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For the fast growing Chinese economy one challenge that must be met is the demand
for generation and distribution of electricity, heating and cooling services to newly
urbanized and industrialized areas or districts. In planning for meeting these demands
governmental and regulatory bodies should consider technologies that reduce
consumption of fossil fuel resources and also reduce the emission of atmospheric
pollutants. Simply stated, the goal should be efficient energy supply with minimal
environmental impact. One such technology offered today by forward looking
companies is referred to as Integrated Distributed Energy (IDE).
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For the purpose of this discussion IDE technology will be compared to the use of
combustion turbine generators (GT) for electric power supply. Due to the relatively low
cost for construction when compared to other forms of power generation, and a shorter
construction time requirement, combustion turbine generators are frequently used
when additional electric power is needed for a developing district. A combustion
turbine engine burns a fossil fuel such as natural gas to run a generator that produces
electric power at a full load output versus fuel input efficiency ratio of approximately
35%. Since electric loads in a district vary considerably from summer to winter and
even within each day between day to night, the average annual efficiency of a gas
combustion turbine can be expected to be lower than this full load value.
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Gas combustion turbine engines emit nitrous oxide and carbon monoxide as well as
other pollutants to the atmosphere. The emissions are relatively low at full load
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operation but increase as the load factor on the generator is reduced. The annual
electric load factor for most of the areas in China will fall between 45% and 55% and as
a result, even allowing for the staging of generation equipment, the emissions from the
combustion turbine engines become a major source for air pollution.
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IDE technology integrates the electric power supply with the heating and cooling
requirements for the district that is to be served. For this technology to be cost effective
the location of the electric generating equipment will be near the district being served
so that the heating and cooling pipes will not have long distances to run in order to
serve the respective loads. This configuration of electric generation is considered
distributed generation as opposed to centralized generation.
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The basic design principle that is incorporated into IDE technology is the maximization
of energy recovery from the flue gas that is discharged from combustion turbine
engines. The first step taken to implement this technology is to run the flue gas through
heat recovery steam generators (HRSG). A HRSG is bank of tubes that are mounted in
the exhaust stack that is connected to a combustion turbine engine. Essentially, it is a
boiler. Water is circulated to the tubes where heat from the flue gas (about 980°C) that
surrounds the tubes boils the water and creates high pressure steam. The steam is then
used to turn a turbine (STG, steam turbine generator) which generates electric power to
add to the electric power generated by the combustion turbine.
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Steam then exits the turbine at a lower pressure and is used to provide cooling through
mechanical or absorption water chilling equipment, and heating either directly or by
converting to hot water through steam to water heat exchangers.

BEZRSEBAZVARBRTUBHANABVHMARERKNRZRFSEEEIRAE
EFEASREBHAZRBETERKBEEAR XS RMAR.

Thermal storage is incorporated into both the heating and the cooling systems. This is
done to allow maximization of the energy recovery during periods when the demands
for electric power and thermal services are not well matched. Cool thermal storage is
also used during warm weather periods to pre-cool the air which enters the gas
combustion turbine engines. This process increases turbine output capacity by up to
25% over the capacity that would be available without the inlet air cooling.
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The energy recovery techniques, used to generate additional electric power as well as to
provide heating and cooling, are part of IDE technology which increases the total plant
energy output versus fuel input efficiency ratio. When using IDE technology up to 80%
of the fuel consumed at the design rated capacity is converted into usable energy
services. This is significantly greater efficiency than the 35% output versus fuel input
efficiency ratio provided by conventional electric power generation without energy
recovery.

XUERERRARFEESHNE IR ARENRE IDE RN —H2EMNES T2 88R
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Due to the incorporation of thermal storage peak use of electricity for summer-time air
conditioning is reduced by 25% to 30% depending upon the particular application
details. Since air conditioning makes up approximately 60% of the electric power
requirements in a typical district, a total reduction in the installed electric generating
capacity of 15% to 18% can be achieved. Reduction of the generating capacity while
shifting the kWh consumption (required to store the cooling) to lower electric use hours
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improves the load factor of the generating equipment by a proportionate amount. Thus,
an average annual electric load factor that had been 55% will be increased to 65% to
67% if IDE technology is selected. This will in turn mean better combustion efficiency
and lower emissions of pollutants at the higher percentage of load.

