume over 40% of total primary energy
worldwide, and contribuge3 0 % o f the worl doés (Uatadn u a l GH(
Nations Environment ProgrammeSustainable Buildings & Climate Initiative
2009. The main issues of lowarbon actions in this sector are green building
generaliation, building energy efficiemy improvement, and to push for
large scale applicabn of renewable energy in buildings.

i Water is a sector thas not currently a major carbon emitteut it has great
potential to lower emission lewelimpacts of climate change, suchresng sea
levels, more frequent and intense rainfall as well s®rded dry pericg] could
cause further stress in already insufficient urban water sgstdma solution of this
problem may require huge amosrdf energy and emit CO Meanwhile, the
operations of the urban water systems will be increasingly compromvigecll
mentioned effects. In sector of water, lgarbon actions include water demands
reduction, water reclamation and recycling, and improvement of drought and flood
prevention capacity.

i Municipal solid waste is a fagfrowing carbon emitter, represerg approximately
5% carbon emissions in urban areas. With sound waste management practices,
MSW can become a carbon saver that provides immediate aneffexsive
opportunities to achieve substantial carbon emission reductions. In this sector,
low-carlon actions are mainly related to MSW prevention and MSW recycling.

4.1.3 Function

By applying LCISS, users will be able to:

i Assess the performance of different sectors on different planning scales, and
systematically review the lowarbon developmerstatus ofa city.

i Obtain a robust indication of where inefficiencies occur as well as where action is
needed so that a city can become more
trend of -arboo davejoprsent lcould be revealed by comparing its
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evaluations at different periods.

i Define gaps and assess potential for improvement, and formulate guitgiefine
to orient lowcarbon city developmem thefuture

i Identify the potential solution. Through continuous evaluation and optimization of
city planning and construction, LCISS helps city to achieve the goal etdolaon
development.

From the point of view of city development, LCISS$lays an important role in
monitoling and diredng low-carbon city development. In the planning stage, it could

rate thespecific plans in terms of adaptability and the ability to reduce climate change

in a traceable manneearly on in order to pinpoint errors in planning from a
low-carbon standpoint, and correct the plan to resolve those errors. In the construction
stage, it could periodically evaluate the city construction stang,thenensure the

Al ¢ewawr bono direction of city development.
LCISS could be applied asbasis and guide for planningrious kinds and veus

levels of urban redevelopment projectwith the aim of renovation to mitigate and

adapt to climate change.

4.1.4 Products

The LCISS evaluation can yield three products: evaluation checklist, evaluation report,
and development guideline.

(1) Evaluation checklist

Evaluationchecklist is thentuitive result of the overall evaluation of a city with LCISS.
Checklists for everkey sector and every planning scale can cle@dytify potential
for optimization

(2) Evaluation report

Evaluationre p o r t I's a comprehensive r®aborew and
construction grounded on evaluation checklist. The comprehensive evaluation value
(see 4.2.6) of each planning scale is calculatezlpros and cons of every evaluation

sector would be atyzed, and improvement suggestions in the light of local condition

would be proposed. The main contents tbé report include: overview of the
low-carbon development i targeted city (incl. comprehensive evaluation value),
analysis of performance inl@ectors, and challenge of levarbon development.

(3) Development guideline

Developmenguideline is developed on the basis of analysis reauli suggestion in
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evaluation report. Targeted action plans are formulated for each problem of different
sectos on different planning scales, which provide support for government
decisionmaking. Itincludes recommendatia@for possible actiomagainstweak poins.

The main contents includeecommendation folow-scoring itemsinvolved planning
scale,and actiorresponsible department.

4.2 Construction of Low-Carbon Indicator Systemi Sino

As mentioned above, the Le@arbon Indicator System Si no eval uates a
Al ¢evwar bon performanceo of different sector s
adequate indators, and forms a series of results on a comparable and traceable basis.

In this process, the indicator list of LCISS plays a key role. Thereby, the organization of

the indicator list isanessentiaktep in the development LCISS. It mainly contains

the following steps.

i Indicator hierarchyi for simply and accurately illustrating the complex
relationship among indicators, LCISS is built anhierarchic structure witta
threelevel evaluation indicator.

i Indicator selectiori in accordance with relevant, independent, systematic, and
measurable principles, indicators of LCISS are selected via two rounds of
guestionnaire surveys andmbers ofnterviews with experts

i Indicator typé the carborreduction potential and climatiinerability vary from
city to city, according to the size, natural environment, economy and social
development, etc. For developing an extensively applicable evaluation system,
indicators in LCISS are classified into essential type and expanded type.

i Indicator valuei standard values of indicators are determined in light of the
existing research results and successful experience drawn in pilot projects with
adjustments based on Chinads actualities.

i Weighting Assignment indicator weights are determindaly following the
Analytic Hierarchy Proceg®\HP) and Delphi methodology.

i Complex Value Calculation evaluation values othree planning scaleare
calculatedoy using the weighted sum method.

4.2.1 Indicator hierarchy structure

LCISS is an evaluation stgsn involving three planning scales, and wikan sectors.
For each planning scalathreelevel evaluation indicator system is built in hierarchic
structure. From firstlass to thireclass, indicators are from general to specific.
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(1) Firstclass indcators are the six key urban sectors discussed in Chapter 3,
including urbardesign, transport, energy, building, water, and municipal solid waste

(2) Seconetlass indicators are as follows:

i Under the firstclass indicator ofiurban desigd, seconeclassindicators include
site planning, | and use, accessibility, e
first critical step of urban development, since the location and physical conditions
of a city are the deter mi ntammtscsharfgd.heflcar
useodo planning is to bal anmaicsfundliansano mpet i n
limited urban spacand further, the spatial distribution of the functions determines
urban form that affects energy consumption and carbon emissions from many
sectors, ranging from housing to transpor
of most transport activitiegLitman 2008. To improve a <cityos
accessibility by promoting development of public transport, could efficiently
decrease the need ofotorizedindividual traffic and associated G@missions.
AGreen open spaceo could pl tewyperaureconstr u
providing green shades and managing flood risks, thusingedgies to mitigate
the heat island effect and adapt to increased precipitation events.

i Under the firstclass indicator offtranspord, seconeclass indicators include
individual motorized transport, public transport, nenotorized transport, and
freight t r a n snptorigedt. r afnl snpdoirvtiod uiag a cri ti ca
undoubtedly the largest transpogtated carbon emissions per capita in urban
transport sgss$port éanimnzéd & a o s ptberesséncea r e
of a lowcarbon urban transport system, since they provide a variety of benefits:
efficient space use, less infrastructure and facility requirement, low/no carbon
emissions and low/no air pollution. A&d t i onal | vy, Afreight tr
evaluatedas it provides a significant source of carbon emissions, especially the
roadbased mode.

i Under the firstclass indicator ofienergyo, seconetlass indicators includsupply
side, and demand side. In thetse®f energy, carboemissionscan bereduced
through developing lovearbon energy in energy supply side, and improving
energy efficiency and demand control in energy demand side.

i Under the firstclass indicator ofibuildingd, seconeclass indicators inadenew
and existing building On one hand, China has become the biggest real estate
market in the world, with up to 2 billion square metrsew constructiongvery
yeat On the other hand, Chof exigtinghbaildingd, 0 bi | | i
butonly 1% of them hit the energgavingtarget Therefore, both new and existing
buildings play animportant role in lowcarbon city development.

I Under the firstclass indicator ofiwated, seconeclass indicators includeater
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supply, wastewater treatmeatd rainwater storage & drainage. Water supply is an
important guarantee for the sustainable development of a city that is significantly
vulnerable to the expected climate change. Wastewater treatment is a growing
carbon emitter, while it is highly sensi to climate changes. Rainwater storage
and drainage directly determines whether a city could be resilient to the possible
changes iprecipitation patterns broughboutby climate change.

Under the firstclass indicator ofimunicipal solid was#, secmd-class indicators
includeMSW collection & transfer, and MSW disposal. Proper MSW collection
and transfer could not only benefit climatic mitigation, but also efficiently prevent
aseries of problems, such as contaminatiregenvironment, increasing fal risks,

and threatening public health. MSW disposal is regarded to represent the biggest
impact on the climate from the sector of waste.

(3) Thirdclass indicators include 54 items (Table 4.1) that are independent but
interrelated.
Table 4.1 Indicatolist of LCISS
Firstclass Seconedclass No. Third-classindicators Indicator  Evaluation
indicators indicators type scale
Urban Siteplanning 1 Original land use type essential 123
design 2 Disaster risk essential 12
Landuse 3 Mixture of functions essential 123
4 Urban development land area essential 23
per capita
5 Smaltscale block essential 23
Accessibility 6 Regional traffic connection  essential 123
7 Transitoriented employment essential 23
density
8 Transitoriented residential essential 23
density
Greenopen 9 Greenery coverage ratio essential 23
space 10 Coverage ratio of green spact essential 23
service radius
11  Quality of green open space expanded 3
Transport Motorized 12 Position in highwayetwork  essential 1
individual 13 Road network density essential 2
transport 14 Car park management essential 3
15 Recharging devices of expanded 3
E-mobility
16 Car sharing expanded 3
17  Prioritization for low emission expanded 3
vehicles
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Public 18 Main form of Mass Rapid expanded 1
transport Transport
19 Connection to the major origir expanded 2
and destinations
20 Transit station coverage essential 2
21 \Velocity of public transport essential 3
22  Average waitime in the essential 3
highest peak hour
23 Emission level of buses essential 3
24 Quality of public transport expanded 3
vehicles
25  Quality of public transport expanded 3
stations
Non-motoriz 26  Connectivity of footpaths essential 2
edtransport 27  Quality of footpaths essential 3
28 Connectivity ofcycle tracks  essential 2
29 Quality ofcycle tracks essential 3
30 Non-motorizedvehicle parking essential 3
Freight 31 Main freight transport modes essential 1
transport 32  Prioritization for low emission expanded 3
trucks
Energy Supplyside 33  Main sources of energy suppl essential 123
34 Renewable energy productior essential 23
35 Electricity production by essential 23
co-generation
Demandside 36 Green electricity contract expanded 3
37 Incentive policy of renewable essential 3
energy utilization
38 Metered heating rate essential 3
Building  New 39 Qualification ratio of building essential 23
buildings energy efficiency in new
buildings
40 Proportion of green buildings essential 23
in newbuildings
Existing 41  Qualification ratio of building expanded 23
buildings energy efficiency in existing
buildings
Water Watersupply 42  Water supply from essential 23
nontraditional sources
43  Water tariff essential 3
44 |Leakageate essential 3
45 Coverage of watesaving expanded 3

appliances
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Wastewater 46 Treatment rate of wastewater essential 23

treatment
Stormwater 47 Stormwater and wastewater essential 23
management diversion
48 Drainage system essential 23
49  Flood prevention essential 23
Municipal MSW 50 Waste collection rate essential 23
solid collection & 51 Proportion of communities essential 3
waste transfer with separate waste collectior
facilities
52 Emission level of waste expanded 3
transport vehicle
MSW 53 Landfilling rate essential 23
disposal 54 Harmless treatment rate essential 23

4.2.2 Indicator selection

(1) Principles of indicator selection

The following are requirements that an indicator nui§itl for it to be accurate, simple,
relevant, and standardized for policy and measurement purposes:

Relevant: The indicators should reflect certain aspects or characteristics of the
evaluation object. There should be a clear link betweerchmvon city and e
indicator.

Independent: The relations of indicators should be analyzed by the selection
process, in advanc® ensure that each indioatis independent of the otheard
there is no overlap and causality relation among indicators.

SystematicThe ndicator system is an organic whole systematically reflecting all
aforementioned sectors of a city. It is composed of indicators that are independent
and yet connective to each other. An indicator combined with other indicators
should add a greater understangdthan a simple superposition.

Measurable: The main motivation for construction of LCISS is to measure and
evaluate theityG climate change mitigability and adaptability of a city. Thus, the
selected indicator should be cestectively measurable, statistically accurate, and
supporting data and preferably calculation models should be available.
Furthermore the indicator wouldcomply with local and national policies and
institutions that might be involved in the implementation.

(2) Method of indicator selection
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The methods of indicator selection mainly involve empiriead mathematal
method. The empiical method is represesd bythe TheoreticaAnalysis method and
Delphi methodindicators are selected based on extensive analysis of relevant theories,
while giving full scope to the professional knowledge and experience of experts. This
method inevitably possesses certainjactivity. The mathematial method typically
includes frequency analysis method, factor analysis method, variance analysis method,
principal component analysis method, etc. With this method, indicators could be
selected through quantitative analystepeged indicators could be eliminated with
more objectivity. Nevertheless, the connotation of the object cannot be clearly
confirmed using this method, #o some casethe indicator selection is meaningless.
Moreover, with the mathemattal method, the uniqueess ofthe result cannot be
guaranteed when the adopted sample set chgBgedPang et al. 2005In general,

there is no recognized method for indicator selection, but the effect of expertise is
widely accepted in theelection process.

In this work, TheoreticalAnalysis method and Delphi method are adopted for LCISS
indicator selection

i Theoretical Analysismethod seledt indicatorsbasd on theeval uat or 6s
relevant professional knowledge level and his understgnafi the definition and
connotation othetarget object.

i Delphimethod is one of the most representative empirical methods, as well as one
with more relative objectivity and scientific reasonability. It gathers data from
respondents within their domaih expertise by developing two or more rounds of
group communication which aims to make a convergence of opinion on a certain
issue(Hsu and Sandford 20D By applying the Delphi method, respondents make
the judgment independently in order to avoid mutual influence. The judgment
result will be analyzed and sent back to respondents as reference of the next round
of judgment. At the end, the process is stoppgetpae-defined stop criterion (e.qg.
number of rounds) and the final judgment detersmihe resul{Rowe and Wright
1999.

(3) Indicator selectiorsteps and result analysis
W Indicator selection steps

After the structure otfhe indicator listis developedanddeterminedhe principle and
method of indicator selection, indicators are selected faligthe steps below.

a Indicator database establishment

An indicator database is developed on the basis of summarizing numbers of widely
approved and applied Chinese and international research results. It embodies 33
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evaluation systems (Table 4.2) and 20 publicati@mndon, Cavens et al. 200A4.

Wang 2010Fu, Liu et al. 2010Niu 201Q Shao and Ju 201Chu, Ju et al. 2011i and

Xu 2011 Li and Yu 2011 Lu, Tian et al. 2011Price, Zhou et al. 201Wang, Zhou et al.
2011, Xin 2011, Xiong 2011 Zhang, Chen et al. 201Zhou, Ohshita e4l. 2011 Yang

2012 Zhou, He et al. 201Zhu and Liang 201,2nstitute for Urban and Environmental
Studies Chinese Academy of Social Sciences 204lBams 2014. Indicators from

these results were classified inftegories of urban design, transport, energy, building,
water, and municipal solid waste. The overlapped indicators were excluded from the
database.

Table 4.2 Referenced evaluation systems

Type No. Evaluation system Publisher
International 1 Indicators 6 Sustainable United Nations
Development (2007)
2 Indicators for Sustainable Sustainable Development
Development Goals Solutions Network

3 G20 low carbon competitiveness Vivid Economics
index: 2012 update

4 Global City Indicators Facility = Global CitylInstitute
5 European Green City Index Siemens
6 Urban Sustainability Indicators European Foundation
7  Sustainability Performance Global Reporting Initiative
Indicators
8 Low Carbon Indicators Toolkit  Regions for Sustainable
Change
9 LEED GreerBuilding Rating The US Green Building
SystemND (2009) Councili USGBC
10 DGNB-New Urban District German Sustainable
Building Council
11 Indicators of Development The World Bank

Sustainability
12 Environmental Sustainability Yale Centeffor
Index (2002) Environmental Law and
Policy, Yale University
Center for International
Earth Science Information
Network, Columbia

University
13 Urban Indicators United Nations Human
Settlements Programme
14 LCI®--Low Carbon IndeR Institute of City Planning

andUrban Design,
University of
DuisburgEssen
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Chinese

1 Eco-Garden City Standard Ministry of Housing and
UrbanRural Development
2 National Landscape Garden City Ministry of Housing and
Standard UrbanRural Development
3 Evaluation Index on Green and Ministry of Housing and
Construction for Key Small UrbanRural Development
Towns (Trial) Ministry of Finance and
National Development anc
Reform Commission
4 China Habitat Environment Prize Ministry of Housing and
(Trail) UrbanRural Development
5 China EceCity Index System Chinese Society for Urbar
Studies
6 Ecological County, Ec&ity, Ministry of Environmental
Eco-Province Construction Index Protection
(Trail)
7 Evaluation System for Low Institute forSustainable
Carbon Industrial Development Communities
Zone
8 China Low Carbon City Institute for Urban and
Evaluation Indicator System Environment Studies,
Chinese Academy of Socii
Sciences
9 Urban Sustainability Index (201 Urban China Initiative
10 Ecological Modernization Index Chinese Academy of
Sciencs
11  Low-Carbon City Evaluation China National Institute of
Index System Standardization
12 Evaluation Standard for Green Ministry of Transport
Transportation Demonstration
City (Trial)
13 Indicator System for Tangshan Tangshan
Bay Eco-City
14 Key Performance Indicators of tt Tianjin
Sino-Singapore Tianjin Ec€ity
15 Shenzhen Guangming New Shenzhen
District Green City Index Systern
16 Beijing Ecological Demonstratiol Beijing
Area Evaluation Standard
17 IndicatorSystem for Qingdao Qingdao
SinoGerman Ecepark
18 Indicator System for Guiyang Guiyang
Eco-Civilization City
19 China Environmental Yale Center for
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Performance Index Environmental Law and
Policy, Yale University
Center for International
Earth Sciencénformation
Network, Columbia
University
Chinese Academy for
Environmental Planning
City University of Hong
Kong

b. Primary Selection

Il n compliance with the selection principal:
and fAimeasur abl thedatabase atd analyzed, compafed ameraggregated

during the process of primary selection. At the end of this st@pndcators are

selected as a result.

c. Expert Questionnaire Survey'(®Round)

The F'round questionnaire was conducted based on the sefutimary selection
(Appendix 9). This survey was conducted through various forms of network
communication, interview, and atemic seminar. Respondents included professionals
from universities, scientific research institutions, government planning agencies, and
authoritative international organizations. Recommendations of indicator selection,
modification, and supplement werensmed up and statistically analyzed. TRedund
survey altogether provided 36 questionnaires, of which 30 effective ones were
collected.

d. Expert Questionnaire Survey'{Round)

The 29 round questionnaire (Appendix 10) was actually a feedback ofsteuhd

survey. But unlike the 1 round questionnaire, recommendation of indicator
modification and supplement was lomgerrequired in this rounéh order to narrow

the indicator list down. Judgment was only needed to raakedicator selection by
respondents. The total of 30 questionnaires was issued, and 25 effective ones were
reclaimed. The result dfie2" round survey is shown in Appendix 11.

e. Expertsd Consul tation

After two rounds of questionnaire survey, the finaind optimization of indicator
selection is in the form of expertsbé cons
experts from authorities, such @ China Academy of Urban Planning and Design

(CAUPD), China Architecture Design & Research Group, Cleir&sciety for Urban
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Studies, Sinesingapore Tianjin Ec€ity, and universities in China and Germany.
After discussions, the indicator list of LCISS with 54 indicators has been finalized
(Table 4.1). Details of indicator explanation, application conditiata source etc. will

be discussed iA.3.

Y Resulsanalysis of indicator selection

According to the results dhe survey, most of the indicators withselection rate of
over 5860 were generally assumed to retain in the indicator list GfSS, while
adjustment would be made in the process of

a. Urban Design has 20 preliminary indicators in the questionnaire (Figure 4.3).

The indicator fiexistence of opewth@Oeen spa
percent of which 68% of experts suggested to interpret this indicator by using the
paramegeeemér Vi c oV e thagher 3Rastuigogoe,s t veldi luesi ng 0
green space area per capitao. Uldintmat el vy, |
system.

Some indicators were ruled out during the process of egpesultationeven they got

arel atively high selection rate. For exampl
functions in the s utrhousingreguiibnigwwm ainndd &xednpw eoryem
and 926 respectively. However, their connotations and characterizations have
overl apping relationship with another indi
indicator of Amixture of functampemshe was ke
indicator of fAexi st e%selectianfatevhishiwagexctuded f ac e s 0
from the indicator listasit is counted as a part of park green area in some cases in
compliance with Chinese statistic systems, fitin other casesThis will make it

difficult to get accurate dafeomit.
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Mixture of functions
Suppl ement of exi

Squares -
Quality of green open space
Community-based green space

0% 10%20%30%40%50%60%70%80%90%100%

Figure 4.3 Selection rates of preliminary indicatorsrbbindesign
b. Transport has 33 preliminary indicators in the questionnaire (Figure 4.4).

The indicattom afo iaesnnenatss transporto is t
area center and fast mass transport. It received a high selection raté&oof 84
Nevertheless, after discussion, most experts agreed that this indicator is overlapped

wi t h i ndi catoorrisendofed iemahseiyment-oriedtednsi t yo
residential densityo. I n order to guarant ece
indicator was eliminated.

The selection rates of indicators of ico
Acongrestiequency fast 9% ant 58b respdctivdynThgs® r t 0 we
indicators aimed to evaluate and compare the speednofuting byprivate carto

public transport Sinceit is difficult to collect this datasome experts suggested
replacingthemwt h t he i ndicator fAvelocity of publ i

The i ndi c aacoessiilityod n dfiecpttdy and Atdolflf@r amei ato
evaluate the incentives of promoting lwarbon vehicles. Their selection rates were 52%

and 56% respectively. As sugtes by some experts, replacing these indicators with

one new inditeatoonofofiptowriemi ssion vehic
adequate eval uat i on -carlion\ehicteipronyoios. endeavor o0
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Connection to t

Quality of cycling tracks
Non-motorised vehicle parking
Congestion frequency (freight transpo
Main freight transport modes
Priorization of low emission trucks
Multidirectional street grid

Engine concept for freight vehicle

atijor
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Figure 4.4 Selected rates of preliminary indicatorsarisport

c. Energy has 7 preliminary indicators in the questionnaire (Figure 4.5). All indicators
i ndichtdbngé8bene
got the selection rate of 88 of which 526 experts suggested this indicatoe
interpretedby using the parameter
Airenewabl e energy productiono
Ancontr ol
the related data is not available, in addition, itém@everlapping relationship with the

had morethan®s el ecti on r at e. The

consultda i on , the indicator of

i ndi cator of fimetered heat

100

ng

of

Arenewabl e
ecte

wa s
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Renewable energy productio
Electricity production by co-generatio
Green electricity contract

Metered heating rate

Controllability of heating systems
Main sources of energy supply

I ncentive policy gylé

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

Figure 4.5 Selected rates of preliminaryigadors ofenergy

d. Building has 18 preliminary indicators in the questionnaire (FigLeée None of the
indicators verekept in LCISS, most of themvenreceiveda high selection rate in the
surveys. Si nce segggstedtd addpt existimgsawthoritativie buddmg
evaluation standards, such as National Evaluation Standard for Green Building
(GB-T50378 2014), in order to improve the scientificity, comprehensiveness, and
measurability of the evattion. The final redu of the building sectorincluded four

new indicators: Aqualification ratio of bu
Aproportion of green buildings in new buil
energy efficiency in existing buildingso.

Air-tightness
Windowsi material/ insulation
Window-to- Wall ratio

Efficiency of heater
Efficiency of air-conditioner
Efficiency of ventilation
Efficiency of illumination
Energy consumption metering

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

Figure 4.6 Selected rates of preliminary indicatorsunifding

e. Water has 10 preliminary indicators in the questionnaire (Figure 4.7). Of which 8
indicators gotaselection rate of above %® This result was well agreed bythex per t s 6

consultation.
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Water supply from non-traditional sources
Water tariff

Leakage rate

Site planning of wastewater treatment pla

Treatment rate of wastewate

Stormwater and wastewater diversig

Coverage of drainage networ

Drainage system

Flood protection

Coverage of water-saving appliances

0% 10%20%30%40%50%60%70%80%90%100%

Figure 4.7 Selected rates of preliminary indicatoraater

f. Municipal Solid Waste has 9 preliminary indicators in the questionnaire (Figure 4.8).
Most indicators with high selection rate were approveddnsaltant experts, except
theindc at or of i wa s beeause thd@ata ¢slinavailgble inaChirethe
waste recyclingevel could be indirectly reflected, to some degree, by the indicator of
Alandfilling rateo.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

Figure 4.8 Selected rates of jpm@nary indicators of MSW

4.2.3 Types of indicator

LCISSindicatorscould be classified into two types: essential indicator, and expanded
indicator.

Essential indicators are indispensable indicators ofdasaon city evaluation, whidk

closely related to urban development and construction. Additionally, essential
indicators have universal applicability for cities with various natural environment,
economic status, and social background. Thereby, they are binding indicators used in
low-cambon city evaluation by LCISS.

Expanded indicators have certain perceptiveness thabguideac i t y6s medi um a
long-term lowcarbon development. They are the optimization indicators of LCISS
putting forward higher requirements thiec i tclymatemitigability and adaptability.
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Unlike the universal essential indicators, expanded indicators have certain applicable
conditions and scopes. Whethmr nott o apply an expanded i ndi
evaluation is determinedn the basis ofhe gplicable ondition and scop®f the

indicator and the actual situation of the city

4.2.4 Values of indicator

LCISS is a comprehensive evaluation system with rmudlicators. It organizes a
number of single indicators, each froma different direction to reflect aict y 6 s
low-carbon level, in order to conduct an overall and systematic evaluation of
low-carbon city. Since these indicators have different units of measurement, to
formulate one comprehensive evaluation system requires a unitless score that can be
added fo performance metrics of all indicators, i.e. a normalization scale. In LCISS,
normalization is performed with normalized scores betw@esand +2. In this linear
scale, scores of +2 are given to the best performances, scefesiref given to the

worst performances, scores of O are given to the average or standard performances,
scores of +1 are given to performances between 0 and +2, and scdreseofjiven to
performances between 0 af®l The distance from O to +1 and +1 to +2 should be the
same amont as the distance from 0 t& and-1 to-2. At last, using the normalized
score and weight, the comprehensive evaluation value (see 4.2.6) as quantitative
evaluation result will be calculated.

Another question is which performance should mark the umee £+2) and which
conversely should mark the lower scoi2)(Basically, it should follow the following
principles:

i The existing national or international standards should be consulted as much as
possible;

i National relevant policies should be consideasdmportant references, such as
the national fiveyear plan;

i The current reality of cities in China should be taken into account;

i International advanced experiences should be leagledtively depending on its
relevance

i Delphi method could be appliegvhen there is no reliable and authoritative
reference.

4.2.5 Weighting assignment

In the evaluation of lovcarbon city, the relative important degree of each indicator is
differentfrom one anothefEven for the same indicator, the relative importiagree
varies when the evaluation scale changes. To integrate this differentiation, a weight
measurement framework is needed.
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The Analytic Hierarchy Process (AHP)method, developed in 1971 by Prof. Thomas

L. Saaty ofPittsburg University, is avidely usedscientific method for determining
weight, especially for solving problems involving multi criteria analysis. Through AHP
method, complex problesrcould be systemized. It firstly decomposes the decision
problem into a hierarchical structure with more easily comprehendegdrshlems.

After the hierarchy is built, the comparison matrix is developed by using
pairwisecomparison method based on a rmpoet weighting scale (Table 4.3), in order

to determine user preferences. In accordance with the comparison matrix, the attribute
values for each of the alternatives are calculated, and the consistency of the result is
checked. In the final step, the oatticomposite weight of each alternative is computed.
Using logic analyses and mathematic calculation, the AHP method can reduce impact
from the experience and subjective awareness of deaisakers and increase the
accuracy of decisions.

Table 4.3 19 Sale

Scale Definition

i equally important to |

i moderately important to |

i strongly important to |

| very strong important to |

| extremely important to |

NIOINO|W|[F

,4.6,8 The intermediate state between the two
determination

Reciprocal If i compared to j, the determination is aij, then a
1/aij

Source:(Saaty 1977/Du 2013

In LCISS, the AHP and Delphi methadare adopted to determine the weight of
indicators of LCISSIt needs 510 local experts from the target cities of evaluation to
take the independent scoring. The results will be formed into judgment matrices that
will be calculated by the weighted geometric mean method to get the weight of each
indicator.

Anotherpoint worth noting is that as discussed in 4.2.3, the indicator list contains the

i ndi spensable fnessenti al i ndicatorso and t
Accordingly, in the process of LCISS application, the specific indicator list ofttarge

city of evaluation should be formed before the weight assignment.

The steps of weight assignment are listed below:

(1) Weight of firstclass indicators

22 More information abouAHP refer to http://en.wikipedia.org/wiki/Analytic_hierarchy_process
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W Local experts will be organized to evaluate the various-dlests indicators by
comparing them to one another, and quantify the preference by using the nine point
weighting scale, with respect to the goal of foarbon city evaluation. An example is
shown in Table 4.4. According to the result of this survey, a comparison matrix as
illustrated in Table 4.5 could be constructed. In Table 4.8enotes the comparative
importance of indicator {Qvith respect to indicatorjCand aij=1/aji. For an example,

see Figure 4.9.

Table 4.4 Paivise comparison based orblscale

987 6 543212345¢617809

Urban design X Transport
Urban design X Energy
Transport X Energy

Table 4.5 Comparison matrix

CL Co Cs e Ci
C1 au aw a3 e aj
C &1 a2 a3 é j
Cs a1 ag2 a3 é ag;j
e é e e e e
Ci a1 a2 as é aj
Urban Design Tranzport Energy
Urban Design rl 2 49
1
A= Tranzport - 1 3
Energy e 1 1
- - 3 -

Figure 4.9 Example of comparison matrix

Y Calculate relative normalized weight;\f each indicator by using the following
formula:

wW;=-B

B

(1)

y Determine the consistency vectyr maxi mum ei genval ue max
consistency index CI:

3i

I
w
c
€
c
I
=
N
®
S

(2)



> —= i = 1,2,¢é n. (3)

Cl= — (4)

Y Obtain the random index Rl in Table 4.6, and calculate the consistsicc CR by
usingthefollowing formula (5). Judgment is appropriate when CR < 0.1.

Table 4.6 Random index

Number of criteria 1 2 3 4 5 6 7 8 9

RI 0.00 0.00 0.58 0.90 1.12 124 132 1.41 145

(2) Weight of secondand third-class indicators

After determining the weight W of firatlass indicators, the normalized relative weight
I B of seconeclass indicators with respect to ththjfirst-class indicator are callaied
following the same calculation procedure. The seadads indicators thadre not
related to the-th indicator fromthefirst-classaregiven the weight of 0.

The overall composite weight of seceddss indicators S could be calculated in
accordace with the formula below:

S=B wo [ = 1, 2, € n (6)

The calculation of overall composite weight of thaldss indicators is in the same way
as that of the secordass indicators.

4.2.6Comprehensive evaluation value

After the process of weight assignment, the comprehensive evaluation value of
low-carbon city development could be calculated in accordance with the formula
below:

F=B 0 & )

In the formula (7), F represents the comprehensive evaluation value; n represents the
number of evaluation indicators;i wepresents the composite weight of thth i
evaluation indicator; represents the normalized evaluation score ofthevaluation
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indicator.

4.3 Indicator description of Low-Carbon Indicator Systemi Sino

4.3.1 Indicators of urban design

In LCISS, the urban desigectorcontains 4 secondass indicators and 11 thiakass
indicators Appendix R).

(1) Site Planning
W Original land use type

a. Interpretation:
Original land use typeefers to land use type of the evaluation object before the
construction.

Plants and soils can store gQOand this storage is named biological carbon
sequestration (or carbon sink). S. Fish & Wildlife Service 2004 Most land use
changes have a significant impacttba amount of carbon stored in vegetation and soil,
therefore either emission or sequestration of G&aurs(Houghton and Goodale 2004

The unsustainable land use, suchiaaftbrestation, grassland cultivation, has become
the second largest source of greenhouse gas emissions following the burning of fossil
fuels (Lai 2010. In order to realize lovearbon city development, transformation of
land usehatreleagscarboninto the atmosphere should be limited.

b. Evaluation scale: Scale 1, 2 and 3

o

Type: Essential
d. Data source: Urban construction department

e. Methodology:

Owing to different natural conditions and human activities, the carbon intensity of
different type of land use varies from one another. In general, arableJ&r8¥{/hn?),
woodland {0.4%/hm?) and grassland are important carbon sequestrationatieat
characterized by low carbon intensity. Constructed land (55.8tisra land use type
with high carbon intensity, within which industrial land (196tfhnis the most
carbonintensive type tat is much higher than commerciand residential land
(8.3t/hnt) (Lai 2009. A recent survey of 6 regions of China (Northern China,
Northeast China, Eastern China, Central and South China, Southwest China and
Northwest China) suggested thgt:conversion of arable land, woodland, and grass
land to consuctedland has a strong carbon emission effect (Figure 4.1Q); ii)
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conversion of unused land to constructed land has a slight carbon sink effect (Figure
4.13);iii) conversion of constructed land to other land usegypostiyhas acarbon
sink effect (Figure 4.14¢hang, Lai et al. 2013

In the LCISS evaluation, the worst evaluation2] is received for the urban
development on arable land, woodland and grassland. The standard evaluation (0) is
given for the development on unused land, which has a slight effect pen@i€sions.

The best evaluation (}2s assigned if the brownfieldlis utilized, because it benefits

in mitigating the pressure on urban land demand and improving the urban environment,
while it brings no carbon emission effect.

1
g 2
=
% 1 B Woodland
Iy
\E-i' 0 B Grassland
=
z
| | Constructedland
Unusedland
2 g
-3
i

Northern China MNortheast China Eastern China Central & South Southwest China Northwest China
China

Figure 4.10 Carbon emission intensities due to the traostesf arable land
Source:(Zhang, Lai et al. 2013

B Arable land

B Grassland

(C“TLIFI) AJISUAU] U0 qIED)

. Constructed land

. Unusedland

Northern China Northeast China Eastern China Central & South Southwest China Northwest China
China

Figure 4.11 Carbon emission intensitieg doi the transfer out of woodland
Source:(Zhang, Lai et al. 201)3

23 The Environmental Protection Agen(§PA) defines thébrownfieldd asabandoned, idled, or undesed
industrial and commercial facilities where expansion or redevelopment is camglinareal or perceived
environmental contamination
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Figure 4.12 Carbon emissiantensities due to the transfer out of grassland
Source:(Zhang, Lai et al. 2013
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Figure 4.13Carbon emission intensities due to the transfer out of unused land
Source:(Zhang, Lai et al. 2013
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Figure 4.14 Carbon emission intensities due to the transfer out of constructed land
Source:(Zhang, Lai et al. 201)3

Y Disaster risk

a. Interpretation:

109



Disaster riskis an indicator evaluating if there is construction in areas dhat
threat@ed by disasters, such as flood, geologic hazard, and secondary disaster in the
evaluation object.

The adverse effects of climate change may enlarge the scope of potential
developmenforbidden andrestricted ares Thus, in the process of assessmentraf la

use suitability, speal attention should be giveto the climatic impact on land use
suitability, in order to identify the unsafe areas, and to ensure that no constructed land is
in the areas at high risk of climate hazard (esing sealevels, flooding, landslides or

any other risk). This is essential for disaster prevention under climate change context.
b. Evaluation scale: Scale 1 and 2

c. Type: Essential

d. Data source: Land management department

e. Methodology:

According to the assessment report of laad suitability, evaluation objectisathave

no construction in highisk areas get a high evaluation (+2); objects completely or
partially developed in areas affected by climate hazard get an evaluatin of

(2) Land Use

W Mixture of functions

a. Interpretation:
Mixture of functionsefers to diversity index of land use.

