BROAD A/C
[EAZE

2020
TECHNICAL APPLICATION OF
BROAD AIR CONDITIONING

AR VEIRANN AT 2000




BRTECHNICAL APPLICATION OF
1 BROAD AIR CONDITIONING
A ERANATIZR

CONTENTS
EES

WASTE HEAT FOR DISTRICT HEATING — Banwol EcoPark, Anshan, Korea « -« «-weeeeeeeeee. 2
EAKEHAR — BERIUHAESHE

HOT WATER DRIVEN DISTRICT ENERGY — CEPM DOMINiCa ««rrrerrrrerrrrrrrremeearaminiiiiia, 6
ImAERVKXIEEEIR — ZKEfl CEPM

DOUBEL LIFT HEAT PUMP — Hj@rring District Heating, Denmark ««soexcoomeeerereensesrnnee. 13
RRIRATRER — ARARXEHE

URBAN WASTE TREATMENT FOR DISTRICT COOLING — Gardens by the Bay, Singapore -+ 17
WHRFMLIESXIR=E — FilRSEEE

EXISTING BUILDING RETROFITTING — Central Government Korea -+« - wwseessesseences. 22
BEEZATRENE — BEPRBMA

FUEL CELL CCHP J— University Of Ca”fornia San Diego ......................................................... 27
WARLEB M CCHP — DNMNARFE Z M B 734

CCHP IN BUILDING ENERGY RETROFITTING — Treetops Executive Residence, Singapore -+ 32
CCHPRI BTN TEENIE — MINKRIERRS A E

DATA CENTER'S CCHP J— Tencent Data Center’ Shanghai ...................................................... 36
B0 CCHP — B ERaEEHL

CCHP IN HOSPITAL J— Royal Ch”dren HOSpItaL AuStraha ...................................................... 40

=Bt CCHP — AR EXK) LEER:

ENERGY UPGRADE IN UNIVERSITY CAMPUS — Bucknell University, USA =« 45
RERERER R — EBRA/RKFE

DIRECT FIRED CHILLER IN DATA CENTER — Yandex Data Center, Russia «=-rorrerrrememeeeeeeeeees 48
BIRHOBEMY — HEZHT Yandex #iBHL

ANTI-EXPLOSION CHILLER IN CHEMICAL FACTORY — BASF-YPC «++:resseseessssrisssinssiinsininis 51
I BENA — HFEHR



BROAD A/C
[EAZE

WASTE HEAT FOR
DISTRICT HEATING

IRIXX BT

Banwol EcoPark, Anshan, Korea
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Project Background

From government to the populace, the South Koreans
have a strong consciousness of energy efficiency
because of its limit land and insufficient natural
resource. South Korea has a long winter with low
temperature because of its geographical location. The
heating season is from each November to April. In
South Korea, the main heating modes are unit heating
and district heating. Unit heating is the most common
method, accounting for more than 60%, district heating
currently accounts for about 30%, and also some
building central heating exists, which is replaced
gradually in recent years. District heating has a large
initial investment due to the network construction,
but the operation cost advantage and environmental
benefits are obvious, so it is strongly supported and
promoted by the government.

District heating resources mainly include steam heat
exchange from power plant (CHP), gas boilers, garbage
incineration, waste heat recovery etc. Main income

of heating company is heating charge from a defined
area, and the heating area is quite stable as soon as it
is defined, so the company's income is also predictable
yearly. To pursuit more profit, heating companies try
every possible means to reduce their cost, such as
using low cost heat sources like waste incineration,
recycling waste heat, and minimize the usage of steam
and gas boiler. The Korean government also vigorously
advocates energy saving and emission reduction,
provides funds and technologies to promote energy-
saving equipment and green energy, and introduces
laws and regulations to stipulate emission reduction
obligations of enterprises. If enterprises fail to fulfill
their obligations, they must procure emission reduction
quotas from other enterprises.
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Nitride and sulfide emission CO: emission reduction
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Comparison of yearly emission caused by heating
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Heat Source of District Heating
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Proportion of heat source of district heating

from Ministry of Environment and Korea Energy Agency
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Shareholders of Ansan Urban Development Inc.
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Ansan Urban Development Inc. is a local heating
supply company, founded in 1995, mainly owned by
Sumchully Group and Ansan municipal government
(49.9% share each). It is located in Ansan Banwol
ECO Park, about 30 km away from downtown Seoul,
the main business is heating and power generation
with a installed power generation capacity 62.6MW,
and a heating capacity 102Gcal/h. The main revenue
comes from district heating, and there are around
60,000 users in defined supply area. Renewable energy
sources (mainly garbage incineration), steam heat
exchange (CHP) and peak load boiler are heating
sources, among which garbage incineration has the
lowest cost while cost of peak load boiler is the
highest, even higher than heating charge. From late-
November to mid-February, peak load boiler should be
operated to cover high heating load, and that is very
costly.

