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China CHP Development

« DOOOO0O0O000O CHP Annul increase in capacity

10 000000 0000D00oonod
muin 0ooooo 0oo/0
1997 294.412 1.28

1998 296.75 3.53

1999 322.06 3.578

2000 174.7 1.05

2001 233.55 2.163

2002 519.511 1.57

2003 625.51 3.4




HO0oeoo0 000U

with the Cagamt y above 6MW In China
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China CHP Development in 2003
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20200000 0HOHOHOHE
China CHP Development forecasting in 2020

202000 0000OOO00OOo20000

2020 CHP CAPACITY: [1200100001.e0000
HUooogduoogudn 3oduoi
JoHdoooo1t

[JJJResidential CHP
OO000dddduooooodn esoouu

Industrial CHP 12001001 1042000 00
HUHUoooooouoduon 1.30000




Distributed Energy: 1n Chi
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1 o
Trend of installation scale of world pewer generation facilities
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HUtbobuguddoobdgobodbbodtobodtboboddon
HUtbobuguddoobdgobodbbodtobodtboboddon
HUoodooouooodoodoon

Normal thermal power plant, hydro power plant and nuclear

power plant have been challenged biologically and
environmentally, along with the development of energy
technology and reformation in energy structure, distributed
energy shall serve mankind by forming a stronger energy
network with traditional large grid power supply with its
advantages of environmental friendly, highly efficient,
energy saving and flexible,etc.
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I
CCHP Of Distributed Energy

Oo0oodon

New wave of 215t century .

0ooooo i—— “_....,
Historical Dialectic =
0000000 EFE @;
Result of technological progress

JOo0oodoado

Environmental & High utilization rate of energy

OO00 oood-- oo

Energy facilitiesLIFrom large to small --from Far to
near
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JOoodUoo
Advantages Of Distributed Energy

Houoogt

Low emission, high environmental protection
OO000NoxOOOOO025ppmO00CO2000000000000

The Nox emission from the gas turbine can be as low as to below

250ppm, and the emission of CO2, sulfur ride and power is low.
000000000

Highly efficient utilization of energy in a comprehensive way
000000000000000075%00

With CCHP, the comprehensive utilization of energy can be above

75%.
oo

Intelligent & Felxible
00000000000000000000000000

Controlled automation, information, managed grid, remote
control, free of man duty




LOoduoddoodn
Advantages Of Distributed Energy

Huoggo

Enhance the safety of power utilization
0000000000000000000000000000

Be directly placed nearby customers, work with large grid
and so significantly enhance the safety of power utlization
0000000000000000

Improve economic benefit of city grid and natural gas pipeline
OJO000ooodooooooooooooooood

Supply cooling air in summer, supply heat in winter, improve the
utilization rate of power grid and natural gas pipeline




Necessity ofi promoting CCHP

technolegies in China




1 24 0 0

Huge Development Potential off China Electric
Power Inadustry.

O0O00000000oOd/i1o Oo0/000000001/10
Average installed capacity Average generation/utilization
per head is less than of power per head is less than
1/10 of that in the US 1/10 of that in the US
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2003-200401 00000
Power Outage and Shortage Iin
the summer of 2003-2004

0000000000260( 200300190)
24 provinces of China are heavily short of power
(19 provinces in 2003)

20030 70080Lduring June and July in 2003

OJo0ododo4o0do
Cumulatively, more than 140,000 lines/time were shut down to restrict the
power supply

000000190kwh
Cumulatively, about 1.9 billion kwh power were estricted

00000000000040000kw
The maximum restricted power load in one day exceeded 400

billion kwh.




OO0 on

Electric power development fails to keep up with the rapid and
continuous growth of national economy

200400000000 9.5 »eUOOUOOOO0n 14.9%0° 0" odoodoodoodood
HO0003.6%

During the first half of 2004, the economy of China grew with 9.5% while the power
consumption of whole society for the same period mcreased by 14.9%. However, the
growth rate of average installed capacity targeted by 15" Plan is only 3.6%.

OOO0oouoodoz220400000000002670000

The maximum load of the gird of Beijing, Tianjin and Tangshan increased up to 22.04
million kwh, 2.67 million kwh over that of the last year.