A healthy mix of land use enables various forms of land use (such as residential houses,
offices, shops, public services, etc.) to belamated in an integrated way. Itrca
decrease the distance and number of automobile trips, so as to reduce the associated
energy consumption and carbon emissions.

In theevaluationof mixture of land usgwo evaluation schemes are provided. Scheme

1 is applicable to evaluation objects karghan 2 krf, and scheme 2 is applicable to
objects less than 2 Km

b. Evaluation scale: Scale 1, 2 and 3

c. Type: Essential

d. Data source: Urban construction department
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e. Methodology:

Scheme 1:
Simpson's diversity index is suggested for the evaluationgiideer the index value
implies the more diveeshe land use. The formula is as follows:

D=1B -

In formula (1), D represents the Simpson's diversity index; N represents the number of
land use types.

I n this evalwuation, l and use types take r¢
classification of urban land use and planning standards of development land
(GB501372 0 1 Minidtry of Housirg and UrbarRural Development of the People's

Republic of China 20)2which contains 8 categories, 35 classes, and 42 small classes.

A precondition of evaluation is no less than 4 categories are covered.

In LCISS, objects with less than 7 types of lamsk (D<0.980) receive2 points;

objects with 79 types of land use (0.98DO 0 . Xre®dve an evaluation ef; objects

with 10 types mixed land use (D=0.990) receive a standard evaluation (0); objects with

11-13 types mixed use nedauiondiGN évaluatod ebjectsr ecei v
with no less than 14 types mixed us€XI®95) receive the best evaluation of +2.

Scheme 2:

In this evaluation, types of land use take reference of Leadership in Energy and
Environmental Design (LEED) for NeighboudabDevelopment thabcludes20 uses.

The evaluation has to be used with the following qualification$étwo different uses
appear in one public building, only one use can be taken into the calcuigtiona
mixed-use building, all kinds of uses should be calculated, but no more than half of uses
can appear in one building;) certain use can be calculated not more than two times in
the same area.

Evaluation objea with nomore than3 uses are given the worst evaluation-2if
objects with 48 uses receivel point; objects with 943 uses receive the standard
evaluation (0); objects with 188 uses receive the evaluation of +1; objects with not
less than 19 uses, or objects with mtiven 13 uses while the employmémusing
equilibrium index* is over 50%, are given the best evaluation of +2.

Y Urban development land area per capita

a. Interpretation:

24 employmenthousing equilibrium index = (employable residents in the city that are employed in the city /
employable residents in the city) *100%
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Urban development land inclusldand for urban residence, land for public
administration and services, land for business and commercial facilities, industrial and
manufacturing land. Its scale is the sum of all above lands, unit fn Wrban
development land area per capitafers to urban development land area divided by
quantity of residential population within the scope, fipmrson(Ministry of Housing

and UrbarRural Development of the People's Republic of China p012

The control of urban development land is crucial for the development efaolon

city. With Chinads accelerating uctbsani zat i c
are expading quickly and inevitably experiencarban sprawl. As the opposite of

conmpact urban form, it increases the energy consumption and carbon emissions from

the sectors of transport and infrastructure operation (see 3.1.4). Moreover, since a large
number of arable land, woodland, and grassland are transformed into urban
developmentand, carbon sinks are severely damaged.

b. Evaluation scale: Scale 2 and 3
c. Type: Essential
d. Data source: Urban construction department

e. Methodology:

I n the Chinese national standard fACity Lani
Construction Standards B3501372 01 1) o0 ¥, plarihgestartdard of urban
devel opment |l and per capita is determined

development land per capita, climate Z8nand population size. In the evaluation of
LCISS, according to this starmdiathe best evaluation of +2 is granted when the urban
development land area per capita is lower than the planning standard; the standard
evaluation of O is granted when the urban development land area per capita is
compliance with the planning standaran evaluation of2 is given when urban
development land area per capita is higher than the planning standard.

Table 47 Planning standard of urban development lanccagita (nf per capita)

Climate Current status Planning Adjustment range
zone of urban standard of  Planning Planning Planning
development urban population population  population
land per capa development size(2 size 2.01 ~ £ size >5
per capita million million million
people people people
N,An, O065.0 65.0~85.0 >0.0 >0.0 >0.0
0,0
’ 65.1~750 65.0~950 +0.1~ +0.1 ~ +0.1 ~

25 The division of climate zone takes reference of thin€se national standafBuilding ClimateZoningStandards
(GB5017893)0.
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+20.0 +20.0 +20.0
75.1~850 75.0~105.0 +0.1~ +0.1 ~ +0.1 ~
+20.0 +20.0 +15.0
85.1~95.0 80.0~110.0 +0.1~ -5.0 ~+20.0 -5.0 ~ +15.0
+20.0
95.1 ~105.0 90.0~110.0 -5.0~+15.0 -10.0 ~ -10.0~
+15.0 +10.0
105.1 ~ 115.0 95.0 ~110.0 -10.0~-0.1 -15.0~-0.1 -20.0~-0.1
>115.0 0115. 0 <00 <0.0 <0.0
n,nN, 065.0 65.0~85.0 >0.0 >0.0 >0.0
n 65.1~750 65.0~95.0 +0.1~ +0.1 ~ +0.1 ~
+20.0 +20.0 +20.0
75.1~850 75.0~100.0 -0.5~+20.0 -5.0 ~+20.0 -5.0 ~ +15.0
85.1~95.0 80.0~105.0 -10.0~ -10.0 ~ -10.0 ~
+15.0 +15.0 +10.0
95.1 ~105.0 85.0~105.0 -15.0~ -15.0 ~ -15.0 ~ +5.0
+10.0 +10.0
105.1 ~ 115.0 90.0 ~110.0 -20.0~-0.1 -20.0~-0.1 -25.0~-5.0
>115.0 0110. 0 <0.0 <0.0 <0.0

Note: Above standard shall not apply to new city (town) and capital. The planning
standard of urban development per capita of new city (town) is 85.1 ~ 1856rm
capita. The planning standard of urban development per capita of capital is 105.1 ~
115.0 M per capita.

Source:(Ministry of Housing and UrbaiiRural Development of the People's Republic
of China 2012

Yy Smallscale block

a. Interpretation:

Smaltscale blockefers to the percentage of srsthle building block of all blocké

block is the area for buildings within the street pattern of a city, andSfabasic unit

of a ci t ydandr residdidh area A sedent survey of 90 cities (28 in North
America, 5 in South America, 45 in Europe, 6 in Asia, 5 in Australia, and 1 in Africa)
suggested that a reasonable block scale should be controlled within 200m, considering
the actual situ@n of Chinese cities, the suitable block scale in China is within the
range of 15200m(Huang and Sun 20).2Thus, smailkcale block in LCISS iablock

with aside length of 15@00m.

Along with China'scurrenturban land expansion mode, the block scale in Chinese

cities tends to become larger. This expansibtargescale model brings a range of

urban problems. Largecale bbcks make people lose inter@stwalking and cycling,

and also keep public transport off the block, which partly encosiaeeple to use

private cars. Furthermore, great deals of traffic flows from the exits of blocks

converging at main roads at peak hours will cause traffic congestion, and more energy
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consumption and more G@missions.

b. Evaluation scale: Scale 2 and 3

c. Type:Essential

d. Data source: Urban construction department

e. Methodology:

Il n this evaluation, the related indicator
Eval uation Standardo i s cons-schledodksar®Obj ect s
evaluated with2; olgects with 40% or more but less than 50% of sreedlle blocks are

evaluated with1; objects with 50% or more but less than 70% of ssalle blocks are

granted the standard evaluation of O; objects with 70% or more but less than 80% of
smaltscale block are evaluated with +1; the best evaluation (+2) istgdato the

objects with over 80% of smadlcale blocks.

(3) Accessibility
W Regional traffic connection

a. Interpretation:

Regional traffic connectioni s an Il ndi cator reflecting t
accessibility. The attractiveness of areas increases with their acces@altss and

Schmidt 201D The more options available for transportation connection, the better
accessibilityis. Within which, it is idealf more means of public transport are available,

as it can sigificantly reduce th need to travel by private carhis couldhelpto cut

carbon emissions since public transport is, in most cases, much more energy efficient

and thus will have less energy consumption and&ssions per kilometer traveled.

b. Evaluation scale: Scale 1, 2 and 3
c. Type: Essential
d. Data source: Urban construction department, transportation department

e. Methodology:

Evaluation objectthathave no transportation connection are evaluated-@jthbjects
that have transportation connection but oveing the whole area receivd& point;
objectsthathave wholearea transportation connection but only by individual transport
receive an evaluation of O; obje¢kst have wholearea transportation connection by
individual transport and one type otilgic transport receive an evaluation of +1;
objectsthat have wholearea transportation connection by individual transport and
varioustypesof public transport receive +2 points.
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Y Transitoriented employment density

a. Interpretation:
Transitoriented employment density an indicator that compas employments per
km? within 500m of public transport hubs with the average level of the whole area.

The distance between working and | iving
commuing spacdime distribution, mode, and other behaviors, thereby affecting the
carbon emissions from transportation. Latigtance commutes can cause traffic
congestion, and increase the air pollution and carbon emissions. Smart land use
planning should geerally aim at promoting jehousing balance, which can moderate

the demand on transport systems by putting work and home closer together. Along with
economy advancing and housing marketization processing in China,-vinorke
separation has become a trefidnost Chinese cities. Although this trend is gradually
obvious, the jokhousing spatial relationships could still be improwedome ways,

such as the aforementioned mixed land use and-scal# blocks. One effective way is

to promote spatial couplingetween work/housing places and public transport hubs, i.e.
enhance the employment and residential density around public transport stations. This
could encourage peopl® commue with public transport, which is muchore
environmentdy/- and climatefriendly than private cars.

b. Evaluation scale: Scale 2 and 3
c. Type: Essential
d. Data source: Statistics department, urban construction department

e. Methodology:

The worst evaluation2) is assigned if the lowest employment density appears near the
public transport tbs; whereasthe best evaluation of +2 is granted if the highest
employment density appears near the public transport hubs; standard evaluation of O is
given when employment density at public transport hubs-isienwith the average
density;if employmem density at public transport huissslightly below the average
levelit receivesan evaluation ofl; whereemployment density at public transport hubs

is slightly above the average leveteceives +1.

y Transitoriented residential deitg

a. Interpretation:

Transitoriented residential densitys an indicator that compes floor area ratio
(FAR)?® of residential land within 500m of public transport hubs with the average level.
The calculation formula of FAR of residential land is as follows

26 Floor area ratio (FAR) is a building's total floor area divided by the size of the land which the building is located
on.
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FAR of residential = residential gross floor area / residential land area
b. Evaluation scale: Scale 2 and 3

c. Type: Essential

d. Data source: Statistics department, urban construction department

e. Methodology:

The worst evaluation o is granted if the lowest residential density appears near the
public transport hubswhereasthe best evaluation of +2 is granted if the highest
residential density appears near the public transport hubs; standard evaluatien of O
given when residential density at public transport hubs -lméenwith the average
density; if residential density at public transport hubslightly below the average

will receive an evaluation ef; if residential density at public transpbrttbsis slightly
above the averagereceives +1.

(4) Green open space
W Greenery coverage ratio

a. Interpretation:
Green coverage raticefers to the percentage of total urban area covered by the vertical
projection of green plants, includitiges, shrubs, lawns etc. The formula is as follows:

Greenery coverage ratio = (green plants in the vertical projection area / total urban area)
*100%

Green coverage ratio is an important indicator of urban environment quality evaluation,
which reflectsthe greening effect of green spaces in cities. Green spaces with good
greening effect can reduce energy consumption for cooling purposes by lowering high
temperature in summer days, and make-maorizedtransport more attractive by
maintaining comfortalel temperature for pedestrians and cyclists.

b. Evaluation scale: Scale 2 and 3
c. Type: Essential

d. Data source: Landscape and forestry department, urban construction department,
statistics department

e. Methodology:
It is widely considered that the urban environmergood when its green coverage is
over 50%. In China, most cities, especially large and misidied cities, cannot
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achieve this level. Statistics show that the national greenery coverage ratio of built
districtsis 39.59% by 2012Ministry of Housing and UrbaRural Development of the
People's Ragblic of China 2018 In this evaluation, +2 is granted when the green
coverage ratio is more than 20% above the average level; +1 is given when the green
coverage ratio is higher than the average level but not over 20%; standard evaluation of
0 is given when the green coverage ratio is simitathe average levell is assigned

when the green coverage ratio is below the average level but not more thai2 20%;
given when the green coverage ratio is more than 20% below the average level.

Y Coverage ratio of park green space service radius

a. Interpretation:

Coverage ratio of park green space service radaisrs to the proportion of residential
areasthat have access to park green space waittarea of over 1000kfrwithin the
service radius of 500m. The formula is as follows:

Coverage ratio of park green space service radius = (residential land area access to park
green space larger than 100Gkwithin the service radius of 500m/ total residential
area) * 100%

The moverage ratio of park green space servicaugds an important indicator
reflecting the distribution of green space in a city. In the constructianwban green

space system, the distribution of green space has significant impact on the greening
effect of green spacgsuo 1999. By providing green space within a walking distance,
more people could be invited to use the green space, thereby improving the usage rate
of green space. Moreover, green spaces and gardens contribute greatly to inthbeoving
microclimate inthe city. This could help relieve the 'urban heat island effect' in
overcrowded cities, thus in summer time less cooling is necessary in buildings.

b. Evaluation scale: Scale 2 and 3
c. Type: Essential
d. Data sourcetandscape and forestry departmemban constiction department

e. Methodology:

In LCISS, evaluation oftoverage ratio of park green spaavge radius takes
referencefromt he fANati onal G a (Mihistry of(Housing aBdt andar d
UrbanRural Development of the People's Republic of China R0@5is evaluated

when the coverage ratio of park green space service radius is less tharl 68%;

evaluated when the coverage ratio is 60% or more but less than 70%; standard
evaluation is given when the coverage ratio is 70% or more but less than 80%; +1 is

given wherncoverage ratio is 80% or more but less than 90%; the best evaluation of +2

is granted when the coverage ratio is 90% or more.
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y Quality of green open space

a. Interpretation:

The quality of green open spaamould highly influence the safety, comfort, and
accessibility of green open space, thus determines its usage rate. In addition,
high-quality green open space could adjust microclimate and provide green shades,
which reduce energy consumption for coolinggoses by lowering high temperatige

on summer days. Moreover, also serves as crucial carbon sink and emergency
shelter within a city.

b. Evaluation scale: Scale 3
c. Type: Expanded

d. Applicable condition and scope:

AQual ity of gr ee nizatiopiedicata. it B suggested t® beaapplied pt i m
when the essenti al Il ndicators figreenery <coO
green space service radiuso receive standar
well-developed green open spacera cannot promise a legarbon green space

system, without good greenery coverage and rational green open space distribution.

e. Data source: Landscape and forestry department, field study

f. Methodology:

The evaluation of quality of green open space includesrscriteriai) equipped with
various public facilities (e.g. furniture, sculpture, landscape decoration, and fountain);
i) plant low water consumption native planiis; well functional organized spaavith
different usesiv) good accessibilityy) bright lights at key locationsj) clear signage;
vii) Well shadwed viii) Applied devices by renewable energy) Applied light
colored, durable, environmenigaffriendly pavement materiaEvaluation objects in
which most green open spadesfill all criteria get the best evaluation of +2; no
criterion fulfill ed receive2 points; most green open spabdfill 1-2 criteria get an
evaluation of1; most green open spadafill 3-4 criteria get the standard evaluation
of 0; most green open spadaKill 5-6 criteria receive the evaluation of +1.

4.3.2 Indicators of transport

In LCISS, the transporsector contains 4 secondass indicators and 21 thiafass
indicators Appendix R).

(1) Motorizedindividual transport
w Position in highway network
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a. Interpretation:

Position in highway networiks an indicator evaluating the connection of the evaluation
objects to the surrounding highway network. It is ideal that a tangential connection of
the area into the main highway network, whereby the source and target traffic should
park on the edge of ¢éhcenter of the area.

b. Evaluation scale: Scale 1
c. Type: Essential
d. Data source: Transport department

e. Methodology:

The evaluation of coverage ratio of park green space service radius takes reference of
the LCPP. The best evaluation (+2) is granted when thaeluation objects have
highway inside the area or along a border; +1 is evaluated when the next highway is less
than 1 kilometer away frote objects border; 0 is evaluated when the next highway is
less than 2 kilometers away frotine objects border;-1 is evaluated when the next
highway is less than 5 kilometers away fridm objects border:2 is given when the

next highway is 5 kilometers or more away.

Y Road network density

a. Interpretation:
Density of the road gridefers b road length per unit of area, unit in kmAm

Dense road netwoslcould on one handmprove the accessibility and service of road
network. In a lowdensity road network, traffic flows mainly concentrate on few main
roads, and cause traffic congesti@m the other hand, higher density of road network
will increase the number of intersections and traffic lights, which might lower the
driving speed of vehicles. This can effectively curb the usage of automobiles.

b. Evaluation scale: Scale 2
c. Type: Essential
d. Data source: Transport department, statistic department

e. Methodology:

The evaluation of road network density takes referdram i Code f or transy
planning on urbanroad (GB50220 5) 0 or | ocal standard of ev
is available An evaluation of +2 is granted when the densitytloé road network is

above the standard, and branch roads acdouathigher proportion ofhetotal length

of thenetwork; +1 is assigned when the density of road network is above the standard;
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0 is given wherhe road network density complies with standatds evaluated when
the density of road networks is below the stand& s evaluated when the density of
road network is below the standard, and branch roads adcoabwer proportion of
total lengh of network.

y Car park management

a. Interpretation:

Car park managements an i ndicator evalwuating the p
management, which involves a series of factors, such as parking tevaability,

facilities, etc. International experience suggests that car park management within a city

can affect the relative price and convenience of car driirakmann andrannigan

2007, thus a smart car park management system can greatly reduce the level of car
ownership and use.

b. Evaluation scale: Scale 3
c. Type: Essential
d. Data source: Transport department

e. Methodology:

The evaluation of cargsk management takes refereficenin Ev al uat i on St anda
Green Transportation D\anistoynod Trangport afrthe Ci ty  (
People's Republic of China 200Evaluation of +2 is granted when car park related

local laws and regulations have been issued and implemented with clear t@ipessi

and appropriate management measures; Evaluation of O is given when car park related

local laws and regulations are under way to develop; Evaluatie? isfgiven when

there is no car park related local law and regulation.

Y Recharing devices of Enobility

a. Interpretation:
Recharging devices of -obility is an indicator evaluating the availability of
recharging devices and battery switch stations.

Compared with traditional vehis$, electric cars are more fiefficient that coulccut

CO; emissions from transport without having to achieve a dramatic reduction in the
number of vehicles. In order to facilitate the use of electric cars, integrated charging
solutions need to be developed.

b. Evaluation scale: Scale 3

c. Type: Expanded
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d. Applicable condition and scope:

This is an optimization indicator. Considering the actual social and economic
foundation, it is suggested to be applied in big cities (urban popu@tiomillion)?’.

At the momentapplying this indicator in middiend smallsized cities is less feasible.

e. Data source: Transport department

f. Methodology:

This evaluation takes reference of the £ClThe best evaluation of +2 is granted when
there are adequate numbers ofkgawith recharging devicesith access for all with

easy payrant and combined with transport connection point. An evaluation of +1 is
assigned when there are adequate numbers of parks with recharging dékieesegs

for all with easy payment. The standard evaluation (0) is evaluated when there are some
parkswith recharging devicesitih access for alk1 is given when there are some parks
with recharging devices which access only for emplegpéesome companies, private
garage owners, or parking pass holders. The worst evaluatiBnsogiven when there

is no recharging device.

Z Carsharing

a. Interpretation:

Car-sharingrefers to the joint ownership of a vehidlewhich people have the right to
use the vehicle, but not the ownership. It is actually a kind of convenient car rental.
Since many peoplare sharing a car, it can help to curb the rapid growth of private
vehicle ownership, thus redag carbon emissions and @& traffic congestion and
parking pressures of the city.

b. Evaluation scale: Scale 3

c. Type: Expanded

d. Applicable condion and scope:

ACamharingo is an optimization indicator.
foundation, it is suggested to be applied in big citiesh@present stage, applying this
indicator in middle and smabhsized cities is less feasgl

e. Data source: Statistic Department

f. Methodology:

27 In accordance with thiNotice of the State Council gxdjusting the Standards for Categorizing City Sizes (No.
51 [2014] of the State Coundil)cities areclassifed into six different scales of megacity behemoth (urban
popul ation O 10 nmipbpulationre)0 millionk lgrge city (utbgn peulationtof&t5 million),
mediumsized city (urban population of @B million), small city (urban population of 6A5 million), and small
town (urban population < 0.1 million)
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The evaluation of casharing includes five criteria) cars available in the whole area
not stationbounded;ii) easy registration and paymeitit) online reservationjv)
discount on public transport ticketg) various types of vehicles (cars and trucks).
Evaluation objects whicHulfill 4 or more criteria receive +2 points;32criteria
fulfill ed get an evaluation of +1; 1 criterifuifill ed receive standard evaluation (0); an
evaluation of1 is given when casharing is available but no criteridudfill ed; objects
with no carsharing concept receiv@ points.

7 Prioritizationfor low emission vehicles

a. Interpretation:
Prioritization for low emission vehicksis an indicator evaluating the incentives
promoting the use of low emission vehicles.

The use of high energgfficient vehicles can reduce the energy consumption and
asseiated CQ emissions of vehicles per unit of travel. The establishment of a series of
policies and incentives promoting the use of low emission vehicles could provide better
guidance to the public behavior and consumption custom, therebyng#di t g n i
pointo for t he-cabentransporpsyseemt of | ow

b. Evaluation scale: Scale 3
c. Type: Expanded

d. Applicable condition and scope:

This is an optimization indicator. Considering the actual social and economic
foundation, it is suggested to be appliedig cities. Atthe present stage, applying this
indicator in middle and smalsized cities is less feasible.

e. Data source: Transport department

f. Methodology:

I n the evaltzatiom dforipmoiworimi ssion vehicl e:
i) subsidies and tax concessions to encourage the purchase and use of low emission
vehicles; ii) permission to enter auto restricted zon#9; no traffic restrictions

(oddandeven number limit lines)iv) parking charge discount. Evaluation objects

whichfulfill all criteria get +2 points; 3 criterfalfill ed receivean evaluation of +1; 2

criterionfulfill ed is evaluatedt O; 1 criterionfulfill ed ge$-1; the worst evaluation of

-2 is given when no criterioarefulfill ed.

(2) Public transport

28 Low emission vehicle refers to new energy vehicle or vehicldithiitemissions tathe National Discharge
Standard of Vehicle Pollutant (Stage)
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W Main form of Mass Rapid Transit (MRT)

a. Interpretation:

Mass Rapid Transit (MRT)s a passenger transportation service, usually refers to
relatively high speed and capacity transit forms, carrying at least 5000 passengers per
direction per hour abn operational speed of 20 kilometers per hour or above
(Mehndiratta and Salzberg 201Zhe choice of which form of MRT to use determines

the service leveland G@ mi s s i 0 nsstransgort system] andyit@ffects even the
future development of the city.

The typical forms of MRT include: metro, bus rapid transit (BRT), light rail transit
(LRT), and commuter rail system. Among them, metro is by far the fastest mode that
operates ahn average operational speed of5f0kilometers per hour. BRT and LRT
systems are relatively slow with average speeds e8®&ilometers per hour.
Commuter rail is a passenger rail transport service that operates within urban areas, or
between urban arsaand their outer suburbs, which operates at speeds varying from
50-200 kilometers per hour.

b. Evaluation scale: Scale 1
c. Type: Expanded

d. Applicable condition and scope:

Since the devel opment o f irefwER{Tof carsyingtlawge me e t
numbes of passengers rapidly, which requires a threshold density of 5A@®O0
people/km, this indicator is suggested to be applied in cities that meet this requirement.

e. Data source: Transport department, urban construction department

f. Methodology:

In thisevaluation, the worst evaluation-@ is given when there is no public transport

at all;-1 is evaluated when there is only bus connection, no MRT; an evaluation of O is
assigned when the main form of MRT is LRT/BRT,; +1 is evaluated when the main
forms of MRT include metro and LRT/BRT,; the best evaluation (+2) is granted when

the main forms of MRT include metro, LRT/BRT, and commuter rail.

Y Connection to the major origins and destinations

a. Interpretation:
Connection to the major origins andestinationsis an indicator evaluating the
connectivity and connection mode between major origins and destinatiamcgyn

The areas serving the highest customer demand, such as workplaces, residential areas,
universities and schools, shopping areas] hospitals, are always the major origins
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and destinations of a city. In order to minimize travel distances and travel times for the
majority of the population, corridors should connect asyorigins and destinations

as possible. This determines thecessibility of the public transport system, and
directtyi nf l uences peopdeeds traffic mode cho

b. Evaluation scale: Scale 2
c. Type: Expanded

d. Applicable condition and scope:

Compared with middleand smallisized cities, big cities have more origins and
destnations with complex distributigrthey also havea higher requirement of speed

and capacity of public transport. Therefore, this indicator is suggested to be applied in
big cities.

e. Data source: Transport department

f. Methodology:

In this evaluation;2 is gven when there is no connection to the major origins and
destinations, or only bus connection to some of the major origins and destindtisns;
given when there iabus connection to most tie major origins and destinatiorntie
standard evaluatioof O isgivenwhen there istbus connection to all major origins and
destinations; an evaluation of +1 is granted when there is MRT connection to most of
the major origns and destinationgnda bus connection to the remaining origins and
destinations; th best evaluation of +2 is granted when there is MRT connection to all
major origins and destinations.

y Transit station coverage rate

a. Interpretation:

Transit station coverageate refers to the proportion of total urban ameecity center
area accessintie transit station withira distance of 500 meters. The formula is as
follows:

Transit station coverage rate = (areas access to transit stationautistance o500
meters / total urban area or city center area) * 100%

Quiality of access to public transport can be ratetthegverage walking distance to the

next transit station. Considering the comfort requirements and on availability of
alternative, a distancwithin 500m will be acceptable. Reasonable transit station
coverage can significantly enhance the attractiveness of public transport, thus reduce
the car use.

b. Evaluation scale: Scale 2
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c. Type: Essential
d. Data source: Transport department, urban construction department

e. Methodology:

The evaluation of transit station @y age t akes reference of g
Demonstration Area Eval uat-2is givenSwhennttlear d o . /
transit station coverage rate is less than 68%s given when the coverage rate is 65%

or more, but less than 70%; standard eatadun (0) is given when the transit station

coverage rate is 70% or more, but less than 75%; an evaluation of +1 is given when the
coverage rate is 75% or more, but |&#s3n 80%; the best evaluation of +2 is given

when the transit station coverage is 86ftnore.

Y Velocity of public transport

a. Interpretation:

Velocity of public transpontefersto the ratio of commuting time by public trammspto
commuting time by autduringpeak hous. It is an indicator evaluating the difference

in commuing time by public transport and by auto between main home and work areas.

In order to improve the attractiveness of public transport sep\especially to attract

passenger of choice, public transport need to offer competitive travel times when

compaed to individualmotorized transport. A rapid public transport service can
effectively reduce peopleds dependence on |

b. Evaluation scale: Scale 3
c. Type: Essential
d. Data source: Field study (questionnaire survey)

e. Methodology:

In this evaluation,hte best evaluation (+2) is granted when the commuting time by
public transport is not more than commuting time by auto; +1 is granted when the ratio
of commuting time by public transport to commuting time by auto is above 1 but not
more than 1.5; standaeyaluation (0) igivenwhen the ratio is above 1.5 but not more
than 2; an evaluation et is given when the ratio is above 2 but not more than2is;

given when the commuting time by public transport is over 2.5 times more than the
commuting time byuto.

Z Average waittime in the highest peak hour

a. Interpretation:
Average wattime in the highest peak hois an important indicator reflecting the
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over al l service | evel of a cityds public

Passengers prefer wiiine in a range of 1 to 4 minutes, and a viiaie of 10 to 20
minutes is the upper limi{Meakin 2004. Long waittimes will ultimately push
passengers to choose alternative modes of transport, such as private cars. Therefore,
minimizing waittime is fundamental to nbhance the competitiveness of public
transport servicewhen compared to private catr.

b. Evaluation scale: Scale 3
c. Type: Essential
d. Data source: Transport department

e. Methodology:

In this evaluation, +2 is granted when the averagetivaé in the highest pediour is
less than 3 minutes; +1 is granted when the averagetimaitis in a range of 3 to 5
minutes; standard evaluation (0) is given when the averagdimaits in the region of
6 t0o10 minutes:1 is evaluated when the average wate is 11 to 20 nmutes; the
worst evaluation -@) is evaluated when the average wte is longer than 20
minutes.

7 Emission level of buses

a. Interpretation:
Emission level of besis an indicator evaluating the emission level of most buses in a
city.

By applying stricter emission standargerunit emissions from motorized travel can

be reduced. As attention focuses more and more on the human and environmental costs
of both local pollutants and global climate change, the use of cleaner gdiasle
becone an inevitable choice. Since legplay an important role ithe urban transport
system, the choice of bus technology is important.

b. Evaluation scale: Scale 3

c. Type: Expanded

d. Applicable condition and scope:

This is an optimization indicator. Considering tlaetual social and economic
foundation, it is suggested to be applied in big cities. At present, applying this indicator

in middle- and smabksized cities is less feasible.

e. Data source: Transport department, development and reform commission,
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environmentaprotection department

f. Methodology:

In this evaluation, the National Discharge Standard of Vehicle Polluiaumt ( Stage

are taken as references. The best evaluation of +2 is granted when most vehicles meet
the National Discharge Standard of VehiPlellutant § Stage); +1 is granted when

most vehicles meet the National Discharge Standard of Vehicle PollxaiS8tégé;

an evaluation of O is assigned when most vehicles meet the National Discharge
Standard of Vehicle Pollutarih ( Stage):-1 is evaluaté when nost vehicles meet the
National Discharge Standard of Vehicle Pollutéimt Stage; -2 is evaluated when

most vehicles meet only th¥ational Discharge Standard of Vehicle Pollutét

Stagé.

Z Quality of public transport vehicles

a. Interpretation:
Quiality of public transport vehicées a significant determinant of the comfort of public
transport service.

Passengers probably do not care about the emission level of vehicles, but they do care
about the passengservice features that affeitte journey comfort, convenience and
safety.Unsatisfactory vehicle quality can reduce the attran@gsof public transport
services, hence, in the long run, might support a modal shift towards comfortable
private cars foritose who can afford them.

b. Evaluation scale: Scale 3
c. Type: Expanded

d. Applicable condition and scope:

This is an optimization indicator. Considering the actual social and economic
foundation, it is suggested to be applied in big cities. At present, apphsngdicator

in middle and smalsized cities is less feasible.

e. Data source: Transport department, development and reform commission

f. Methodology:

The evaluation of quality of vehicles of public transport includes four critéria:
air-conditions;ii) wide doorsjii) passenger travel information) entertainmenge.g.
TV, internet service). The best vation of +2 is granted whemost of the vehicles
fulfill all criteria; an evalationof +1 is granted whemost ofthe vehiclesfulfill 3
criteria; standard evadtion of 0 is assigned whemost ofthevehiclesfulfill 2 crteria;

-1 is evaluated whemost ofthevehiclesfulfill 1 criterion;-2 is given whemost ofthe
vehicles do notulfill any criterion.
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z Quality of public transport stations

a. Interpretation:

Quality of public transport stationss one of the crucial factors in ridership and
customer satisfaction. The difference between a pleasant and safe waitingreewnr

and a poorly maintained station can be the difference between customers choosing
public transport over other alternative options.

An attractive station will likely be composed of a range of components, including:
comfortable shelters and waiting ase ticket machine; passenger travel information
provision; sufficient lighting; barriefree facilities; bicycle parking infrastructures;
small scale shopping possilgis

b. Evaluation scale: Scale 3
c. Type: Expanded

d. Applicable condition and scope:

This is an optimization indicator. Considering the actual social and economic
foundation, it is suggested to be appliedig cities. At presenapplying this indicator

in middle- and smalsized cities is less feasible.

e. Data source: Transport department, degedent and reform commission

f. Methodology:

The evaluation of quality of public transport stations includes seven crijezanopy;

i) ticket machineiii) passenger travel informatioin;) lighting; v) barrierfree access;
vi) bicycle parking infrastructureyii) small scale shopping possibility nbgr
Evaluation objects in which most statidofill all criteria get the best evaluatioh+2;
no criterionfulfill ed ges the worst result of2; most station$ulfill ing 1-2 criteria get
an evaluation ofl; most stationfulfill ing 3-4 criteria get the standard evaluation of 0;
most stationgulfill ing 5-6 criteria receive the evaluationf +1.

(3) Norrmotorizedtransport
W Connectivity of footpaths

a. Interpretation:
Connectivity of footpath®fers to the coverage and accessibility of footpaths.

Non-motorizedtransport, inclding walking and cycling, ithe essence of a leearbon
transport system in a city, since it offers mobility without producing any greenhouse
gases and pollution. The existence diith-coverage footpath / cyeltrack network

influences peopl eds choiesseofthefared. Trewere mo d e
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options people have to travel by foot or by bicycle, the more they will make use of them.
It is disturbing when some areas lack @ppropriate footpath / cyetrack network.
This fundamentally limits the desire to travel by aoatorizedtransport.

b. Evaluation scale: Scale 2
c. Type: Essential
d. Data source: Transport department

e. Methodology:

The evaluation of connectivity of footpaths takes reference of th&.LTHe best
evaluation of +2 is evaluated when there is aduollerage fogiath network separate

from the main streets and with good connection to surrounding areas; +1 is evaluated
when there is a fultoverage footpath network separate from the main streets, and the
major facilities are accessible by the netwdhe standard ealuation of O isgiven

when there is a fulkoverage footpath network separate from the main streets; an
evaluation of1 is given when there is a futbverage footpath network with footpath
along the main streets? is given when there is an incomplé&etpath network.

Y Quality of footpaths

a. Interpretation:
Quiality of footpathsletermines the pedestrian amenities.

If the footpath is of poor quality, even for short distanoestorizedvehicles can be the

mode of choice. Safeandcomtgh | e condi ti ons for walking c
experience and then promote more extensive use of the network. Generally, an
attractive walking environment should have dertauality features, such as

satisfactory pathwidth, the separation of footffafrom motorized vehicles, lighting,

street furniture, greening, etc.

b. Evaluation scale: Scale 3
c. Type: Essential
d. Data source: Transport department, urban construction department

e. Methodology:

In this evaluation, most footpaths are separated from motorwékissufficient width,
furniture, lighting, and greening, receive the best evaluation of +2; most footpaths are
separated from motorways, with sufficient width, receive +1; footpaths with usable
width, good furniture, lighting and greening, and along maads with separation
from motorways get the standard evaluation of O; footpaths with usable widity get
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very narrow and hardly usable footpaths are evaluatedvibints.
y Connectivity of cycle tracks

a. Interpretation:
Connectivity ofdotpathsrefers to the coverage and accessibility of cycle tracks.

As described in the interpretation of
connectivity of cycle tracks is also the essence ofdarbon transport system in a city.

b. Evaluation sale: Scale 2
c. Type: Essential
d. Data source: Transport department

e. Methodology:

The evaluation of connectivity of footpaths takes reference of th&.LTe best
evaluation of +2 is evaluated when there is adallerage cycle track network separate
from themain streets and with good connection to surrounding areas; +1 is evaluated
when there is a fultoverage cycle track network separate from the main streets, and
the major facilitiesare accessible by the netwotke ¢andard evaluation of O given

when there is a fulcoverage cycle track network separate from the main streets; an
evaluation of-1 is given when there is a futbverage cycle track network with
footpath along the main street®; is given when there is an incomplete cycle track
network.