So as a heating supply company, the most important
method to create profit is increasing use of low cost
heat source and reducing peak load boiler operation
time. In this project, BROAD absorption heat pump is
used to recycle zero cost waste heat from dyeing
factories for heating, primary energy consumption is
decreased, so substantial economic profit is created.
Meanwhile it is a positive response to government's
call to save energy and decrease CO, emission,
significant contribution to the society is also achieved.
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Project Introduction

BROAD Korea Distributor GS Power is responsible

for the design, construction, commissioning and
operation management of this project. Four units of
BROAD BDS1000 heat pumps are installed, with low-
pressure steam as the heat source, waste heat from
dyeing factory waste water through heat exchanger
is recycled to provide heating for the residential areas
and other public places of Ansan city. Dyeing factory
waste water is cooled down from 34.5°C to 27°C, and
heating return water is heated up from 55°C to 83C,
and then further heated up to 103°C before supplying
to the heating net. Heating capacity of a single heat
pump reaches 14MW when operates at full load.

Installation and commissioning work were completed in
2012, since no record of so huge heat pump operation
in South Korea before, the customer required two
BROAD engineers to support. The commissioning was
completed successfully, all the performance indexes
reached or exceeded designed data. After two years
operation, the primary investment has been recycled,
which provided powerful force for the company's
development.

0= vy

ZIMERIEAFEZHE GS Power AIBIgt. L. i
HXRIEEEEES,. KAMEAEA BDS1000 AR, MUK
FEEGRERRGR, [EURENR S22 a2 E KRR
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34.5°C f&Z 27°C, RERKEIZKNM 55°C 1253 83C,
BRARAHRBEFEE 103C FBMAKKEMN, 8EH
AENEITH, BAERRMEREENLE 14MW,
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Project Value

1. For Banwol Dyeing, waste water is cooled down to
27°C, treatment cost is decrease, and no need to
operate cooling tower, operation cost is reduced, and
no complaint from local citizens about the smells.

2.Zero-cost 19.8Gcal/h waste heat is recycled for
heating, so for Anshan Urban Development Inc., cost
of heating supply is decreased, and actual yearly
payback is around $5 million.

3. Waste heat from factory is recycled for heating
supply, primary energy consumption is decreased,
economic profit is obtained, meanwhile huge
contribution to the society is created, which makes
this project a show case of energy saving and
emission reduction.
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Heating Load

\

Month

Heating load, source and production cost of Ansan Urban
Development Inc.

LU RSO, RIRAR A

milionusp  Net Profit Of Ansan Urban Development
16
14
12
10 -
N I
6
2011 2012 2013 2014 2015 Year

After the heat pump installed in 2013, net profit of Ansan Urban
Development Inc. increased obviously.
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CEPM Dominica
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Project Background

The Consorcio Energé tico Punta Cana - Macao (CEPM)
is a privately own utility company that generates,
transmits, distributes and commercializes energy in the
touristic areas of Punta Cana, BAvaro and Bayah T be
in the Dominican Republic, with an available capacity
of more than 300 MW. As the pioneer in the country,
CEPM set the first wind energy project in the
Dominican Republic (8.25 MW), it's the first distribution
company to introduce prepaid energy and implement
first waste heat district energy in the Caribbean area.

This DE project is in the eastern tourist area of Punta
Cana. BROAD provided 8 units single stage hot water
chiller, using waste heat from power generation. The
total cooling capacity is 19MW.

EﬂlﬁE

CEPMEZAKEMAMNE—RREBNINET, NEHRN.
BERSMETAREX SR WEAHEERT], BaEw
2 300 MWHIEBJJFESR, CEPMIEAZ KENMBEIREIR, £
BRGNS TEZ B, BIAIZKEmmsE— N XEETR
(8.25MW), SB—RI|IATI TR BB AREIRIN
X E—NRRAXISHEERIE .