HOOdboouoodbotbitbodbbdbogb3octbouoguboubood4ont

The specific weight of the load caused by cooling of air conditioning in the grid of East
China, South China and Central China has exceeded 30%, and near 40% in individual

provinces.
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2008 IO OOHOOOOUOHODOOs0UL DM

Completion of the the second Sanxi to Beljing Natural Gas Pipeline
By 2008, the gas utilization volume shall be 5 billion cubic meter

2002 A é 2005 A é
L _ O K4 ¢ O K4 ¢
| T A ¢Project
Gas % Gas %
Utilization Utilization
%M fi ¢ « pResidents, Public servants 55918 31.28 | 80491 20
1 @ plndustry 55918 31.28 53548 13
2 & ~Cooling 94885 (94.77) 145759 | (96.)
2 K7 © £a O AéaHeating 4400 (4.39)
Heating, O E % a Direct gas 5842 4
: _ 842 (0.84)
cooling engine
P ¥, ASubtotal 100127 56 151601 37




OOoO0000dooooddn
Situation of natural gas utilization volume

of various consumers in Beljing
OO00000ooooooosoooodoooodedn
Natural gas used for heating accounts for more than 50% of the total of
whole year, and the difference between winter and summer is 6 folds
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Grid annual load curve of Beljing, Tianjin and Tangshan &
Beljing nautral gas annual load curve

Hoogo

O0000d Hyghest power load
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00000000000000
Shanghai has piloted the project

00000 Huangpu Central Hospital

= 0J00000020000000
Use Solar Saturn 20 gas turbine unit
= [001,100kW

Generate 1,100kw power
= 0000000000000000000000000

Satisfies the needs of power, heat, cooling, hot
water and disinfect steam of whole hospital.




00000000000000
Shanghai has piloted the project

HiN|NEEN HiEEnnE
Pudong International Airport Minhang Central Hospital
» JOO00Oo0oosodn = [Jpoo4ookwooodo
oo Jiantai 400kw gas engine

Use Solar Centaur 50 gas turbine = [1[1400kW
= [1[14,000kW Generate 400kw power

Generate 4,000kw power » OOOOooooodn HINN
» 00000000000 JO0Odododsatisfies the

Jooauo needs of power, heat, cooling,
Satisfied the needs of power, hot water and disinfect steam of
heating and cooling of part of the part of hospital .
airport




JoOodn
Shanghai PuDong Inter’l Airport

| B3 /"#w < Gas turbined3.5MW
) M"‘“’ : < Exhaust heat boiler19.7t/h

Vapor Generated: 0.9Mpa
Overall efficiency177%




JOo0dooo
CCHP Policy Of Shanghal

OOooooooooooon

Government coordinates the interconnection of Co-Gen project.
OOoooooooooon

Imported equipment is exempted from VAT and import duty
OOOOoodooodoboodooon

Assist enterprise in doing feasibility study, setting up project, organize,
review and approve project

OO00ooooooooooon

Provide financial support Cllow interest loanCresearch budget
OOoo00oooddoo2.1-2.40/000/7 0Oood: 1.90/000

Favorable natural gas price [12.1-2.4 RMB/cubic meter; 1.9 RMB / cubic
meter for co-gen

Hootboogogdo

Reduce or exempt natural gas resources package fee
OOddoooooodddoon

Actively promote pilot projectlIOrganize abroad visit,etc.




0 0 O [ [ T
Testing being actively performed in Beljing

OOoHUioooUn
O000000 Already constructed and being commissioned(]

10480kw+10725kwO 0000

1 set of 480kw + 1 set of 72kw gas engine
10BZ1000+10BZ200000000

1 set of BZ100 + 1 set of BZ200 Waste Heat direct gas turbine
OO00000000oooood

Guarantee power consumption of the basically, the shortage shall
be supplemented by the grid

O0O00000000000o0boodn
Satisfies the heating, cooling, and hot water of the building




JOoO000ooodn
Beijing Gas Monitoring & Controlling Center

e Equipment:
725 KW gas engine +
2 million Kcal DFA

480KW gas engine +
1 million Kcal DFA

Construction Area:
32,800 m?

