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Unprecedented urbanization in China

Energy demand and carbon trends

\

To explore China's urban energy solutions:
low-carbon community energy planning




Urbanization of China in future two decades
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McKinsey Global Institute analysis

More than 350 million people will move
from rural to urban, over the population of
entire United States

More than 200 cities with population over
one million; in Europe today there are only
35 cities of that size

There will be up to 50,000 new skyscrapers,
the equivalent of buildings in ten New York
cities

Up to 170 new mass transit systems; in
Europe today there are about 70

... that’s nearly 1 billion people
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11 city agglomerations with population over
60 million

Regional hubs

Number of cities
in the region

Beijing / Tianjin
Shenyang /
Dalian
Qingdao / Jinan
Xian
Zhengzhou
Shanghai

Chengdu /
Chongqing

Wuhan
Changsha

Xiamen /
Fuzhou

Guangzhou /
Shenzhen

28
22

tio

8
23
58
31

27
20
14

23

Source: McKinsey Global Institute analysis
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Till 2020, the key transition period to the development of urbanization in
China.

Rapid population gathered to the cities brings huge investment and
consumption demand on the environment, social security, infrastructure,
and public services facilities.

New construction of industry park, business district, inhabit community and
small town.

Retrofit of old cities.

Renew of transport facilities

Livelihood facility projects, such as health care, sports and fitness, and leisure
entertainments




Characteristics of China's urbanization (1)
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Huge population.
Land shortage.

The heavy chemical industry and real estate are the main in the
Investment structure.

The low-end manufacture is the main in the industrial structure.
Export-oriented trade structure.

The services economy is weak due to weak consuming.

Real Estate is "kidnapping" the economy.

Dual social structure.

Lower level of urban management.



New industry park or new settlements filled the gape in the city group,
to form de facto super mega cities even with 100million population.

Unreasonable land use to sprawl urban. Per capita land use in urban is
133m?2/p, far higher than the developed countries (per capita 82.4m?)
and developing countries (per capita 83.3m?).

Fragile ecological environment and infrastructure, vulnerable to the
impact of natural disasters caused by climate change.

Huge demand on energy and environment, social security,
infrastructure, and public services facilities.

Transition to the modern service industry based on the imperfect
industrialization.

Central government guides the transformation towards people-
oriented and sustainable development strategies based on scientific
development and harmonious approaches.



« The main sector of energy consumption in almost all cities is
manufacture industry.

e The high carbon endowments of energy structure with coal as
the main resource

« A car-oriented planning concepts caused huge increasing in
traffic energy consumptions;

« General level of building energy consumption is not so higher,
but there are coexistences of
— low energy consuming and poor environmental quality;
— energy waste and energy poverty;
— waste big and saving small.

« Huge demand of urban life energy in the future.
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In the industrial parks with modern manufacturing, the process energy
consumption translated into the energy for built environment
protection. To improve indoor environmental quality can increase the
added-value of products, reducing energy intensity.

Service industry park and business district are modern service-
oriented. The indoor environment is a key factor in the safe operating
(such as the data center), and also a key factor for improving the
working efficiency of white-collar workers.

The mode of global division of labor and intensive production has
improved the efficiency of resource allocation, transferring the
processing energy to logistic and traffic energy consumption.

With the increase in disposable income and a sound social security
system, residents' energy consumption for basic necessities, so-called
"urban life energy" will be gradually increased.



Estimating development of residential &

public buildings in Chinese cities & towns

towns /billion m2

Urbanization ratio °0% 60%
Total population of cities & towns /million 670 840
Pe.r gaplta floor area of residential 30 35

buildings /m2

thql floor area of residential buildings 20 20 4
/billion m2

Per capita floor area of public buildings 10 11.5
/m2

Total floor area of pulic buildings /billion 6.7 9.6
m2

Total floor area of civil buildings in cities & 26.7 390
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On building energy

e From a macroeconomic perspective, the greater the proportion of building
energy consumption in total, the more reasonable and healthy of the economic

development.

« Increase of building energy proportion in total is inevitable, but also an
important symbol of economic structural adjustment and living standard
improvement.