ZXERERIMB A T2 K eI RSP iR HE iKHW R
RERET 8 BFIAKBRARMFKEIERTE, 2F
B8 19MW,



BRTECHNICAL APPLICATION OF
BROAD AIR CONDITIONING

AT ERANATIZ

Lranas ] ' o CAROLUINA
[+ ALABAMA i
XA RGIA
i MNA
Q
Houstan
FLORIDA
Gulf of
Mexico
Mexico
Cuba
Mexico Ci
B ty
Guatemala
_ Honduras
Micaragua

Project Introduction

CEPM's available generation infrastructure is 63.8MW.
It has 17 active units, 17 reserve units and keep two
in maintenance (8.2MW). The District Energy Project
oriented to expanding energy services and optimizing
clean energy production, thus enabling the company
to guarantee a reliable operation and sustained

development. Highlighted among Its main objectives are:

* Recovery of residual heat from the electric
generating units from the CEPM plant in B&varo
to produce pressurized hot water for distribution
through a closed circuit that feeds the absorption
chillers for cooling.

* In addition, to generate Domestic Hot Water (DHW)
following the Chilled Water (CHW) generation
process.

= Significantly reduce exhaust gas temperature dis-
charged through the plant's smoke stacks and, thus,
environmentally improving the operations of CEPM,
and reducing environmental impacts derived from
the production of SHW and CHW in resort hotel
facilities which are in the scope of this project.

gPunta Cana

Caribbean Sea

Project Location
Caracas MB#=
(]

ImEN4E

CEPMAHENAEN 63.8MW, HE 17 8EANEM
17 BFANE,. HRE 2 ALAN%ENA (8.2 MW),
XEaERIE B ReeRIRSHAEEREIRET, MM
FEA DB FRIEAENEERENRE.
HIEZEMERRE:
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CEPMAUETT, FHRDALESEENERBERIEPE
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each) in the power plant which consume heavy fuel oil
(HFO).
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The waste heat from the power plant generates 120°C
High Temperature Hot Water (HTHW) which then is
distributed to nearby 4 hotels via 4kM long piping. The
absorption chillers located in the hotels utilize HTHW
as the heat source to produce CHW.

The HTHW after being used to provide cooling via the
absorption chillers is then connected to an additional
set of heat exchangers to produce DHW, and the
"spent” HTHW is sent back to the power plant with a
temperature of £70°C.

In this way a large delta T 50°C can be effected by
using the single loop to serve two purposes, first high
quality heat to run the chillers, and second the lower
temperature resulting water out of the chillers used for
all or part of domestic hot water generation. Energy
was used in cascade with high efficiency.

Electric Driven |
1

Cooled

ZARFHCEPME] MHARYEIERMH 5,000 RMHEHHSTES
MIERKFER, B ASaEMKEN (BG 6 MW)BIS
BRSNS KRHIZRRRBRIRFIEER.

B KBRAETH 120°C SIERKET 4 NEEERA
FFHE 4 ANBEIE, BERIRSESYIE S BRKIE IR
FIFERTHEIS .

EERVKEET RIS EBET — MRRSEREIE D &
oK, RERERE 70°C EEHB,

X, BYEIA 50C EEIKEER UBY —EE KK
fe. HANNERR, Bk, SmWRIRRARIENZ
B, BRI RA PR ARIRAR SRR B D AR
K, ML T RIS RS EREFA .
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Project Value

Reduction of 25% of the electrical energy (kWh)
consumed by the hotels versus the option of
conventional design, since the hotels consumed 34%
of the electrical bill to produce chilled water before
the district energy project was implemented. This
implies that the utility consume 25% less fuel to
supply electric power to these hotels and can reduce
the expansion investment of electrical transmission
and distribution networks.

The base demand for chilled water of the hotels was
covered by BROAD absorption chillers plus reuse

of limited amount of existing peak cooling with the
existing electric chillers.

All demand for domestic hot water was supplied to
the hotels by the district energy, therefore the fuel
consumption in the domestic hot water boilers was
reduced to zero. This is meaningful given that all of
it were operated from Diesel or GLP, which is very
expensive.

This project demonstrated that we can use waste
energy to produce thermal energies (chilled water
and domestic hot water) required in the hotels for
the comfort of its customers, in such a way that
both the hotels benefit through total cost reduction
as compared to the previous all electric load case,
and the utility wins through actually increasing

net revenues in a cost effective way which helps

to cement a long term relationship with large key
customers. This then becomes truly a win-win situation
for all, which is one of the avowed goals of any third
party cogeneration project.

With this cogeneration approach, about 25% of
thermal energy is recovered to drive absorption
chillers and DWH heat exchangers and reduce the
Fuel consumption by 35,740 Bbl/year of HFO and
32,881 Bbl/year of LPG. The Greenhouse gas emission
is reduced by over 28,872 tons CO,/year.