Maximum Load :
Electrical : 1640 Kw
Cooling : 3148.8 Kw
Heating : 2296 Kw




OO0Oo0oogooan
Comprehensive building of Beijing Ciqumen
Natural Gas Station
JO000000 Already constructed and commissioned successfully(]

100000TG80 80kwOO
1 set of British Bowman TG80 80kw micro gas turbine

1000002000000000
1 set of China Yuanda 200,000 mega pscal waste heat direct gas
ngine;

0O00000000000000000000
Satisfy the needs of power, heating, cooling and water of the office
building

mininininlnininininininin
Extra power be interconnected (system testing project)




[ T T T T T T
CiIQu Gas Pumjp Station BCHP

e A gas pump station
Floor areall12900 m?Z

Electrical power:80KW
Bowman Microturbine

Exhaust heat DFA:66USRT
DFA:66USRT

: LR EETRTW

1
|
I 3
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o
Zhongguanecun Software Park
 ID0ooooo During designi stage

101200kwO000
1 set of 1200kw gas turbine

100500x10%kcal/h00000
1 set of 500 X 10%kcal/h waste heat direct gas engine

0000000000000
Satisfy power consumption partially, support safe
power utilization

00000000000 oodo
Satisfy the heating, cooling and hot water of the square
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ZhongGuanCun; Seftware Park
Einancial analy/sis

Estimated total investment:LIRMB[]

Estimated incremental investment compared with using
DFA only [IRMB)

Energy-netl] [IRMBL
Project owner: JRMBO
Estimated project IRR

Payback period

39 million
13.6 million

10 million
29 million

12.46%0
/.16 years




JUdooooooouitidoooooo

Project of CCHP with Qinghua University Sterlin outer combustion turbine
OO000 Successfully commissioned and operate normallyd

JO00000020kwidodooss.skw

20kw Sterlin generator, 35.5kw heating supply
OOo0Oo3o0o0ooOs3an

30% power generation efficiency, 53% heating supply efficiency

HOoogosstupidoog2zsotdts

Outlet hot water temperature is 55 degree C, exhaust gas
temperature is 250 degree C

Jooodo

Extreme low equipment emission
OO0008ppmUI000IOO0OOL/150
Nitrogen Oxide is 8ppm, 1/15 of
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znongGuanCun; Viedical Park

Northwest Beijing
Total occupied area:
119.66 hectare
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Coolingdl  5,633x10* kcal/h
Heatingld 4,501x10* kcal/h
Electricityl] 43.608 MW
Hot water[d] 168x10%kcal/h
Steam(] 40 t/h

el .




L
China World Trao

L]
e Center

Phase 3 BCH

£Construction area:
54

D

0 000 m?

£ Total investment:

800 million USD

“ Commercial use date:

the end of 2007




Hdooooooygt
Hooouoogdo O

Gguangzhou University City DE Projects
have been set up and being tendered(]

LNGOOOOOLNG is main fuel;
2000000000000000000000
Form up 2 sets Gas-steam gas turbine combined cycle CCHP unit;

JOo0oo012e Mw OO000O0O0M052.1%
generation capacity: 126MW, combined cycle power generation

OO0O0Heating supply capacity

120t/nh 3.5Mpa DOOOO0O0O130cCUUIODOO0OOO OO0

OO000000080% 00

120t/h 3.5Mpa high temperature and high pressure steam, total
efficiency of energy utilization of 130 degree Clow temperature flue
gas recovery such as free from living water system is above 80%;
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JOododoz2005000

Phase 1 of University City (before 2005)
1811010/ 18 square kilometer

250101/ 250,000 population

oo

Phase 2 University City
4300000/ 43 square kilometer
300000/ 300,000 population

0O0ddd/ Medium sized cities

Largest university city in the country QL i o VO "
5 I e |~ /et | 4 /

i)i%rsity

area (Xtao Guwei Islandisn:




I
Difficulty faced by promoting the application
of CCHP In Buildings

Oodo

Hard to interconnect

Joooood

Restrictions from fire-fighting rules
Jooodo

Too high gas price

Jodo

Restrictions on power sales
Oo0o0o0on

Restrictions of Beijing emission rules
OJOo0ooodooooodo

Too expensive and less localized on the main equipment




OO0 Difficulty of interconnection

HOodoodoodbooubitootbotbbbodbodbootbodoouoodod
Hoodoodoodoodboouoodod

Currently, Beijng power bureau believes that the grid will be affected
If interconnected by small capacity power source. However,
technically, the interconnection of generator that conforms with
national standards with the grid is a matured technology

Hobtbotdbotbotdootbgbbogbotbotbodbodood

Indeed there is certain difficulties in dispatching and managing the
Interconnection. However, the difficulties can be solved technically.