« The aim of building energy efficiency

— Don’ tsuppress reasonable energy needs in civil buildings
— Decrease energy intensity in process of building usage

— Increase building energy efficiency

— Solve the gap of wealth in building energy usage

— Increase renewable energy usage

— Implement scientific building energy management

— Create better built environment

« Truly reflects the "people-oriented" thinking of the scientific concept of
development.
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Energy consumption proportion of various
sectors (%)

Primary, secondary and tertiary
industries in GDP

Services

Proportion
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Proportion of carbon emission in four mega-

cities (%)

100%
90%
80%
70%
60%
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30%
20%
10%

0%

New York London Tokyo Shanghai

B Commercial/Residential M Transport = Industry
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Industrial

building

Manufacture

Create GDP
Value added
built
environment

Commercial
building

S

Services
mdustry

Create GDP
Energy
efficiency
improvement
More services
with less
energy

Public

building

Utlllty

Create GDP
Energy
efficiency
improvement
More
services with
less energy

4 N

Public
serwces

Expenditure

+ Service
efficiency
improvement
Reduce
consumption

. j

Residential
building

leellhood

Expenditure
Promote the rational
consumption

» Curb extravagant

consumption
People-oriented
Meet basic human
needs
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=X R, @FIER. Three major sectors are
industry, transportation and building.

PR ERD BT M REAEA IR AFIA R H 2R (E REREA IR HERL.
Two major parts are productive and consumable
energy consumption and carbon emission.
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Productive energy consumption & carbon

emission

o (AIIEER(IGDPREFEAIER M GDPIRHERH. Reflected in the per unit GDP
energy consumption and carbon emissions.

o TR, mAER. SRS (Wfnh. i, ERs ) BIREER
AR as@miaEsE. Industrial, commercial and public utilities
buildings, and logistic transportations are included.
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Public welfare and services buildings
Government administrative office buildings
Public traffic

Urban life energy, in which residential building and private vehicle are
Included.

Consumable energy consumption does not create value.
It can be defined as energy consumption of urban life.

1B
Sl el el fadek>
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Per capita residential energy consumption in
four cities (toe)

New York
London

Shanghai
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City Latitude HDD Mean Temp. Jan. Mean Temp. July
FI#k Berlin 52 2540 -04° C 179° C
& Hamburg 53~55 3073 05° C 16.8° C
A48 £& Nirnberg 49~51 3010 -0.8° C 18.3° C
% JE. B Munich 47~49 3061 22° C 17.3° C
%) New York 40.77 2614 0° C 24° C
FifE & Seattle 47.53 2471 5° C 19° C
% O,Rome 42 1570 1.9° C(Min) 31.2° C(Max)
3 London 51 2558 4° C 17° C
2 B4 Vancouver 49.18 2820 3° C 17° C
5 /R¥E Harbin 45 5032 -19.2° C 22.8° C
Jb X Beijing 40 2699 -43° C 25.9° C
% I Tokyo 35.7 1579 5.2° C 25.2° C
[H&:1iSan Francisco  [37.6 1675 9° C 17° C
W42 KAtlanta 33.7 1662 5.0° C 26.0° C
2B Los Angeles 34 1274 14.6° C 235° C
A4 HrDavis 38.7 1527 73° C 24.0° C
PREFIR Huston 29.7 1371 10° C 28° C
k¥ Shanghai 31 1691 3.7° C 27.8° C
R Nanjing 32 1967 3.0° C 28.0° C
HiM Hangzhou 30.2 1647 4.0° C 28.6° C
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The mean value of energy consumption per household

was less than one-third of the average of US (kgce)
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Comparing of per sq.m and per HDD energy

consumption for heating (kwh/ m2HDD)

01
00811 0.0835
0.08
0.06 00T —qoass g5 00483 00477
00421 0045 | | ' |
0.04
0.02
O | | | |

Beijing  Harbin  Changchun Anshan  Tangshan Taiyuan Lanzhou Baotou  Germany
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Annual per household electricity consumption in Shanghai is not as much
as electricity consumption for cooling only in US household, and less than
one-third of the average in US.

2081

Shanghai,per household US, for cooling US, per household
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The growth trend of residential energy

consumption is rigid

1800

1600 1520
1351 1379 1411 1395 1455 1424 1455 147

1200 —

Elasticity of growth:
1000 Hong Kong: 0.53

Shanghai: 0.91 e 801 »—Hong Kong
800 714 _

620 °% . ——-Shanghai

600 497 525
400 st 354 382/—/
200

0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

o X—EBRLLREBUTARRITREaIEa ARV TEERGIFEE/I4ETS. The trend is

independent to taking what energy saving measurements or what administrative restrictions.

o FAIFREMINEREFHKEERIRETREZREL. We can do s to try to reduce the elasticity
of residential energy consumption.

o MEERFEK , FEaENBIKSIARIENFSE. With economic growth, the growth of
residential energy consumption will reach a relatively stable.