HVAC scheme TEFHISE

Model #12Y Absorption chiller
ROKBUIRISE2 1A

Quantity #8 8 units &

Capacity KEE 6MW/unit &X5

Brand fRK# BROAD ik

Heat input BEJRIGIA Hot water 7K

Origin JRF=H#b China F[H

mE e

BRTESEN, SRBEERERERBERI25%, BT
HICHIEBERRID T34%, XWRRER] FAHEE MR
HFERI T25%, ENTEBIHEMNEIRES.

R RS AR T AR DS VARRHE. BB/
RIURERIBIESER.

BEFEN DERKNBREBEXEHERASRER, 15E
REMWIF. BTHIRPEIME: SSREURCSNBRESR.
BREFZAFBNIEN.

ZIMEBAIETR T RRABESAREGEEE PRt HISMN T
ERoK, WESBEEEEMEREHTNNZ . Btk
BIEEBABABRE . SN EHEYBINEE AR
SEZAE. BN, ERNTEESERRHTISKREMNE
12, MmHE—ZRE T MAMEEEFIRBEIERR.
R, ZMBRESSNTZHHR, XBRABEHE=T1R
BHEFIEESMNERZ —,

BITAHEEATT, 24 25% RIUREEIR SRS FIHIEX 2 &
UK, SEROERYE 35740 §8; BB ABRSINE
32881 #§; SERD ZSAERHENL 28872 M,




International Recognition

As one of interest DE project in the Caribbean, CEPM
project has drawn great international attention and
recognition.

As an International District Energy Association (IDEA)
member, BROAD shared this case study with global
professional via IDEA platform, and wish to inspire
more ideas.

On July 18 2019, the former US President Bill Clinton
visited the facilities of the CEPM, to learn about the
infrastructure and innovative technology supporting
the efficient energy supply model in the East of the
country, specifically for the tourist area of Bavaro and
Punta Cana.
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CEPMXIHEERIENMEN LB XK RBRS I NNIE, ZE
TER R ZOENEE.

EREREANREWVAXEEERE W AR —EFRX 1A
RS (IDEA) SR, IMAEIDEAY A E5LREW AT
NEZIBERY, HFEERRELERE,

2019578 18H, EEFISRS /R RIS MWERCEPMKX
HEERIE, FHTHE TIZERSTHX (FRRERSFE
BRMNREX) NETEREERENMELXAZ IS
A,

% Summary

District
Energy

hotels.

BROAD District Energy Case Study, CEPM

11-15-2018 15:16

In Punta Cana, waste heat from energy company CEMP's power plant is sent to nearby hotels to
provide chilled water and domestic hot water. Absorption chillers, provided by BROAD, are used for
cooling. A heat exchanger provides domestic hot water. The large delta T, 90 degrees F, was
harnessed to serve two purposes, high quality heat to run the chillers and domestic hot water
generation. The cogeneration process resulted in a 25% decrease of electricity consumption for the

Source: https://www.districtenergy.org/viewdocument/broad-district-energy-case-study-c

As a sponsor of Cinton Fund, CEPM always focus in low carbon development

CEPMIFASMIRESHIBELZ —, —ETTTRERKERRE
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Conclusion IS PSEE

This project represents the most innovative energy ZIB = N#t et X 2 eIFTHEeERIE . [RRNEK

arrangement in the Caribbean. The use of the residual ZEFBRET SKEMEERAL BIEN SR,

thermal energy as well as cascade energy use

represents the new development creating of the RIZXEHECESEREL, XEEERARETEERS, =

country. HTRED, AMBEREHE. B8, BWEBTMIIER
BRIFERARRE.

Comparing with others in this area, the hotels will

benefit significantly in operating costs and increasing REENHABEN FTEFNH B ZX RRNBIFEXK,

their competitiveness, moreover, it helps them to A AP L B AR AR B BE I AR IF R D R L5 % it X

forward to environmentally friendly growth. HE T EEIEhE,

The optimization and use of the available thermal ZIMBENSSHESTEIZ X R 5FEE, 1S hEZX

energy allows having better chance to meet future HRSRAT IS AR R

power demands of the area since the electrical
energy which is not consumed by the hotels can be
distributed to other new facilities.

The implementation of this project will strengthen
the growth of the region that will also maintain a
sustainable development in the economic growth of
the region.
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What is District Energy?