Y Quality of cycktracks

a. Interpretation:
Quality of footpathsletermines the cyclist amenities.

Cycling is a highly beneficial transport mode. In urban traffic, the use of bgycle
should often besupported by providing quajitbasic facilities, such as satisfactory
pathwidth, the separation of footpatHfrom motorized vehicles, lighting, street
furniture, greening, etc. Bad or unattractoyele tracksare only used in exceptians

b. Evaluation scale: Scale 3

c. Type: Essential

d. Datasource: Transport department, urban construction department

e. Methodology:
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In this evaluation, most tracks are separated from motorways, with sufficient width,
furniture, lighting, and greening, receive the best evaluation ofvik8re most tracks

are sepated from motorways, with sufficient width, receive +1; tracks with usable
width, good furniture, lighting and greening, and along main roads with separation
from motorways get the standard evaluation of O; tracks with usable width; gety
narrow anchardly usable tracks are evaluated wilpoints.

Z Non-motorizedvehicle parking

a. Interpretation:
Nonmotorizedvehicle parkings an indicator evaluating the existence and quality of
norrmotorizedvenhicle parking spaces.

Sufficient andwell-equipped parking space is quite important in realizing the full
usability of nomamotorizedvehicle, e.g. bicycle. Parking facilities at major destinations,
such as workplaces, universities and schools, shopping areas, ands)espitdelp to
makethe u® of nonmotorizedvehicles more convenient.

b. Evaluation scale: Scale 3
c. Type: Essential
d. Data source: Transport department, urban construction department

e. Methodology:

The evaluation of nemotorizedvehicle parking includes four criteri@): sufficient
parking spacgat important public service facilities and public transport staps;
well-equipped bicycle racks and lighting) good securityiv) clearsignage. The best
evaluation of +2 is granted when all critefudfill ed by most othe parks; no criterion
fulfill ed get the worst result e2; most station&ulfill ing 1 criteria get an evaluation of
-1; most stationdulfill ing 2 criteria get the stalard evaluation of 0; most stations
fulfill ing 3 criteria receive the evaluation of +1.

(4) Freight transport
W Main freight transport modes

a. Interpretation:
Main freight transport modefundamentally influence carbon emisssoinom the
freight transporsectorin a city.

In most Chinese cities, freight transpoetieson road infrastructure, with most high
GHG emission and pollutiomotorizedroad transport forms, but less so on rail and
waterways. According to a study in Zne toamile by truck emits about 1.9 pounds
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of CQp, by rail transport generates 0.64 pounds of;,C&nd barge/river transport
generates only 0.2 poundkleraog 2010. Since the rail and waterways are more
environmerally- and climae-friendly modes, they should be fostered for freight
transport wherever possible.

b. Evaluation scale: Scale 1
c. Type: Essential
d. Data source: Transport department

e. Methodology:

The best evaluation of +2 is granted if padil-road is the main freight transport mode;
standard evaluation of O is given if radad or portroad is the main freight transport
mode; the worst evaluation € is given when road transportation is the onlydmo

Y Prioritization for low emission trucks

a. Interpretation:
Prioritization for low emission truckss an indicator evaluating the incentives
promoting the use of low emission trucks in urban freight transport.

Freight traffic with trucksplays an important role in urban freight transport over the
past ten years in China. Trucks, as well as private cars, have become one large
contributor of CQ emissions. Adopting low emission trucks can reduce the energy
consumption and associated £@missions. However, cleaner technologies are
generally more expensive than conventional technologies. In this case, it is unlikely
that operators will introduce low emission truckstbeir own initiative. Thereby, the
establishment of a series of polgiend incentives promoting the use of low emission
trucks could provide better guidance to the development ofchrbvon freight
transport.

b. Evaluation scale: Scale 3

c. Type: Expanded

d. Applicable condition and scope:

This is an optimization indicator. Considey the actual social and economic
foundation, it is suggested to be applied in big cities. At pteapplying this indicator
in middle and smalsized cities is less feasible.

e. Data source: Transport department

f. Methodology:
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I n the evaltzatiom dforAproiworimi ssi on iDtruckso
Subsidies and tax concessions to encourage the purchase and use of low emission
vehicles;ii) permission to enter auto restricted zoneyno restriction for delivering

time periods;iv) recharging devices in delivering zone&$;special delivering zones

only for low emission trucks. Evaluation objects whigliill all criteria get +2 points;

3 criteriafulfill ed receive an evaluation of +1; 2 criterioifill ed is evaluatedtO; 1

criterion fulfill ed get-1; the worst evaluation of2 is given when no criterioare

fulfill ed.

4.33 Indicators of energy

In LCISS, the energyector contains 2 secordassindicators and 6 thirdlass
indicators Appendix D).

(1) Energy supply side
W Main sources of energy supply

a. Interpretation:
The indicator ofMain sources of energy supplyef er s t o the componen
energy structure.

As discussedfossil fuels are the main sources of energy supply worldwide, and also
one of the biggest contributors of €@missions, meanwhile, excessive consumption

of fossil fuels leads to serious environmental pollution and energy crisis. With this
background, itegrating renewable energy, new energy and clean energyhato
energy supply system can weaken the dependence on one certain energy source, so the
energy supply can be safer and more clirmas#ient.

b. Evaluation scale: Scale 1, 2 and 3

c. Type: Essential

d. Data source: Development and reform commission, urban construction department
e. Methodology:

An evaluation of2 is given when there is only conventional energy supply, including
power grid, gas network, and heating network; standard evaluation of O is given when
there is one auxiliary energy source, such as waste heat, renewable energy,
multi-gereration, etc., in addition tthe conventional energy supply system; the best
evaluation (+2) is granted when there are more than one auxiliary energy sources.

Y Renewable energy production
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a. Interpretation:

Renewable energy productioefersto the proportion of energysed in a city in the

form of renewable energy, such as solar, wind and geothermal energy. The formula is as
follows:

Renewable energy production = (renewable energy production/total energy
consumption) *100%

Expand the use of renewable energy, a carbon neutral energy source, is an active way of
coping with climate change, environment pollution, and energy crisis caused by
excessive use of fossil fugBeng 202).

b. Evaluation scale: Scale 2 and 3
c. Type: Essential
d. Data source: Development and reform commission, statistics department

e. Methodology:

The evaluation of renewabl e energy produc
Renewabl e Ener ChinaDlatiorialiRenewaBld)Enegyrde 2013.

The best evaluation (+2) is granted when renewable energy production covers at least
20% of total energy consumption; an evaluation of +1 is granted when renewable
energy production covers 15% or more but less than 20% of total energy goiosym
standard evaluation (0) is assigned when renewable energy production covers 10% or
more but less than 15% of total energy consumptitnis given when renewable
energy production covers 5% or more but less than 10% of total energy consumption;
an evaluation of-2 is given when renewable energy production covers less than 5% of
total energy consumption.

y Electricity production by c@eneration

a. Interpretation:
Electricity production by cgenerationrefers to the proportion of electitiz used in a
city thatis generated by egeneration. The formula is as follows:

Electricity production by c@eneration = (electricity generated by-generation
system /total electricity consumption) *100%

Co-generatio®® is a technology generating elgcity and heat simultaneously, which
hashigher efficiency than mongeneration. Moreover, egeneration is an important
distributed generation technology that can reduce the impact of climate adratige
energy supply system.

29 For more information about egeneration, visihttp://www.cogeneurope.eu/whistcogeneration_19.html
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b. Evaluation scale: Scaleghd 3
c. Type: Essential
d. Data source: Development and reform commission, statistics department

e. Methodology:

Thi s eval uation refers t o t he AnEvaluatio
Devel opment Zo n edisgivénwhea thexrd iana électacity genérated

by co-generationthe standard evaluation of O is given when there is less than 5% of

electriaty generated by cgeneration; the best evaluation (+2) is granted when there is

at least 5% of electricity generated bygeneration.

(2) Energy demand side
W Green electricity contract

a. Interpretation:
Green electricity contrads an indicator evaluating the existenceagjreen electricity
program.

Under green electricity programs, utilities purchase or generate reneswainted
electricity, and supply it as a distinct product to users. The end users have the option to
purchae and use part or all of their electricity from the green sources. Through
promoting the purchasing andeusf low-carbon energy, the G@missions associated

with electricity/heat consumption can be reduced.

b. Evaluation scale: Scale 3
c. Type: Expanded

d. Applicable condition and scope:

AGreen electricity contracto is an opti miz
and economic foundation, applying this indicator in middied smaklsized cities is

less feasible at present, thus it is suggested tpflesd in big cities.

e. Data source: Urban construction departmeatmmission of economy and
informatization, development and reform commission

f. Methodology:
In this evaluation, the best evaluation of +2 iswggd when a green electricity program
isimplemened if not, an evaluation of2 is given.

Y Incentive policy of renewable energy utilization
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a. Interpretation:

Incentive policy of renewable energy utilizatisran indicator evaluating the existence
of policies encouraging the use of egrable energy. It mainly includes the following
forms: fiscal subsidies, tax concessions, andilierest loan, etc.

b. Evaluation scale: Scale 3
c. Type: Essential
d. Data source: Development and reform commission

e. Methodology:

Evaluation of +2 is granted when ertive policies of renewable energy have been
issued and implementedhe standard evaluation of O is granted when incentive
policies are under develogent evaluation of-2 is given when there is no policy
promoting renewable energy utilization.

y Metered heating rate

a. Interpretation:
Metered heating rateefersto the percentage of buildingkat have heating metefor
individual units/tenants ararebeing billed by the meter. The formula is as follows:

Metered heating rate = (floor arebcharge collection by heat metering/ total floor area)
*100%

Through the implemeation of heat metering and consumptibased billing, endise
efficiency of heatanconsequently be effectively enhanced, betiefjttheclimate and
environment.

b. Evaluaton scale: Scale 3
c. Type: Essential
d. Data source: Development and reform commission, statistics department,

e. Methodology:

According to the AStandards f ofintnybfan Heat
Housing and UrbaiRural Development of the People's Republic of China Rahé

best evaluation (+2) is granted when the metered heating rate of residential building is

at least 25%, the rate of public building is at least 50%; an evaluation of +1 is given

when the rat of residential building is 20% or more but less than 25%, the rate of

public building is 40% or more but less than 50%; standard evaluation is given when

the rate of residential building is 15% or more but less than 20%, the rate of public
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building is 3@6 or more but less than 4094; is evaluated when the rate of residential
building is 10% or more but less than 15%, the rate of public building is 20% or more
but less than 30%; the worst evaluation-®fis given when the rate of residential
building isbelow 15%, the rate of public building is below 20%.

4.3.4 Indicators of building

In LCISS, the buildingsector contains 2 secondass indicators and 3 thhaass
indicators Appendix D).

(1) New building
W Qualification ratio of building energy efficiency in new buildings

a. Interpretation:

Qualification ratio of building energy efficiency in new buildingsfers to the
percentage of new buildings attaining building energy codes retativew buildings.
Theformula is:

Qualification ratio of building energy efficiency in new buildings = (area of new
buildings attaining building energy codes / total area of new buildings)

For improving the building energy efficiency, a comprehensive building energy code
systemhas been developed in China (Tabl8)4lt contains design standards and
acceptance codes, covering residential and public buildings, all major climate zones,
and the main construction processes, which ingdésign, construction, acceptance,
operationand retrofit(Bin and Jun 2012

Table 48 Building energycodessystem

Building Energy Codes Contents

Design Standards for Energy Building energy efficiency
Efficiency of Residential Buildings in requirements for building envelope,
Severe Cold and Cold Zones (1986, thermal insulation, heating and
1995° and 2010) ventilation.

Design Standards for Energy Building envelope and thermal
Efficiency of Residential Buildings in insulation, and energy efficiency for
the Hot Summer and Cold Winter Zoi heating, ailconditioning and

(2001 and 2010) ventilation systems (HVAC).

Design Standards for Energy Thermal engineering for walls and
Efficiency of Residential Buildings in roofs, shading, and energy efficiency
the Hot Summer and Warm Winter  for HVAC.

Design Standard

30 The 1986 and 1995 versions are entittee A Ener gy C o nStamdards fot Givib Buildidgs éHeaginy
of Residenti al Buil dings)o.
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Zone (2003)

DesignStandards for the Energy Building energy efficiency indexes ar

Efficiency of Public Buildings (2005) requirements by climate zone, buildir
envelope, thermal insulation, HVAC.

Code for Acceptance of Energy Provisions for building energy

Efficient Building Construgon (2007) efficiency construction works for walls
curtain walls, doors and windows,
roofs, floors, HVAC, piping networks
for space heating and air conditionin
systems, power distribution and
lighting, monitoring and conttpand
onsite inspections, among others.

Acceptance Standard

Source:(Bin and Jun 201p

b. Evaluation scale: Scale 2 and 3

o

Type: Essential
d. Data source: Urban construction department

e. Methodology:

According to the inspection results offered by the Ministry of Housing and tRbeal
development, theompliance ratio with building energy codes at construction stage has
achieved 95.4% in 201Ministry of Housing and UrbaRural Development of the
People's Republic of China 201Zaking this as reference, the standard evaluation of O
is given when the qualification ratio %% or more but less than 100%; the best score
of +2 is given when the ratio achieves 100%; an evaluatiof &f given when the
gualification ratio is below 95%.

Y Proportion of green buildings in new buildings

a. Interpretation:
Proportion d green buildings in new buildingsfers to the percentage of green
buildings certified relative to new constructions or buildings. The formula is as follows:

Proportion of green buildings in new buildings = (certified green buildings area / total
area ofnew buildings) *100%

According to the M@AEval uat i o5 03t7a8n d2al 1d4 )foo, r
green building is defined as a building which is designed to maximize the degree of
resource conseation (incl. saving energy, land, water and materials), to protect the
environment and to reduce pollution during its life cycle, in order to provide healthy,

suitable and high performance living space for pedpeistry of Housing and

UrbanRural Development of the People's Republic of Chin&dR0dhe evaluation of

138



green building involves seven indexes, i.e. land saving and outdoor environment,
energy saving and energy utilization, water saving and water resource utilization,
material saving and material resource utilization, indoor envirahngpiality,
construction management, and operating management. All of these indexes play
significant role in improving energy efficiency and lowering associated carbon
emissions from the buildingectorin a city.

b. Evaluation scale: Scale 2 and 3

o

Type: Esential
d. Data source: Urban construction department

e. Methodology:

The evaluation of proportion of green buildings in new buildings refers to two Chinese
government document s. Firstly, according t
end of 2015, 20% of new buildings cities and towns should reach green building
standards(National Development and Reform Commission of the People's Republic

China and Ministry of Housing and Urb&ural Development of the People'sgrblic

of China 2013 The other reference is the ANat |
(20142 020) 6, in which the proportion of green
buildings should reach 50% by 20@&ate Council of China 20)4

Based on above, the best evaluation of +2 is grambesh green buildings accouioir

at least 50% of new buildings; standard evaluation of O is granted when the proportion
of green buildings in new buildings is 20% or more but less than 35%; the worst
evaluation of2 is given when green buildings accotortbelow 5% of new buildings;
evaluation of +1 is given to performances between 0 and +2;-Jansl given to
performances between 0 arid

(2) Existing buildings
W Qualification ratio of building energy efficiency in existing buildings

a. Interpretation:

Qualification ratio of building energy efficiency in existing buildimgéers to the
percentage of existing buildisgattaining building energy codes relative to total
existing buildings. The calculation formula is:

Qualification ratio obuilding energy efficiency in existing buildings = (area of existing
buildings attaining building energy codes / total area of existing buildings)

As aforementioned, China has more than 50 billion square meters of existing building
stocks, in which over 9@ are high energy consumi{@ianzhan Business Information
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Co. Ltd. Industry Research College 2D1Bherebyyretrofitting existing building has
considerable potential to lower the level of gyyeconsumption and carbon emission.
Energy efficiency retrofitting of existing buildings is to upgrade, renovate, or modify
the building envelop, HAVC systems, illuminating apparatuses and other facilities
which do not meet the mandatory building enerfficiency standard®in and Jun
2012.

b. Evaluation scale: Scale 2 and 3
c. Type: Expanded

d. Applicable condition and scope:
This indicator is not suggested to be applied when there is no existing building in the
evaluation object, e.g. new city projects.

e. Data source: Urban construction department

f. Methodobgy:

According to the #ASpeci al Ptheal@" Fiveovear Bui | di n
Pab, by 2010, the average qualification rat
buildings is 23.1%. In some cities, such as Beijing, Tianjin, Shanghaithesa.atio is

above 30%. Taking this as reference, the standard evaluation d@erswhen the

gualification ratio is 20% or more but less than 30%; +1 is evaluated when the
qualification ratio reaches 30% or more but less than 40%; the best eva(y2jios

granted when the qualification ratio is over 40%; an evaluatieh isfgiven when the

qualification ratio is 10% or more but less than 2624s given when the ratio is below

10%.

4.3.5 Indicators of water

In LCISS, the watersector contains 3 scondclass indicators and 8 thialass
indicators Appendix D).

(1) Water supply
W Water supply from noitraditional sources

a. Interpretation:

Water supply from netraditional sourcesrefers tothe percentage of water supply
from nontraditional sources, such as recycleatav, rain water, desalinatedawater,
etc. The formula is as follows:

Water supply from noitraditional sources = (water supply from raditional sources
/ total water supplyj 100%
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Encouraging the utilization of water from rtnaditional sources will have the overall
effect of alleviating the water shortage of Chinese cities and realizing highly efficient
use of water resources.

b. Evaluation scale: Scale 2 and 3
c. Type: Essentia
d. Data source: Water department

e. Methodology:

This evaluation takes the Evaluation Standard for Green Ecological Demonstration
Area in Beijing as reference. Evaluation objects which have at least 20% water supply
from nontraditional sources receive the besaluation of +2; objects have 15% or
more, but less than 20% ntmaditional sourced water supply receive +1; standard
evaluation is given when objects have 10% or more, but less than 15&@dibional
sourced water supply; objects have 5% or more|dss than 10% water supply from
nonttraditional sources gel; and which have less than 5% get an evaluatief.of

Y Water tariff

a. Interpretation:
Water tariffi s an i ndicator evaluating a cityos
payment.

Water tariff is an important economic instrument for controlling water demands and
improving water use efficiency, therehy, can increase resiliency and security of
existing water supplies, and decrease the energy consumption of water extraction,
transportation, treatment, heating, etc.

Increasing block water tariff (IBT)s known asa widely used method oiater
metering andpricing. The pricing system starts with a low water tariff within a
defined block that increases when additional water iswmed which is an effective
method to adjust the relationship of water demand and supply using price lever. In
China, the establishment BT system is regarded as one of the most important goals
of water conservancy reforiNational Development and Reform Commission of the
People's Republic of China and Ministry of Housing and WiRaral Development of
thePeople's Republic of China 2014

b. Evaluation scale: Scale 3
c. Type: Essential

d. Data source: Water department, development and reform commission
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e. Methodology:

The water price should be higher than the cost with little profit breakdmethis
evaluation, he best evaluation of +2 is granted when IBE€ system is established,
water price is higher than the cost, and charge rate ash@verofit breakeven; an
evaluation of +1 is granted when tH&T system is established, water price is higher
than the cst, butthe charge rate cannot balance the payment; the sthadaluation is
given when theéBT system is established, dhewater price is lower than the cost;

is given when water price is higher than the costttere isnoIBT system;2 is given
when there is ndBT system, and water price is lower than the cost.

y Leakage rate

a. Interpretation:
Leakage rateefers to the ratio of unaccountéat water to total water supply. It is an
important measure of the efficiency of water supply system.

Leakage rate = [(annual water supplynetered annual water supply) / annual water
supply] * 100%

b. Evaluation scale: $de 3
c. Type: Essential
d. Data source: Water department

e. Methodology:

In compliance with the Standard for Leakage Control and Assessment of Urban Water
Supply Distribution System (CJJ2D02), the leakage rate should be less than 12% of
flow (Ministry of Construction of the People's Republic of China 28¥0Zaking the
Evaluation Standard for Wat&aving City as referencgMinistry of Housing and
UrbanRural Development of the People's Republic of China and National
Development and Reform Commission of the People's Republic Ching #04 best
evaluation (+2) is granted when the leakage rate is not more than 10%; the standard
evaluation of O is given when the leakage rate is 12%; the worst evaluati®risof
given when the leakage rate is 14% or mekas evaluated to performances between 0
and-2; and +1 is evaluated to performances between 0 and +2.

Y Coverage of watesaving appliances
a. Interpretation:

The indicator otoverage of watesaving applianceeefers to the ratio of wateraving
appliance to the total number of watppliance. The formula is as follows:

31 Since 2008, the Ministry of Construction of the Pe@Republic of China was renamidinistry of Housing
and UrbarRural Development of the PeofdeRepublic of China
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Coverage of watesaving appliances = (number of wasawving appliance / total
number of water appliance) * 100%

The wide use of watesaving appliances can effectively improve thatev use

efficiency, thus reduogwater demand and associated energy consumption and carbon

emi ssi ons. According to the national St anct
(CJ1642 0 0 ZVinistry of Construction of the People's Republic of China 2002
waterefficient appliances can be defined as an appliance, installation of which can

reduce the amount of water consumptimeanwhile, meatg various needs such as

drinking, kitchen, toilet, bath and laundry.

b. Evaluation scale: Scale 3
c. Type: Expanded

d. Applicable condition and scope:

At present, the utilization of watsaving appliances in smaized cities is obviously
less han in big and middtsized cities in China. According to the Evaluation Index on
Green and Construction for Key Small Cities & Towns (Trial), the best evaluation is
granted when the coverage of wasawing appliances is not less than 90%. However,
in acordance with the Standard for Wateaving City (Ministry of Housing and
UrbanRural Development of the People's Republic of China and National
Development and Reform Commissiaditioe People's Republic China 2Q;1the best
evaluation is granted only when the coverage rate achi@08%. Therefore,
considering the actual social and economic foundation, this indicator is suggested to be
applied in big and middisized cities.

e. Data source: Field sampling

f. Methodology:

Taking the Evaluation Standard for Wagaving City as referencéMinistry of
Housing and UrbaiiRural Development of the People's Repubfi€hina and National
Development and Reform Commission of the People's Republic Ching #04 best
evaluation (+2) is granted when the coverage of wsdeing appliances is 100%, +1 is
granted when the coverage rate is 92% or more but less th#) Q@9 evaluated when

the coverage rate is 84% or more but less than 92%; an evaluatidnis given when

the coverage rate is 76% or more but less than 84%; the worst evaluation is given when
the coverage rate is below 76%.

(2) Wastewater treatment
W Treatment rate of wastewater

a. Interpretation:
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Treatment rate of wastewateefers to the percentage of wastewater treated up to

Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant
(GB189182002) (State Environmental Protection Administration of the People's

Republic of Chia and State Administration for Quality Supervision and Inspection and
Quarantine of the People's Republic of China 2008e formula is as follows:

Treatment rate of wastewater = (wastewater meeting discharge standard / total
wastewater discharge) * Q%

Efficient wastewater treatment can avoid the massive GHGs emissions (incl. nitrogen
di oxide, methane, and carbon dioxide) causece
proper control.

b. Evaluation scale: Scale 2 and 3
c. Type: Essential
d. Data source: Watetepartment, statistics department

e. Methodology:

Previous statistics showed that the average treatment rate of wastewater of Chinese
cities was 87.3%Ministry of Housing and UrbaRural Development of the People's
Republic of China 201)3In this evaluation, the standard evaluation of O is giveerwh

the treatment rate is similarthe average level; +1 is evaluated when the treatment rate

is not more than 10% above the average level; +2 is evaluated when the treatment rate is
more than 10% above the average levkis evaluated when the treatmeate is not

more than 10% below the average lev2lis evaluated when the treatment rate is over
10% below the average level.

(3) Stormwater management
W Stormwater and wastewater diversion

a. Interpretation:

Stormwater and wastewater dig@n is an indicator evaluating whether stormwater
and wastewater diversion is implemented in new urbars,aaed is planned to upgrade
in built-up urban area

Stormwater and wastewater diversion is a sewage system that stormwater and sewage
are divertednto separate channels: stormwater is directly sent into rivers and lakes,
while sewage is sent to waste treatment plants, where contaminants are filtered out.
This can effectively lowerhe cost of wastewater treatmemd reduce the associated
energy casumption and emissions. Moreover, in cities with combined sewer systems,
the impacts of climate change will lead to more overflow events and untreated sewage
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into surrounding water bodi¢kenward, Yawitz et al. 2033
b. Evaluation scale: Scale 2 and 3

c. Type: Essential

d. Datasource: Water department

e. Methodology:

In this evaluation, +2 is granted whastormwater and wastewater diversion system is
implemented in new urban aszand is planned toe upgrade in built-up urban ares.
evaluation objectthatdo not meet this stalard receive an evaluation-@f

Y Drainage system

a. Interpretation:

Drainage systens an indicator evaluating whether drainage systeeet the Code for
Design of Outdoor Wastewater Engineering (GB50RQ@6) (Ministry of Housing

and UrbarRural Development of the People's Republic of China and State
Administration for Quality Supervision and Inspection and Quarantine of the People's
Republic of China 2006

Climate change could make urban drainage syst&oe more serious challengesjce

it will be highly affected by increasingly frequent and intenseipr&tion. Therefore,

in cities affected by increasing heavy storms, the performance of drainage ssystem
and flood prevention systsd et er mi nes  eesilienced ydés cl i mat e

b. Evaluation scale: Scale 2 and 3
c. Type: Essential
d. Data source: Water departmentham construction department

e. Methodology:

In this evaluation, the standard evaluation of 0 is given \letrainage system meets
the national standards; the best evaluation (+2) is grantedtivaerainage system is
above the national standard;is evduated wherthedrainage system does not meet the
national standard.

y Flood prevention

a. Interpretation:
Flood prevention s an i ndicator evalwuating whether
the Code for Design of Urban Flood ContRybject (GB/T50802012) (Ministry of
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Water Resources of the People's Republic of Chirg, IMinistry of Housing and
UrbanRural Development of the People's Republic of China and State Administration
for Quality Supevision and Inspection and Quarantine of the People's Republic of
China 2012, especially inkey urban areg hub ares underground public spage
equipped with sound drainage facilities and effective maintenance.

b. Evaluation scale: Scale 2 and 3
c. Type: Essential
d. Data source: Water department, urban construction department

e. Methodology:

In this evaluation, the Code for Design of Urban Flood Control Project
(GB/T508052012) is taken as reference. According to a study in 2008, only 37% of
Chinese cities couloheet this national flood control standé&F@ng, Zhong et al. 20D8

The standard evaluation of 0 is given wiieaflood control faciity meets lhe national
standargthe worst evaluation o is given wherthe flood control facility does not
meet the national standard; the best evaluation of +2 is grantedtiéférod control
facility is above the national standard.

4.3.6 Indicators of municipaolid waste

In LCISS, the sector of municipal solid waste (MSW) contains 2 seclasd
indicators and 5 thirdlass indicatorsAppendix 13.

(1) MSW collection & transfer

W Waste collection rate

a. Interpretation:

Waste collection rateefers to the municipal solid wastes collected over that produced.

The formula is as follows:

Waste collection rate = (quantity of collected and transported MSW/ total quantity of
MSW) *100%

Badly collected and transferred waste is a source of contamination for water and soil,
contributes to air pollution, emits GHGs, and even increases the risk of flood.
Uncollected wastalso poses a threat to public health by attracting vectors of disease
such as mosquitoes, flies, and rodents.

b. Evaluation scale: Scale 2 and 3
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c. Type: Essential

d. Data source: Sanitation department, environmental protection department,
statistics department

e. Methodology:

The evaluation of waste collection rate is on the basispfeex t s 6 consul tati on
evaluation (+2) is granted when the collection rate is 100%; +1 is evaluated when the
collection rate is at least 90%ut less than 100%; O is evaluated when the collection

rate is at least 80% but less than 90%; an evaluatiehis given when the collection

rate is at least 70% but less than 8624s given when the collection rasbelow 70%.

Y Proportion of communities with separate waste collection facilities

a. Interpretation:

Proportion of communities ¥i separate waste collection facilitiegfers to the
proportion of communities that implemented separate waste collection to all
communities. The formula is as follows:

Proportion of communities with separate waste collection facilities = (humber of
communities with separate waste collection / total number of communities) * 100%

The implementation of separate waste collection facilities can significantly improve the
quality of materials for recycling and optimize incineration, in turn delgdvenefits

in COx emission savings. Additionally, separate waste collection can also greatly
reduce the energy consumption during the waste sorting process.

The Chinese government has implemented waste segregation for 20 years; however,

there has been only limitediscess. Since the relative statistical data is not available,

the LCISS uses the indicator fAproportion of
instead, in order to promote waste segregation.

b. Evaluation scale: Scale 3
c. Type: Essential
d. Data source: Samtion department, environmental protection department

e. Methodology:

The best evaluation of +2 is granted when the proportion of communities with separate
waste collection facilities is not less than 45%; +1 is granted when the proportion is 30%
or more btiless than 45%; the standard evaluation (0) is given when the proportion is
15% or more but less than 30%94; is evaluated when there are communities with
separate waste collectigrbut the proportion is below 15%2 is evaluated when there
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IS no commuity with separate waste collection facilities.
y Emission level of waste transport vehicles

a. Interpretation:
Emission level of waste transport vehgikean indicator evaluating the emission level
of most waste transport vehicles in a city.

By applying stricter emission standar@erunit emissions from motorized travel can

be reduced. As attention focuses more and more on the human and environmental costs
of both local pollutants and global climate change, the use of cleaner sdiasle
become an inevitable choice.

b. Evaluation scale: Scale 3
c. Type: Expanded
d. Applicable condition and scope:

This is an optimization indicator. Considering the actual social and economic
foundation, it is suggested to be applied in big cities. At present, apphysngdicator
in middle- and smalsized cities is less feasible.

e. Data source: Sanitation department, environmental protection department

f. Methodology:

In this evaluation, the National Discharge Standard of Vehicle Pollutam ( Stage

are taken aseferences. The best evaluation of +2 is granted when most vehicles meet
the National Discharge Standard of Vehicle Pollutant$tage); +1 is granted when
most vehicles meet the National Discharge Standard of Vehicle Pollixai@tége;

an evaluation of0 is assigned when most vehicles meet the National Discharge
Standard of Vehicle Pollutarih ( Stage):-1 is evaluated when @st vehicles meet the
National Discharge Standard of Vehicle Pollutémt Stage; -2 is evaluated when
most vehicles meet only th¥ational Discharge Standard of Vehicle PollutéNt

Stage.

(2) MSW Disposal
w Landfilling rate
a. Interpretation:

Landfilling raterefers to the percentage of waste treated by landfilling. Its calculation
formula is as follows:
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Landfilling rate = (quantity of harmlessly treated MSW / quantity of collected and
transported MSW) * 100%

Landfilling is the most widehusedmethodof waste disposal, which is a significant
contributor of GHG emissions and occupies valuable land resources. Most Chinese

cities are currently facing the predicament of being surrounded by waste. Thus,
reducing the percentage of waste treated by landjilis importantt o a ci t yos
low-carbon and sustainable development. Furthermore, since the statistical data of
waste recycling rate is not available, the indicator of landfilling rate can itiglirec

reflect the level ofvasterecycingin a city.

b. Evaluation scale: Scale 2 and 3
c. Type: Essential
d. Data source: Sanitary department, statistics department

e. Methodology:

Statistics show that the waste landfilling rate was 74.87% (incl. sanitary landfilling
68.28% and simple landfilling 6.59%) in Chinese cities in2(inistry of Housing

and UrbarRural Develpment of the People's Republic of China 202 cording to

this, the standard evaluation (0) is given when percentage of landfilling is sorier
average level; +1 is granted when the percentage of landfilling is below the average
level but not mee than 10%; +2 is granted when the percentage of landfilling is more
than 10% below the average level;is given when the percentage of landfilling is
above the average level but not over 1624s given when the percentage of landfilling

is more thari0% above the average level.

Y Harmless treatment rate

a. Interpretation:

The term Aharmless treatmento in China me:
composting, incineration and sanitary landfilling. Harmless treatment rate refers to the

percentage of waste tha&tceived harmless treatment. Its calculation formula is:

Harmless treatment rate = (quantity of harmlessly treated MSW/quantity of collected
and transported MSW) *100%

The improvement of harmlessstetreatment is of significance to the construction of a
safe and livable living environment and the reduction of m@krisk of climate

change.

b. Evaluation scale: Scale 2 and 3
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c. Type: Essential

d. Data source: Sanitary department, environmental protection department, statistics
department

e. Methodology:

Statistics show that the harmlessly treated waste accdiont@8%6 of dl collected and
transported waste in Chinese cities in 2@i&nistry of Housing and UrbaRural
Development of the People's Republic of China 20A8cording to this, the standard
evaluation of O is given when the harmless treatment rate is stoiifer average level;

+1 is granted when thete is above the average level but not more than 5%; +2 is
granted when the rate is more than 5% above the average-lewegiven when the
harmless treatment rate is below the average level but not ove? &iven when the
rate is more than 5% lmel the average level.

4.4 Summary

This chapter detailed the evaluatibmmeworkof Low-Carbon Indicator Systerm
Sino (LCISS)and its development.

Firstly, based on the introduction of component and evaluation method of L&ISS,
coupled evaluation modelith urban planning and key urban sectoes established,
and LCISSs framework was proposed, includitigee scales, i.e. macro, middle and
micro scalesand six evaluation sectors, ilegban design, transport, energy, building,
water, municipal solid aste Furthermore, the function and products of LCISS were
defined.

Secondly, the construction process of LCISS was studied. LEBI®&janized as a
threelevel hierarchic structure that contains 54 indicators. dillthe evaluation
indicators are selectedising the Theoretical Analysis and Delphi mettsd
Additionally, the types and values widicatorand method of weighting assignment
werediscussed

Finally, all of the evaluationindicators were describedin detail, including their
interpretationevalwation scale, type, data source, methodology, etc.

After LCISS was developed, it will be tested in practic€hapter Shrough a case
studyof Sino-Singapore Tianjin Ec€ity.
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Chapter 5 A CaseStudy of Sino-Singapore Tianjin Eco-City

This chapter is dedicated to illustratihgw theLow-Carbon Indicator Systeiin Sino
(LCISS) could be applied for evaluatioof city developmentin the Chinese
background Sino-Singapore Tianjin Ec€ity is selected ashe case study for this
work, sincet is one of the most representative pilot projects in China, drasgood
dataavailability and integrity

5.1 Overview of SineSingapore Tianjin Eco-City

Sino-Singapore Tianjin Ec€ity (SSTEC) is located in the northern part of the Tianjin
Binhai New Area (TBNA) one of the fastest growing and most strategically important
areas in China. The project is adjacent to Tianjin Economic and Technological
Development Area, Tianjin Port, Binhaeisure and Tourism Area. It is 15km from the
core area of TBNA, 45km from the Tianjin city center, and 150km from Beijing (Figure
5.1). SSTEC has a total land area of 342khat is envisagedo house 350000
permanent residents by 2020.
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Figure 5.1 location of SSTEC
Source:(Singapore Goverment 2012

Natural conditions in Ecaity are relatively poor with complex geological structure,
weak soil quality, and high climatvulnerablity. The ground bearing capacity is
non-uniform in SSTEC, and there is significant land subsidence, especially in the
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northern part of the Eeoity. Unlike common practices of urban sprawl that usually
encroach on arable land, the land for SSTEC mainiyaemos onehird nonarable land,
onethird deserted salt pans, and dahed polluted water bodies. Given its coastal
location, it is projectedthat SSTEC will beexpo®dto rising sea levels, and more
frequent and intensive floods and storm surges.