Hobbogbotbodbidoouodt

The difficulties can be solved technically. The issue lies in
mind.




OO000O00O Restrictions of fire-fighting rules

HO0oooododobonoodot2kgUi000o0dondskg1skg OO0

Current fire-fighting rules restrict the gas with pressure higher than 2kg from
entering into household though the pressure of gas turbine is usually between 5kg
and 15kg.
O0O00000000000000000010kgODO000O00O000000000O00O00000000
OO000000000000000o0oo

The pressure of the gas that is allowed to enter into household in Japan and US is
usually above 10kg. But both countries have formulated a complete set of
corresponding managerial and technical measures to solve the problem resulted
from the high pressure gas rather than inhibiting the application of such gas.

Houbtdbbgdboodtbogdboogdboboubn Huoodt
Juoopguooot

Along with the technical development, corresponding rules and measures
should be formulated in terms of different new technologies and

equipment. Otherwise, it will be the obstacle to the technical progress.




OOOOOO Gas price Is too high

HObpgdbooguboccHpPUUOOOpouoogubootbbgtdoodb o
Hoooooodoot

The high gas price has been the main reason that has been inhibiting
the application of CCHP and other industries.

Chinese gas price is one fold higher than that of US and Russia.

Hubtoodbobdboodtpotoogtoodt dobodbod
Huopotbogdbooduoodoog Huoodh gubobggoodt

L0

Governmental agencies to formulate a easonable price,
balance the interests of various agencies, or provide favorable
treatment and support to the application of such highly efficient
energy. Beijing Gas Group has granted certain favorable treatments
to CCHP projects though not enough.



(OO0 Restrictions on power sales

OOodoodbootoodbodboubgbogbodbodoouoodn

For the time being, the domestic power market is still a monopolized one.
Although the reformation designed to break such monopoly has started, still
far away from being marketed.

CCHPUOIOOOOOOOOOODOUoOoOoooobDoooooonoooooooodo
OJO000000oooooooodood

CCHP is only allowed to sell power to its own customers, and is restricted from
selling power to neighboring customers through the grid. And even it is
allowed, the tariff is unreasonable which affected the economy of distributed
energy.

HodbogccHpPOUOOOOOOOououooobooboong O odod

Rules should be formulated to allow CCHP to sell neighboring
customers through grid at a reasonable and relatively low wheeling fee to grid.



JOOoooo
Restrictions of Beljing Emission Rules

OO000O0OONO,J000000200mg/m3UUinnnoNo, 000000200mg/m?
Hototootboogoododood

The standards of Beijing to the emission of Nox of boiler is restricted below
200mg/cubic meter, and that the Nox emission of gas turbine is below
200mg/cubic meter. However, it is extremely difficult for gas engine to satisfy
this standards.

OO000DDO000dddggoggooooNo bOoooooo2somg/m3p oo
HOobootdbodbodbotbgubbbbodbodbotbogooubguo

Gas engines have been widely used in abroad, the Nox emission is controlled
below 250mg/cubic meter. In addition, Gas engine is completely different from
boiler in terms of operation principle. If boiler standards are used to regulate
gas engine or other equipments, it is obvious improper.

Hoooodoodoodboodboogoodootbooubobood

: Corresponding rules should be formulated with respect to different
technologies and rules so as to guarantee that the advanced
technologies get fully and effectively applied.



JOoooododooooddn
Too expensive and less localized on the main equipment

 CCHPUUOOOOOOOOOOboUbobobbbobobouboubouood
HobgboodboouooccHpPuOuoouo

The main equipment of CCHP are gas turbine and gas engine, and these two
equipments are almost vacant domestically, I.e. must be imported from abroad
which results high price accounting for more than half of the investment which
eventually cause the high investment in CCHP project.

OD0000000000000008e3dnn
Both gas turbine and micro-gas turbine are part of state 863 program.

JouccHPUULOOOOOOOnoobodboodboubocecHrPUuouoouoouo
HoodoodoodoodooccHpPOOUO

The development of CCHP is fully integrated with the localization of
equipment, and the active development of CCHP shall promote related
domestic industries which will in turn promote the development of CCHP.