District energy systems produce steam, hot water or chilled
water at a central plant. The steam, hot water or chilled
water is then piped underground to individual buildings or
factory for space heating, domestic hot water heating, air
conditioning or industrial process use. As a result, individual
buildings served by a district energy system don't need
their own boilers or furnaces, chillers or air conditioners. The
district energy system does that work for them, providing
valuable benefits including:

* Improved energy efficiency;

* Enhanced environmental protection;

* Fuel flexibility;

« Ease of operation and maintenance Reliability;
« Comfort and convenience for customers;

* Decreased life-cycle costs;

* Decreased building capital costs;

* Improved architectural design flexibility.

From the data of International District Energy Association
(IDEA), It is easy to know that the energy efficiency of a
standard power plant is only 40%, and that of 60% is wasted
as the waste. However, with the same fuel input, the energy
efficiency can be 80% if the power plant combined heat

and cooling. Obviously it will benefit a lot not only in saving
energy cost but also to the environmental protection.

District energy is the best application of CCHP system, which
is widely accepted around the world as it can maximize the
energy efficiency.
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KEAERRYOE R RIEE R N R
HOKSREWK, FBTH TEBHRERTS. K
KEEEANENERRT, HEIREHS. AT
kS, MR EREFRERRERIRES
8. KERERRAMEBRIFEXL/R, FHRL
AL

* IREBERMER c BEFETEE
* DERIABRIP * BIETERR
- AR INRE * BOEIIRER
- BFEEE * BRI RIE

Gy ==CIES

MEFRXERERMEAHHBIEES, FRKBE IR
B 40%, MRIR 60% REHIFRREERIN
FRS|A, KA. BEERBA, SRBZITH
BEXCATLAIAR] 80% . LiERATARERERTIME.
RREWRRIPIE, ZRFHGHRE RORGES.

R RE =BT RERAUIRSRERNER, EMAK
HRERNRENAR R, FEEERRT ZIAA.

INTERNATIONAL
7 DISTRICT ENERGY

Energy-Efficiency Comparisons

' ASSOCIATION
1.;6096
Standard “Waste” heat rejected to environment
Power Plant

100%
Fuel Inpu‘(o -

District Energy/
Combined Heat
and Power Plant

40%

Useful energy produced for electricity

‘ 20%
“Waste” heat rejected to environment

40%

Useful energy produced for heating and/or
cooling via district energy system

40%

Useful energy produced for electricity

100%
Fuel In|:>u'cu »
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DOUBEL LIFT HEAT PUMP
PRIRH TR

Hjerring District Heating, Denmark

AZAR XL

Project Background

Denmark, locate at the north of Europe, with long
and cold winter, the energy consumption for heating

occupies a big portion in the country's energy structure.

As one of the World's most efficient country, Denmark
has the most advanced heating technologies, according
to Danish Energy Agency, the application of district
heating and combined heating and power are the main
reason that Denmark maintain a high energy efficiency
and control carbon emission. It is regarded as the
cornerstone of Danish green effective energy system.

Danish population is widely distributed across the
country, thus different scale heating centers are built
commonly. Hj@rring, is one of the examples.

Hjarring biomass heating plant, in order to improve the
system energy efficiency, aim to fully recover the 40°C flue
gas waste heat from the boiler stack. BROAD creatively
developed the world's first double lift absorption heat
pump to provide 10°C low-temperature water to recover
40°C flue gas waste heat and supplies 85°C hot water for
district heating, maximized the energy efficiency.

IﬁEHBE
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Hjorring District Heating A.m.b.a. supplies electricity,
heating and cooling to commercial industries and
private homes in northern Jutland, Denmark. It aims for
top reliability and low heating prices. In April 2014, one
BROAD double life absorption heat pump was stared
up in this plant which made this plant become one

of the lowest cost district heating plants in Denmark
afterwards.

The heat pump recycles the latent heat from flue gas
of biomass boiler and provide 18MW heating water at
85°C to the DH network. From evaporator 10°C chilled
water directly cool down and recycle the latent heat
from the flue gas, decrease its temperature to 9~12°C,
to keep the emissions at the lowest level. This special
designed heat pump overcome the big challenge of
low temperature chilled water and high temperature
heating water (75°C) between the evaporator and the
condenser.

This is one of the typical cases to utilize the
absorption heat pump to recover the flue gas
condensate heat and improve the plant efficiency.
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What is Double Lift?

When the temperature difference between the low
temperature heat source water outlet and the heating
water outlet is very big, for instance 70°C, a standard
absorption heat pump with single lift is not possible
to achieve this target. BROAD developed a new heat
pump which with new evaporators and absorbers
structure, and creative flow circle to make sure the
heat from low temperature heat source water can be
transferred and lifted twice within the machine and
delivered to the heating water. This is called double
lift heat pump.