SSTEC has convenient traffic conditions, since it is at the intersection of the
Beijing-Tianjin urban development axis, and the Bohai rim coastal industrial zone.
According to the Tianjin City Master Plan (26@620) and the Integrated Transport
Planning of Bimai New Area (200@020), around the Eedty, an excellent
transportation networkis planned, including TianjilQinhuangdao Higibpeed
Railway, BeijingTianjin-Tangshan Intercity Railway,ight Railway, and a series of
expressways and urban expressways.

As articulated in the master plan, the development timeframe of SSTEC is from 2008 to
2020 in three phases. This schedule provides theciBcdlexibilities to optimize its
planning during development while lowerinlge risks of new town develogent

Phasd has been implemented during 2008 to 2010, which savstartup area of 4.1

km? and involves a projected population of 85,000. Phase Il is being implemented over
2011 to 2015. Bythe end t, fundamental spatial structure of the project will be
completel, including major infrastructure and facilities, and the transport network
linking it to the surrounding regiorfBaeumler, Chen et al. 200%®hase 111 (2012020)

will be implemented over 5 years. By 2020, SSTEC will be fully developed.

5.2 Background and establishment o8ino-Singapore Tianjin Eco-City

China has been experiencing an unprecedented process of urbanization in the past
decades. By the end of 2014, 54.77% of the total population lived in urban areas
(Xinhua Net 201} a rate that was 26.41% in 1990 and 36.22%000 (Yu 2014.
Meanwhile, China is also an illustrative example of how rapid urbtmizean lead to
negative impact on cities. The fast growth of urban population presents a series of
challenges for Chinese cities, such as rapid urban expansion, growing resource and
environmental pressures, increased energy consumption and GHGs enession,
Recognizing these issues, China is at a crucial stage in shifting its economic
developmententered model towar@demore sustainable one.

Under this background, SSTEC stands for
which ainsto practiee a mae ecologically sustainable pattern of urban development. It
is a significant collaborative project between China and Singapore in addressing
climate changes, developing lesarbon economy, enhancing environmental protection,
conserving resourseand enerng and establishindharmonious societf{Research
Group of Key Performance Indicators for Simgapore Tianjin Ec&ity 2010. The
project was mooted by the former Chinese Premier Wen Jiabao and Singapore Senior
Minister Goh Chok Tong in gril 2007, and a Framework Agreement to collaborate on
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SSTEC was signedylChina and Singapore in November 2007. In 2008, the master
plan of the ececity was completed and the construction was commenced.

5.3 Vision and characteristics of SingSingapore Tianjin Eco-City

The vision of SSTEC is to be a new city that is economically vibrant, environmentally
friendly, resourceefficient and socidy harmonious. It will provide a practicable
(adoption of affordable and commercially viable technologies), repécdls
principles and models applicable to other cities in China and the rest of the world) and
scalable (can be adapted for developments of different scales) reference of eco and low
carbon city for other cities in Chif&overnment of Singapore 2014he Ecec i t y 6 s
target of carbon emission reduction is to produce only 150000@$1G emissions per
million US$ GDP, which is the national average level in 2004 in Cftren and Lu

2010.

To achiee the vison, an integrated approach involving urban planning, energy,
transport, building, water, and waste has been adopted in S@Rd&s€arch Group of
Key Performance Inditars for SineSingapore Tianjin Ec€ity 2010.

i The main strategies of urban planning and spatial development in thet§co
include:i) exceptin green open spasandon water surfacg a high density of
14000 people/fis expected on the remaining 25kiand for constructionij) per
capita urban development land of 72.57sess than the 10& in Tianjin and the
national standard 85.1 ~ 1069 iii) mixed land use that all daily ndscan be
met within a walking distance of 500my) feelol so, the 400
blocks compose the spatial structure of the-&itp

i SSTEC s planned to be a city with strong green trip network, in which 90% of trips
are requiredd be in the form of public and nenotorizedtransport. This strategy
will be realized on the basis of the following main pillarstransit oriented
development (TOD) that more than 90% of the residents @lades of
employment are concentrated within 500m of public transport hubs (Figurg)5.2);
establish a high quality comprehensive public transport system, and apply green
technology to public transportji) provide a weHldesigné norrmotorized
transport system characterized by high network density, separating motor and
nonmotor, and linking communities with main public facilities and public
transport (tram/bus) stops.

I SSTEC promotes the utilization of renewable energy. It iseep that the annual
energy demand in SSTEC will reach 486,900 tons of Standard Coal Equivalent
(SCE) by 202GBaeumler, Chen et al. 200%As planned, 80% of its total energy
supply will be from conventional energy sources and 20% from renewable energy
sources, such as solar, wind, giebthermal energy.
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i All buildings in SSTEC are
required to meet the i
design standard for Sif8ingapore

Tianjin Ecocity (DB291952 01 0) o
(Sino-Singapore Tianjin Ec€ity

Administrative Committee 20)0a

benchmark even higher than the

natonal green building standard.

i Because the Eeoaity is located

in a waterscarce region, it aims to
meet at least 50% of its water supply
=| from nontraditional sources, such as
recycled water, harvested
stormwater, desalinated seawater, etc.
By 2020, the water demand in
SSTEC is estimated to reach
153400ni/day;, including
conventional water 7440Ctday
and nontraditionaly sourced water
79000ni/day.

Source:(Lin 2008 I AWast e i nto resource
main concept of waste management
inthe Ecec i t vy . According to SSTECO6s master pl al
production is projected to be limited to 0.8kg which is lower than the national standard
ACode f or UphnaBmvironmental @dnitation Facilities (GB5033D 0 3 ) 0
(Ministry of Construction of the People's Republic of China 2088d at least 60% of
total waste in the Eecoity is required to be recycled.

In order to guide the development of SSTEC, an indicator system with 22 quantitative
and 4 qualitative keyeayformance indicators (KPIs) has been developed under four

categories: Afecol ogi cal and healthy envirc«
Adynamic and efficient economyo, and Adinte
6).

5.4 LCISS evaluation of SineSingapore Tianjin Eco-City

In this section, the LCISS is applied to evaluate the level otlanvon development of
SSTEC. The source of data and information in this evaluation inclidpablicly
available statistical datai;) government documentsi) field study results and data
obtained from interview with experts from Si#Singapore Tianjin Ec€ity
Administrative Committee.
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As mentioned in Chapter, the LowCarbon Indicator SysteiinSino is an evaation

system consisted of 6 firstass indicators, 17 secowthss indicators, and 54
third-class indicators. The thidass indicators include 41 essential indicators and 13
expanded indicators. According tandeBSTECOS
indicator of nAqualification ratio of buil
other indicators are applicable to the Euty.

In Table 5.1, Table 5.2 and Table 5.3, the weight of each indicator is assigned in
compliance with the metldodiscussed in 4.2.5 (Appendi®)l and the value of each
indicator is given based on the performance of SSTEC.

5.4.1 LCISS evaluation of SiABingapore Tianjin Ec€ity in Scale 1

(1) Urban Design

WwWAOriginal | and use typeo

The planned aredor the Ececity site is 34.2kr including 0.297krh village
construction lands, 10.197Krealt pans, 4.789khreservoirs, 0.244kAtraffic lands,

0.599kn# arable lands, 4.165 Knaquaculture water surface, 2.076kiner areas, and

11.833kn?% unused landsAmong them, the unused land took up the highest proportion

of 34.6% of the total area. Thus, SSTECOs
typeo is 0.

Y iDi saster risko

The land suitability of SSTEC was assessed by using the nethbiethod of Analytic
Hierarchy Process (AHP) and Global Information System (GIS). Based on that, four
types of spatial management area were identified: prohibdadtruction area,
limited-construction area, buillp area, and buildable area. In the
prohibited-construction ares construction is banned entirely because of the high risk
of natural disasters. In other wordsete is no construction in higisk areas in the

d i

€

Ecocity. Its evalwuation of the indicator ddi

y AMi xture of functionso

Accordingtotheplan SSTECOs | and use invooflaeds 8 cat ¢

use types of the ACode for <classification

development land (GB501370 1 1) 6. The 19 tddssaofresaentiac ont ai
land, second class of residentiahda administrative land, cultar facility land,

educational and scientific land, sports facility land, healthcare facility land, cultural

relics land, commercial facility land, first class of industrial land, first class of logistics

and warehouse land, urban road construction landsgoaihstation construction land,

supplying facility land, environmental facility land, safety facility land, other public

facility land, park green space, and green buffer. According to the calculation based on
the formula of Si mplangusé diverdity mdex of SSTEC iIs nd e x ,

0. 997. lts evaluation of the indicator i mi
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hY

Y iRegional traffic connectiono
According to SSTECO6s pl an, the road net wo
Moreover, a multmodal integrated public transport system is planned for thedigo

(Figure 5.4), including rail transit (LRT), bus, tramcar, and taxi. Thus, thecEcda y 6 s
evaluation of the indicator fAregional traf"
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Figure 5.3 Planning map afotorizedtransportation system in SSTEC
Source: SingSingapore Tianjin Ec&ity Administrative Committee
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Master Plan Of Sino-Singapore Tian]in Eco-City i
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Figure 5.4 Planninghap ofpublic transportatiorsystem in SSTEC
Source: SingSingapore Tianjin Ec&ity Administrative Committee

(2) Transport

WAPosition in highway networ ko

Expressways around SSTEC include Tangjin Expressway, Tanghan Expressway,
Second Jingjintang Expressway, and Binhai Boulevard. The nearest higlBuayai
Boulevard is less than 1km away from the east bounafaitye Ececity. In addition,
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there are also three urban expressways around theitycGentral Avenue (soutbast

boundary of SSTEC), Jinhan Urban Expressway (north boundary of SSTEC), and
Tanghan Urban Expressway. | asition in highway ont e x t ,
net worko receives +2.

Y AiMain form of Mass Rapid Transporto

In SSTEC, the main modes of public transport are light rail transit (LRT), bus, and

tramcar, within which only the LRT is mass rapid transport. Therefore, iisatim of

the indicator fAmain form of mass rapid tral

gy AiMain freight transport modeso
According totransport planning, the main freight transport mode in SSTEC is only road
transportation. Hence, the evaluation of this indiceste?.

(3) Energy

W AMain sources of energy supplyo

Except basic energy supply from power grid, gas network and heating network, SSTEC

has several auxiliary energy sources, including renewable energy, waste heat and
co-generation. In accdance with its planning, at least 20% of thedfecot y6s ener gy
source should be from renewable energy. Waste heat from Beitang thermal power plant

and Beijiang thermal power plant could meet 74.5% of the heating demand in SSTEC.

The electricity productiorcapacity ofthe co-generation system in the Ecay is

1500kWw, which mest0.6% of the total electricity consumption, while also nmeg3%

of the heating need. Consequentl vy, its eva
supplyo is +2.
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Table 5.1 LCISS evaluation of SSTEC in Scale 1

Firstclass | Secondclass - o - Value
indicator indicator Third-class indicator Weight 0 o)
Urban Site planning Original land use type 0.0131 | Arable land / Unused land Brownfield
design woodland /
grassland
Disaster risk 0.0653 | There  are
construction
s in high risk
areas tha
threated by
disasters,
such as
flood,
geologic
hazard, anc
secondary
disaster
Land use Mixture of functions 0.1567 | D<0.980 0. 980 O D=0.990 0.9920
088 994
Accessibility Regional traffic connectiol 0.3134 | No regional| Partial Area wide| Area wide
traffic regional regional regional
connection | traffic traffic traffic
connection | connection | connection
only by | by individual
individual transport anc
transport one kind of
public
transport
Transport | Motorized Position in  highway 0.0395 | Long | Next Next Next
individual network distance Q| highway <| highway <| highway <
transport 5km) to the| 5km away| 2km away| 1km away
next from the| from the| from the
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highway border border border [border |
Main form of Mass Rapi¢ 0.1298 | No  public| No MRT, | LRT/BRT Metro +| Metro +
Public Transport transport only bus LRT/BRT LRT/BRT
transport connection | connection + commuter|
rail
Freight Main freight transpor| 0.0716 Rail-road or Portroadrai
transport modes portroad is | is the main
the main mode
mode
Energy Supplyside Main sources of energ 0.2106 | Conventiona One
supply I energy auxiliary
supply energy
(power grid, source (e.g
gas network, waste heat
heating renewable
network) energy,
co-generatio
n, etc.)
besides
conventional
energy

system
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5.4.2 LCISS Evaluation of SirBingapore Tianjin Ec€ity in Scale 2

(1) Urban Design

w AOriginal |l and use typeo
As discussed in 5.4.1, the evaluation of this indicator(se6pagel55).

Y AiDi saster riskbo
As discussed in 5.4.1, the evaluation of this indicator ise@page 155)

gy AMi xture of functionso
As discussed in 5.4.1, the evaluation of this indicator ise2 age 155)

Y Ailbran devel opment | and area per capitaod
SSTEC has 25.4kfnconstruction areas, and planned population of 350000.
Subsequently, its urban development land area per capita is 767 capita that is

lower than the planning standard of urban development per capita of new city (town) is
85.1 ~ 105.0rhper capita. This allocation of per capita urban development land could
result in more compact urban structure and more efficientfusdan land. Thereby,

the Ecacity receives +2 of this indicator.

ZASmakhle blockod

According to the planni-agl | SETECheé s4@0 mipy s 4
city blocks. This scale is larger than the definitiomemallscak block in LCISS that

has aside length of 15@00m. Based on the information obtairmdnterviewing with

local experts, the percentage of blocks which meet the LCISS requirement is less than

40%. Hence,theEeoi t y6s eval uati-an of this indicatoc

z ARegional traffic connectionbo
As discussed in 5.4.1, the evaluation of this indicator ise& page 156)

Z ATr amrsiignt ed empl oyment densityo

In light of the planning, there are 190000 planned employments in SSTEC. As
aforementioned, more than 90% ofthefeco t y6s empl oyment s ar e co
500m of public transport hubs ( Forieqtadr e 5. 2) .
empl oyment densityo is +2.

z ATr amrsiignt ed resi denti al densityo

Based on the information obtained from interview with local experts, the average
residential floor area ratio (FAR) is 1.41, while within 500m of public transport hubs

the residential FAR is 1.8, which is obviously higher than averag&herefore
SSTE6&Wluatiorof fAt-ominemnted residential densityo
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Z iGreenery coverage ratioo
In accordance with the planning, the greenery coverage ratio of theitizés 50%.
Thus, its evaluation of this indicator is +2.

z hG6verage ratio of green space service rad
In light of the green space system planning, all residential areas in th@t¥Esbould

have access ta Community Park within a walking distance of 500m. There are 16

planned community parks in SSTEC, and ks shall be larger than 10000m
Accordinglyaneval uati on of +2 is given on the ir
space service radiuso.

(2) Transport

WARoad network densityo

The total road length of SSTEC is 95.7km, including 39.5kam road, and 56.2km

branch road that accownfor ahigher proportion othetotal length of network. The

density of road network is 3.19km/Rnit is much higher than the national standard of

ACode for transport pl afm) catpa ghertbanthen r oad
road network density in Tianjin (1.244 km/RngTianjin Planning Bureau 20).3

Y AiConnection to the major origins and dest
In accordance with the planning, the entire area of theclEgohas access to
bus/tramcartation within the service radius of 500m. In turn, all of the major origins

and destinations are connected by bus/tramcars. Additionally, the LRT Z4 line provides
connectionto most public service facilities. Thereby, it meets the evaluation of +1 of
thisindicator.

y AiTransit station coverageo
Since the entire area of the Ecity has access ta bus/tramcar station within the
service radius of 500m, SSTECO6s evalwuation

YAiConnectivity of footpathso

Accor di ng t o t he pimatoriredtrargsport §SembsCldasactanizech

by high network density, separating motor and-nator, and linking communities

with main public facilities and public transport (tram/bus) stops. Hence, its evaluation

ofthei ndi cat or Aconnectivity of footpathso is

Z AConnec tyclevtiackgy o f

According to t he -mpdtoazediranspgrt sys®rs i§ En@racterizedo n
by high network density, separating motor and-nator, and linking communitge

with main public facilities and public transport (tram/bus) stops. Hence, its evaluation
of indicat orcyded¢racken d cst i+V2i.ty of

(3) Energy
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WAMain sources of energy supplybo
As discussed in 5.4.1, the evaluation of thiiicator is +2(see page 158)

Y iRenewabl e energy production?d

I n accordance with SSTECOGs masteci tpy@an anc
energy consumption should be from renewable energy, such as solar, wind, and
geothermal energy.nus, its evaluation of this indicator is +2.

gy AEl ectricitygpnedationa by co

It is planned to construct 2 distributed power plants witgeeration systesnTianjin
Beijiang Combined Heat and Power (CHP) plant and Tianjin Bgi@HP plant. Their
electricity production capacity is 1500kW that nse6t6% of the total electricity
consumption. Consequently, its evaluation of this indicator is 0.

(4) Building

WAQualification ratio ofbbiulididnggdenergy e
In light of the planning, therare no existing building in the Ececity. All new

buildings should strictly implement the national standard of building energy efficiency.

Thus, its qualification ratio of building energy efficiency in new hatd is 100%s0

it receives +2.

Y AiProportion of green buildings in new bui
According to the KPIs, all buildingsinthe Ecoi t y shoul d meet the ¢
design standard for Sifsingapore Tianjin Ececity (DB291952010) 0
(Sino-Singapore Tianjin Ec€ity Administrative Committee 20)0which has more

strict standards than the national standar
(GB-T50378 2014)06. Therefore, the proportion
andit receives an evaluatioma-2 of this indicator.

(5) Water

W AWater supprpdiftomnadbnsourcesao

As planned and required in the KPIlIs, at |e
from nontraditional sources, such as recycled water, harvested stormwater, desalinated
seawater, etc. Accordingly, the evalua n of indicator Awater
nont raditional sourceso i s +2.

YATreat ment rate of wastewaterod

SSTEC is expected to produce 7608@@y of wastewater. The wastewater will be
colleded and transferred to the Hanyingcheng wastewatereatment plant that its
treatment capacity is 150008faay. Hence, 100% of the wastewater in the-Eitp
will be treated. The evaluation of this indicator is +2.
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y AiStor mwater and wastewater diversiono
In accordance with the planningtormwater and wastewater is collected in separate

dedicated systems in SSTEC. Stormwater will be dyeetised when possible and/or

di scharged into water bodies. Thereby,

wastewater diversiono is +2.

Y iDrainage systemo

Based on the information obtained from interview with local experts, the construction
of the drainage system in SSTEC strictly implements the Code for Design of Outdoor
Wastewater Engineering (GB5002806). Thus, the evaluatio of i ndi cat or
systemo is 0.

Z AFl ood preventiono
Based on the information obtainbdinterviewing with local experts, the construction
of flood control facilities in SSTEC strictly implements the Code for Design of Urban

Flood Catrol Project (GB/T50802 012 ) . Thus, the evaluat:.

preventiono is 0.
(6) Municipal solid waste

W AWaste collection ratebo
Based on the data obtained from intengevith local experts, the waste collection rate
in the Eo-city is 100%. Then, the evaluation of this indicator is +2.

YALandfilling rateo

As planned and required in the KPIs, at least 60% of total waste should be recycled in
SSTEC. After recycling, the remaining waste will be sent to the BiNest Area
(Hangu) waste incineration power plant outside the-@tyofor disposal. The waste
and/or residue from all other processes will be transferred to Hangu landfill outside the
Eco-city. Therefore, there is actually no waste landfilling in SSTECevtduation of
indicator #Alandfilling rateo is +2.

y AiHar ml ess treatment rateo

In light of the KPIs, 100% of waste in SSTEC shawdeiveharmless treatment. This
indicator is actually already achieved, since all waste in the Binhai Neavig\feeing
rendered harmless treatment. Thus, the-&¢ot y 6s eval uation of
treatment rateo is +2.
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Table 5.2 LCISS evaluation of SSTEC in Scale 2

Firstclass | Seconeclass . T . Value
indicators | _indicators Third-class indiators Weight 0 1
Urban Site planning Original land use type 0.0025| Arable land / Unused land Brownfield
design woodland /
grassland
Disaster risk 0.0125| There  are
construction
s in high risk
areas tha
threated by
disasters,
such as
flood,
geologic
hazard, and
secondary
disaster
Land use Mixture of functions 0.0082 | D<0.980 0. 980 QD=0.990 0.9920
988 994
Urban development lan 0.0130 | Higher than Compliance
area per capita the standarc with the
stated in the standard
PRCob6s stated in the
National PRCob6s
Standard GB National
501372011 Standard GBE
501372011
Smallscale block 0.0205 40%0R<50 | 50%CR<70 | 70%CR<80
% % %
Accessibility Regional traffic connectiol 0.0059 | No regional| Partial Area wide| Area wide
traffic regional regional regional
connection | traffic traffic traffic
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connection | connection | connection
only by | by individual
individual transport an
transport one kind of
public
transport
7 | Transitoriented 0.0145| Lowest Density Average Density
employment density density  of| slightly density  of| slightly
the area a| below the area above
public average average
transport
hubs
8 | Transitoriented residentig 0.0092 | Lowest Density Average Density
density density  of| slightly density  of| slightly
the area a| below the area above
public average average
transport
hubs
Green oper 9 Greenery coverage ratio | 0.0107 | >20% than Q0% below| Similar like | (0% abov
space the averagq the averagq the averagg the averag
level level level level
10 | Coverage ratio of gree 0.0107| R<60% 60%CR<70 | 709%CR<80 | 80%CR<90
space service radius % % %
Transport | Motorized 11 | Road network density 0.0404 | Below the| Below the| Complies Above the
individual standard, standard with standard
transport and branch Standard
roads
account
lower
proportion of
total length
of network
Public 12 | Connection to the majg 0.0292| No Bus Bus MRT
transport origins and destinations connection, | connection | connection | connection

MRT
connection
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or only bus|to the most to all major|to the most
connection | of major | origins and| of major
to some of origins and| destinations | origins and
the  major| destinations destinations,
origins and bus
destinations connection
to the
remaining
origins and
destinations
13 | Transit station coverage | 0.1169 | <45% (urban 45%-50%
area); <63% (urban area)
(city center 63%70%
area) (city center
area)
Non-motoriz | 14 | Connectivity offootpaths | 0.0148| Area is not| Area is| Area hag Short &
edtransport complete nearly footpaths direct
equipped complete separated | footpaths
with foot | equipped from the| connect t
paths along with foot | streets major
the streets | paths along facilities
the streets
15 | Connectivity of cycle| 0.0296| Area is not| Area is| Area hag Short &
tracks complete nearly cycle tracks direct cycle
equipped complete separated | tracks
with  cycle | equipped from the| connect t
tracks with  cycle | roads major
tracks along facilities
the roads
Energy Supplyside |16 | Main sources of energ 0.1272| Conventiona One
supply I energy auxiliary
supply energy
(power grid, source (e.g

gas network

waste heat
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heating renewable
network) energy,
co-generatio
n, etc.)
besides
conventional
energy
system
17 | Renewable energ| 0.0809 | R<5% 5%0CR<10% | 10%CR<15 | 15%0R<20
production % %
18 | Electricity production by 0.0513| R=0 0<R<5%
co-generation
Building New 19 | Qualification ratio of| 0.0536 | R<95% 95%CR<100
buildings building energy efficiency %
in new buildings
20 | Proportion of  greer 0.0536| R<5% 5%0R<20% | 2090CR<35 | 35%CR<50
buildings in new buildings % %
Water Water supply | 21 | Water supply from 0.0770| R<5% 5%0R<10% | 1090CR<15 | 15%CR<20
norttraditionalsources % %
Wastewater | 22 | Treatment rate o 0.0770| >10% than OL0% below| Similar like | OL0% above
treatment wastewater the averagq the averagq the averagq the average
level level level level
Stormwater | 23 | Stormwater and 0.0120 | R<100%
management wastewater diversion
24 | Drainage system 0.0076 | Not meet the Meet the Above the
ACode ACode ACode
Design  of Design  of Design  of
Outdoor Outdoor Outdoor
Wast ew Wast ew Wast ew
25 | Flood prevention 0.0189 | Not meet the Meet the Above the
ACode ACode ACode
Design  of Design  of Design  of
Urban Flood Urban Flood Urban Flood
Control Control Control
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Projec Projec
MSW MSW 26 | Waste collection rate 0.0682 | R<70% 70%0R<80 | 80%CR<90 | 90%CR<100
collection & % %
transfer
MSW 27 | Landfilling rate 0.0085| >10% above OL0% above Similar like | OL0% below
disposal the averagq the averagq the averagg the averag
level level level level
28 | Harmless treatment rate | 0.0256 | >5% below| (6% below| Similar like | (6% abov
the averagq the averagq the averagg the averag
level level level level
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5.4.3 LCISSevaluation of Singsingapore Tianjin Ec€ity in Scale 3

(1) Urban design

w AOriginal |l and use typeo
As discussed in 5.4.1, the evaluation of this indicator(&e6 page 155)

Y AMi xture of functionsbo
As discussed ib.4.1, the evaluation of this indicator is (s2e page 155)

gy AiUrban devel opment | and area per capitao
As discussed in 5.4.2, the evaluation of this indicator ise& page 161)

YAiSmakhl e bl ocko
As discussed in 5.4, 2he evaluation of this indicator 42 (see page 161)

Z AiRegional traffic connectiono
As discussed in 5.4.1, the evaluation of this indicator ise2 page 156)

Z ATr amrsiignt ed empl oyment densityo
As discussed in 5.3, the evaluation of this indicator is {s=e page 161)

Z ATr amrsiignt ed residential densityo
As discussed in 5.4.2, the evaluation of this indicator ise page 161)

z "Greenery coverage ratioo
As discussed in 5.3, the evaluation of this indicator is {s=e page 162)

Z iCoverage ratio of green space service ra
As discussed in 5.4.2, the evaluation of this indicator ise2 page 162)

Z AQuality of green open spacebo

Based o the information obtained from interviewvith local experts, green open
spaces in the Eeaty are weltequipped with various public facilities in order to meet

the recreational need of residents. In addition, the distribution of green open space is
integrated witra nornrmotorizedtransport sygm, thus most green open spaces are well
arranged and accessible. Moreover, because of the soil salinization, to ensure the
survival rate of vegetation, native plants are widely planted in green open spaces in the
Eco-city. Consequently, three criteriafmo t he i ndi cator of dAqual it
are fulfill ed by most green open spaces, includijgequipped with various public
facilities (e.g. furniture, sculpture, landscape decoration, and founiigipjant low

water consumption native planiis) good accessibility. The evaluation of this indicator

is 0.
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(2) Transport

WwfACar park management o

According to the master plan, SSTEC planned to build 17 car parks teithl area of

66000, having 120000 parking spaces. Of the
Ri d e 03 plazed larsund road entrances/exits on the outer edges of thetygco

and 6 public car parks surrounded commercial centers. Although the master plan has
clearly defined the number and allocation of parking spaces and types of parkiag (e.g.

banof on-street parking), but policy for car park management is still not developed in
theEceci ty. Thus, the evalwuation of-2indicator

Y AiRechar gi ngmalbeivliicteyso of E

According to the planning, recharging devioég£-mobility should be equipped in all
parking spaces of SSTEC, but allocation and number is not clearly defined. Based on
field study, recharging devices are only equipped in some public parking spaces. Hence,
theEcoci t y6s eval uatigbon of this indicator

y AiCar sharingo

Based on the information obtained from intervsewmith local experts, three criteria
from the i ndi cafulfiledbftheacar sklsating servinegroSSBEC e
easy registration and paymein} online reservationiji) various types of vehicles (cars
andtrucks). Thus, it receives +hahis indicator.

Y APrtizartii on for | ow emission vehicleso

In 2014, Tianjin has issued the regulation for new energy vehicles subsidy. Since

SSTEC is a project located in Tianjin, the regulation is also implemented in the

Ecocity thatfulflls t he criterion Asubsidies and t a:
purchassand wuse of | ow ehai sdi cattuatidnifoplove 9 0 i o f
emi ssion vehicleso. Besides that, there 1is
emission vehicles. Subsequently, the evaluation of this indicatbr is

Z AiVelocity of public transporto

Based on the data obtained from intengemith local experts, in the Eeaty, the

present ratio of committing time by public transport to commuting time bydawiog

peak howsis 1:1. As planned, bus lanes of primargde and LRT line should be built

by 2020. Then this ratio wil!/ be 1:1. 2. He
public transporto is +2.

Zz hAverage meaiin the highest peak houro
Based on field study and information obtaineahirinterviews with local experts, at
main home and work areas of the Exity, the average watime of public transport
duringpeak housis ca. 5 minutes. Then, its evaluation of this indicator is +1.

32 Park and Rid¢P&R) park refers to car park with connections to public transport services, allowing people
headng to city centers to complete their journey by bus or rail system.
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Z AEmi ssionebdevel of bus
Since f'Sept. 2015, the National Discharge Standard of Vehicle Pollufargtage) is
enforced o all buses in Tianjin. As a project located in Tianjin, SSTEC has also

i mpl emented this standard. Accordingly, It
bued +2.s
z AQuality of puldic transport vehicle

On the basis of field study and information obtained from interview with local experts,
all buses in SSTEC are equipped with@nditioner, reatime passenger information

device, wide doors,;rad T Vs . It meets all criteria of
transport vehicl® , a refdrerécéives +2.
Z AQuality of public transport stations?®

Based on field study and information obtained from intersieith local experts, all

public transport stations in SSTEC are equipped \witbanopy (excl. temporary
stations), lighting facilities, barridree facilities, and passenger information systdm

fulfls f our <criteria of &andpont oscandpyilahs dy o
passenger travel informatioini;) lighting; iv) barrierfree access. The evaluation of this
indicator is 0.

Z AQuality of footpathso

In light of the transport planning, the Ecity hasa specific noamotorizedtransport

lane system separating from motorways. Fogiaths, as planned, should belass

than 3m in width, welpaved, and with green space and furniture. Then its evaluation
ofi ndi cator Aquality of footpathso is O.

AQualiteyraftksycl
In light of the transport planning, the Ecitly hasa specific noamotorizedtransport
lane system separatinig from motorways.Cycle tracks as planned, should be well
paved, and witlgreen space and furniture. The width of-oveey cycktracksshould be
no less than 2m, and the width of twmay cycle tracksshould be ndess than 6m. Its
evaluatonof i ndi catoet igalks dtiys od. cycl

i N emmotorizedv e hi cl e par kingo
Accordingto the planning, sufficient nemotorizedvehicle parking spaces should be
availablearound important urban public facilities in the Eaty, and all parking spaces
should have bicycle racks, lighting facilities, clear signage, and security system
fulfils al | criteri amotfizezdv Bai thdi patkrngopnand
+2.

APrtizartii on for | ow emission trucksbo
In 2014, Tianjin issued the regulation for new energy vehicles subsidy. Since SSTEC is
a project located in Tianjin, theegulation is also implemented in the Eaty that
fulfills t he criterion Asubsidies and tax conce
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of I ow emission velhzatliessrd fodr ilnadw ceamioss iA@m i
that, there is no othergentive to promote the use of low emission trucks. Subsequently,
the evaluation of this indicator §.

(3) Energy

W AMain sources of energy supplyo
As discussed in 5.4.1, the evaluation of this indicator ise2 page 158)

Y iRenewabl e energy production?d
As discussed in 5.4.2, the evaluation of this indicator ise2 page 163)

gy AEl ectricitygpnedationa by co
As discussed in 5.4.2, the evaluation of this indicator(&e6 page 163)

Y iGreen electricity contract?o

On the basis of the information obtained from intergeuth local experts, there is no
green electricity program implemented in SSTEC. Thus, its evaluation of indicator
Agreen el ectfricity contracto is

ZfAlncentive policy of renewable energy ut.i
In 2012, the Ministry of Housing and Urb&ural Development and Ministry of

finance had allocated00 million specialrenewable energy fusdor promoting the

utilization of renewable engy in SSTEC. Accordingly, the evaluation of indicator
Aincentive policy of renewabl e energy util |

z A"Metered heating rateo

As explicitly stipulated in the planning, all residential buildings and public buildings in
the Ecacity should be equipped with heating meter for individual units/tenants and
being billed by the meter. Thus, its metered heating rate is 1&@@d4treceives +2.

(4) Building

WAQualification ratio of bungsdong energy e
As discussed in 5.4.2, the evaluation of this indicator ise& page 163)

Y AProportion of green buildings in new bui
As discussed in 5.4.2, the evaluation of this indicator ise& page 163)

(5) Water

W inWater supprpditomnabnsourcesao
As discussed in 5.4.2, the evaluation of this indicator ise& page 163)
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Y Aiwater tariffo

Based on the information obtained from intervsawth local experts, th&dBT system

is not establiskéd or planned to implement in SSTEC. Additionally, the current water
tariffs of the Ececity cannot cover the real costs associated with water production,
distribution, and wastewater collection and treatment. Then, the evaluation of indicator
Awat efro-2iasr i f

y fLeakage rateo

As stipul ated i n SSTE C dhewapet sapply pipe gefwork he | e a
should be less than 10%. In fact, according to the data obtained from intanitaw

local experts, the real leakage ratetlod Eco-city is 7.6%. Hence, it receives +2 of
indicator @Al eakage rateo.

Y iCoveragsaof ngata@pl i anceso

The implementation of watexaving applianceis a mandatory requirement of the

AGreen buil ding d e s i-§ingapore fTianpnd &codity f or S
(DB29-1952010) 6. As explained in 5.4.2, the gre
all buildings in the Ecaity, thus, the coverage of wateaving appliances widlsobe

100%. The evaluation of this indicator is +2.