RANEMTRERBRFEZTFRIEAFEDADEEEE LRI ITER T AT AR
KE 25%F 30%2E. ZE—MRENRXBHEE LR 60% 2B RHEFARXTRE
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i £ F BN AR 55% tBEARA IDE BEARMAILIEME 65%F 67%EH.
XA E Rt R 5 T MR N R R T 55 RS

The key to maximization of total plant energy efficiency that is provided by IDE
technology is the ability to balance demand for electric power with the use of thermal
services. The components that are most important in achieving the necessary energy
balance are the thermal storage and control and energy management sub-systems. IDE
technology places emphasis on the proper design and selection of these components in
order to meet the goals of efficient energy supply and minimal impact on the
environment.

£ IDE BERELREZHUHEREBRS S RRAREZEZAREBEIANTHREIRS
REFR MEREEN—HIORRUMEINZAERRRERMERM FREREERN
BHEHE. IDE ZREFIHRRITREERGEREREBDWARTEHN .

The total ownership costs for plant facilities that are constructed using IDE technology
is lower than those same costs for plant facilities that do not integrate the supply of
electricity with that of heating and cooling services.

IDE RARM LI RERBENEEN L REMBEFEFHSEESARRNESR
SEEH,

The construction costs for IDE technology, which include the generation and
distribution of electric, heating and cooling services to a district that has at least 4
million square meters of building space, is approximately US$80 per square meter. This
is 8% lower than the construction cost of US$87 per square meter for electric generation
and distribution plus individual building heating and cooling facilities. The primary
reasons for the lower construction costs are as follows:
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L-—BEAFAREFPMXRITE IDE RETRTH/RBEFT HRBERRBIERSEN
RAERENTR—FHARKRELA. ZARAOLESERBRERSRERNAERFNZEFTE
RETHERENATER—FAKREFE 8%. TERBEERREN TIRRA:

4+  The installed capacity of power generation is at least 38% smaller for IDE
technology. This is due to 1) diversity of cooling loads among building in the
district that reduces the installed cooling capacity, 2) use of thermal storage to
reduce the connected chiller electric load, 3) use of inlet air cooling to boost outlet
capacity of the combustion turbine engine.

IDE RERENEKEEZDVE/D 38%. ZREAN )EMEFHEREZAENEE
AERNEEET PREBEE )RAMARERET AREENEE 3)FARKER
RHEXEERARKENEMNT REREBENEF.

4  The cost of electrical distribution is lower because the connected electric load at
each building does not include electric service for cooling equipment.

BARENENFFERNENINRKEBENFERT AL RE.

4+  The cost of heating and cooling equipment, as well as all building components
required to support this equipment, for the individual buildings is eliminated.
The cost of the heating & cooling equipment in a plant using IDE technology is
less than the individual building equipment due to the diversity of building loads
and the economies of constructing the cooling plant in one or two locations rather
than at every building.

EZENMNABALTFREFSRELRERZFNIE. FA IDE RAREF BRRNE
MEEBRERSNMNAENECSRESARNRZEZEEESRANET KRBV ENER
REEEEREENAEBRIRENMNKBE-R I ERPOLLEES - KEEER
FEE ML

4+  The cost of distribution of cooling within each building is lower due the use of 1°C
chilled water that is available from a plant using IDE technology.

AN IDE REFA 1°C kKER S RO EIEESHEEENENMRED.

The operation and maintenance costs for the electric, heating and cooling facilities
using IDE technology are approximately one-half of the same costs for the facilities that
do not integrate the supply of electricity with that of heating and cooling services. The
primary reasons for this are:
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4+  As detailed above the fuel consumption, and therefore the fuel costs, for a plant
using IDE technology is at least 50% lower than conventional electric generating
facilities.