By this technology, big temperature difference
between low temperature heat source water outlet
and heating water outlet can be very big such as
70°C. In Hjgrring, it is remarkably 75°C. During 6
years operation, Hjarring received many visitors from
Denmark and other countries for study.

2 =PREH
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Project Value

The heat pump cool the flue gas and recover 3,000kW
waste heat from it, help to increase the energy
efficiency of the whole plant to 120%, which is the
world-class fuel utilization performance. The facilities
can dramatically lower their carbon footprint by

1,800 tons/year, while save an operation cost by USD
446,300/year, the payback time is 3 years.

The flue gas emission levels are extraordinarily low. Gas
and dust emission are on the lowest level of current
permissible limits, and some already meet the planned
compliance levels for the year 2022 in Denmark.

BROAD heat pump

boiler exhaust

mEfiE

RRE 40°C MIRIPESEEEZE 9~12°C, AJLAMAREIIR
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URBAN WASTE TREATMENT
FOR DISTRICT COOLING

R FNIES XI5 =13

Gardens by the Bay, Singapore

NGRS EE

Project Background

Gardens by the Bay is an independent organization
responsible for developing and managing one of Asia's
foremost garden destinations.

The Gardens is led by a multidisciplinary team of
professionals who have been involved in the greening
of Singapore and had worked alongside international
and local experts to develop the Gardens. It has

an in-house team of skilled landscape designers,
horticulturists, arborists, engineers, plant health,
garden and turf management experts, as well as
plant research and orchid breeding professionals, who
leverage on the extensive global network of plant
sources cultivated during the development days, to
continuously curate and grow the Gardens.

Guided by its vision to be a world of gardens for all
to own, enjoy and cherish, Gardens by the Bay has
earned numerous awards and accolades including
the World Building of the Year in 2012, the President's
Design Award (Singapore) in 2013, the Outstanding
Achievement Award by the Themed Entertainment
Association in 2014, the Largest Glass Greenhouse
(Flower Dome) in the Guinness World Records for 2015,
and the Trip Advisor Certificate of Excellence in 2016.
These achievements are testament to the ongoing
excellence of the Gardens and spur the team towards
attaining greater success.
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A national garden and premier horticultural attraction for
local and international visitors, Gardens by the Bay is a
showpiece of horticulture and garden artistry that presents
the plant kingdom in a whole new way, entertaining while
educating visitors with plants seldom seen in this part of the
world, ranging from species in cool, temperate climates to
tropical forests and habitats.

Gardens by the Bay comprises three distinctive waterfront
gardens - Bay South, Bay East and Bay Central.

Bay South, the largest of the three gardens, opened in 2012.
With its award-winning cooled conservatories and iconic
Super trees, Bay South has placed Singapore squarely on the
international map and is a source of national pride. Within
Flower Dome, the ever-changing floral displays including
crowd favorites such as Tulipmania, Orchid Extravaganza
and Blossom Beats bring the beauty and diversity of the
plant kingdom to life for all to enjoy.

While plant displays remain the focal point of Gardens by the
Bay, engaging programmes and excellent service form key
pillars in enhancing the Gardens' overall visitor experience.

The Gardens' calendar - filled with signature festivals, music
concerts and movie screenings, sports and community
events, and educational workshops and school programmes-
draw a wide spectrum of visitors to the Gardens. With more
than 50 million visitors to date, Gardens by the Bay continues
to refresh and refine its offerings, to make the Gardens a
place that everyone can enjoy-a green jewel where wonder
blooms.
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Sustainability in the Gardens

Underlying the concept of Gardens by the Bay are the
principles of environmental sustainability. Much effort
was made to plan and design for sustainable cycles in
energy and water throughout Bay South Garden.

Comprising two glass biomes, the Conservatories
replicate the cool-dry climate of the Mediterranean
and semi-arid sub-tropical regions and the cool-moist
climate of the Tropical Montane region. They house
a diverse collection of plants that are not commonly
seen in this part of the world and are of high
conservation value.

The conservatories are a statement in sustainable
engineering and apply a suite of cutting-edge
technologies for energy-efficient solutions in cooling.
This suite of technologies can help to achieve at least
30% savings in energy consumption, compared to
conventional cooling technologies.

1. Minimizing Solar Heat Gain
The two conservatories are fitted with specially
selected glass that allows optimal light in for plants,
but reduces a substantial amount of heat. The roof is
fitted with a sensor-operated retractable sails that
opens automatically to provide shade to the plants
when it gets too hot.