Z ATreat ment rate of wastewatero
As discussed in 5.4.2, the evaluation of this indicator ise& page 163)

Z ASt or mwater and wastewater diversiono
As discussed in 5.4.2, the evaluation of this indicator ise page 164)

Z AiDrainage systemod
As discussed in 5.4.2, the evaluation of this indicator(se8 page 164)

z AFl ood preventiono
As discussed in 5.4.2, the evaluation of this indicator(se8 page 164)

(6) Municipal solid waste

WAWaste collection ratebo
As discussed in 5.4.2, the evaluation of this indicator ise page 164)

YAProportion of communities with separate
In accordance with the waste management planning,-aduliragevaste sorting and

recycling system will be established in the ity that separate waste collection

facilities should be implemented in all communities and public buildings. By 2020, the

source separationteaof waste in SSTEC will be rless than 85%Consequently, the
evaluation of i ndicator Aproportion of co
facilitieso i s +2.
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y iWwaste transport vehicleo
According to the information obtained from interviewith local experts, currently
most wase transport vehicles of the Ecady meet the National Discharge Standard of

Vehicle Pollutanti) St age) . Thereby, its evaluation
vehicleo is +1.
YdAaLandfilling ratebo

As discussed in 5.4.2, the evaluation o$ timdicator is +4see page 164)

Z AiHar ml ess treatment rateo
As discussed in 5.4.2, the evaluation of this indicator i page 164)
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Table 5.3 LCISS evaluation of SSTEC in Scale 3

Firstclass | Secad-class . P . Value
indicators indicators Third-class indicators Weight 0 1
Urban Site planning Original land use type 0.0098 | Arable land / Unused land Brownfield
design woodland /
grassland
Land use Mixture of functions 0.0071 | D<0.980 0. 980 O D=0.990 0.9920
988 994
Urban development lan 0.0062 | Higher than Compliance
area per capita the standarc with the
stated in the standard
PRCOs stated in the
National PRCOs
Standard GB National
501372011 Standard GB
501372011
Smallscale block 0.0162 40%CR<50 | 50%CR<70 | 70%0R<80 | 80%(R
% % %
Accessibility Regional traffic connectiol 0.0031 | No regional| Partial Area wide| Area wide
traffic regional regional regional
connection | traffic traffic traffic
connection | connection | connection
only by | by individual
individual transport anc
transport one kind of
public
transport
Transitoriented 0.0100 | Lowest Density Average Density
employment density density  of| slightly density  of| slightly
the area a| below the area above
public average average
transport
hubs
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7 Transitoriented residentig 0.0055 | Lowest Density Average Density
density density  of| slightly density  of| slightly
the area a| below the area above
public average average
transport
hubs
Green oper| 8 Greenery coverage ratio | 0.0041 | >20% than| (0% below| Similar like | (Q20% abov
space the averagq the average¢ the averagd the averag
level level level level
9 Coverage ratio of gree 0.0051 | R<60% 60%CR<70 | 709%0COR<80 | 80%CR<90
space service radius % % %
10 | Quality of green opel 0.0032 | No one| 1-2 citerion | 3-4 criteria| 5-6 criteria| All  criteria
space: criterion fulfill ed fulfill ed fulfill ed fulfill ed
1. Equipped with variou fulfill ed
public  facilities (e.qg.
furniture, sculpture
landscape decoratiol
fountain)
2.Plant low watel
consumption native plants
3.Well functional
organized space  wit
different uses
4.Good accessibility
5.Bright lights at key
locations
6.Clear signage
7.Well shadowed
8. Applied devices by
renewable energy
9. Applied light colored
durable, environmente
friendly pavement materig
Transport | Motorized 11 | Car park management [ 0.0073 [iNGHGCENE Local laws, Local laws,
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individual
transport

regulations regulations
and policies and policies
of car park of car park
management management
are being have  beer
developed implemented
12 | Recharging devices ¢ 0.0050 | No Some Some Adequate Adequate
E-mobility recharging | parking with| parking with| number  off number of
device recharging | recharging | parking with| parking with
devices, devices, recharging | recharging
access only access for al| devices, devices,
for employee access for al| access  fol
of some all; ard
companies, combined
private with
garage transport
owners,  of connection
parking pass point, easy
holders payment
13 | Car sharing: 0.0050 | No car| Car sharing 1 criteria| 2-3 criteria| 4 or more
1. Cars available in the sharing available but fulfill ed fulfill ed criteria
whole area not concept no one fulfill ed
statiorbounded criterion
2.Easy registration and fulfill ed
payment
3.0nline reservation
4. Discount on public
transport tickets
5. Various types of vehicle
(cars and trucks)
14 | Prioritization  for low| 0.0072 | No one 2 criteria| 3 criteria| All  criteria
emission vehicles: criterion fulfill ed fulfill ed fulfill ed
1. Subsidies and ta fulfill ed

concessions to encouraj
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the purchase and use of I¢
emission vehicles

2. Permission to enter au
restricted zones

3. No traffic restriction
(odd-andeven numbel
limit lines)

4. Parking charge discour

Public
transport

15 | Velocity of public transpor| 0.0428 | R>2.5 2<R2.5 1.5<RX2 1<ROL.5
16 | Average waitime in the| 0.0173 | >20mins 11-20mins | 6-10mins 3-5mins
highest peak hour
17 | Emission level of bues 0.0102 | Most Most Most Most
vehicles vehicles vehicles vehicles
meet the meet the meet the meet th
National National National National
Discharge | Discharge | Discharge | Discharge
Standard ol Standard of Standard of Standard o
Vehicle _ | Vehicle Vehicle Vehicle
Pollutant N | Pollutant (i | Pollutant f | Pollutant (
Stage Stage Stage Stage
18 | Quality of vehicles of| 0.0099 | Most of| 1  criterion| 2 criteria| 3 criteria
public transport: vehicles do fulfill ed by| fulfilled by| fulfilled by
1. Air-conditions not  fulfill | most the most off the most o
2. Wide doors any criterion | vehicles vehicles vehicles
3. Passenger travi
information
4. Entertainments (e.g. T\
internet service)
19 | Quality of public transpor| 0.0112 | Most of| 1-2 criteria| 3-4 criteria| 5-6 criteria
stations: stations don'| fulfill ed for| fulfill ed for| fulfill ed for
1. Canopy fulfill any | the most of the most of the most of
2. Ticket machine criterion stations stations stations
3. Passenger travi
information

<3mins

All
fulfill ed for
the most of
stations

criteria
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4. Lighting

5. Barrierfree access

6. Bicycle
infrastructure

7. Small scale shoppin
possibility neapy

parking

Non-motoriz | 20 | Quality of footpaths 0.0207 | Footpaths | Footpaths | Footpaths | Footpaths | Footpaths
edtransport are too| have usablg have usablg have have
narrow width (O2m) | width (O] sufficient sufficient
(<2m), 2m); and| width (large| width (large
barely usable separated |ci ty city m
from small and small and
motorways; | mediumsize | mediumsize
most d cit)|d cit)
footpaths arg and and
smooth, separation | separation
well-lighted, | from from
furnished, motorways | motorways;
greened most
footpaths are
well-paved,
well-lighted,
furnished,
greened
21 | Quality ofcycle tracks 0.0132 | Tracks are Tracks haveg Tracks haveg Tracks have Tracks have
too narrow| usablewidth | usable width sufficient sufficient
(oneway (oneway (oneway width width
W<2m; 2mOWV<4m; | 2mON<4m; | (oneway (oneway
two-way two-way two-way 4mOW, 4mOW;
W<2.4m), 2.4mMON<6 | 2.4mON<6 | two-way two-way
barely usablg m) m); and| 6mOW) and| 6mOWV) and
separated | separation | separation
from from from
motorways; | motorways | motorways;
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most tracksg

most tracksg

are are
well-paved, well-paved,
well-lighted, well-lighted,
furnished, furnished,
greened reened
22 | Nornrmotorized  vehicle| 0.0083 | Most off{1 or more| 2 criteria| 3 criteria
parking: parks do nof criteria fulfilled by| fulfilled by
1.Sufficient parking spac fulfill any | fulfill ed by| the most of the most o
at important public servict criteria several parkg parks parks
facilities and PT stops
2.Well-equipped  bicycle
racks and lighting
3.Good security
4.Clear signage
Freight 23 | Prioritization  for low| 0.0304 | No one 2 criteria| 3 criteria| All  criteria
transport emission trucks: criterion fulfill ed fulfill ed fulfill ed
1. Subsidies and ta fulfill ed
concessions to encoural
the purchase and use of Ig
emission vehicles
2. Permission to enter au
restricted zones
3. No restriction for
delivering time periods
4. Recharging devices |
delivering zones
5. Special delivering zone
only for low emission
trucks
Energy Supplyside |24 | Main sources of energ 0.1235 | Conventiona One
supply I energy auxiliary
supply energy
(power grid, source (e.g
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gas network waste heat
heating renewable
network) energy,
co-generatio
n, etc.)
besides
conventional
energy
system
25 | Renewable energ| 0.0553 | R<5% 5%0CR<10% | 10%CR<15 | 15%0R<20
production % %
26 | Electricity production by 0.0243 | R=0 0<R<5% 5%CR
co-generation
Demandside | 27 | Green electricity contract | 0.0124 Green
electricity
contract
available
28 | Incentive policy off 0.0233 | No clear Incentive
renewable energ incentive policies and
utilization policy and plans are
plan being
developed
29 | Metered heating rate 0.0658 | R<10% 10%CR<15 | 159%CR<20 | 20%0R<25
(residential | % % %
building); (residential | (residential | (residential
R<20% building); building); building);
(public 209%0R<30 | 309%0CR<40 | 40%0R<50
building) %  (public| %  (public| %  (public
building) building) building)
Building New 30 | Qualification ratio of] 0.0776 | R<95% 95%CR<100
buildings building energy efficiency %
in new buildings
31 | Proportion of  greern 0.0776 | R<5% 5%0R<20% | 20%CR<35 | 35%0CR<50
buildings in new buildings % %
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Water Water supply | 32 | Water supply from 0.0142 | R<5% 5%0CR<10% | 10%CR<15 | 15%0R<20
non-traditional sources % %

33 | Water tariff 0.0061 Increasing | Increasing | Increasing | Increasing
block water| block water| block water| block water
tariff system| tariff system| tariff system| tariff system
not established, | established, | established,
established, | water price| water price| water price
water price| is lower than| is higher| is higher
IS higher| the cost than the cost| than the cost
than the cost charge ratq charge rate

cannot achieve low
balance the| profit
payment breakeven

34 | Leakage rate 0.0067 | 149%R 12%<R<14 | R=12% 10%<R<12
% %

35 | Coverage of watesaving| 0.0348 | R<76% 7690R<84 | 849%CR<92 | 929%CR<100

appliances % % %
Wastewater | 36 | Treatment rate o 0.0706 | >10% than OL0% below| Similar like | OL0% abov
treatment wastewater the averagq the averageg the averagg the averag
level level level level
Stormwater | 37 | Stormwater ang 0.0108 | R<100%
management wastewater diversion
38 | Drainage system 0.0055 | Not meet the Meet the Above the
ACode nCode nCode
Design  of Design  of Design  of
Outdoor Outdoor Outdoor
Wast ew Wast ew Wast ew
39 | Flood prevention 0.0108 | Not meet the Meet the Above the
ACode nCode nCode
Design  of Design  of Design  of
Urban Flood Urban Flood Urban Flood
Control Control Control
Projec Projec Projec
MSW MSW 40 | Waste collection rate 0.0271 | R<70% 70%CR<80 [ 80%CR<90 90%0?<100‘
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collection & % %
transfer 41 | Proportion of communitiej 0.0426 | R=0 0<R<15%
with separate  wast
collection facilities
42 | Emission level of wast{ 0.0115 | Most Most Most Most
transport vehicles vehicles vehicles vehicles vehicles
meet the meet the meet the meet  the
national national national national
discharge discharge discharge discharge
standard of standard of standard of standard of
vehicle _ | vehicle vehicle vehicle
pollutant N | pollutant @ | pollutant f | pollutant O
Stage Stage Stage Stage
MSW 43 | Landfilling rate 0.0102 | >10% above OL0% above Similar like | OL0% below
disposal the averagq the average¢ the averagg the averag
level level level level
44 | Harmless treatment rate | 0.0305 | >5% below| (6% below| Similar like | (6% abov
the averagq the averageg the averagg the averag
level level level level
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5.5Evaluation results

Given that SSTEC aims to become a practicable, replicable and scalable demonstration

of eco and lowcarbon city for other Chinese cities, the LCISS evaluation presents an
opportunitytochec STECG6s pl an 1 n t-carbamdevetlopmenttAs | ev el
discussed in 4.1.4, the evaluation result of the LCISS consists of three products:
evaluation checklist, evaluation report, and development guideline.

5.5.1 Evaluation checklist of Sireingagore Tianjin EceCity

The evaluation checklists are shown in Table 5.1, Table 5.2 and Table 5.3. From this
intuitional result, SSTEC has made some success ircéolon development that its
performance in most indicators is above the average, at the isagets shortage is

also clearly indicated by indicators with low sre

5.5.2 Evaluation report of SirBingapore Tianjin Ec€ity

According to the evalwuation checklist, SSTE
+1.4278 in scale 1, +1.7282 in sc&leand +1.4780 in scale 3, which shows that the
Eco-city has agoodlow-carbon performance in all macro, middle and micro planning

scal es. Il n sever al key indicator s, such ac
coverageo, Areneavad| @neénekpygyp ertoiduarctaof gr e
buil dingso, it performs much betteae than t
still some problems in management policies that the evaluation is scoring badly in
indicators e. g. A priaritiz aptairokn nfaonra gleone n & i s il ¢
Awater tariffo, etc. The analysis of speci
follows:

Urban design

The urban desigeectorinvolves all three scales, and its weight is 0.5485 in scale 1,

0.1077 in scle 2, and 0.0703 in scale 3. It cleadlgowsthat the role of this sector

declined in the evaluation when the planning became more concrete and detailed.

Without considering the weight of firstass indicators, the comprehensive value of the
sectom desbgno is +1.9522 in scale 1, +1.1¢

The evalwuation of Aurban designo includes
accessibility and green open space. When only comsgléne relative important

degree of threelass indicators, the evaluation values of all these aspects can be
calculated.

i The evalwuation value of f#Asite planningodo i
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scale 3.

I The evaluation value of Al and 0.%%00 is +2
in scale 3.
i The evaluation value of fAaccessibilityo i

i The evaluation value of fAgreen open space

As illustrated in Figure 5.5, the evaluation of this sector is generally good in most
aspects, but could be optimized in Aland us

IO st e
+1.6667 +.033
+1.1922

Urban Design
Scale 1
+1.9522

Site Planning
+1.6667

Urban Design . Green Open
Scale 3 Site p:"‘"g Space
+. 7034 +1.4778
Figure 5.5 Evaluation result of urban design
Transport

Thetransportsector involves all three scales, and its weight is 0.2409 in scale 1, 0.2309
in scale 2, and 0.1885 in scale 3. The relative importance of this sector slightly declined
in the evaluation when the planning became more concrete and detailed. Without
consideing the weight of firstlass indicators, the comprehensive value of the
transportsectoris -0.2665 in scale 1, +1.8735 in scale 2, and +0.5968 in scale 3.

The evaluation of At r ametgizedindididual toansport,st s o f
public transport, noAmotorizedtransport and freight transport. When only considgr

the relativédy important degree of thregdass indicators, the evaluation values of all

these aspects can be calculated.

i The eval uatmotariped vnadliuei doufalfi transporto is +
2, and-0.6901 in scale 3.

i The evalwuation valwue of Apublic transpor
+1.5652 in scale 3.
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I The eval uat i-motorizeé Ir men spforfimon s +2nin scal
scale 3.

i The evalwuation val u2anscafel @ntllinescalg®t transpor

As illustrated in Figure 5.6, the evaluation of this sector is not ideal. Optimizations
coul d bemotorzetien dinviidual transportomansperctade
in scale 1 and 3.

Transport Public

Scale 1 Transport
-0.2665 ]

Transport Public
Scale 2 Transport
+1.8735 +1.8
MNon-
T Bubli
ransport maotarised
Scale 3 Transport e
+1.5968 +1.5652 +0.3953

Figure 5.6 Evaluation result of transport
Energy

The energyectorinvolves all three scales, and its weight is 0.2106 in scale 1, 0.2594 in
scale 2, and 0.3046 in scale 3. It is obvious that the relative importance sédtos
increased when the planning became more concrete and detailed. Without considering
the weight of firsiclass indicators, the comprehensive value of the ersgipris +2

in scale 1, +1.6045 in scale 2, and 1.6776 in scale 3.

The eval uartgiyoon coofn sfi esne o0 fsidetamddemandsidee ct s : S u
When only consideringhe relativédy important degree of thredass indicators, the

evaluation values of all these aspects can be calculated.

i The evaluati onsiwelouei sof+28038np pshleyd,lamd 1
+1.7602 in scale 3.

I The evaluationsivihdwei of+ MH.deImazrdi n scal es

As illustrated in Figure 5.7, the evaluation of the enesggtoris generally good
without obvious shortage.
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Energy

Scale 1
+2

Energy Supply-sid

Scale 2 +1.6045
+1.6045

Energy " .

Supply-side Demand-side
Scale 3
+1,7602 +:

HLETTE 1. 1.5112

Figure 5.7 Evaluation result of ey
Building

The building sectorcovers scales 2 and 3, and its weight is 0.1072 in scale 2, and
0.1552 in scale 3. It is clear that the relative importance of this sector increased when
the planning became more concrete and detailed. Without consideeirvgetght of
first-class indicators, the comprehensive value of the builskagpris +2 in both scale

2 and scale 3.

SSTEC is a new town project, theage no existing building. Thus, only #fn
buildinggg i s i nvolved i n t hWhereonlg tonsidéng tben o f b
relative important degree of threel ass i ndi cator s, the evalu
buildnggg can be calcul ated that it is +2 in bc

As shown in Figure 5.8, the evaluation of the sector of energy is exdbb¢ihias been
a highlight -carfon d&ogménd.s | ow

e,
Building
Scale 2
+2
H

H
Building
Scale 3

+2
e

Figure 5.8 Evaluation result of building
Water

The watersectorinvolves scales 2 and 3, and its weight is 0.1925 in scale 2, and 0.1595
in scale 3. The role of this sector declined in the evaluation when the planning became

188



more concrete and detailed. Without considering the weight ctfass indicators, the
compehensive value of the sector Awatero i s

The evaluation of fAwatero focuses on three
and stormwater management. When only considehe relative important degree of
three-class indicators, the evaluation values of all these aspects can be calculated.
i The evaluation value of Awater supplyo i

I The evaluation value of fifwast ewater trea

I Theevaluabn value of Astor mwater management 0
in scale 3.

As illustrated in Figure 5.9, the evaluation of this sector is generally good without
obvious shortage.

Water Stormwater
Scale 2 Management
+1.7247 HLE238
Scale Water Supply vanagemen
Management
+
+1.6425 16044 +0.8

Figure 5.9 Evaluation result of water
Municipal solid waste

The munici@l solid waste (MSW}ectorinvolves scales 2 and 3, and its weight is
0.1023 in scale 2, and 0.1219 in scale 3. The relative importance of this sector increased
slightly when the planning became more concrete and detailed. Without considering the
weight d first-class indicators, the comprehensive value of the sector of MSW is +2 in
scale 2 and +1.9057 in scale 3.

The evaluation of AMSWO consists of two a
MSW disposal. When only considieg the relative important dege of threeclass

indicators, the evaluation values of all these aspects can be calculated.

I The evaluation value of AMSW coll ection
in scale 3.

i The evalwuation value of AMSW @disposal o i
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As seen in Figure 5.10, the evaluation of this sector is generally good without obvious

shortage.
IWVISW
Scale 2
+2

MSW
;I:q:;,:rg Collection &
+1.9057 i
' +1.8585

Figure 5.10 Evaluation result of MSW

Based on t he anal ycarhosdeelopnentprobléng margiss | ow
ontheurban design and transpessctor(Figure 5.11), including:

I SSTEC is composedfiece | | s 0, the 400 by 400m basi
accommodates 8000 residents. This scale has greatly surpassed the size of
Asmathal e b lagdelemyth of 15200m. Based on the largagocks, the
road network is designed without smaller road netawaikhin blocks, which may
lead peopldo lose interstin walking and cycling, and also keep public transport
off the block, this partly encouragepeople to use private cars. In additiorea
deals of traffic flows fom the exits of blocks conveng at main roads at peak
hours, this causes traffic congestion, and more energy consumption arshCO
exhaust emissions.

i SSTEC planned to build 17 car parks, wétiotal area of 66000fmhaving 120000
parking spaces. Of the 17 car ®¥placedks, the
around road entrances/exits on the outer edges of theigcand 6 public car
parks surroundg commercial centers. Although the master plan has clearly
defined the number and allocation of parking spaces and types of parking (e.qg.
ban ofon-street parking), but policy for car park management is still not developed
in the Ececity. Since policies impacting parking availability and costs will
significantly impa& t peopl eds desires t o use priv
Aireasonabl edo policy for car park manageme

i The establishment of specific policies and incentives is required to mandate
emission standards for private motor vehicles. Besitepolicy of subsidies for
new energy vehicles issued by Tianjin municipal government, SSTEC hgstnot
aspecific vehicle emission policy for promoting the use of low emission vehicles.
This would be counterproductive to the introduction of new vehedbriologies.
Furthermore, travel demand management (TDM) policy is still not developed in

33 Park and Ride (P&R) park refers to car park with connections to public transportseailmeging people headed
to city centers to complete their journey by bus or rail system.
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the Ecaocity, which adversely impacts the discouragenwnthe use of private

automobiles and improvemeutt traffic flow.

i According to SSTE Chesnair freighbtseamsport mod@ihthen ni n g,
Eco-city is only road transportation, the most cardiaiensive mode compared
with rail and port transportation. Moreover, except the policy of subsidies for new
energy vehicles issued by Tianjin municipal governntéete is no specific policy
for stimulating the use of low emission trucks. This will lead to the hidden trouble
of air pollution, carbon emissions, noise emission and congestion for the future.

Sf.ale 1 Urban Design Transport Energy
+1, , +
+1.4278 1.9522 -0.2665 2
3

scale 2 Urban Design Transport Energy Building Water
+1.1922 +1.8735 +1.6045 +2 +1.7247

—

+1.7282

R

Sf.ale 3 Urban Design Transport Energy Building Water
+0. 7084 +0.5968 +1.6776 +2 +1.6426

—
Figure 5.11 LCISS evaluation result of SSTEC

+1.4720

5.5.3 Developrant guideline of Sindingapore Tianjin Ec€ity

MSW
+2

M5W
+1.5057

This section provides development guidedifier SSTEC based on the evaluation
checklist and evaluation report. Earlier chapters discussedcddvon city
development in categories of urban design, transgorrgy, building, water, and

municipal solid waste. Accordingly, this section describes S®E§C possi bl e

with the sane categories.

Table 5.4 Development guideline of SSTEC

Recommendation Planning Responsible

scale

department

Urban Design

Divide the green cells into smaller blocK3ividing some of  Scale 2

Constructio

SSTEC6s 400m by 4 os6ah blicksavithk and 3 n Bureau
side length of 15@00m will help enhance the road networ} SSTEC
density, especially the density of branch road network, in c

to encourage nemotorizedtransport and decrease traffic

congestion.

Transport

Promote intermodal freight transpoi®STEC is located Scale1l Transport
adjacent to the mouth of the Yong Ding Xin River, Tianjin p Bureau
and several rail lines. Such a geaphic location provides thi SSTEC
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Eco-city a great potential of intermodality development. In
intermodal situation, the G@missions from freight transpo
will be reduced because the rail and waterway mode are |
carbonintensive thamotorizedroad traasport. Additionally,
it also contributes to alleviate road traffic and pollution

problems.

Develop transportation demand management (TDM) strat Scale 3  Transport
for car access restrictianThe suggested TDM strategy for Bureau
SSTEC includes:i) reduce parking supply: the availability SSTEC

parking is one of the determinants influencing how people
choose to travdl an oversupplied parking results in excess
car use and associated carbon emission, pollution and tra
congestio; (i) differentiated parking pricing (i.e. parking
pricing graded according to parking location, parking durat
and vehicle emission level): parking cost is another
determinant i mpacting peoc¢g
vehiclesi if the parking fee is too low, car owners will not ta
it into consideration when making travel choicei) @uto
restricted zones (i.e. any land area where vehicular travel
restricted in some manner). All these measures can suppc
modal shift to normotorizedand public transport and to avo
unnecessary trips.

Develop low emission vehicles stimulation polesoviding Scale 3 Transport
incentives for vehicles that limit emissions to the National Bureau
Discharge Standdrof Vehicle Pollutantr{ Stage) or new SSTEC
energy vehicles (this includes financial incentives, such as

subsidies on low emission auto purchase, lower road taxe

parking fees, etc.; imposing restrictions on the use of high

emission vehicles, such as narpéssion to enter auto

restricted zones, or other forms of penalty).

Enhance the quality of nemotorizedtransport systenmSince Scale 3  Constructio
the design standard of nomotorizedtransport system in n Bureau
SSTECG6s mast er pelwath of fostpathsosan SSTEC
cycle trackdgs not sufficient, an upgraded design standard

(footpath widthO 4 m; -waymyeket r ack wi dt h

two-way cycket r a c k  wiisdugdested 6& implement.

addition, more variety should be added to the desigmnesn

belts along noimotorizedsystem to reduce monotonous loc

that makes people get easily bored. Such measures shou

support the SSTECG6s object

cycling.

Energy

Establish greerlectricity program Green electricity prograr Scale 3 Economy
enables end users to express their preference of using Bureau
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renewable energy. Through adequate marketing and SSTEC
dissemination efforts, green electricity program will be an
effective supporti ngobmpeeafn

utilize 20% of its energy from renewable sources.

Building

Introduce of a validated standard for green building desigr Scale 3  Tianjin
SSTEC may need to apply an internationally recognized Eco-City
building certification system (e.g.a@lDeutsche Gesellschaft Green
fur Nachhaltiges BaueinDGNB program, or the Leadershi Building
in Energy and Environmental Desigi.EED program) to Institute
validate the effectivity ¢

Water

Improvethe design standard of drainage system and flood Scale 3 Water
control systemClimate change will cause sea level rise, ar Affairs
more frequent and intensive flood and storm surge along - Bureau
coast of China. This challenge the drainage and flood con SSTEC
capacityinthecoastali t i es. As t he se

surrounding waters is projected to be 0.5m, the designs o
drainage system and flood protection should be appropria

enhanced.

MSW

Develop a comprehensive measurevate separatianGiven Scale 3  Sanitation
the SSTEC6s ambitious obj e Bureau
separation of municipal solid waste, the development of a SSTEC

comprehensive measure of waste separation is suggestel
including publicity and education about the knowledge of

wastesorting, and implementation of differential pricing of
waste management service that sowegarated waste pay

less fee than not separated.

5.5.4Evaluation resultsummary

In this chapter, exemplified by Siseingapore Tianjin Ec€ity, the evaluation method

of Low-Carbon Indicator SysteinSino is studiedAs shown inthe evaluation result,
SSTEC has a weperformed strategy for lowarbon city development, but theie

still room for improvement in several sectofsccording to local expert investigation
and annual development report 86TEC the evaluation result matches the actual
status of the ecoity. Through the LCISS evaluation, the improvements are identified,
sud as traffic management, building certification, flood control, waste recycling
regulations, etc.

As mentioned in 5.1, the phased development schedule of SSTEC providabétself
opportunity of Adoing by | ear niteggatioasnd | ear

of such improvements into its planning. At present, the first phase of construction has
193



been completed, and the second phase of development, which is especially important
for spatial form solidification, is underway. For this reason, SSTEC disouhmarize

key lessons learned from Phase | in order to better offset its weakness and foster its
strength. The application of LCISS addresses SSTEC of this need, and enables the
measurements of the performance of-Eitp and quantification of its succes

It shouldbe noted that the case study is only an example of how the LCISS could be
applied for evaluation ofow-carbon developmentlevels of Chinese cities The
in-depth discussionf low-carbon development of SSTECnsither supposed to be

the final purpose of the case study given the limitation of data availability nor the
focus of this work. Howeveit should be considered in future work.
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Chapter 6 Conclusionand Future Work

6.1 Conclusion

The main objective of this work is to develop a {oarbon city evaluation system to

provide standards and guidancetfor development dbw-carbon citesin China. For

this aim, insufficiencies of the existing research results and the imgrdirection are

analyzed, and the significance of six climate | at ed wur ban sectors

Atransporto, fAenergyo, dAbuil ding-caboniwat er o
city evaluation are studied in depth. On this basis, the evalugtisntse m-Cérthoo w
Indicator SysteriSi no (LCI SS) 06 is constructed, and i

study in Sino Singapore Tianjin E€ity (SSTEC). The main contents and conclusions
of the thesis are as follows:

Background review

The relationship eveen cities and climate change has been discusskpth which
makes the fact that cities play key roles in mitigating and adapting to climate change
more clearand lowcarbon city development is an inevitable choice to address climate
crisis and to psition for sustainable development.

This thesis conducted a major review of the regebackground of lovezarbon cites
and lowcarbon city evaluation, it found that:

i In theoretical research, scholars from different disciplines and fields have studied
the lowcarbon city from different approaches, and have come up with fruitful
achievements, but owing to the differences in theoretical foundation, discipline
background, and spatial scale between these researches, the findings cannot be
easily integratednd applied.

i Inpractical research, lowarbon city practice is stilh theexplorationstagethatis
characterizedas spontaneous, unsystematic, and tentative. Most pilot projects
focused on improving energy efficiency, adjustihgenergy structure, promoting
green traffic systesiand green building and advocating lowearbon life and
consumption.

i In low-carbon city evaluation research, most achievements are developed in
different disciplines with different evaluation objectivas)ctions, and applicable
scopes, which lack uniform standard. In China, the main insufficiencies of the
research in this field include: insufficient evaluation on climatic adaptability;
unadaptable to urban planning systdsek of local characteristic®f cities with
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different scals, natural environment, economy and social development; confusion
bet ween fievaluation indicatoro and fAeval

Key urban sectors of lowearbon city

Six key urban sectors of lowarbon city evaluation were identifieglach of the sectors
were studied from the perspective of analyzing their significance otéoihon city
development carbon emission contribution and climate risk, and proposing the
corresponding climate mitigation and adaptation strategies. The mdings include:

i Urban Desigris the key to success in legarbon development, since it determines
urban form which has considerable and continuous impact on energy use, resource
consumption, and the climate change adaptation and mitigation ability of a cit
Transportation, building energy consumption and conversion of land use are the
most crucial links between G@mission and urban form. From another point of
view, climate change impacts influence urban design through deciding the location
of industry failities, transport infrastructure, housing, green space and other
investments, so as to ensure a ciéy adapt to climate change. In this sector, the
mitigation and adaptation strategy is to optimize urban form through promoting the
development of compacurban growth, mixed land use, transit oriented
development (TOD), and green infrastructure.

i Transportis interpreted to be one of the key and growing sources of greenhouse
gas emissions, accountirfigr 22% of energyrelated carbon dioxide emissions
globdly. The factors that affect the amount of £@missions caused by urban
transport mainly include travel demand, £€missions per passengen, and
vehicle energy efficiency. Moreover, urban transport is very vulnerable to climate
changeso the transporinfrastructure, vehicles, and mobility behavior will be
largely influenced by the anticipated impacts of climeftange, such as hotter
weathey intense rains and floods, highssa levels, and extreme weathetc. In
this sector, the mitigation and adafidn strategy is to reduce travel or the need to
travel, promote climatériendly transport modes, and improve the efficiency of
motorizedtransport.

i Energyis mainly required for heating, cooling, and lighting in residential,
commercial, industrial, and public spaces in a city. Globally, energy is generated
mostly from fossil fuels, which contributes to global warming, meanwhileingad
to serious environmmgal pollution and energy crisis. Energy production and
distribution efficiency, energy demand, and energy structure are the crucial factors
affecting the carbon emissions from this sector. On the other baadyy supply
and demand in ddsis alsocomgicatedby the anticipated climate change effects,
e.g. warmer temperatwgavill drive energy demand upwards, and climegtated
hazards will impact on primary energy fuel supply, energy production operation,
and energy transmission and distribution. hstsector, the mitigation and
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adaptation strategy is to optimize energy structure by increasing the share of
renewable energy, new energy and clean energy in the energy structure, and to
control energy demand by improving energy efficiency and encouragiizgtion

of low carbonintensity energy.

i Building is estimated to consume more than 40% of total primary energy
worl dwi de, and contribute 30% ofa the wo
buil dingbés whole | ifespan, emrkeplacginconsumg
five phases of materials production, materials transportation, building construction,
building operation, and demolition, from which the material production and
building operation are the most energgnd carbonntensive ones. In the
meantime as climate change intensifies, a series of anticipated impacts and
hazards will seriously challenge buil din
aspects. In this sector, the mitigation and adaptation strategy is to promote green
building generalization improve building energy efficiency, and push for
large-scale application of renewable energy in building

I Wateris a sector thas notcurrentlyamajor carbon emitter, however, it has great
potential to lower emission leweln urban areas, water aadergy are inseparably
linked, because energy is required in the process térweaapture, transport,
treatment and heating, wastewater treant transport and disposal. And this
implies the generation of carbon emissions in the case of-fassitonsmmption.

From another point of view, impacts of climate change, suclsiag sea leved,

more frequent and intense rainfall as well as extended dry pewdtthreaten

urban water infrastructures with breakdown of service, decreased storage for
potental emergencies, lowered water quality, and increased energy consumption
for system operation and maintenance. In this sector, the mitigation and adaptation
strategy includes water demands reduction, water reclamation and recycling, and
capacity improvemenaf drought and flood prevention.

i Municipal solid waste (MSWis a fastgrowing arbon emitter, representing
approximately5% of carbon emissions in urban areas. In the lifecycle of MSW,
GHG emissions are generated in the processes of waste collectiarasbrt,
recycling/composting, and disposal (incl. incineration and landfilling). On the
other hand, climate change will adversely affect the future development and
operation of municipal solid waste management facilities and infrastructures in
various vays, such as increasetsk of damageto constructions of waste
management sites due to the potential intense precipitation events, increased risk of
fires at open dumpsites due to warmer tempergturereasedisk of damageto
facilities at low lying sies dueo higher sea levs] etc. In this sector, the mitigation
and adaptation strategy incledSW prevention and MSW recycling.

Development of. ow-Carbon Indicator Systeni Sino
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As the major focus of the thesis, a new evaluation framework ofcéton city
development level Low-Carbon Indicator Systern Sino (LCISS) integrates urban
planning andhe aforementioned key urban sectorereproposed on the basis of the

investigatim above. The LCISS consists of three
checklist and reporto, and Adevel opment gu
tool . AEval uation checklist and reporto is
review o f the situaticamr boh deceltgpPmsmentowl evel
gui delineo is an action plan that describe.

Indicator list, as the main body of LCISS, is a comprehensive indicator systeis that
construced through coupling three urban planning scales, i.e. macro, middle, and
micro scale, and six key urban sectors of urban design, transport, energy, building,
water, and MSW. The indicator list wasganizd as a threkevel hierarchic structure

that contans 6 firstclass indicators, 17 secowthss indicators, and 54 thigdass
indicators. Among them, firgtlass indicators involve the six key urban sectors;
secondclass indicators are determined in terms of the climate mitigation and
adaptation strategieof each key sector; thialass indicators are selected by ugimg
Theoretical Avalysis andDelphi method. Considering different indicators have
different significance and applicability, thidass indicators were classified into
essential indicatoand expanded indicator. The weight of all indicators is determined
by use ofboth the Delphi method and Analytic Hierarchy Process (AHP) method. In
LCISS, the performance of an indicator is marked with normalized scores beRveen
and +2.

LCISS could he cities to evaluate the process and status of theircéoon
development, to identify where inefficiencies occur as well as where action is needed,
to assess the potential for improvement, and to formaataction plan, so as to
advance the lowearbondevelopment in a more efficient way.

Application case of_.ow-Carbon Indicator Systeni Sino

To examine the validity and operability of LCISS, it was used to evaluate the
low-carbon development level for a pilot project of SBiagapore Tianjin Ec€ity

(SSTEC). The evaluation results showed that SSTEC has advantagesciarbow

development at bBthree urban planning scales, but thiergtill room for improvements

in severalsectors, such as traffic management, building certification, flood control,

waste recycling regulations, efichis isthe sameasthe fact of SSTE® development.

Atthe prsaent ti me, SSTECO6s first phase constr
second phase of development is underway. The application of LCISS could help

SSTEC to summarize key lessons learned from Phase | and better eliminate its
weakness and foster its strémg
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6.2 Contributions of the study

Low-carbon city focus on both climate mitigation and adaptation

Low-carbon city is the inevitable choice in the context of global climate change for

urban sustainable development. However, the conceptloiv-carbon cityhas not
beenunanimouslyagreed on because it is still its early stmfestudy. Unlike most of

the existing research which have always put the research focus on climate mitigation, i

t his thesciasr,botnheciftilyadw i s de toiradeceits®&dG a ci ty
emissions and increase its carbon sinks, while simultaneously adapting to the
anticipated climate change impacts. This definition suggests that climate mitigation and
adaptation are two key points of lesarbon city development with thearse

significance, and accordingly, identifies these both as the main basis-catban city
evaluationThis can provide a new boundary condition ofdcarbon city evaluation.

A coupled model with lovzarbon city evaluation and urban planning

This thess introduces urban planning into the study of-lavbon city, in order to link

the disjunction between the lesarbon development strategy aheé urbarplanning
systemin Chinese cities. Urban planning is the important basislzdruconstruction
andmanagemenfurthermorejt hasa major impact on the implementation of climate
mitigation and adaptation actiariEhereforegvaluation ofalow-carbon city should be
integrated withthe urban planningystem, so as to enhance the guidance for urban
plannng to lowcarbon city construction, and make the evaluation more scientific.