W ERERE Y HRE, R R MBI RN ER LA SR —F.

4+  The number and total capacity of the installed electric generating, heating and
cooling equipment is at least 25% less than conventional electric generation
equipment plus individual building heating and cooling equipment. The
maintenance costs will therefore be lower.

RERNRASRFREFREEREENED 25%, BMEENABERREREN B
RORIRHE. SRIF4EIE TE A th RAFERE.

+  The equipment will be installed in a few plants as opposed to at each individual
building. As a result the number and cost of operators will be reduced.

RN aER D, EH A Rt REKR BRI

Environmental and Societal Benefits.

MR M M

4+  Nitrous oxide, carbon dioxide and sulfur emissions from power generating plants
are reduced as a result of the use of nighttime power to generate thermal storage.
During the nighttime power plant efficiency is increased and losses in the
electrical transmission grid and distribution systems are reduced. These factors
combine to reduce the burning of fossil fuels at power plant sites and create the
subsequent reduction in emissions resulting from the fossil fuel use.

MRARBBELHTES , IRPE —FL=F. —SBRNBCIOHFHE, B
FE BERRE , EHOTERE[/D , RERREFEER , IR B RRRE
MR ERAK RS HER B

4+ The amount of iron ore for steel and other natural resources that have to be
converted into cooling equipment is reduced through economies of scale that
result from combining cooling plants in many buildings into one system. A net

Technology Report 8 © Brady Consulting Services, Inc.
District Enerev Services X &2 R R4 RS



\ BRADY CONSULTING SERVICES January 2010
18 Tuscan Court = Oak Brook, lincis 60523 = [630) 2799424 = Fax No, [630) 2759426

Integrated Distributed Energy R &M BEIRE = RS

reduction in the use of materials for construction of a business district also result
from the use of thermal storage to reduce the installed chilling and power
generation capacity. While the amount of resources saved will vary depending
upon the specifics of each project a conservative average value for the reduction is
45 kilograms of materials per 100 square meters of total developed space. Thus,
using district energy technology in a 4 million square meter development will
result in the savings of over 1,800 metric tons of materials.

RENBEAYANDFESHERNXBERARES , ¥ AHALFAR | THD
HrRFNERE SRS ATRFIHEMENNGHE , BOKT METAER
RFEEHEE, RAFERS , BNMUANENRIAE , T OB XERRRE
o BMTRENIE , RRTHEFRE , RBEAFRERITE , 8 100 F75XKF
HFEY 45Kg R, E 400 FFHARKOFRXERAXBEREAR , AJH98#
1800 M LA £

The conservation of raw materials will be greater due to losses in processing.
Further, the energy required for processing of those raw materials can be diverted
to other uses.

ZERMIZENME  BRARRNTHALER, MMIXEMBAFNRRR , 7H
EHERE

4+  The noise, vibration and the vapor plume that would be caused by refrigeration
equipment at each of the buildings is eliminated. This allows for creation of an
improved environment for the use that was intended for the building. This can be
particularly important for building users such as cultural centers, libraries,
television and radio broadcast studios, scientific research facilities, product
research & development buildings, hospitals, and performing art centers.

HEREBMNAKEAFHBRBETENRE, RIFNKE  AEBARNERARE  INT
RO, BHE, B F, BRE. “mRA%E, BRAXZERS
DENAGFIAHER

4+  IDE relies on the use of HFC refrigerants in its cooling plants. The total amount of
refrigerant installed in refrigeration equipment is 30% to 50% lower than would
be installed with other water chilling technologies and 50% lower than would be
used in the individual split system air conditioning that is prevalent in many area
of China. As a result global warming and ozone depletion potential of all cooling
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plants using IDE technology will be significantly reduced when compared against
these other cooling services.