2. Cooling only the occupied zones
The Conservatories apply the strategy of cooling
only the lower levels, thus reducing the volume of
air to be cooled. This is achieved through thermal
stratification - ground cooling by chilled water pipes
cast within the floor slabs enabling cool air to settle
at the lower occupied zone while the warm air rises
and is vented out at high levels.

3. De-humidifying the air before cooling
To reduce the amount of energy required in the
cooling process, the air in Flower Dome is de-
humidified by liquid desiccant (drying agent) before
it is cooled. This desiccant is recycled using the
waste heat from the burning of the biomass.
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BROAD non-electric chiller
AIEEE =T

Project Introduction

* An environmental sustainability concept where
horticultural and other wood wastes are utilised as
biomass fuel to provide the required energy for daily
operations

Tri-generation power plant which generates electrical
power, heating (steam) and cooling services

The core of the biomass power plant is a highly
efficient biomass furnace and boiler system
Electrical power - produced through a steam turbine
generator. Electricity is supplied directly to Gardens
by the Bay's power grid

Heat energy - derived from the steam generated

in the boiler system. Heat energy is used by
Gardens by the Bay in the regeneration of the liquid
desiccant where the latter is utilised to create a
dry atmosphere mimicking a temperate climate in
the conservatories. Heat energy is also used in the
operation of absorption chillers

Cooling load - generated through absorption chillers.
Cooling load is generated for the purpose of plant
cooling and conservatories cooling (on demand)
Sophisticated DCS process control system permits

a lean O&M manpower requirement and ensures
maximum operating efficiency

Flue gas post treatment systems, consisting of
cyclones and electrostatic precipitators ensures
100% compliance to air pollution control standards
set by local authorities

By-products such as fly ashes and bottom ashes are also
repurposed as soil amendments as well as fertilizers.

0

0

0

0

0

0

Values of Project

- BROAD non-electric chiller recovers exhaust
steam after turbo generator. The gradient
energy application is implemented and system
energy efficiency increased dramatically

- The project saves 13,280 tons oil equivalent
every year, equivalent to planting 730,000
trees. It becomes a new benchmark of energy-
saving and emission reduction in Singapore
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« Biomass fuel: horticultural and wood waste (crushed)
EMERIARL: EZERAR. ERMARER (1)

* Model #1#: BDS75

* Electrical power E8JJ: 0.93MW

« Heating power ¥BE (Exhaust steam [EZiS): 5.4MW

+ Cooling load #/%&: 675kW

+ Steam production capacity ZS78E:
9.5 tons/hour Mdi//J\EF

+ CO, reduction B0 "E{LBrHERL: 13,280 tons/y /4
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EXISTING BUILDING
RETROFITTING
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Central Government Korea

FHEI P RET

Project Background

Korean Central Government Complex was built

in the Gwacheon zone, Seoul in 1982. It is a vital
political center in Korea that contains Department
of Energy, Department of Finance, Ministry of
Environment, Ministry of Justice, Ministry of Labor
etc. After investigation, the aging buildings and the
obsolete facilities including the out-of-life-design air
conditioning system caused a lot of energy waste.

In 2010, the Korean government building is conducted
to energy-saving renovation to achieve the 15% of
CO, emission reduction goal. Hence, it becomes the
first governmental project of GREEN KOREA, including
the procedures of regional waste heat air conditioning,
window heat insulation, roof insulation, layer energy
management etc.
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ESCO Business Model

Korea is energy scarce country. Reliance on energy imports makes
the government to ask for the perfection of energy using by
enterprises and individuals. In spite of that, the Korean government
support a efficient energy management mode: ESCO.

Introduction of ESCO

ESCO: ENERGY SERVICE COMPANY, certified and approved by
government that is qualified as a professional energy-saving
company.

ESCO invests in energy saving equipment to ensure its business
when the customer needs to change or repair the equipment to
save energy. ESCO model started from US and applied by many

countries today.

ESCO Business Scope

* Invest on energy saving equipment.

* Manage and service on energy usage facility for energy saving
purpose.

* Energy management diagnosis and other energy saving business.

Features of ESCO

* Invest by the third party.

* ESCO responsible for the initial investment of the energy saving
facilities installation.

* Allocate the energy saving achievement.

* Share the saved cost as per contact between ESCO and
customers.

* The Invested facilities should be returned to customers after
ESCO reclaim the investment cost.