Low-carbon city evaluation wittspecificcharacteristics

As discussed in 1.3, China has a special national condition which differs from most
other countries. This decides tha¢ tlow-carbon city development and evaluation in
China has its own background. Therefore, in order to ertsarmajor finding of the

t h e s i < arlioh ladicator SysteinSi n o ( lLtothave @thed strongractice
guidanceand operability,in the proces®f indicator selection,Theoretical Analysis
method and Delphi methoslere used t@nalyzethe applicability of all indicators in
Chinese cities.

Furthermore, even inside China, le carborreduction potential and climate
vulnerability vary from city to city, according to its size, natural environment,
economy and social development. Accordingly, this study believes that the local
characteristic of a city shall be reflected in loarbon city evaluation. For this
purpose, LCISS was designed with two types of indicators: essential indicator and
expanded indicator, the formerasinding indicator of LCISS, and the latter can be
appliedflexibly in accordance with the indicator applide condition and scope and
the actual situation of the target city. This will enable cities to determine the
evaluation content based on their characteristics to an extent. Additionally, the weight
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of indicators in LCISS is determined llye AHP method,Delphi method and local
expertise and experiences of the target city, which could make weight factors in
evaluation accoravell with the fact. These approaches provide a may ofthinking

A

wayforf act oring citi es0 -tadbonxiyevauatmnm. act eri sti c
Diagnostic lowcarbon city evaluation

In the thesis, one of the most important features of the evaluation framework LCISS is

that it is a diagnostic evaluation, which calentify a c i t y 6 $n differeotb | e m
sectorsand ondifferent urbanp | anni ng scal es. Il n LCI SS, e
Aeval uation report o0 s u-camarn cityzdevelgomentiahdy 6 s st ¢
help the city to understand the current achievements, to define the gap between the

reality and the lowcarbon developmeénobjective, to identify its strengths and

weaknesses; Nfdevel opment gui del i neo prov
i mprovement . Compared to most of the exi st
in China, diagnosti c e wabbrudavelopmentircaonodled or i e
efficient way.

6.3 Future work

In China, the lowcarbon city evaluation is still a new lesson. Although this thesis made
some progress in this research field, because of the linegedrces and timehere is

still room for further researcif.o enhancehe recognitionof LCISS by the Chinese
authorities additional efforts are needed in the following areas.

i Select more cities as case studies, so as to further test the validity and operability of
LCISS. In consideration o$cientific principles, dthoughLCISS wasexemplified
by the case oSSTECand its evaluation resulis consistent with the current
development status, this evaluation syswgith need to be further examined by
other cases.

i If data is available, more disaggregated evaluation indicators within ther tkay
sectors can alsbe developedjn orderto providea basis for more accurate and
specific evaluation. For example, for the municipal solid wasior Afwast e
recyclingrd e 0 f'ssredoar ate waste col |Ferthewatern r at e o
sector, Astormwater collection and reuse

i Disseminatethe findings of the thesisthrough sciertific journals conference
presentations and academic interviews, order to enrich the theprof
low-carbon city evaluation, artd providepracticalguidance for lowcarbon city
constructionn China.
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Appendix 1

Objectives of lowcarbon urban development strategy in CHR@09-2020)

Sector Subtarget No. Indicator Unit
Optimize the industry structure, 1 Per capita GDP ten thousand
and enhance economic yuan
performance 2 GDP growth rate %

3 Share of tertiary industry in GDP %
4 Employment rate of tertiaripdustry %
Recycle resources, and improve 5 Energy consumption per unit of GDP ton of standard
m energy efficiency coal
S 6 Elasticity of Energy Consumption
% 7 Carbon emission per unit of GDP ton of standard
< coal
8 Usage of Renewable Energy %
9 Proportion of electricity generated by %
multi-generation
Increase input on Research & 10 Proportion of financial expenditure on %
Development investment, and R&D investment
promote technology innovation
Cater to the housing needs of loy 11 Proportion of residential land area for %
incomegroup low-rent house
12 Per capita living space nm?
13 Proportion of net income of land %
o transfer on lowent house constructior
S Improve the quality of life for 14 Per capita disposable income ten thousand
@ residents yuan
=< 15 Engel coefficient %
16 Urbanization rate %
Develop bus rapid transit systerr 17 Average walking distance to BRT m
and encourage residents to trave stations
figreeno 18 Bus ownership per 10000 people
Improvec i t yés car b 19 Forest coverage %
sequestration capacity 20 Per capita green area m?
21 Greenery coverage rate of urban %
built-up area
rgn Reduce pollution emission, and 22 Domestic waste harmless treatment r %
3 upgrade urban environment 23 Treatment rate of wastewater %
g 24 Discharge standascheeting rate of %
o industrial wastewaters
- Mitigate climate change through 25 Proportion of low energy consumptior %
low-carbon design building
26 Proportion of carbon capture and stor %

(CCS)
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Appendix 2

Low-carbon economy (city) comprehensive evaluation index system

First-class indicator No. Seconeclass indicator Unit
Low-Carbon Productior 1 Carbon net productivity RMB10000/ton carbor
Indicator equivalent (tce)
2 Energy consumption of unitroduct of key tCO;
industry
Low-Carbon 3 Carbon emission per capita tCOy/per capita
Consumption Indicator 4 Domestic carbon emission per capita tCOy/per capita
Low-Carbon  Resource 5 Share of no#fossil fuels in primary energy %
Indicator consumption
6 Forest coverage %
7 Carbon emission per unit ener¢ tCO/tce
consumption
Low-Carbon Policy 8 Development planning of Ilowarbon -
Indicator economy
9 Establishment of carbon emissic -
surveillance system, with statistic at
monitoring function
10 Popularity rate of knowledge of leearbon %
economy
11 Implementation rate of buildin¢ %
energysaving standard
12 Incentive measures of nammmercial -

energy
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Appendix 3

China lowcarbon city evaluation index/indicator system

Main Indicator

Primary indicator

Secondary indicator

Economy

Carbon productivity

Energy intensity

Decoupling index

Energy

Percentage of nefossil energy in primary energy consumption

Per capita nolcommercial renewable energy use

Carbonintensity of energy

Infrastructure

Energy consumption per unit building area for public buildings

Energy consumption per building are for residential buildings

Ratio of green transport

Environment

Percentage of days with API less than 100

Domestic water consumption per capita per day

Forest coverage rate

Society

Urbanrural income ratio

Per capita C@emission

Low-carbon management institution

Supporting Indicator

Major area

Primary indicator Secondary indicator

Urban
management

1.1 Planning

1.1.1 GHGs emission inventory

1.1.2 Lowcarbon development strategy

1.1.3 Measurability and presentation of lgarbon concep
in urban planning

1.1.4 Proportion of local governmental budget
low-carbon developmerspecial funds (incl. energsaving,
renewable energy, environmental protection, etc.)

1.2 Implementation o' 1.2.1 Incentive measures of promotion of foarbon and
low-carbon planning green economic development

and policies

1.2.2 Demonstration projects of lowcarbon
community/school/mall/supermarket

1.2.3 Green purchasing

1.2.4 Openness/Availability of information of lesarbon
planning and management

1.3 Lowcarbon 1.3.1 Energy consumption of centralized heating

management
utilities

fol 1.3.2 Gas supply coverage
1.3.3 Usage of renewable energy
1.3.4 Energy consumption per unit water supply
1.3.5 Energy consumption pef miastewater treatment
1.3.6 Watersaving measures
1.3.7 Municipal waste harmless treatment rate

1.3.8 Measures of separate waste collection and w
reduction

Municipal
economy

2.1 Lowcarbon 2.1.1 Emissions of all other n€®O; in industrial processe

industries

and mitigation measures

2.1.2 Execution of access policy of high enel
consumptiorand highpollution industry

2.1.3 Elimination of backward production capacity

2.1.4 Energysaving standartheeting rate of largscale
industry enterprises

2.1.5 Proportion of key energy using units applying Ene
Management System
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2.1.6Proportion of key energy using units that have sig
up to voluntary climate pact

2.1.7 Share of renewable energy/enesgying product
value in total industrial production

2.1.8 Utilization of renewable energy in industrial proces

2.1.9 Comprehensive utilization rate of industrial so
waste

2.2 Lowcarbon
services

2.2.1 Proportion of weltrained energy managers
hospitals/schools/malls/hotels/airports

2.2.2 Proportion of service enterprises that have signed
voluntaryclimate pact

2.2.3 Amount of enterprises providing energy serv
energy performance contracting, CDM service, and en
advisory service

2.3 Low-carbon

2.3.1 Usage of chemical fertilizers per unit acreage

agriculture

2.3.2 Proportion ohouseholds with firedamp pool

2.3.3 Treatment and reuse of farming and forestry surpli

2.3.4 Energysaving measures in agricultural producti
process

Green building

3.1 Planning

3.1.1 Application of energy consumption statistical tools
different building types

3.1.2 Development of green building action plan

3.1.3 Planning of energy consumed in buildings in r
urban area

3.2 Green building
management

3.2.1 Implementation of building energy/lesgrbon
management

3.2.2 Existingouildings energysaving transformation

3.2.3 Application of renewable energy in buildings

3.2.4 Green building related capacity building activities

3.2.5 Promotion of green building

3.2.6 Implementation of green building related inceni
policies and measures

3.2.7 Demonstration project of leearbon technology
application

Low-carbon
transportation

4.1 Lowcarbon
transport strategy an

4.1.1 Establishment of energy consumption and cal
emission lists for different traffimodes

planning

4.1.2 Lowcarbon transportation strategy and action plar

4.2 Transport

4.2.1 Transportation integration management

management

4.2.2 Average commuting time

4.2.3 Share of new energy vehicles in public service veh

4.2.4 Application of energysaving lamp/lamp usin(
renewable energy in roadway lighting

4.2.5 Service level of public transport

4.2.6 Number of lowcarbon awareness promotion activiti
per year

4.2.7 Number of people attending laarbon training
programme andapacity building activities per year

4.2.8 Planning and maintenance of infrastructure
norrmotorized transportation
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Appendix 4

Evaluation index on green and construction for key small cities & towns (trial)

Type (and weightings %)

Evaluation of projects

Proportion (%)

Social and economit

Ability of public finances

development level (10)

Energy consumption

Ability of absorbing employment

Social security

Characteristics of industry

Planning and constructio

Planning sophistication

management level (20)

Management agencies and performance

Building management system

Higher level of government support

. Town appearance

Construction land intensivi

. Built-up area of construction larastea per capita

level (10)

. Industrial park land use intensity (Note: This dc

not score without industrial park)

. Administrative office facilities conserve degrees

. Suitability for road use

Resources, environment;

. Township air pollution index (APl index)

protection and energy savir

. Quality of town surface water

level (26)

. Township average of ambient noise

. Industrial and mining pollution

. Energyefficient buildings

. Use of renewable energy

. Water saving and water reclamation

. Sewage treatment and disposal

. Garbage collection and disposal

Infrastructure anc

. Built-up area road traffic

landscaping level (18)

. Water supply system

. Drainage system

. Landscaping

Public services level (9)

. Built-up area housingituation

. Educational facilities

. Medical facilities

. Commercial (bazaars) facilities

. Public sports and entertainment facilities

. Public toilets

Historical and culture

34.

Historical and culturaheritage protection

protection and
characteristics construction

35.

Towns features
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Appendix 5

Beijing ecological demonstration area evaluation standard

Type No. Item Score
Land use layout 1 Transit oriented development (TOD) mode 3
2 Employment housing equilibrium 4
3 Mixed land use 4
4 Exploitation and utilization of underground space 3
5 Smaltscale building block /community 3
6 Coverage of public transport station 5
7 Public transport services and facilities 4
Ecological 8 Proportion of woodlot in green space 2
environment 9 Reasonable green space planning 6
10 Proportion of sunken lawn 3
11 Net loss of natural wetlands 4
12  Control of heat island effect 4
13  Separate waste collection and waste recycling 3
Green 14  Non-motorizedtransportation 6
transportation 15  Green transportation rate 6
16  Bicycle sharing system 4
17  Transfer distance 3
18  Green road design 4
19 Barrierfree facilities 2
Energy utilization 20 Diversifying sources of energy supply 2
21 Energy consumption of new building 5
22 Establishment of energy monitor system 2
23 Energy utilization type 3
24  Coverage of recharging devices for new energy vehicles 2
25  Potential for future renewable energy production 1
26  Utilization of renewable energy 5
27  Unified energymanagement and operation 2
28  Establishment of energy management agency 2
Water utilization 29  Quality of water environment 2
30 Flood protection and drainage facilities 2
31  Stormwater management system 2
32 Irrigation 1
33 Rain and wastewateliversion and treatment rate of wastewa 2
34  Low impact development 4
35  Reclaimed water supply system 4
36  Water supply from noraditional sources 5
Green building 37 Proportion of green building 10
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38  Share of green building in large pubtiaildings 5
39  Transformation rate of existing buildings 5
40  Finished house rate 4
Informatization 41  Transportation management information system 4
42 Planning for various information system 3
43  Comprehensive digital city management system 2
44  Coverage of wireless network 3
45  Establishment of information service system for citizens 2
Innovation 46  Redevelopment of unused land and abandoned land 2
47 Reconstruction of historical blocks 2
48  Local characteristics of Beijing 3
49  Statistic of carbon emissions 2
50 Biodiversity 4
51  Utilization of microgrid technology 2
52 Low-carbon life style 2
53 Public participation 2
54 Innovation of management mechanism 4
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Appendix 6

KPI framework of theSino-Singapore Tianjin Ec€ity

Quantitative Indicators

KPI area No. KPI details Units Indicative value Timeframe

No. of days per year in which ambient air quality
meets or exceeds China

Days Quality Gradein St andard 0310 Immediate
days)
. . . No. of days per year in which SO2 and NOx cont
1 Ambient air quality Days in_the ambient air shoult_j not exce.ed the Iimits_ Immediate
c stipulated for China National Ambient Air Quality
g GradeN st andard 0155 (i .«
s To meet the st andNatiodal s
g Standard GB 3095996 By 2013
C .
T“; Good natural environment (é)uali;i/ of water bodies within the -srotmaeit Srgdfﬂi iurfatcehwsterIqu;l;tyest:rldardp By 2020
2 cocty 38382002
L Water from taps attaining drinking ,
uej 3 water(potable) standards % 100 Immediate
> Noise pollution levels must satisfy the
= 4 stipulated standards for different % 100 Immediate
o functional zones
T
tons per 1
5 Carbon emission per unit GDP million US 150 Immediate
dollars
6 Net loss of naturalvetlands 0 Immediate
Bal ¢ d 7 Proportion of green buildings % 100 Immediate
er?v?rr(])%em%nTama € 8 Local/ Native plants index O 0.7 Immediate
9 Public green space per capita m? per capita O1 2 By 2013
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litres per day

10 Per capita domestic water consumptis per capita Q120 By 2013
11 Per capita domestic waste generatior légppi'g day per ™@.8 By 2013
Social harmony progress .
2 % prog 630 Before 2013
’g» 12 Proportion of green trips %
a 090 By 2020
o3
g
g 13 Overall recycling rate % 060 By 2013
5}
T Provision of free recreational and spo
8 Comprehensive 14 facilities within walking distance of % 100 By 2013
3 infrastructure 500m
Treatment to render solid waste 0 ;
15 nonhazardous % 100 Immediate
16 BarrierFreeAccessibility % 100 Immediate
17 Service network coverage % 100 By 2013
Sound management ; ; ; o 4
mechanism 18 Proportion of public housing ) O 20 By 2013
. . 19 Renewable energy usage % 020 By 2020
2 Sustainable economic Water supply from nostraditional .
& = Z development 20 pply % 050 Bt 2020
o §S sources
€ '@ £ Vibrant technological Number of R&D scientists and .
= O
gﬁ §_innovation 21 engineers per 10,000 labour force marnyears 050 By 2020
) Overall balanced EmploymentHousing Equilibrium o .
employment 22 Index /0 050 By 2013
Qualitative Indicators
KPI area NO. KPI KPI description
c - Coordinated natural 1 Healthy ecological safety, advocating  To maintain an integrated regioredology, strengthen ecological safety and
2 _ i ecology green consumption, low carbon operatic establish a sound regional ecological security system within theiBcdrom the
(o i
o L perspective of the optimum usage of regional resources and energy, and the

capacity of the environment.
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Coordinated regional
policies

Advance innovative policies, united
anti-pollution policies in place

Actively participate in and promote regional cooperation, and implement the
principle of uniformity of public services. Regional policies should ensure reg
policy coherene. Establish a sound regional policy system to ensure the
improvement of the surrounding areas.

Social and cultural
coordination

(Give) prominence to the river estuarine
cultural character

Urban planning and architectural designs should presest@ry and cultural
heritage; manifest the uniqueness, while protecting ethnic, cultural and scen
resources. Also, to ensure safe production and social order.

Regional coordinated
economy

Supplementing the recycling economy
Supplementing the recyolj economy

Sound market mechanism to overcome the limitations of administrative divis
drive the orderly development of the surrounding region, promote a reasonal
division of functions at the regional level, as well as a orderly market, and rgla
balanced economic development and living standards.
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Appendix 7

Ecological indicator system of Tangshan Bay ity

System 1: Urban Function

Aspect No. Indicator Value Unit
1 Urban population density 13000  Dweller/kn?
2 Residential area per capita 28.1 m? per capita
Residence 3 Proportion of lowrent housing >20 %
4 Mixture of multiple forms of housing property right >20 %
5 Mixture of residence of different size and price >20 %
6 Provision of basic service functions within distance 100 %
400m
- 7 Public building area per capita 0.5 m?/person
Accessibility of - _ 5
public spaceand _8 Cultural building area per capita 0.5 m“/person
facilities 9 Proportion of financial budget on green space investme 0 & %
10 Proportion of financial budget on public buildir 55 %
investment
11 Land used for higher education and research per capiti 20 m?/person
12 Average density of workplace within CBD >20 %
. L H:
Diversification 13 Functional mix: housing/office/service/workplace ~ 50-80
and  functional different blocks/communities WS:
mix of workplace 20-50
14 Proportion of middle and small office in office building 20 %
15 Proportionof residential building in high risk areas (e. 0 %
volcano)
Residence 16 Proportion of residential building in industrial pollutic 0 o
high risk area areas °
17 Proportion of residential building in sea flooding high ri 0 %
areas
H:
18 Functional mix: proportion of commercial/publ 50-80 o
facilities/work areas in different districts WS: 0
Diversification 20-50
and functional : : R :
mix  of work 19 ergg)ortlon of SOHO housing (small office in resident 3.5 %
areas H:
20 Share of residential building in functional mix arést 4050 o
nodes) WS: 0
50-60
21 Changes in urban density 0.52.5 S?EBFA/NGA
Universality, -
erX|t_)!I|ty, and 22 Proportion of smailkcale block 50 %
stability of urban
structure
23 Pattern of integrated road and street 00 00
Friendly 24 Net of footpaths andycle tracks 00 00
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environment for

pedestrians  an o5 Space c_:ombination: _integration of local road network 55 55
cyclists pedestrians and cyclists
26 Neutral of simplicity and complexity 00 00
27 Neutral of openness and closure 00 00
28 Legibility of position and guide sign 09 09
Quality of urban 29 Legibility of local road network structure 00 00
environment 30  Recognition of afforestation 50 50
31 Recognition of water space 09 09
32 Maintenance and order 09 09
33 Historical style 00 00
34 Creative architecture 00 00

System 2: Building and Construction Industry

Type No. Indicator Value Unit
35 Urban, building, and interior design from architectural ¢ 55 55

Architectural aestheticaperspective

design 36 Spirit of place and local cultural line 00 00
37 Demonstrative design, general applicability and flexibili & o 00

Chemical 38 Establishment of database of building construction 00 00

composition 39  Development of harmfidubstance list ) )
40 Sound environment <35 db
41 Air quality: radon concentration <50 Bg/m3
42 Air quality: ventilation 100 %
43 Air quality: nitride concentration <70 Bg/m3

Interior : .

environment 44 Summer interior temperature 27 N
45 Winter interior temperature 20 N
46 Interior natural illumination 00 00
47 Humidity control 0 %
48 Water temperature (no legionetantamination) 70 N
49 Practice eca&ycle system based on subsystem indica 58 58

of energy, water and waste

Eco-cycle system -

50 Practice ecaycle system based on the concept 55 55

sustainable development

Application of validated standard and environmer

51 ISO 9000 + ISO 14000

- management system
Building and = : . -
structure Application of rating system consistentith the actual

52 situation of China (e.g. Swedish building environmu
rating system, LEED, etc.)

ECB Alevel
LEED: Platinum

53 Share of environmentdtiendly building, A level 90 %
54 Share of green building of residentialilding, A level 100 %
S&i?(;?ri]gable 55  Share of green building of industrial building, A level 100 %
56 Share of green building of office building, A level 100 %
57 i?/z;e of green building of public building (e.g. school) 100 %

System 3: Trafficand Transportation

Aspect No. Indicator Value Unit
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Proportion of largescale work area accessing to puk

0,
58 transport system within a walking distance of G@@m 100 %
59 Coverage of parandride station 100 %
60 Proportion ofresidential area accessing to public transy 90 %
system within distance of 500m 0
61 Proportion of residential area accessing to public trans 90 %
system within distance of 800m 0
. Proportion of work area accessing to public transy o
accessibility 62 systemwithin distance of 500m 90 &
63 Proportion of work area accessing to public transj 90 %
system within distance of 800m
Proportion of areas with less than 1.5 times differenc
commuting time (public transport/auto) between m 100 %
64 home and worlareas
Proportion of areas with less than 1.5 times differenc
commuting time (bicycle/auto) between main home i 90 %
work areas
65 Proportion of motorized mode trip in lofistance trip <30 %
Efficiency and ] } o ] .
environment of 66 Proportion of motorized mode trip in shalistance trip <10 %
transportation - - — -
system 67 Proportion of normotorized mode trip in shodistance 20 %
trip
68 Proportion of public transit trip in shedistance trip >70 %
69 Rate of overspeed vehicles 0 %
Proportion of vehicles exhaust in levels exceed
Safety and 70 starf)dards 0 %
environmental
health 71 CO, emissions from the sector of transportation 20 tCOz-eq/person -km
79 Utilization 'of renewable energy in the sector 75 %
transportation
System 4: Energy
Aspect No. Indicator Value Unit
73 Total energy consumption (incl. transportation) 10000  kWh/person-year
74 Electricity consumption (incl. transportation) 3500 kWh/person-year
75 Electricity consumption of commercialildings 50
76 Energy consumption for heating of commercial building 15
77 Energy consumption for agonditioning of commercia 20
Energy demand buildings
78  Electricity consumption of residential buildings 25 KWh/n¥-year
79 Energy consumption for heatingf residential buildings 45
(incl. water supply)
Energy consumption for agonditioning of residentia
80 o 0
buildings
81 Energy seHsufficiency rate 80 %
82 Local rer)ewable energy production / Local ene 85 %
83 Proportion of waste energy sourced renewable en 95 %

(excl. transportation)

System 5: Waste (Municipal Domestic Waste)
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Aspect No. Indicator Value Unit
84 Wgste output per year per capita in 2qBi¢l. house and 438 kglyear-person
office)
Waste output per year per capita in 2020 (incl. house 328 kglyear-person
85 office)
Recycled solid waste output per year per capita (i 3 .
dweller and office worker) 3 m-/year-person
Waste gg  Reusable wasteutput per year per capita (incl. house ¢ 150 kglyear-person
generation, office) 2 m?/ year-person
g%lsgggln' and 87 Collection rate of hazardous and domestic waste 100 %
Recycling rate (material reclamation and ecologi o
88 treatment) >60 &
89 Percentage dandfilling <10 %
90 Percentage of combustion >50 %
91 Proportion of biological treated food waste >80 %
92 Waste collection frequency Z\;(;/ry time/year
. 93 Provision of waste collection points within 50m 100 %
Convenience of A dist : ‘dential building to b .
Waste dumping 94 verage distance from residential building to hazard m
and largevolume waste
S Provision of park places for waste transfer vehicles nei
Accessibility of 95 . . . 80 %
waste  transfel waste collection points at a distancel6f15m
f . . .
crglrlgction pvg/ﬁ]?te 96 Max distance between waste collection point and w 500 m
station, when noimotorized or light vehicles applied
97 Recycling rate of NPK obtained by biochemical treatme 100 %
Energy consumption of wasteollection, transfer, anc _
Resource 98 disposal per capita <500 kWh/person-year
efficiency
Energy generation from waste treatment (combust .
99 methane, LFG landfill gas) >500 kWh/person-year
System 6: Water
Aspect No. Indicator Value Unit
100 Water consumption per capita per day 100120 L/person-day
101 Sources of water supply: surface river water >70 %
Wat | 102 Sources of water supply: underground water 0 %
ater su an
demand pply anc 103 Sources of water supply: recycled wastewater <10 %
104 Sources of watesupply: collected rainwater 10 %
105 Sources of water supply: desalted sea water <10 %
106 Tap water attaining drinking water standard 100 %
107 Coverage of sanitation facility 100 %
o 108 Ownership ofwater flushing toilets 0 %
Sanitation ~ and Ownership of separate treatment system of black w
waste generater 109 and are \E)vater P y 90~95 %
by wastewater 9 y_ _ — i
110 Ownership of dry sanitation facilities: btoilet + grey 5-10 %
water treatment
Water Quality: quality of rivewater, canal water, lagoo
Water 11 ater Sea Wgtecl raigwater k
environment — : —
112  Quality of underground water (salinity)
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113 Salinity of marshland
114 Storage rate of rainwater 90 %
115 Proportion of marshland (1m deep water) 1 %
116 Net loss of naturaletland (incl. restored wetland) 0 %
Littoral drift (erosion/deposition) rate of east side ¢ o
117 levee of project <10 %
118 Littoral dnftl (erosion/deposition) rate of west side ¢ <10 %
levee of project
Sea levee 119 Erosion/deposition rate ¢digoon <10 %
120 Erosion/deposition rate of dam <10 %
121 Proportion of deposition area in the total lagoon area < 10 %
Submerged area when the MHHW is reached, if the
122 ; ; 0
levee is not taken into account
123 Energy consumption of water treatmehtcommon form <1
of treatment
124 Desalination of sea water <5 KWh/n?
125 Energy consumption of water treatment <1
Resource 126  Proportion of recycled waste water (agricultural purpos > 90 %
efficiency 127 Proportion of recycledvaste water (domestic purpose) <10 %
Recycling rate of NPK obtained from biological treatm:e o
128 of organic waste and black water 100 %
Share of black water using for methane and ene o
129 generation 100 &
System 7: Landscape and Publi§pace
Aspect No. Indicator Value Unit
130 Green coverage rate (incl. water space) 35 %
131 Public green areas per capita 20 m?/person
Natural 132  Proportion of woodlot in green space 25 %
environment anc P " fwetland/natural logical . n
city quality 133 roportion ofwetland/natural ecological environment %
green space
Proportion of financial expenditure on investment of we
134 . . 0.1 %
quality restoration of upper reaches
135 Provision of public spaces within distances60m 100 %
Provision of parks and public spaces (ndesel < 45dB) o
136 \ithin distance of 3000m 100 %
. 137 Provision of smalkcale green spaces within distance 100 %
Accessibility  of 50m
park and public 13g Provision of neighbourhood public spaceXhectare) ;. %
space within distanceof 200m °
Provision of district public space 4 hectare) within o
139 distance of 500m 100 %
Provision of urban public space (>10 hectare) wit o
140 distance of 1000m 100 %
141 Provision of shoreline/coastline within distance of 1000 100 %
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Appendix 8

Low-Carbon Index (LCY)

Phase 1

S1 Urban Design

S1.1 Site
planning

50%

S1.1.1
Inner
development

city

40%

0

S1.1.2
Integration to the
surrounding

30%

New development o
free open space ne
the city center (max
3 km away) or nea
a sub center (max.
km away)

S1.1.3
Regional
connection

Traffic

30%

Surrounding
partially (<50%)
covered with

buildings

S1.2
Land use

50%

S1.2.1
Mixture of
functions

50%

Area wide regiona
traffic connection b
1 traffic carrier

S1.2.2 Supplemen
of existing
functions in the

surrounding

50%

Mixed use exist i
some parts

M1 Mobility

Uses are congrue
to the uses in th
surrounding

235




M1.1.1 Position in

Next highway <

highway network 50.0% ﬁkn::i away fromthe
order
M1.1
Motorized | 750, . -
individual M1.1.2 City-accessibilityco
traffic City-accessibilityc | 50.0% ncept for  high
oncept polluting  vehicles
implemented
M1.2.1 Connection
to fast masg 50.0% Ciewzen 12 L
M1.2 transport km from the centre
Public 25% P :
transport M1.2.2 Quality of
the mass transpo| 50.0% Metro or BRT
connection point
Phase 2
S2 UrbarDesign
0
New development o
free openspace nea
S2.1.1 X
. the city center (max|
Inner city | 10%
development Y 0 3 km away) or nea
a sub center (max.
km away)
. Surrounding
Elir?ninglte 5% S2.1.2 Integra_tion 45% partially (<50°_/o)
to the surrounding covered with
buildings
. Area wide regional
tsrgf.f}cl:sconneRci?c;ﬁna 45% traffic connection b
1 traffic carrier
S2.2 60% | S2.2.1 Mixture of| 20% 2 functions, mai
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Land use functions
S2.2.2
Su_pplement ' of 15%
existing  functions
in the surrounding
S2.2.3 Maintenance 15%
S2.2.4
Arrangement ofl 20%
uses
S2.25
Density allocation .,
population/working 20%
opportunities
S2.2.6
Density allocation| 10%
building height
S2.3.1 Net of
30%
S2.3 footpaths
Accessibil | 20%
ity
S2.3.2 Net of 30%

cycle tracks

237

function coveramin.
50% of the areas

Uses are congrue
to the uses in th
surrounding

Basic needs ar
fulfill ed near/within
the residential area

Public facilities ar
located central in th
area

Population densi
or density
working
opportunities is
similar like the
average density
the city

Density is similar
like the average o
thecity

Area has footpath
separated from th
roads

Area has cycle
tracks separate
from the roads




S2.3.3 Uses a

0 .
intersections 20% Few public uses
S2.3.4 Density a

important 20% Average density o
intersections the area

(building height)

S3.4.1 Existence

of Public green 50% Clicici gt S5

inside the blocks

open space
S2.4 S3.4.2 Location of 10% Green openspace
Public 15% | green open spaces in the backyards
Space

S3.4.3 Existence o 40% One large wate

water surfaces surface (river/lake)
M2 Mobility

0
L Next highway acces
mzh%/v; I?l(:wgrnk N 25.00 < 2km away from
ghway the border

M2.1.2 Local roads
M2.1 for adjacent owner
Moiorize d and visitors,| 25.0% 50- 75% of the area
individual 50% restription _ for
traffic transit traffic

M2.1.3 Congestior|
of interior road| 15.0%
network

Shortterm
overloadsg< 1 hour
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M2.1.4  Carpark
routing system: 1
complete
registration of
parking capacity; 2
Information panels
inside the area; 3
Information panels
outside the area; 4
Information
transmission to thg
navigation systems

10.0%

M2.1.5 Density of
the road grid

25.0%

M2.2
Public
transport

30%

M2.2.1 Direct
connection to mair|
origin and
destination area
with PT

40.0%

M2.2.2 Congestior|
frequency fast PF
metro, tram anc
BRT with own
track (to/from main
origin and
destination areas)

20.0%

M2.2.3  Stopping
points, degree o
coverage (bus, trarn
R = 300m; metro
BRT R=500m)

40.0%

M2.3
Goods
traffic

20%

M2.3.1 Congestior|
of interior road
network (different

peak hours as MIV)

50.0%

239

2 criteriafulfill ed

Distance  betwee
streets < 600m

Bus direct
connection to all
main origin and
destination areas

The most peaks c
be manage
(possible
arrangement: speci
trains and stops)

Between 70 an
55% of the area i
covered

Shortterm
overloads




M2.3.2 Delivery

concept

50.0%

B2 Building

S

B2.1
Building
environme
nt

40%

B2.1.1
orientation

Solar

65%

B2.1.2
exposition

Wind

20%

B2.1.3 Location

adjacent
water space

green

15%

B2.2
Building
type

60%

B3.2.1
coefficient
(residential)

Shape

100%

OR

B3.2.1
coefficient
(nonres.)

Shape

100%

OR

B3.2.1
coefficient
(residential
nonres.)