&

Production

Customer

Decarburization
Large scale RE usage
IGCC

Carbon capture

Decentralization

DCHP

Multi-source heat pump energy bus
Large scale RE usage

Demand reduction
Passive energy saving
Improving building envelope
Increasing system efficiency



Input & production

COST

A Renewable energy
Renewable
thermal source
System
efficiency

BENEFITS
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Energy

Productive

Saved energy

->
Output

Customable

Zero growth scenario o6




Per GDP (10,000yuan) energy consumption (tce) Per capita CO2 emission (tCO2/p)
0.67 9.6
0.943 8.1
0.936 7.0
0.92 12.4
0.71 5.6
0.713 12.6
1.94 9.5
1.386 8.6
1.75 18.3
1.18 12.5
0.955 6.8
1.253 13.9
0.873 9.0
0.87 10.8
0.87 10.9
0.833 13.7
0.56 11.1
1.73 10.7
2.44 19.7
2.777 26.1
1.02 11.6
0.848 16.1
0.934 5.4
3.859 15.3
0.616 9.0
1.333 4.9
0.623 9.6



Comparing of per capita carbon emission in

megacities of China & North America

Toronto
Phoenix
Philadelphia
New York City

Montreal

Los Angeles

Dallas
Houston 25.8
Chicago
Chongging
Tianjin
Shanghai

Beijing

0 5 10 15 20 25 30
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, AFIHeRE ANBCO2HE &
AN ARGDP Per capita Per capita CO2
energy con. emission
(tcela) (t/a)

RTI

Population Per capita GDP

City (million) (PPP Euro)

faMBerlin 3.4 21561 2.66 6.57

PRETIE AR 2R

stanbul 12.6 14615 1.24 3.25
&3 London 7.6 44890 2.67 5.84
L, 45 B Madrid 6.1 25012 2.75 4.08

EZParis 11.7 34941 3.30 5.04
F L Rome 4.0 27910 2.89 3.50
L 19.21 16258 5.41 13.7

Shanghai (2009)



Comparing with Asian megacities

Tokyo 438
Singapore 7.4
Seoul 317

Mnila

Kuala Lumpur 1.2
Karachi 31
Jakarta 1.2
Hong Kong 54

Hanoi

Delhi
Bangkok
Chongging

Tianjin

Shanghai

Beijing
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Per capita carbon emission based on customer

responsibility and producer responsibility (2007)

= Customer Responsibility ®m Producer Responsibility

19.15

New York  London Tokyo Hong Kong Shanghai



Carbon calculation based on principle of

producer responsibility

GDP E CEE CEE
e (CEP = X X =
P GDP E P

— CEP: per capita CO2 emission; tCO2/p
— GDP: gross domestic production; RMB
— P: population
— E: total energy consumption
— CEE: per unit energy CO2 emission
« CEP of Shanghai is the highest due to heavy industry structure,

lower production efficiency and coal-dominated energy
structure.
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Carbon calculation based on principle of

customer responsibility

e CEP = CI+CS—-CO

— CEP: per capita CO2 emission; tCO2/p
— CI: embedded carbon input;

— CS: local carbon emission;

— CO: embedded carbon output.

« CEP of New York is the highest due to highest expenditure and
imports of low-end products with higher embedded carbon.
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High plot ratio

High rise
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6 aspects of low-carbon city

A& T L e R
Climate change & energy

K5 IR

Water & environment

XiE

Transportation

I, 77 AR
Utban planning

HERR
Green building

58

Landscape & carbon sink
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Challenges for community energy planning

« Fast urbanization process with huge immigration

e Old & backward infrastructure

« Fragile ecological environment

« Frequent extreme weather disasters due to climate change

« Itisimpossible the proportion of renewable energy can rapidly
increase in short-term

« Uncertainty of occupancy rates and thermal load
e Huge potential of energy demand
« Coordination with master planning and other special planning
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EFERERITREAT

Computational formula of productive energy consumption

E=Y", (PGDP;xP;) XEI

- I,

E WX SEFHEREFEKTE , MR (tce)

Gross productive energy consumption level in the district;
m. X E R TRV VL

Number of prioritized industry in the district;

PGDP; S5 FIRIANISFE |, BT,

Per capita production value in number i industry;

Pi BTV AIFRERLAL AZY ;

Predicted quantity of employment in number i industry

EF 3N 5 7cGD PREFE R E IR
Predicted energy intensity index of unit GDP.
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Reflected in the per unit GDP energy consumption and carbon emissions.

Focus on fostering and developing industries of energy saving & environment
protection, new generation of information technology, biotechnology, high-end
equipment manufacturing, new energy, new materials, and new-energy green
autos industries.