IDE A% REXRA HFC miE , SHEENAFAREMEL , HESREMENS
REK 30%~50% , MEB P EEEEANDEZAMEL , MK 50%, SHEH#
B , KA IDERR , BEEREENREEEERTRIRER

Further, since all components that could potentially leak refrigerant to the
atmosphere are contained within one to a few plants rather than in many different
buildings, the risk for leakage is reduced ten fold.

e, A BEEAEMRN TR , EXREWSAEAML | X EH4EF
E—NHDBILANBIEA , SRR 10%

4+  Cities or large commercial development benefits from inclusion of district cooling
and heating services as part of the infrastructure that they make available for
prospective property developers. Such infrastructure services are not available in
all locations and as a result including these provide those cities or developments
with monetary advantages over areas competing for the same developers.

FEATREMREN -7 , KEHESMHRRSMRARESTFREFNA , wH
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4+ In April 2001 edition of ASHRAE Journal, Wang Qingqin wrote the following
regarding the need for the type of technology that Integrated Distributed Energy
offers in the People’s Republic of China:

ASHRAE2001 fF 4 BFIREBHFIRENXE , ¥R T HREMERE~RAEFE
HIHZERROER:

“Preferential policies are needed to promote the widespread use of Thermal
Energy Storage (TES) systems. Local governments should award the users who
adopt TES technology to shift Peak power load to off-peak time. The preferential
policies should benefit power companies, TES investors and users. It is necessary
to import, assimilate and Absorb new and advanced technologies from abroad.
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We may first cooperate with TES manufacturers and companies, and set up some
demonstration projects. For the advanced technologies suited to China, we should
import or set up joint ventures. All types of TES systems should be studied and
developed for different applications. The new TES system should shift peak load
to off-peak time and reduce energy consumption. This would make it easy to
extend a TES system. Air-cooled heat pump chillers are used in many small and
medium buildings. There is a need to develop and install TES type heat pump
installations to shift loads and save power

“BHKRL (TES ) RIGE ZHEH FELRHRSN , 1B T
FIFEKRLGE (TES ) fFE MBI FBEIRBHT RIS H TR , B
RNWBER B LA, BRRE (TES ) BRELGHRIG o BLEMENS/#,
RBAEIEFTHI AR, BN SEKREHEFHNLAEMF , Bk —
LBRBELRE, 5/HEHTHEHERRER , AL EFLE , WX T/
IR G HTT R & 1K E B B KGE e T EIRF LG RENT 5 ME T 1 ¥¢
BEBE , FEEMLEEFR , BBERTT AERRLH NG MARRIA
W FZ NEEPENEBERA , BLAETLXHLRENRLERREAL , #
BRGH TR

The cold air supply system has the benefits of low investment, the reduction of
peak electrical consumption and running cost, and the savings of building area
and space. However, the design method and equipment manufacturing need to be
studied and developed. The equipment related to cold air-distribution system in-
April 2001 ASHRAE Journal 5.5 includes air-handling units, air supply outlets,
heat exchangers, air terminals, etc. Codes and standards related to cold air
systems need to be compiled. TES technology is unfamiliar for most engineers in
China, so codes and technical measures for the design, installation,
commissioning, maintenance of TES systems, and to strengthen the related
technical exchange and training are needed”.

BERENREZEEMBRE, BEEEBEYFEFAETHEE, TEBRER
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BMO, BB, ZNRGE, VS EEENEXHEERAE. 75
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There are international companies who specialize in the financing, construction and
operation of IDE facilities that will serve newly urbanized and industrialized districts.
Due to the factors stated above they will provide these services to building customers at
a lower cost than can be achieved from most conventional electric power, heating or
cooling facilities. These companies provide the opportunity for districts to get the best
energy efficient technologies with the associated lower energy cost but without having
to pay for the upfront construction costs.

REA-LERLATNESARRE BEREHK IDE R, RN LRERER, e85
HAeRFNERAEMEGLERESANREEE R XLERARBAE T PIEREF]
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