Shape

&

100%

E2 Renewable Energy

240

Several deliver
zones

0

50 % of building
(blocks) are
southoriented

Buildings are
located on a plai
site

10% of buildings ar
adjacent green/wat
space

Shape  coefficien
0,6i 0,5

Shape  coefficien
0,4i 0,3

Res. 0,6 0,5
Nonres. 0,4 0,3




E2.1

E)?temltﬁlre E2.1 Potential for Potential coverag
renewable 100% | future  renewablg 100% of total energy
energy energy production demand is 10 20 %
production

Phase 3

S3 Urban Design

S3.1.1 Inner city
development

10%

S3.1 Site :
. 2% S3.1.2 Integratior| ,-,

planning to the surrounding 45%
S3.1.3 Regiona| ,-,
traffic connection 45%
S3.2.1 Mixture off .,
functions 20%

S3.2 o

Land use 8%

S3.2.2 Supplemen
of existing
functions in the

surrounding

15%

241

0

New development o
free open space ne
the city center (max
3 km away) or neal
a sub center (max.
km away)

Surrounding
partially (<50%)
covered with
buildings

Area wide regional
traffic connection b
1 traffic carrier

2 functions, mai
function covers min
50% of the areas

Uses are congrue
to the uses in th
surrounding




S3.2.3 Maintenance

15%

S3.2.4 Arrangemen
of uses

20%

S3.2.5 Density
allocation
population/working
opportunities

20%

S3.2.6 Density
allocation building
height

10%

S3.3
Accessibil

ity

30%

S3.3.1 Net of
footpaths

5%

S3.3.2 Net of
cycle tracks

5%

S3.3.3 Uses a

0,
intersections 10%
S3.3.4 Density a
important o
intersections 10%

(Building Height)

S3.3.5 Quality of

20%

242

Basic needs ar
fulfill ed near/within
the residential area

Public facilities are
located central in th
area

Population densit
or density  of
working
opportunities is
similar  like the
average density o
the city

Density is similar
like the average o
the city

area has footpath
separated from th
roads

Area has cycle
tracks separate
from the roads

Few public uses

Average density o
the area

Tracks along mai




footpaths

S3.3.6 Quality of
cycle tracks

20%

S3.3.7 Shadow o
footpaths

15%

S3.3.8 Shadov|
of cycle tracks

15%

S3.4
Public
Space

60%

S3.4.1 Existence
of public green
open space

5%

S3.4.2 Location of
green open spaces

10%

S3.4.3 Existence o
water surfaces

5%

S3.4.4 Public
spaces/squares

10%

243

roads are separat
i.e. bygreen spaces

Tracks along mai
roads are separat
i.e. by green spaces

Shadow at up t
50% of the paths

Shadow at up t
50% of the tracks

Green open spac
inside the blocks

Green open spac
in the backyards

One large wate
surface (river/lake)

One square in th
center of the
area/next ti
attractiveuses




S3.4.5 Security | 25%
S3.4.6 Publid , -,
accessibility 15%
S3.4.7 .
Design/Quality 30%

M3 Mobility

M3.1

i M3.1.1
mgr\zgﬁz? 30% | Differentiated 25%
traffic areatoll

244

Structured,
functional spac
with

securitylighting

Access byat least 2
sides with som
attractive paths

Average amenit
values of the publi
space, low benefi
for the inhabitants
low shadow,
unattractive
footpathes

Area tolkconcept for
high polluting
vehicles

implemented




M3.1.2 Emobility,
recharging device
or battery switch
stations  (expecte
e-mobility rate for
in 10 years

25%

M3.1.3 Car park
management
system, traffic flow

10%

M3.1.4
Traffic-calming,
speed limit, road
space arrangement

15%

M3.1.5 Car sharing
1. cars available ir
the whole area not
stationbounded; 2.
easy registration
and payment; 3
online reservation
4. discount on PT
tickets; 5. discoun
on carrent (cars

and trucks)

25%

245

Some parking wit
recharging device
access partially onl
for employee o
some companies,
parking pas
holders/ next switc
station less than
km from the area

Parking charg
partially graded
according to CQ
emission / only fe
roads with traffic
light management

Few trafficcalming
implemented o]
public roads

1 criteriafulfill ed




M3.2
Public
transport

55%

M3.2.1 Quality of
stops: 1. canopy; 2
lighting; 3.
barrierfree access
4. bicycle racks; 5
dynamic passenge
information; 6.
ticket machine; 7
small scale|
shopping possibility
around the stop

15%

M3.2.2 Costs for

0,
passengers 20%
M3.2.3
Comprehensibility | 10%

of tariff system

M3.2.4 Speed
(commuting during
the rush hour)

15%

M3.2.5 Average
occupation level of
vehicles in the

highest peak hour

15%
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3 or more criteri
fulfill ed for the mos
of stops

Commuting by
public transport i
cheaper tha
gasoline costs of a
average car (10 | p
100km)

Ticket system wit
many exceptions

Travel time public
transport almost th
same as travel tim
motorizedindividual
traffic

Between 75% -
85%, or betwee
15%- 10%




M3.2.6 Quality of
vehicles: 1.
air-condition; 2.
kneeling technic; 3

0,
low-floor; 4. wide 10%
doors; 5. dynamig
passenger
information
M3.2.7 Engine
concept for busey 15%
(fuel &)
M3.3.1 Priorization
of low emission
vehicles: 1.
permission to ente
restricted zones; 2
M3.3 no restriction for
Goods | 15% gg'r'i‘(’)‘fjg’?g M 100%
traffic recharging device
in delivering zones
4. special delivering
zones only for thig
vehicles; 5. area tol
discount
B3 Buildings
B3.1.1 Solar| -,
gﬁil%jin orientation 55%
environgme 10%
nt B3.1.2 Wind 10%
exposition
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2 criteriafulfill ed by
the most of vehicles

Economical
combustion engine
(diesel / petrol) o
bio-diesel

2 criteriafulfill ed

0

50 % of building
(blocks) are
southoriented
Buildings are

located on a plai
site




B3.1.3 Wind use

for natural| 10%
ventilation
B3.1.4 Green

elements to reduc
heat island effect

15%

B3.1.5 Location
adjacent green
water space

10%

B3.2.1 Shape

coefficient 100%
(residential)
OR
B3.2 B3.2.1 Shape
e o coefficient 100%
gg'ledmg 20% (non-res.)
OR
B3.2.1 Shape
coefficient o
(residential & 100%
nonres.)
B3.3.1 Walls i o
material/insulation 20%
B3.3.2 Roof i o
material/insulation 20%
B3.3 . .
Building 35% B3.3.3 V\_/mdow_s | 20%
envelope material/insulation
B3.3.4 PEI|
material/insulation 5%
B.3.3.5 5%
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40 % Wind Use fo
Natural Ventilation

107 20 % toward
facades

10% of buildings ar
adjacent green/wat
space

Shape  coefficien
0,67 0,5

Shape  coefficien
0,47 0,3

Res. 0,6 0,5
Nonres. 0,47 0,3

U-Value 1i 0,6

U-Value 0,3i 0,6

Double insulating
glazing
U-Value 3,0

40 7 60 % % of
materials have a lo
PEI

N 30%, S 40%, W




Windowratio

B3.3.6 Sun
protection in
Summer

15%

B.3.3.7 Light/Cool
facade

8%

B3.3.8Green roof

8%

B3.4
Building
technolog
y

25%

B3.4.1 Efficiency
of heater

35%

15 %

Sun protectio
devices for 50 % o
transparent area

40% of facades hav
SR > 0,7 and TE
0,8

20 7
roofs

35 % green

Complies with

Standard

B3.4.2 Efficiency
of air-conditioner

40%

Complies with

Standard

B3.4.3 Efficiency
of ventilation

10%

with

Complies
Standard

B.3.4.4 District
heating and cooling

10%

30 % of energ
demand is covere
by DHC systems

B.3.4.5 Energy
consumption
metering

5%

In addition: 40% of
buildings have
Smart Meter for
individual

units/tenants

B3.5
Thermal
comfort

10%

B3.5.1 Thermal
comfort winter

40%

Inside temp. 18 °C

B3.5.2 Thermal
comfort summer

45%

Inside temp. 26 °C

B3.5.3
Controllability  of

systems

15%

Comfort controls for
50% of the building
occupants

E3 Renewable Energy
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E3.1.1 Renewable

E3.1 Local i 95%
energy production

renewable 70%

energy E3.1.2 Green 5%

production electricity contract

E3.2

E)?tepl}![ﬁlre E3.2.1Potential for

renewable 30% | future  renewablg 100%

energy energy production

production
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2,57 5 % coverag
of Energy demand

HH with  green
electricity contrac
comply with avera

Coverage of tota
energy demand is 1
120 %




Appendix 9

Questionnaire Survey of LowCarbon & Resilience Indicator System

(Round 1)

Thank you for your attention and participation to this questionnaire survey!

This survey i s c¢onduc-Cabdn Indigatoe SYystedni®inot he st ud
EvaluatingtheLowCar bon Ci ty Devel oThenamm af the thegie | i n C
is to develop a lowcarbon city evaluation systeinLow-Carbon Indicator System
Sino (LCISS for Chinese cities, in order to provide standards and guidance for
low-carbon city development in ChinaCISS consists of 3 phases:
i Phase 1: starts with a relatively rough planning stage (level of master plan), at a
large scale (1:10,000). Many paranmmstand information are not yet known. The
aim of the Phase 1 evaluation is to make overview the potential deficits of current
planning, and suggestions for appropriate strategies to enhance mitigability and
adaptability.
i Phase 2: evolves in greater de{ilel of regulatory plan), at scale of 1:2,000. It
aims at making another overview of the potential deficits and possible
optimization.
i Phase 3: works on implementation (level of site plan), at scale of 1:500. Detail
planning and work plans are created darther details specified. In this phase,
diagnosis of weak point of mitigability and adaptability is made, and feedback
loops is created.
For existing urban areas, the L&varbon & Resilience Indicator System generally
contains all three defined phasescase of newleveloped projects, involved phases
could be determined depending on construction situations.

The LowCarbon & Resilience Indicator System involves six evaluated topics:

I Urban Design: has impact on the generation of.@@sides, it has ihfence on
traveler traffic mode, urban livability, microclimate, and other important factors.

i Transport: is one of the main energy consumers in urban areas, which accounts for
25% of energyelated CQ emissions globally.

I Building: consumes around 40% otal primary energy, and is responsible for 30%
of the worl dés annual GHG emi ssions.

i Energy: The C@emissions from energy system worldwide experienced stable
growth in the last decades.

I Water: has the potential to significantly reduce.CRecause to adelss water
scarcity that exacerbated by climate change, are potentially very energy and carbon
intensive.

T Municipal Solid Waste: is rapidly growing source of carbon emissions. It accounts

251



for 51 10% of CQ emissions generated within a city boundary.
In the dfferent phases, the evaluated topics and criteria change. Moreover, the selected
topics and criteria of each urban area vary in accordance with its specific environment,
society, economy, and culture background.

For each indicator and criteria, assessmamges from2 to +2. This makes maximum

5 points available for an evaluation. The assessment is guided by the average of the
particular urban area. 0 points are given if the plans are expected to yield average or
standard level of mitigability and adaptiity. The best possible planning at time of
evaluation earns a score of +2. Conversely, if the plan falls toward the bottom of the
scale of possible planning, it earns a value2of

By applying this indicator system, climatic mitigability and adaptgbof an urban
area can be calculated, and a series of results and products can be obtained for guiding
low-carbon and resilient development.

In order to select the appropriate indicators for every assessing aspect, two rounds of
guestionnaire survey ardapned to carry out. This questionnaire is the first round
survey for indicator selection of the study. The result of first questionnaire will be
feedback to you and share the findings with you. After that, the second round will be
conducted.

For the sakef communicating with you timely about the survey result, please kindly
provide the following information. The information you provide in this application
form will be treated as strictly confidential.

Name:

E-mail:

Present Unit:

Please tick ¥ ) the indicators from the following table that you think it is
representative, dataavailable, comparable among cities, and can effectively

gui de a -cartbdnyaddsresilientwdevelopment. You may need about 20
minutes to finish the questionnaire.
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Assessing| Assessing | No. | Indicator Evaluation Content Selection Rate Note
Topic Aspect
Urban Site 1 Inner city development Distance between the new development and city center /9
Design Planning center, and original land use type
Integration to the surrounding Building coverage of the 1
Disaster risk (e.g. sdavel rise, flooding, Whether new development is located on high risk area, a
landslides oany other risk) level of protective measures
Land Use | 4 Mixture of functions Diversity of land use function
Supplement of existing functions in the Relationship between newses and existing uses in the
surrounding surrounding (conflictVYunfi
6 Maintenance Whether the land use functions datfill basic needs
7 Arrangement of uses Rationality of public faci
complement onanother)
8 Employmenthousing equilibrium index Percentage of the employable residents in the community
that are employed in the community/city.
9 Urban development land area per capita Urban development land area of city/ numbep@fmanent
resident population in city center
10 Smaltlscale building block /community Percentage of smadicale building block /community {2 ha)
Accessibil | 11 Regional traffic connection Diversity and type of regional traffic connection
ity 12 | Transitoriented employment density Employments per kAwithin 500m of important stops
13 Transitoriented residential density Dwelling units per krwithin 500m of important stops
14 Resilience of road infrastructure: Number of criteriorfulfill ed
1.More resilient desigatandards and
materials for infrastructure construction
2.lmproved drainage systems
3.Regular maintenance
4.Avoid high risk areas
5.Provide sufficient redundancy
Open 15 | Existence of open green space Percentage of greenery coverage (%)
Space 16 Coverage ratio of green space service radij Park green space service radius of coverage
17 Existence of water surfaces Amount and scale of water surface
18 Squares Amount and scale of square
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Assessing| Assessing | No. | Indicator Evaluation Content Selection Rate Note
Topic Aspect
19 Quality of open space (green spaces/ watel Number of criteriorfulfill ed
spaces/ squares):
1. Equipped with various public facilities (e.
furniture, toilet, sculpture, landscape
decoration, fountain)
2.Plant low water consumption native plant
3.Well functional organized space with
different uses
4.Good accessibility
5.Bright lights at key locations
6.Clear signage
7.Well shadowed
8. Applied devices by renewable energy
9. Applied light colored, durable,
environmental friendly pavement material
Suggested Supplement
Transport | Motorized | 20 Position in network of traffic artery Distance between the new development and the nearest
Individual artery
Transport | 21 City-accessibilityconcept Degrees of perfection of accessntrol in newdevelopment.
Whether accessontrol is graded according to @é@nd
pollution emission, and implemented-alkather.
22 Local roads for adjacent owners and visitor] Coverage of local roads
restriction for transit traffic
23 Congestion ofnterior road network Frequency and duration of congestion of interior road nety
(motorizedindividual traffic)
24 Road network density Road length per unit of area
25 Differentiated aredoll Degrees of perfection of ar¢all regulation innew
development. Whether aréall regulation is graded accordin
to CQ: and pollution emission, and implementedvadiather.
26 Recharging devices of-Eobility Whether there are adequate numbers of parking with
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Assessing| Assessing | No. | Indicator Evaluation Content Selection Rate Note
Topic Aspect
recharging devices; whether they aceessible for all;
whether equipped at PT stops.
27 Car park management system Degrees of perfection of car park management system in
development. Differentiated parking fee graded according
COzand pollution emission of vehicles, and convanlevel
of payment.
28 Traffic-calming, speed limit, road space Implementing scope of trafficalming concept
arrangement
29 Car sharing: Number of criteriorfulfill ed
1.Cars available in the whole areanot
stationbounded
2.Easy registration and payment
3.Onlinereservation
4.Discount on PT tickets
5.Discount on carent (cars and trucks)
Public 30 Connection to fast mass transport Distance between area center and fast mass transport
Transport | 31 Main form of Mass Rapidransport Type of Mass Rapid Transport
32 Connection to the major origins and Coverage of main origins and destinations, and traffic mod
destinations the connection
33 Congestion frequency fast RTetro, tram Frequency and duration of congestion of fast PT
and BRT with own track (to/frormain origin
and destination areas)
34 Transit station coverage Coverage of stopping points
35 Approach to bus ostreet priority Implementing scope of dedicated busways
36 Quality of publictransport stations: Number of criteriorfulfill ed

1. Canopy

. Ticket machine

. Passenger travel information

. Lighting

. Barrierfree access

. Bicycle parking infrastructure

. Small scale shopping posiity neaby

~NOo oA WN
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Assessing| Assessing | No. | Indicator Evaluation Content Selection Rate Note
Topic Aspect
37 Costs for passengers Ratioof costs commuting by PT to gasoline costs of an
average car (10L per 100km)
38 Convenience of tariff system Understandability of tariff system, and convenient level of
payment
39 Load factors in the highest peak hour Average occupation level @khicles in the highest peak ho
40 Average wait time in the highest peak hour| Average wait time in the highest peak hour
41 Quality of public transport vehicles: Number of criteriorfulfill ed
1. Air-condition
2. Wide doors
3. Passenger travel information
4. Entertainmentée.g. TV, internet service)
42 Emission level of buses Emission level of most buses
Non-moto | 43 Connectivity of Footpaths Coverage and accessibility of footpaths
rized 44 Quality of footpaths Width, allocation and design (incl. shadow coverage) of
Transport footpaths
45 Connectivity ofcycle tracks Coverage and accessibility ofycle tracks
46 Quality ofcycle tracks Width, allocation and design (incl. shadow coverage)ofe
tracks
47 Non-motorizedvehicle parking: Number of criteriorfulfill ed
1.Sufficient parking space at important pub
service facilities and PT stops
2.Well-equipped bicycle racks and lighting
3.Good security
4.Clear signage
Freight 48 Congestion frequendyreight transport) Frequency of congestion of freight transport (different ped
Transport hours asnotorizedindividual traffic)
49 Main freight transport modes Diversity and type of freight transport
50 Prioritization of low emission trucks: Number of criteriorfulfill ed

1. Subsidies and tax concessions to encouf
the purchase and use of low emission vehi

2. Permission to enter auto restricted zoneg
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Assessing| Assessing | No. | Indicator Evaluation Content Selection Rate Note
Topic Aspect
3. No restriction for delivering time periods
4. Recharging devices in delivering zones
5. Special delivering zones orflyr low
emission trucks
Suggested Supplement
Building | Building 51 Solar orientation Percentage of soutbriented building
Environm | 52 Location adjacent green/ water space Percentage of buildings locate adjacgmten/water space
ent 53 Wind use for natural ventilation Percentage of wind use for natural ventilation
54 Locally resourced, retrofitted material Percentage of locally resourced, retrofitted material used
in buildings
Building 55 Shapecoefficient (residential & nomes.) Shape coefficient of residential & neoasidential building
Envelope Building shape coefficient is defined as the ratio of buildin
superficial area which contacts the outdoor air and the buil
volume. S= FO/VO
56 Air-tightness Whether buildingait i ght ness meet th
standard fAGraduations and
watertightness, wind load resistance performance for buil
external windows and doors (GB/T71260 0 8 ) 0
57 Windowsi material/ insulation Heat transmission coefficient (U value) of windows materi
58 Window-to- Wall ratio Windowto-Wal | Rati o in buildin
59 Sun protection in summer Coverage of sun protection device for transparent area of
buildings
60 Wallsi material/ insulation Heat transmission coefficient (U value) of walls material
61 Vertical greening Percentage of green facades
62 Roofi material/ insulation Heat transmission coefficient (U value) of roofs material
63 Green roof Percentage of green roofs
Building 64 Efficiency of heater Whether buildingait i ght ness meet th
Technolog standard fADesign Standard
y Buildings (GB 50182 0 0 5) 0o
65 Efficiency ofair-conditioner Whether buildingait i ght ness meet th
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Assessing| Assessing | No. | Indicator Evaluation Content Selection Rate Note
Topic Aspect
standard fiDesign Standard
Buildings (GB 50182 0 05 ) 0
66 Efficiency of ventilation Whether buildingait i ght ness meet th
standardfi Desi gn Standard for E
Buildings (GB50182 0 05) 0o
67 Efficiency of illumination Whether buildingait i ght ness meet th
standard AStandard for Lid
500342 004) 0o
68 Energyconsumption metering Percentage of buildings have smart meter for individual
units/tenants
Suggested Supplement
Energy Supplysi | 69 Renewable energy production Coverage of wuserds energy
de 70 Electricity production by cgeneration (powergenerated by cgeneration system /total power
consumption) *100%
Demands | 71 Green electricity contract Whether have green electricity products
ide Green electricity program refers to utilities purchase or
generate renewabkpurced electricity, andffers it as a
distinct product to users. The end users have the option t
purchase and use part or all of their electricity from the gr
sources.
72 Metered heating rate Percentage of buildings have heating meter for individual
units/tenant anbeing billed by the meter
73 Controllability of heating systems Percentage of users that have controllable heating systen
Suggested Supplement
Water & | Water 74 Water supply from nottraditional sources Percentage of water supply from awaditional sources, suc
Waste Supply (reclaimed waterainwater, etc.) as recycled water, rain water, desalinated sweater, etc.
Water 75 Water tariff Whether water tariffs cascading is implemented, how is th

charging rate, and. whether the wasdatment cost is

inclusive.
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Assessing| Assessing | No. | Indicator Evaluation Content Selection Rate Note
Topic Aspect
76 Leakage rate proportion of water leaking from pipes out of the overall
amount of water distributed to households and other prope
Wastewat | 77 Site planning of wastewater treatment plan{ Whether thavastewater treatment plants are away from
er surface water supplies or flood plains
Treatment | 78 Treatment rate of wastewater Percentage of wastewater treated
Storage 79 Stormwater and wastewater diversion Whether stormwater and wastewatarersion is implemente(
and 80 Coverage of drainage network Coverage of drainage network
Drainage | 81 Drainage system Performance of drainage system
82 Flood protection Whether have a sound eawyarning and emergency respon
system
Suggeste®upplement
MSW MSW 83 Waste collection rate Percentage of waste collected
Collection | 84 Waste recycling rate Percentage of waste that is recycled
& 85 Separate waste collection Percentage of block/community implemented separate wé
Transfer collection
86 Storage system of waste: Number of criteriorfulfill ed
1.Corrosiveresistant
2.Lidded
3.Good sealing
4.Away from water sources
5.Away from schools, kindergarten
87 Waste management route Whether the waste management routes are &waysurface
water supplies or flood plains, and the accessibility
MSW 88 Harmless treatment rate Percentage of waste that rendered-tm¢ic treatment
Disposal | 89 Landfilling rate Percentage of waste treated by incineration
Suggeste®upplement
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Thank you very much for contribution to this study. If you have any problems, or any
comments and suggestions in this process, please feel free to contact us.

Contact:

Yuanyuan Zhang
Yuanyuan.zhang@stud.udue.de
Fax: +49201-183-4218
University of Duisburgessen
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Appendix 10

Questionnaire Survey of LowCarbon Indicator Systemi Sino
(Round 2)

Thank you for your attention angérticipation to this questionnaire survey!

This survey i s c¢onduc-Cabdn Indiaatoe RYystenisinot he st ud
EvaluatingtheLowCar bon Ci ty Devel oTfhenanmaf the thegie | i n C
is to develop a lowcarbon city evaluation systeinLow-Carbon Indicator Systerm
Sino (LCISS) for Chinese cities, in order to provide standards and guidance for
low-carbon city development in ChinaCISS consists of 3 phases:
I Phase 1: starts with a relatively rough planning stage (level of master qtlan)
large scale (1:10,000). Many parameters and information are not yet known. The
aim of the Phase 1 evaluation is to make overview the potential deficits of current
planning, and suggestions for appropriate strategies to enhance mitigability and
adapability.
I Phase 2: evolves in greater detail (level of regulatory plan), at scale of 1:2,000. It
aims at making another overview of the potential deficits and possible
optimization.
i Phase 3: works on implementation (level of site plan), at scale of 1:=@8il D
planning and work plans are created and further details specified. In this phase,
diagnosis of weak point of mitigability and adaptability is made, and feedback
loops is created.
For existing urban areas, the L@arbon & Resilience Indicator Systegenerally
contains all three defined phases. In case ofdeveloped projects, involved phases
could be determined depending on construction situations.

The LowCarbon & Resilience Indicator System involves six evaluated topics:

i Urban Design: has impachdhe generation of GOBesides, it has influence on
traveler traffic mode, urban livability, microclimate, and other important factors.

i Transport: is one of the main energy consumers in urban areas, which accounts for
25% of energyrelated CQ emissiongylobally.

T Building: consumes around 40% of total primary energy, and is responsible for 30%
of the worl dodés annual GHG emi ssi ons.

i Energy: The C@emissions from energy system worldwide experienced stable
growth in the last decades.

I Water: has the potentiab significantly reduce Cg& because to address water
scarcity that exacerbated by climate change, are potentially very energy and carbon
intensive.

i Municipal Solid Waste: is rapidly growing source of carbon emissions. It accounts
for 51 10% of CQ emissiors generated within a city boundary.
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In the different phases, the evaluated topics and criteria change. Moreover, the selected
topics and criteria of each urban area vary in accordance with its specific environment,
society, economy, and culture background.

For each indicator and criteria, assessment ranges-&ton+2. This makes maximum

5 points available for an evaluation. The assessment is guided by the average of the
particular urban area. 0 points are given if the plans are expected to yield awerage
standard level of mitigability and adaptability. The best possible planning at time of
evaluation earns a score of +2. Conversely, if the plan falls toward the bottom of the
scale of possible planning, it earns a value2of

By applying this indicatosystem, climatic mitigability and adaptability of an urban
area can be calculated, and a series of results and products can be obtained for guiding
low-carbon and resilient development.

In order to select the appropriate indicators for every assessing,asyerounds of
guestionnaire survey are planned to carry out. The first round survey has been finished
in Feb. 2014, and got supports from 31 experts. The result of first questionnaire is
shown as feedback in this questionnaire (round 2). For the fugtingy, we cordially

invite you to take part in the second round survey.

For the sake of communicating with you timely about the survey result, please kindly
provide the following information. The information you provide in this application
form will be treated as strictly confidential.

Name:
E-mail:
Present Unit:

Please tick ¥ ) the indicators from the following table that you think it is
representative, dataavailable, comparable among cities, and can effectively
gui de a -catbdnyaddsresilientwkvelopment. You may need about 25
minutes to finish the questionnaire.

Notes:

1. At least one indicator under each assessing aspect should not be chosen.

2. Indicators marked in bold are modified indicators of the original ones. If you
think this indicator should be chosen, please choose only one from either the
original (e.g. 2a) or the modified indicators (e.g. 2b).

3. Indicators shown in italic are newly suggested indicators.
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Assessing| Assessing | No. | Indicata Evaluation Content Indicator Note
Topic Aspect selection rate
Suggested
indicator
occurrence
Urban Site 1 Inner city development Distance between the new development and city center /9 80%
Design Planning center, and original land use type
Integration tathe surrounding Building coverage of the 137%
Disaster risk (e.g. sdavel rise, flooding, Whether new development is located on high risk area, ai 70%
landslides or any other risk) level of protective measures
LandUse | 4 Mixture of functions Diversity of land use function 83%
Supplement of existing functions in the Relationship between new uses and existing uses in the | 73%
surrounding surrounding (conflictVYunfi
6 Maintenance Whether the land use functions daifill basic needs 47%
7 Arrangement of uses Rationality of public facil 4%
complement one another)
8 Employmenthousing equilibrium index Percentage of the employable residémthe community/city| 73%
that are employed in the community/city.
9 Urban development land area per capita Urban development land area of city/ number of permane| 60%
resident population in city center
10 Smaltlscale building block /community Percentage of smadicale building block /community {2 ha) | 67%
Accessibil | 11 Regional traffic connection Diversity and type of regional traffic connection 90%
ity 12 | Transitoriented employment density Employments per kAwithin 500m of importanstops 93%
13 Transitoriented residential density Dwelling units per krwithin 500m of important stops 97%
14 Resilience of road infrastructure: Number of criteriorfulfill ed 50%
1.More resilient design standards and
materials for infrastructure construction
2.Improved drainagsystems
3.Regular maintenance
4.Avoid high risk areas
5.Provide sufficient redundancy
Open 15a | Existence of open green space Percentage of greenery coverage (%) 93%
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Assessing| Assessing | No. | Indicata Evaluation Content Indicator Note
Topic Aspect selection rate
Suggested
indicator
occurrence
Space 15b | Existence of open green space Opengreen space area per capita (fper capita) 1
16 Coverage ratio of green space service radi{ Park green space service radius of coverage 77%
17 Existence of water surfaces Amount and scale of water surface 60%
18 Squares Amount and scale afquare 50%
19 Quality of open space (green spaces/ watel Number of criteriorfulfill ed 83%
spaces/ squares):
1. Equipped with various public facilities (e.
furniture, toilet, sculpture, landscape
decoration, fountain)
2.Plant low water consumption native plant
3.Well functionalorganized space with
different uses
4.Good accessibility
5.Bright lights at key locations
6.Clear signage
7.Well shadowed
8. Applied devices by renewable energy
9. Applied light colored, durable,
environmental friendly pavement material
Suggested Supplement Communitybased green space Percentage of communibased green space in total green | 1
open space
Transport | Motorized | 20 Position in network of traffic artery Distance between the new developmamd the nearest traffii 63%
Individual artery
Transport | 21 City-accessibilityconcept Degrees of perfection of accessntrol in new development.| 60%
Whether accessontrol is graded according to @é@nd
pollution emission, and implemented-alkather.
22a | Localroads for adjacent owners and visitory Coverage of local roads 33%
restriction for transit traffic
22b | Multidirectional street grid Coverage of multidirectional street grid 1
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Assessing| Assessing | No. | Indicata Evaluation Content Indicator Note
Topic Aspect selection rate
Suggested
indicator
occurrence

23 Congestion of interior road network Frequency and duration obngestion of interior road networ 73%
(motorizedindividual traffic)

24 Road network density Road length per unit of area 67%

25 Differentiated aredoll Degrees of perfection of ar¢all regulation in new 60%
development. Whether ar¢all regulation is graded accordin
to CQ: and pollution emission, and implementedvadiather.

26 Recharging devices of-Enobility Whether there are adequate numbers of parking with 80%
recharging devices; whether they are accessible for all;
whetherequipped at PT stops.

27 Car park management system Degrees of perfection of car park management system in| 77%
development. Differentiated parking fee graded according
COzand pollution emission of vehicles, and convenient le
of payment.

28 Traffic-calming, speed limit, road space Implementing scope of trafficalming concept 43%

arrangement

29 Car sharing: Number of criteriorfulfill ed 7%

1.Cars available in the whole areanot

stationbounded

2.Easy registration and payment

3.0nline reservation

4.Discount orPT tickets

5.Discount on carent (cars and trucks)
Public 30 Connection to fast mass transport Distance between area center and fast mass transport 93%
Transport | 31 Main form of Mass Rapid Transport Type of MasRapid Transport 53%

32 Connection to the major origins and Coverage of main origins and destinations, and traffic mod 70%

destinations the connection

33 Congestion frequency fast RTetro, tram Frequency and duration of congestion of fast PT 57%

and BRT with own track (to/from main origin

anddestination areas)
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Assessing| Assessing | No. | Indicata Evaluation Content Indicator Note
Topic Aspect selection rate
Suggested
indicator
occurrence
34 Transit station coverage Coverage of stopping points 90%
35 Approach to bus ostreet priority Implementing scope of dedicated busways 77%
36 Quality of publictransport stations: Number of criteriorfulfill ed 70%
1. Canopy
2. Ticket machine
3. Passenger travel information
4. Lighting
5. Barrierfree access
6. Bicycle parking infrastructure
7. Small sale shopping possibilitgeaby
37 Costs for passengers Ratio of costs commuting by PT to gasoline costs ofan | 53%
average car (10L per 100km)
38 Convenience of tariff system Understandability of tariff system, and convenient level of| 47%
payment
39 Load factors in the highest peak hour Averageoccupation level of vehicles in the highest peak h{ 50%
40 Average wait time in the highest peak hour| Average wait time in the highest peak hour 70%
41 Quality of public transport vehicles: Number of criteriorfulfill ed 60%
1. Air-condition
2. Wide doors
3. Passenger travigiformation
4. Entertainments (e.g. TV, internet service
42 Emission level of buses Emission level of most buses 7%
Nor-moto | 43 Connectivity of Footpaths Coverage and accessibility of footpaths 97%
rized 44 Quality of footpaths Width, allocation and design (incl. shadow coverage) of | 80%
Transport footpaths
45 Connectivity ofcycle tracks Coverage and accessibility ofycle tracks 97%
46 Quality ofcycle tracks Width, allocation and design (incl. shadow coverageyafe | 80%

tracks
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Assessing| Assessing | No. | Indicata Evaluation Content Indicator Note
Topic Aspect selection rate
Suggested
indicator
occurrence
47 Non-motorizedvehicle parking: Number of criteriorfulfill ed 7%
1.Sufficient parking space at important pub
service facilities and PT stops
2.Well-equipped bicycle racks and lighting
3.Good security
4.Clearsignage
Freight 48 Congestion frequency (freight transport) Frequency of congestion of freight transport (different peg 70%
Transport hours asnotorizedindividual traffic)
49 Main freight transport modes Diversity and type of freight transport 73%
50 Prioritization of low emission trucks: Number of criteriorfulfill ed T7%
1. Subsidies and tax concessions to encou
the purchase and use of low emission vehi
2. Permission to enter auto restricted zoneg
3. No restriction for delivering time periods
4. Recharging devices in delivering zones
5. Special delivering zones only for low
emission trucks
Suggested Supplement Engine concept for freight vehicle Engine type ofmost freight vehicles (diesel/petrol, biesel, | 1
hybrid, electric, natural gas)
Building | Building 51 Solar orientation Percentage of soutbriented building 73%
Environm | 52 Location adjacent green/ water space Percentage of buildings locaddjacent green/water space | 67%
ent 53 Wind use for natural ventilation Percentage of wind use for natural ventilation 83%
54 Locally resourced, retrofitted material Percentage of locally resourced, retrofitted material used | 80%
buildings
Building 55 Shape coefficient (residential & naes.) Shape coefficient of residential & naasidential building 73%
Envelope Building shape coefficient is defined as the ratio of buildin
superficial area which contacts the outdoor air and the buil
volume. S=-0/VO
56 Air-tightness Whether buildingait i ght ness meet t h|83%
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Assessing| Assessing | No. | Indicata Evaluation Content Indicator Note
Topic Aspect selection rate
Suggested
indicator
occurrence
standard AGraduations and
watertightness, wind load resistance performance for buil
external windows and doors (GB/T71260 0 8 ) ©
57 Windowsi material/ insulation Heat transmission coefficient (U value) of windows materi| 87%
58 Window-to- Wall ratio Windowto-Wal | Rati o in buildin6é7%
59 Sun protection in summer Coverage of sun protection device faansparent area of 80%
buildings
60 Wallsi material/ insulation Heat transmission coefficient (U value) of walls material | 87%
61 Vertical greening Percentage of green facades 67%
62 Roofi material/ insulation Heat transmission coefficie(it) value) of roofs material 83%
63 Green roof Percentage of green roofs 83%
Building 64 Efficiency of heater Whether buildingait i ght ness meet t h| 8%
Technolog standard fiDesign Standard
y Buildings (GB501832 0 0 5 ) 0
65 Efficiency of airconditioner Whether buildingait i ght ness meet t h|83%
standard fADesign Standard
Buildings (GB 50182 0 0 5) 0
66 Efficiency of ventilation Whether buildingairt i ght ness meet t h| 8%
standard fADesign Standard
Buildings (GB 50182 0 0 5 ) 0
67 Efficiency of illumination Whether buildingait i ght ness meet t h|73%
standard ASt anda rf@uildings(GBR i ¢
500342 004) o
68 Energy consumption metering Percentage of buildings have smart meter for individual | 77%
units/tenants
Energy Supplysi | 69 Renewable energy production Coverage of wuserds energy |93%
de 70 Electricity production by cgeneration (power generated by egeneration system /total power 83%

consumption) *100%
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Assessing| Assessing | No. | Indicata Evaluation Content Indicator Note
Topic Aspect selection rate
Suggested
indicator
occurrence
Demands | 71 Green electricity contract Whether have green electricity products 63%
ide Green electricity program refers to utilitiparchase or
generate renewabBourced electricity, and offers it as a
distinct product to users. The end users have the option t
purchase and use part or all of their electricity from the gr
sources.
72 Metered heating rate Percentage diuildings have heating meter for individual | 87%
units/tenant and being billed by the meter
73 Controllability of heating systems Percentage of users that have controllable heating systen 77%
Suggested Supplement Main sources of energy supply Diversity and type of energy sources 2
Incentive policy of renewable energy Whether there is existence of policies encouraging the us| 1
renewable energy
Water & | Water 74 Water supply from nottraditional sources Percentage of water supply from awaditional sources, suc| 97%
Waste Supply (reclaimedwater, rainwater, etc.) as recycled water, rain water, desalinated sweater, etc.
Water 75 Water tariff Whether water tariffs cascading is implemented, how is th 77%
charging rate, and. whethiére waste treatment cost is
inclusive.
76 Leakage rate proportion of water leaking from pipes out of the overall | 77%
amount of water distributed to households and other prope
Wastewat | 77 Site planning of wastewater treatmetants | Whether the wastewater treatment plants are away from | 50%
er surface water supplies or flood plains
Treatment | 78 Treatment rate of wastewater Percentage of wastewater treated 90%
Storage 79 Stormwater and wastewater diversion Whetherstormwater and wastewater diversion is implemen 80%
and 80 Coverage of drainage network Coverage of drainage network 43%
Drainage | 81 Drainage system Performance of drainage system 90%
82 Flood protection Whether have a sound eatarning and emergencegsponse 73%
system
Suggested Supplement Coverage of watesaving appliances Use rate of watesaving appliances 2
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Assessing| Assessing | No. | Indicata Evaluation Content Indicator Note
Topic Aspect selection rate
Suggested
indicator
occurrence
MSW MSW 83 Waste collection rate Percentage of waste collected 90%
Collection | 84 Waste recycling rate Percentage of wastkat is recycled 93%
& 85 Separate waste collection Percentage of block/community implemented separate wq 87%
Transfer collection
86 Storage system of waste: Number of criteriorfulfill ed 53%
1.Corrosiveresistant
2.Lidded
3.Good sealing
4.Away from water sources
5.Away from schoolskindergarten
87 Waste management route Whether the waste management routes are away from su 50%
water supplies or flood plains, and the accessibility
MSW 88 Harmless treatment rate Percentage of wasthat rendered natoxic treatment 83%
Disposal | 89 Landfilling rate Percentage of waste treated by incineration 83%
Suggested Supplement Emission level of waste transport vehgcle | Emission level of most waste transport vehicles 1
Waste disposal fee Whetherthe charge standard is higher than the cost 1
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Thank you very much for contribution to this study. If you have any problems, or any
comments and suggestions in this process, please feel free to contact us.