Productive energy consumption:

Adjustment of industrial structure

Prior to services and high value-added industries

Cascade energy usage, depending the community as a whole
Energy recovery and recycle

To improve the processing efficiency

Per unit GDP energy consumption level is Y% of the local level over
the same period.
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The goal of building energy consumption of

public agencies

- EEESEM FBFEETEDR. Anumber of percentage points
could be reduced on the basis of the baseline.

o ESAHEREFERERFICNERIRIBEFEERN TS ZEM L |, BiF
KETHES=. Toreduce a number of percentage points based on the

lower quartile of data got from local public building energy
monitoring system.
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Shanghai: Urban life energy structure 2009

m Coal

m Gas

m Gasoline

m Fuel oll
Diesel
LPG

m Other oll
NG
Heat

m Electricity
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Growth & shares (2009) of residential urban

life energy in Shanghai

225

~—Residential(10kgce)
—l—Gasoline(l)

—4—Electricity (10kWh)

"

I I
2007 2008 2009

Transport
251.84

Building,
697

The growth of transport
energy Is faster than building

41



vehicles possessing

100

90.86

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

== Civilian vehicles === Private car
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Per 100 residences private car ownership

BEPMBNRERFE BAABNRERFE

AICIty P(e!lrﬁl)oo households private P(fl)oo capita private
car (units) car (units)

Jt 5 Beijing 30 12.24

¥ Shanghai 17 6.83

7<7¢ Dongguan | 68 30.5

&)l Shenzhen |30 14.22

K iE Tianjin 16.1 5.75

H%#E Chengdu 18.1 6.65

f#1l1 Foshan 54 18.95

M Wenzhou 33.3 12.06

HIX Wuhan 7.6 2.73
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0-1million, 48years
1-2million, 6.5years
2-3million, 3years+9months
3-4million, 7months

On BAU scenario the traffic energy
demand would increase rapidly and
exceed building energy soon.

The worry is recent sales of large cars
increased rapidly.

Should to reexamine the policies on
developing of China's automobile industry
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B AR IR T Fe iR A4L R Compact city & complex community
RS AZTBATAE . BV FAY£E4E FTo increase the proportion of bus

travel, reduce private car use

&k A2 A # £ # A = Reduce private car ownership
% 5 N #E = iR F Encourage small cars
B iRA-3h /1 3 3 iR FEncourage hybrid or electric vehicles

BB ANRERE EF3s EF2To increase the quantity of public
traffic & the mileage of metro

P hosFiE FolF 3 69 e ig 3 38 More comfortable and convenient MRT
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K@AAY "RFAR" selRER—FelBEMR The low-grade

untapped energy is an renewable thermal source.

FTEREBLSINERERITBE L EZEZF ARIREE. It mainly
refers to the heat that is close to ambient temperature and can
not be directly used.

[O2RETEE. K =58, TWERFDSKZH Widely consists
in soil, water, air, industrial waste heat and sewage.
RIR(ERDENSNEE | BB RIVRA LRI LTI A
IS AREE, Heat pump converted low-grade heat that is

Impossible to use it directly to high-grade available heat by
using small amount of high-grade energy.
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The energy flow chart of heat pump system

Ambient
105

The ratio of renewable energy usage is:

140 — 100

0 = 0
120 X 100% = 28.6%
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In computer science, the “bus’ is a computer's internal structure, which is a
public channel for transmitting information by the CPU, memory, input and
output devices etc. The computer's various components are connected
through the bus. The external devices are also through the corresponding
interface circuit connected with the bus.

The so-called "Energy Bus" is a infrastructure pipeline network through
which the water from coupled heat exchanger (with multi low-energy sources
such as ground soil, surface water or solar water heater) as the heat-
source/heat-sink was fed to the terminal users. On the terminal, the water
from energy-bus is regarded as heat-source/heat-sink of the water-source heat

pump.
M (resources) to N (water source heat pumps)

Heat pump technology is the key technology of community energy system



AN EER A PR B RV R B AEREIR How to integrate the application of low-density
renewable energy sources.

N EER A PR AR AYARFI FBEEIR How to integrate the application of low-grade
and untapped energy.

AMEISTTRRAYEEFABEIR ( BIARFimAYTIRE ) {EAEUAIR How to use the carbon-
free virtual energy (i.e. the client's energy saving) as an alternative energy
resource.

AR EE R EARAY D fo U BER How to integrate the low-carbon distributed energy.
AMAISEIERBEIRRIRAYES AR, BRI RFIREIKAIA How to achieve cascade

usage, recycling and recovering of high-carbon energy.

Sn{aTFI AR TS ERFNRIRT R EPE(ERTE How to use irregular ratio and diversity
factor of thermal load to decrease the load.

A SEI X BEIRIR RAVZ T, BEIREERIHIAI | LINEERENHIHow to
achieve diversified invest of community energy system, marketization of energy
management and clean developing mechanism.



Multisource Circle Type Energy Bus System
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Multisource Rami form Energy Bus System
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Highest efficiency: cogeneration + heat pump

132

Heating 200

Heat67
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