Contact:

YuanyuanZhang
Yuanyuan.zhang@stud.udue.de
Fax: +49201-183-4218
University of Duisburgessen
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Appendix 11

The result of % round survey

First-class Secondclass | No. Third-class ndicator Evaluationcontent Selection
indicator indicator rate
Urban Design| Site Planning | 1 Inner city development Distance between the new development and city center /sub center, and ori 8495
land use type
2 Integration to the surrounding Building coverage of the new devel 24%
3 Disaster risk (e.g. sdavel rise, flooding, Whether new development is located on high risk area, and lepebiefctive 52%
landslides or any other risk) measures
Land Use 4 Mixture of functions Diversity of land use function 96%
5 Supplement of existing functions in the Relationship between new uses and existing uses in the surrounding 76%
surrounding (conflictVYunfitYcongruent Yenrich)
6 Maintenance Whether the land use functions daifill basic needs 48%
7 Arrangement of uses Rational ity of public facilities §48%
another)
8 Employmenthousing equilibrium index Percentage of the employable residémtie community/city that are employed | 92%
the community/city.
9 Urban development land area per capita Urban development land area of city/ number of permanent resident popula| 60%
city center
10 Smalktscale building block /community Percentage of smadicale building block /community {2 ha) 52%
Accessibility | 11 Regional traffic connection Diversity and type of regional traffic connection 96%
12 Transitoriented employment density Employments per k&within 500m of importanstops 68%
13 Transitoriented residential density Dwelling units per krwithin 500m of important stops 64%
14 Resilience of road infrastructure: Number of criteriorfulfill ed 40%

1.More resilient design standards and
materials for infrastructure construction
2.lmproved drainagsystems

272




First-class Seconedclass | No. Third-class ndicator Evaluationcontent Selection
indicator indicator rate
3.Regular maintenance
4.Avoid high risk areas
5.Provide sufficient redundancy
Open Space | 15 Existence of open green space Percentage of greenery coverage (%) 68%
modified Existence of open greespace Open green space area per capita (hper capita) 32%
indicator
16 Coverage ratio of green space service radi{ Park green space service radius of coverage 76%
17 Existence of water surfaces Amount and scale of water surface 60%
18 Squares Amount andscale of square 52%
19 Quality of open space (green spaces/ wate|] Number & criterion fulfill ed 96%
spaces/ squares):
1. Equipped with various public facilities (e.
furniture, toilet, sculpture, landscape
decoration, fountain)
2.Plant low water consumption native plant
3.Well functional organized space with
different uses
4.Good accessibility
5.Bright lights at key locations
6.Clear signage
7.Well shadowed
8. Applied devices by renewable energy
9. Applied light colored, durable,
environmental friendly pavement material
Suggested Supplement Communitybased green space Percentage of communityased green space in total green open space 36%
Transport Motorized 20 Position in network of traffic artery Distance between the nalevelopment and the nearest traffic artery 60%
Individual 21 City-accessibilityconcept Degrees of perfection of accessntrol in new development. Whether 52%
Transport accesgontrol is graded according to @@nd pollution emission, and
implemented allveather.
22 Local roads for adjacent owners and visitor] Coverage of local roads 28%

restriction for transit traffic
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First-class Seconedclass | No. Third-class ndicator Evaluationcontent Selection
indicator indicator rate
23 Congestion of interior road network Frequency and duration of congestion of interior road netwodtqrized 68%
individual traffic)
24 Roadnetwork density Road length per unit of area 88%
25 Differentiated aredoll Degrees of perfection of ar¢all regulation in new development. Whether 56%
areatoll regulation is graded according to £€&nhd pollution emission, and
implemented allveather.
26 Recharging devices of-Eobility Whether there are adequate numbers of parking with recharging devices; w| 88%
they are accessible for all; whether equipped at PT stops.
27 Car park management Degrees of perfection of car park managensgstem in new development. 72%
Differentiated parking fee graded according to-@@d pollution emission of
vehicles, and convenient level of payment.
28 Traffic-calming, speed limit, road space Implementing scope of trafficalming concept 32%
arrangement
29 Car sharing: Number of criteriorfulfill ed 52%
1.Cars available in the whole areanot
stationbounded
2.Easy registration and payment
3.0nline reservation
4.Discount on PT tickets
5.Discount on carent (cars and trucks)
Public 30 Connection to fast mass transport Distance between area center and fast mass transport 84%
Transport 31 Main form of Mass Rapid Transport Type of Mass Rapid Transport 44%
32 Connection to the major origins and Coverage of main origins anfestinations, and traffic mode of the connection| 60%
destinations
33 Congestion frequency fast PTetro, tram Frequency and duration of congestion of fast PT 56%
and BRT with own track (to/from main origif
and destination areas)
34 Transit station coverage Coverage of stopping points 88%
35 Approach to bus ostreet priority Implementing scope of dedicated busways 80%
36 Quality of public transport stations: Number of criteriorfulfill ed 64%

1. Canopy
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First-class Seconedclass | No. Third-class ndicator Evaluationcontent Selection
indicator indicator rate
2. Ticket machine
3. Passenger travel information
4. Lighting
5. Barrierfreeaccess
6. Bicycle parking infrastructure
7. Small sale shopping possibilitgeaby
37 Costs for passengers Ratio of costs commuting by PT to gasoline costs of an average car (10L pq 48%
100km)
38 Convenience ofariff system Understandability of tariff system, and convenient level of payment 32%
39 Load factors in the highest peak hour Average occupation level of vehicles in the highest peak hour 40%
40 Average wait time in the highest peak hour| Averagewait time in the highest peak hour 56%
41 Quality of public transport vehicles: Number of criteriorfulfill ed 72%
1. Air-condition
2. Wide doors
3. Passenger travel information
4. Entertainments (e.g. TV, internet service
42 Emission level of buses Emission level of most buses 72%
Norn-motorize | 43 Connectivity of Footpaths Coverage and accessibility of footpaths 72%
d Transport 44 Quality of footpaths Width, allocation and design (incl. shadow coverage) of footpaths 60%
45 Connectivity ofcycle tracks Coverage and accessibility ofycle tracks 72%
46 Quality ofcycle tracks Width, allocation and design (incl. shadow coverage&)ofe tracks 60%
a7 Non-motorizedvehicle parking: Number of criteriorfulfill ed 80%
1.Sufficient parking space at important pub
servicefacilities and PT stops
2.Well-equipped bicycle racks and lighting
3.Good security
4.Clear signage
Freight 48 Congestion frequency (freight transport) Frequency of congestion of freight transport (different peak houretwized 32%
Transport individual traffic)
49 Main freight transport modes Diversity and type of freight transport 52%
50 Prioritization of low emission trucks: Number of criteriorfulfill ed 44%
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First-class Seconedclass | No. Third-class ndicator Evaluationcontent Selection
indicator indicator rate
1. Subsidies and taooncessions to encourag
the purchase and use of low emission vehi
2. Permission to enter auto restricted zoneg
3. No restriction for delivering time periods
4. Recharging devices in delivering zones
5. Special delivering zones only for low
emissiontrucks
Suggested Supplement Multidirectional street grid Coverage of multidirectional street grid 32%
Engine concept for freight vehicle Engine type of most freight vehicles (diesel/petrol,-tiesel, hybrid, electric| 44%
natural gas)
Building Building 51 Solar orientation Percentage of soutbriented building 52%
Environment | 52 Location adjacent green/ water space Percentage of buildings locate adjacent green/water space 48%
53 Wind use for natural ventilation Percentage of wind use for natural ventilation 88%
54 Locally resourced, retrofitted material Percentage of locally resourced, retrofitted material used in buildings 52%
Building 55 Shape coefficient (residential & nems.) Shape coefficientf residential & norresidential building 64%
Envelope Building shape coefficient is defined as the ratio of building superficial area v
contacts the outdoor air and the building volume. S= FO/VO
56 Air-tightness Whether buildingait i ght ness smeneatt itohnea IP RsCda n ¢ 80%
test methods of air permeability, watertightness, wind load resistance perfor
for building external windows and doors (GB/T71D® 0 8 ) O
57 Windowsi material/ insulation Heat transmission coefficient (lhlue) of windows material 84%
58 Window-to- Wall ratio Window-to- Wa | | Ratio in buildingds f ouri 60%
59 Sun protection in summer Coverage of sun protection device for transparent area of buildings 68%
60 Wallsi material/ insulation Heat transmission coefficient (U value) of walls material 76%
61 Vertical greening Percentage of green facades 48%
62 Roofi material/ insulation Heat transmission coefficient (U value) of roofs material 80%
63 Green roof Percentage of green roofs 72%
Building 64 Efficiency of heater Whether buildingait i ght ness meet the PRCOs |84%
Technology Standard for Energy Efficiency of Public Buildings (GB 50489 0 5 ) 0
65 Efficiency of airconditioner Whether buildingait i ght ness meet the PRCO6s | 8%
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First-class Seconedclass | No. Third-class ndicator Evaluationcontent Selection
indicator indicator rate
Standard for Energy Efficiency of Public Buildings (GB 50889 0 5) 0
66 Efficiency of ventilation Whether buildingait i ght ness meet the PRCo6s |76%
Standardor Energy Efficiency of Public Buildings (GB 501890 0 5 ) 0
67 Efficiency of illumination Whether buildingait i ght ness meet the PRCo6s |72%
Lighting Design of Buildings (GB 50032 0 0 4 ) 0
68 Energy consumptiometering Percentage of buildings have smart meter for individual units/tenants 76%
Energy Supplyside 69 Renewable energy production Coverage of wuserds energy demand 88%
70 Electricity production by cgeneration (power generated bgo-generatiorsystem /total power consumption) *100% | 84%
Demandside | 71 Green electricity contract Whether have green electricity products 56%
Green electricity program refers to utilities purchase or generate
renewablesourced electricity, and offers it as a distipetduct to users. The en
users have the option to purchase and use part or all of their electricity from
green sources.
72 Metered heating rate Percentage of buildings have heating meter for individual units/tenant and i 76%
billed by the meter
73 Controllability of heating systems Percentage of users that have controllable heating systems 64%
Suggested Supplement Main sources of energy supply Diversity and type of energy sources 68%
Incentive policy of renewable energy Whether therés existence of policies encouraging the use of renewable ene| 80%
Water & Water Supply | 74 Water supply from notraditional sources Percentage of water supply from awaditional sources, such as recycleater, | 92%
Waste Water (reclaimed water, rainwater, etc.) rain water, desalinated sweater, etc.
75 Water tariff Whether water tariffs cascading is implemented, how is the charging rate, a| 80%
whether the waste treatment cost is inclusive.
76 Leakage rate proportion of water leaking from pipesit of the overall amount of water 84%
distributed to households and other properties
Wastewater 77 Site planning of wastewater treatment plan{ Whether the wastewater treatment plants are away from surface water supf 48%
Treatment flood plains
78 Treatment rate of wastewater Percentage of wastewater treated 96%
Storage and | 79 Stormwater and wastewater diversion Whether stormwater and wastewater diversion is implemented 92%
Drainage 80 Coverage of drainage network Coverage of drainagsetwork 44%
81 Drainage system Performance of drainage system 92%
82 Flood protection Whether have a sound earyarning and emergency response system 68%
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First-class Seconedclass | No. Third-class ndicator Evaluationcontent Selection
indicator indicator rate
Suggested Supplement Coverage of watesaving appliances Use rate of watesaving appliances 64%
MSW MSW 83 Waste collection rate Percentage of waste collected 92%
Collection 84 Waste recycling rate Percentage of waste that is recycled 92%
& Transfer 85 Proportion of communities with separate Percentage dflock/community implemented separate waste collection 84%
waste collection facilities
86 Storage system of waste: Number of criteriorfulfill ed 40%
1.Corrosiveresistant
2.Lidded
3.Good sealing
4.Away from water sources
5.Away from schools, kindergarten
87 Waste managementute Whether the waste management routes are away from surface water suppli 48%
flood plains, and the accessibility
MSW 88 Harmless treatment rate Percentage of waste that rendered-taxic treatment 84%
Disposal 89 Landfilling rate Percentagef waste treated by incineration 68%
Suggested Supplement Emission level of waste transport vehgle | Emission level of most waste transport vehicles 64%
Waste disposal fee Whether the charge standard is higher than the cost 40%
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Appendix 12

Indicatoss of urban desigin LCISS

Firstclass | Seconeclass | No. Indicator Evaluation scale
indicator indicator
-2 -1 0 +1 +2
Urban Siteplanning | 1 Original land use type Arable land / Unused land Brownfield
design woodland fgrassland
2 Disaster risk There are There is no
constructions in high construction in high
risk areas thal risk areas tha
threated by disasters threated by disastery
such as flood, geologic hazard, o
geologic hazard, an( secondary disaster.
secondary disaster
Landuse 3 Mixture of functions D<0.980 0.9800DOO0| D=0.990 0.9920D0O0|0. 9950D
or
03 types 4-6 types of diversg 7-10 types of diversg 11-18 types ofl 019 types
uses uses uses diverse uses uses / >10 types o
diverse uses an
employmenthousin
g equilibrium
index>50%
4 Urban development land ar¢ Higher than the Compliance with the Lower than the
per capita standard stated in th standardstated in the standard stated in th
PRCb6s N PRCb6s N PRCo6s N
Standard GB Standard GB Standard GB
501372011 501372011 501372011
5 Smalkscale block R<40% 40%C0R<50% 50%CR<70% 70%CR<80% 80%CR
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Accessibility | 6 Regional traffic connection No regional traffic | Partial regionall Area wide regional Area wide regional Area wide regional
connection traffic connection traffic ~ connection| traffic connection by| traffic connection
only by individual | individual transport individual transport
transport and one kind of and various publig
public transport transport
7 Transitoriented employmen| Lowest density of| Density slightly | Average density of Density slightly | Highest density of
density the area at publi¢ below average the area above average the area at publig
transport hubs transport hubs
8 Transitoriented residentia| Lowest density of| Density slightly| Average density ol Density slightly | Highest density of
density the area at publi¢ below average the area above average the area at publig
transport hubs transport hubs
Green open| 9 Greenery coverage ratio >20% than the (0% below the| Similar like the| (20% above thg >20% above the
space average level average level average level average level average level
10 Coverage ratio of park greg R<60% 60%0R<70% 70%CR<80% 80%CR<90% 90%CR
space serviceadius
11 Quality of green open space: | No one criterion| 1-2 criterionfulfill ed | 3-4 criteriafulfill ed | 5-6 criteriafulfill ed | All criteria fulfill ed
1. Equipped with various publi{ fulfill ed
facilities (e.0. furniture,
sculpture, landscap

decoration, fountain)

2.Plant low water consumptio|
native plants

3.Well functional organized
space with different uses
4.Good accessibility

5.Bright lights at key locationg
6.Clear signage
7.Well shadowed

8. Applied devices by
renewable energy

9. Applied light colored,
durable, environmentg
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| friendly pavement material |

Indicators of transport in LCISS

Transport

Motorized
Individual
Transport

Position in highway network

Long distance @

Nexthighway < 5km

Next highway < 2km

Next highway < 1km

Highway inside of

5km) to the next away from thel away from thel away from the| the area, or along g
highway border border border a border
Road network density Below the standard| Below the standard | Complies with| Above the standard | Above the standard

area- not statiorbounded
2.Easy registration and
payment

3.0nline reservation

4. Discount on publitransport
tickets

5. Various types of vehicles

(cars and trucks)

fulfill ed

and branch roadi Standard and branch road
account lower account higher
proportion of total proportion of total
length of network length of network
Car park management No local law, Local laws, Local laws,
regulation and policy regulations and regulations and
of car park policies of car park policies of car park
management management ar management  havi
being developed been implemented
Recharging devices d No recharging| Some parking with  Some parking with Adequate number o| Adequate number o
E-mobility device recharging deviceg recharging devices| parking with | parking with
access only fon access for all recharging devices| recharging devices
employee of some access for all access for all; ang
companies, private combined with
garage owners, 0 transport connectio
parking pass holders point, easy payment
Carsharing: No car sharing Car sharing availabl¢ 1 criteriafulfill ed 2-3 criteriafulfilled | 4 or more criteria
1. Cars available in the whole| concept but no one criterion fulfill ed
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6 Prioritization for low emissiorf No one criterion| 1 criteriafulfill ed 2 criteriafulfill ed 3 criteriafulfill ed All criteria fulfill ed
vehicles: fulfilled
1. Subsidies and tal
concessions to encourage |
purchase and use of lo
emission vehicles
2. Permission to enter au
restricted zones
3. No traffic restriction
(odd-andeven number limit
lines)
4. Parking charge discount
Public 7 Main form of Mass Rapid No public transport No MRT, only bus| LRT/BRT Metro + LRT/BRT Metro + LRT/BRT
Transport Transit (MRT) connection connection + commuter rail
8 Connection to the major origin No connection, o1l Bus connection tq Bus connection t¢ MRT connection to| MRT connection to
and destinations only bus connectior] the most of major all major origins and the most of major all major origins and
to some of the majo| origins and| destinations origins and| destinations
origins and| destinations destinations, bug
destinations connection to the
remaining  origins
and destinations
9 Transit station coverage rate | <45% (urban area) 45%50% (urban >50% (urban
<63% (city center area); 63%70% area); >70% (city]
area) (city center area) center area)
10 Velocity of public transport R>2.5 2<R®.5 1.5<R» 1<RAL.5 ROL
11 Average wait time in thg >20mins 11-20mins 6-10mins 3-5mins <3mins
highest peak hour
12 Emission level of buses Most vehicles mee| Most vehicles mee| Most vehicles mee] Most vehicles mee| Most vehicles mee
the National| the National| the National| the National| the National
Discharge Standar| Discharge Standar{ Discharge Standar{ Discharge Standar({ Discharge Standar
of Vehicle Pollutant| of Vehicle Pollutant| of Vehicle Pollutant| of Vehicle Pollutant| of Vehicle Pollutant
(N Stage (7 Stage (n Stage (N Stagé (n Stage
13 Quality of public transporl Most of vehicles dg 1 criterion fulfill ed | 2 criteriafulfill ed by | 3 criteriafulfill ed by | All criteria fulfill ed
vehicles: not  fulfill any | by most vehicles the most of vehicles| the most of vehicles| by the most of]
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1. Air-conditions
2. Wide doors
3. Passenger travel informatig
4. Entertainments (e.g. T
internet service)

criterion

vehicles

14 Quality of public transporl Most of stations dd 1-2 criteria fulfill ed | 3-4 criteria fulfill ed | 5-6 criteria fulfill ed | All criteria fulfill ed
stations: not  fulfill any | for the most of| for the most of| for the most off for the most of
1. Canopy criterion stations stations stations stations
2. Ticket machine
3. Passenger travel informatiag
4. Lighting
5. Barrierfree access
6. Bicycle parking
infrastructure
7. Small sale shopping
possibilityneaby
Non-Motorize | 15 Connectivity of footpaths Area is not completg Area is nearly| Area has footpathy Short &  direct| Footpaths link to
d Transport equipped with foot| complete equippe( semrated from the footpaths connect tq various grades o
paths along the with foot paths alond streets major facilities highway in
streets the streets surrounding areas
16 Quality of footpaths Footpaths are to¢ Footpaths haveg Footpaths have Footpaths haveq Footpaths have
narrow (<2m),| usable width©®2m) | usable width ©2m); | sufficient width | sufficient width
barely usable and separated fronf (I ar ge ci|(l arge ci
motorways; most small and| small and
footpaths arg mediumsized cities| mediumsized cities
smooth, O 4 yrand separatior O 4 yrand separatior|
well-lighted, from motorways from  motorways;
furnished, greened most footpaths arg
well-paved,
well-lighted,
furnished, greened
17 Connectivity ofcycle tracks Area is not completq Area is  nearly| Area hasycle tracks| Short & directcycle | Cycle trackslink to
equipped withcycle | complete equippeq separated from thq tracks connect to| various grades o
tracks with cycle tracks| roads major facilities highway in
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along the roads

surrounding areas

18 Quality ofcycle tracks Tracks are toq Tracks have usabl{ Tracks have usabl{ Tracks have| Tracks have|
narrow (oneway | width (oneway | width (oneway | sufficient width | sufficient width
w<2m; twoway | 2mON<4m; 2mON<4m; (oneway  4nOW; | (oneway  4nOW;
W<2.4m),  barely| two-way two-way two-way ~ 6mOW) | two-way  6mOW)
usable 2.4mON<6m) 2.4mON<6m); and| and separation fron and separation fron

separated fron] motorways motorways; most
motorways; most tracks are
tracks are well-paved,
well-paved, well-lighted,
well-lighted, furnished, greened
furnished, greened

19 Non-motorized vehicle | Most of parks do nojl 1 or more criterig] 2 criteriafulfill ed by | 3 criteriafulfill ed by | All criteria fulfill ed

parking: fulfill any criteria fulfill ed by several the most of parks the most of parks by the most of parks|

1.Sufficient parking space ¢ parks

important ~ public  servicg

facilities and PT stops

2.Well-equipped bicycle rack

and lighting

3.Good security

4.Clear signage
Freight 20 Main freight transport modes | Road transportatior Rail-road or Portroadrail is the
Transport is theonly mode port-road is the main main mode

mode
21 Prioritization for low emissiorf No one criterion| 1 criterionfulfill ed 2 criteriafulfill ed 3 criteriafulfill ed All criteria fulfill ed
trucks: fulfill ed
1. Subsidies and ta

concessions to encourage t|
purchase and use of lo
emission vehicles

2. Permission to enter au
restrcted zones

3. No restriction for delivering
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time periods

4. Recharging devices i
delivering zones

5. Special delivering zones on
for low emission trucks

Indicators of energy in LCISS

Energy Energy supply Main sources of energy supply Conventional energy One auxiliary energy More than one
side supply (power grid, source (e.g. wast auxiliary energy
gas network, heatin heat, renewablg sources (e.g. wast
network) energy, heat, renewable
co-generation, etc. energy,
besides conventiong co-generation, etc.
energy system besides conventiong
energy system
Renewable energy production| R<5% 5%CR<10% 109%0R<15% 159%CR<20% 20%CR
Electricity  production  by| R=0 0<R<5% 5%CR
co-generation
Energy Green electricity contract No green electricity, Green electricity|
demand side contract contract available
Incentive policy of renewabl¢ No clear incentive Incentive  policies Incentive  policies
energy utilization policy and plan and plans are bein and plans have bee
developed implemented
Metered heating rate R<10% (residentia| 10%0R<15% 15%CR<20% 20%CR<25% 25%CR (residential
building); R<20%| (residential (residential (residential building);  50%R
(public building) building); building); building); (public building)
209%0R<30% 30%CR<40% 40%CR<50%
(public building) (public building) (public building)
Indicators of building in LCISS
Building New buildings Qualification ratio of building] R<95% 95%CR<100% R=100%

energy efficiency in new

285



buildings

Proportion of green buildings il R<5% 5%CR<20% 20%CR<35% 35%CR<50% 50%CR
new buildings
Existing Qualification ratio of building| R<10% 10%CR<20% 20%CR<30% 30%CR<40% 40%CR
buildings energy efficiency in existing
buildings
Indicators of water in LCISS
Water Water supply Water supply from| R<5% 5%0R<10% |10%0OR<15%|15%0OR<20%|20%0OR
nonttraditional sources
Water tariff Increasing block Increasing block Increasing block Increasing block Increasing block]
water tariff system| water tariff system| water tariff system| wate tariff system| water tariff system
not established| not established| established, wate| established, wate| established, wate
water price is lowerl water price is highe| price is lower than price is higher thar price is higher tharn
than the cost than the cost the cost the cost, charge rat| the cost, charge rat
cannot balance th( achieve low profit
payment breakeven
Leakage rate 14 %0OR 12%<R<14% R=12% 10%<R<12% RO10%
Coverage of watesaving| R<76% 76 %OR<84 %| 84 %0OR<92%|92%0OR<100| R=100%
appliances
Wastewater Treatment rate of wastewater | >10% than the O1 0 % bel | Similar like the| 010 % abo|>10% above the
treatment average level average level averagdevel average level average level
Stormwater Stormwater and wastewat{ R<100% R=100%
management diversion
Drainage system Not me et Me e t t he Above the

for Design of
Outdoor
Wast ewat e

Design of Outdoor
Wast ewat e

Design of Outdoor
Wast ewat e

Flood protection

Not meet
for Design of Urban
Flood Control

Me e t t he
Design of Urban
Flood Control

Above the
Design of Urban
Flood Control
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Projecto

Projecto

Projecto

Indicators of municipal solid waste in LCISS

Municipal
solid waste

MSW Waste collection rate R<70% 70%0R<80 80%CR<90% 90%CR<100% R=100%
collection & Proportion of communities witlf R=0 0<R<15% 15 %R0
transfer separate  waste  collectig
facilities
Emission level of wastd¢ Most vehicles mee| Most vehicles mee| Most vehicles mee| Most vehicles mee] Most vehicles mee
transport vehicles the national| the national| the national| the national| the national
discharge standar({ discharge standar({ discharge standar| discharge standar{ discharge standar
of vehicle pollutant| of vehicle pollutant | of vehicle pollutant| of vehicle pollutant| of vehicle pollutant
(N Stage (i Stagé (n Stage (N Stagé (n Stage
MSW disposal Landfilling rate >10% above thd OL0% above theg Similar like the| Q0% below the| >10% below the|
average level average level average level average level average level
Harmless treatment rate >5% below the] (% below the| Similar like the| (6% above thg >5% above the

average level

average level

average level

average level

average level
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Appendix 13

Comparison matrixf first-class indicators

Score table of weighassignment of LCISS Scale 1

91 (81|71 |61 |51 |41 |31 |21 |11 (12 (1.3 |14 |15 |16 |17 |18 |19
Urban design a Transport
Transport a Energy
Energy a Urban design
Comparison matrixf seconeclass indicators
Urban design

91 |81 |71 |61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 |1.8 |19
Siteplanning a Land use
Land use a Accessibility
Accessibility a Site planning
Transport

91 (81 |71|6:1 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 |1.8 |19
Motorized individual a Public transport
transport
Public transport a Freight transport
Freight transport a Motorized individual

transport
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Comparison matrixf third-class indicators

Site planning
91 |81 |71 |61 |51 |41 |31 |21 |11 (1:2 |13 |14 |15 |16 |17 |1.8 |19
Original land use type a Disaster risk
Disaster risk a Original landuse type
Score table of weight assignment of LCISS Scale 2
Comparison matriof first-class indicators
91 |81 |71 |61 |51 |41 |31 |21 |11 |1:2 |1:3 |14 |15 |16 |17 |18 |19
Urbandesign a Transport
Transport a Municipal solid waste
Energy a Urbandesign
Building a Urbandesign
Water a Urbandesign
Municipal solid waste a Urbandesign
Energy a Transport
Building a Transport
Water a Transport
Building a Energy
Water a Energy
Municipal solid waste a Energy
Water a Building
Municipal solid waste a Building
Water a Municipal solid waste
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Comparison matrixf seconeclass indicators

Urban design

91 |81 |71 |61 |51 |41 |31 |21 |11 (1:2 |13 |14 |15 |16 |17 |1.8 |19
Site planning a Land use
Land use a Accessibility
Accessibility a Green open space
Green open space a Site planning
Site planning a Accessibility
Land use a Green open space
Transport

91 (81 |71]6:1 |51 |41 |31 |21 |11 (1:2 |13 |14 |15 |16 |17 |1.8 |19
Motorized individual a Public transport
transport
Public transport a Non-motorizedtransport
Non-motorizedtransport a Freight transport
Freight transport a Motorized individual

transport

Motorized individual a Non-motorizedtransport
transport
Public transport a Freight transport
Water

91 |81 |7:1|6:1 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 |1.8 |19
Water supply a Wastewater treatment
Wastewater treatment a Stormwater management
Stormwater managemen a Water supply

Municipal solid waste
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Transitoriented 91 (81 |71 (61 |51 (41 |31 |21 |11 (1.2 |13 (14 |15 |16 |17 |18 |19
employment density
MSW collection & transfer a MSW disposal
Comparison matriof third-class indicators
Site planning
91 |81 |71 |61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 | 1.8 |19
Original land use type a Disaster risk
Land use
91 |81 |71 |61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 | 1.8 |19
Mixture of functions a Urban development lan
area per capita
Urban development lan a Smalktscale block
area per capita
Smallscale block a Mixture of functions
Accessibility
91 (81|71 (|61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 |1:8 |19
Regional traffic a Transitoriented
connection employment density
Transitoriented a Transitoriented residential
employment density density
Transitoriented a Regional traffic connectio
residential density
Green open space
91 (81|71 (|61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 |18 |19
Greenery coverage ratio a Coverage ratio of gree

201




space service radius

Public transport

91 81|71 |6:1 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 | 1.8 |19
Connection to the majo a Transit station coverage
origins and destinations
Nonmotorizediransport

91 |81 |71 |61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 | 1.8 |19
Connectivity of footpaths a Connectivity of cycle

tracks

Supplyside

91 |81 |71 |61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 | 1.8 |19
Main sources of energ a Renewable energ
supply production
Renewable energ a Electricity production by
production co-generation
Electricity production by a Main sources of energ
co-generation supply
New huildings

91 (81|71 (|61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 |1:8 |19
Qualification  ratio  of a Proportion of greer
building energy efficiency buildings in new buildings
in new buildings
Stormwater management

91 (81|71 (|61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 |18 |19
Stormwater ang a Drainage prevention
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wastewater diversion

Drainage prevention a Flood prevention
Flood prevention a Stormwater ang
wastewater diversion
MSW disposal
91 |81 |71 |6:1 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 | 1.8 |19
Landfilling rate a Harmless treatment rate
Score table of weight assignment of LCISS Scale 3
Comparison matrixf first-class indicators
91 |81 (71 |61 |51 |41 |31 |21 |11 |12 |1:3 |14 |15 |16 |17 |18 |19
Urban design a Transport
Transport a Municipal solid waste
Energy a Urban design
Building a Urban design
Water a Urban design
Municipal solidwaste a Urban design
Energy a Transport
Building a Transport
Water a Transport
Building a Energy
Water a Energy
Municipal solid waste a Energy
Water a Building
Municipal solid waste a Building
Municipal solid waste a Water
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Comparison matrixf seconeclass indicators

Urban design

91 |81 |71 |6:1 |51 |41 |31 |21 |11 |12 |13 |14 |15 |16 |17 |18 |19
Site planning a Land use
Land use a Accessibility
Accessibility a Green open space
Green open space a Site planning
Site planning a Accessibility
Land use a Green open space
Transport

91 (81|71 |6:1 |51 (41 |31 |21 |11 |12 |13 |14 (15 |16 |1.7 |1:8 |19
Motorized individual a Public transport
transport
Public transport a Non-motorizedtransport
Non-motorizedtransport a Freight transport
Freight transport a Motorized individual

transport

Motorized individual a Non-motorizedtransport
transport
Public transport a Freight transport
Energy

91 81 |71 |61 |51 |41 (31 |21 |11 |12 |1:3 |14 |15 |16 |17 |18 |19
Supplyside a Demandside
Water

91 81|71 |61 |51 |41 |31 |21 |1:1 |12 |13 |14 |15 |16 |17 |18 |19
Water supply a Wastewater treatment
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Wastewatetreatment a Stormwater management
Stormwater managementi a Water supply
Municipal solid waste

91 |81 |71 |6:1 |51 |41 (31 |21 |11 |12 |1:3 |14 |15 |16 |17 |18 |19
MSW collection & transfer a MSW disposal
Comparison matriof third-class indicators
Land use

91 |81 |71 |61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 | 1.8 |19
Mixture of functions a Urban development lan

area per capita

Urban development lan a Smalktscale block
area per capita
Smallscale block a Mixture of functions
Accessibility

91 (81|71 (|61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 |1:8 |19
Regional traffic a Transitoriented
connection employment density
Transitoriented a Transitoriented residential
employment density density
Transitoriented a Regional traffic connectio
residential density
Green open space

91 (81|71 (|61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 |18 |19
Greenery coverage ratio a Coverage ratio of gree

space service radius
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Coverage ratio of gree a Quality of green oper

space service radius space

Quality of green oper a Greenery coveragatio

space

Motorizedindividual transport

91 81|71 |6:1 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |1.7 | 1.8 |19

Car park management a Recharging devices @
E-mobility

Recharging devices ¢ a Car sharing

E-mobility

Car sharing a Prioritization  for  low
emission vehicles

Priorization  for  low a Car park management

emission vehicles

Car park management a Car sharing

Recharging devices ¢ a Prioritization for low

E-mobility emission vehicles

Public transport

91 (81|71 |6:1 |51 |41 |31 |21 |11 (1:2 |13 |14 |15 |16 |1.7 | 1.8 |19

Velocity of public a Average waitime in the

transport highest peak hour

Average waittime in the a Emission level of buses

highest peak hour

Emission level of buses a Quality of public transpor
vehicles

Quality of public transpor a Quality of public transpor

vehicles stations

Quality of public transpor a Velocity of public transport

stations

Velocity of public a Emission level of buses
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transport

Average waittime in the a Quality of public transpor
highest peak hour vehicles
Emission level of buses a Quality of public transpor
stations
Quality of public transpor a Velocity of public transport
vehicles
Quality of public transpor a Average waitime in the
stations highest peak hour
Non-motorizedtransport
91 (81|71 |6:1 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |1.7 | 1.8 |19
Quality of footpaths a Quality ofcycle tracks
Quiality ofcycle tracks a Non-motorized  vehicle
parking
Non-motorized vehicle a Quiality of footpaths
parking
Supplyside
91 (81|71 |6:1 |51 |41 |31 |21 |11 (1:2 |13 |14 |15 |16 |1.7 | 1.8 |19
Main sources of energ a Renewable energ
supply production
Renewable energ a Electricity production by
production co-generation
Electricity production by a Main sources of energ
co-generation supply
Demandside
91 |81 |71|6:1 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 |1.8 |19
Green electricity contract a Incentive policy of
renewable energ
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utilization

Incentive policy  of a Metered heating rate
renewable energ
utilization
Metered heating rate a Green electricity contract
New huildings

91 |81 |71 |6:1 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 | 1.8 |19
Qualification  ratio  of a Proportion of greer
building energy efficiency buildings in new buildings
in new buildings
Water supply

91 (81|71 |61 |51 |41 |31 |21 |11 (1.2 |13 |14 |15 |16 |17 |18 |19
Water supply from a Water tariff
non-traditional sources
Water tariff a Leakage rate
Leakage rate a Coverage of watesaving

appliances
Coverage of watesaving a Water supply  from
appliances norttraditional sources
Water supply from a Leakage rate
non-traditional sources
Water tariff a Coverage of watesaving
appliances

Stormwater management

91 |81 |71 |61 |51 |41 |31 |21 |11 (12 |13 |14 |15 |16 |17 | 1.8 |19
Stormwater and a Drainage prevention
wastewater diversion
Drainage prevention a Flood prevention
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Flood prevention a Stormwater ang
wastewater diversion
MSW collection & transfer
91 (81|71 (61 |51 |41 |31 |21 |11 (1.2 |13 |14 |15 |16 |17 |1:8 |19
Waste collection rate a Proportion of communitie
with separate wast
collection facilities
Proportion of a Emission level of waste
communities with transport vehicle
separate waste collectig
facilities
Emission level of wastg a Waste collection rate
transport vehicle
MSW disposal
91 (81|71 |61 |51 |41 |31 |21 |11 (1.2 |13 |14 |15 |16 |17 |18 |19
Landfilling rate a Harmlesdreatment rate
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