ESCO business model REIRIRS A TRV SHEX

BEIRARSS 28] (ESCO) EFHHRN
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Business Process of ESCO

ESCO has three stages as following table and detailed process:

First stage: investment negotiation
Make arrangements with customers and companies that need to
reduce investment

Second stage: energy management diagnosis

* Research on usage condition of heat and electricity

* Analyze energy efficiency and operation condition

* Understand investment fee and expected saving amount of energy
saving projects

* Draft contract proposal for energy user

Third stage: check proposals of energy users (customers)
Check and deliberate the proposal of saving investment

Fourth stage: contract signing

« Confirm total investment amount

* Negotiate about the allocation of reduction amount due to the
saving facilities investment

* Negotiate about basic terms of energy saving amount measurement

Fifth stage: construction of energy saving facilities

Sixth stage: afterwards management

« Checkout operational condition of facilities
* Checkout the saving amount

* Training for best operation time

Seventh stage: terminate recovery of investment cost in contract

Advantages of ESCO

« Update old equipment to add the value of user's substantial assets

* Energy consumption reduced by energy saving innovation

* Reduce CO, emission

* Provide professional service to reduce the user's economic risk

* Specifically set for Korea, 10% of the energy saving equipment
purchasing expense will be deducted from Individual or enterprise
income tax.
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Who is the ESCO in this project: GS Power (BROAD South Korea Distributor)

What we do?

Comparison of System Renovation

Original cooling equipments before renovation:

* Cooling: electricity and natural gas as input energy.

* Administrate office machine room: electricity chiller
X 4, direct-fired absorption chiller X1

» Subsidiary building machine room: single stage hot
water chillerx?2

Original heating equipments before renovation:
* Heating: Natural gas as boiler's energy

» Administrate office machine room: boiler X5

» Subsidiary building machine room: boiler X3

FHLETLE

FRSHIRGHISIRE:

* BISBEIR: B MK

- BEENIE: BNl 4B, BRI B
* BIEHLES : BBRERKN 2 &

FRUSHINRIEIRS

* KERREIR: MS

- EEENE: RUKERIF 5
* BYERENLES . RUKiRiP 3

oy op

According to the analysis of the Korea energy distribution, we adopt the following plan:

BN ENSHERER D HEITONT . KA THE:

Type Before renovation
7 BUEH

Heating Gas boiler heating
GilER MRS ERIP IR
Cooling Electricity

B2 BHS

Due to the equipments ageing problem and lack of
system management, we calculate the energy cost
(based on the A/C application of 2007) as follow:

HTFRENE LIRS RAEE, RIE2007FEME
. BRI

Energy Section Energy Cost
BEIR Xz consumption Z&F3
REFE
Electricity Administrate 997300 USD 169,541
7] (kWh) Office
EIERE
Subsidiary 11,102 uUsD 1,887
Building
B R
Total 1,008,402 USD 171,428
ait
Natural Administrate 945,471 USD 482,190
gas Office
WS (Nm®) B
Subsidiary 63,306 USD 32,286
Building
B R
Total 1,008,777 USD 514,476
A‘_I_
=l

Type After renovation

3 Bigla

Heating Regional heating

GlERS g iR

Cooling Cooling by district heating
ks FREHRHEKES

According to the 2007 A/C application condition, the
energy cost after renovation are as follows:

ZIR2007EMEANBEMIR, SEEMEERERIIT:

Energy Section Energy Cost
BETR Xz consumption Z&F3
BEFE
Electricity Administrate 231,310 USD 39,323
/] (kWh) Office
BT
Subsidiary 31,037 USD 5,276
Building
BB
Total 262,347 USD 44,599
ait
Regional  Administrate / USD 239,000
heating Office
XEigkEh  EE#
hug
G Subsidiary ~ / UsD 10,000
Building
B R
Total / USD 249,000

ait



Area saved for machine room

TEVBEER

Section

X
Office EE# (m?)
Subsidiary building Fif/E# (m?)

Total &it (m?)

Before renovation
HUSHE]

2,690
1,156
3,846

Building energy efficiency retrofitting

* Change the original roof to a sky park to make roof

insulation.

* Change the single layer window to double layer.

« With regional waste heat absorption chiller, A/
C operation cost will be deducted significantly,
and more important to realize the CO, emission

reduction.

« After renovation of the whole system, the central
government building is not only a public service
centre, but also a glaring Green Building of Seoul

area.

After renovation

BER
2,367
379

2,746

BRI TIRENIS
- BRANLBRETENRIRRE, HTRTER

- BEREIOONERE, MRS HERERTL

- ERREEAIS RS, SBETRANEERE FE
BRI SR

« BUBDMRFHINE,
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Chiller Machine Regi™]
HBAHLE

Differences

Zib
-323
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-1,100

XML KEABARRSHO
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Before renovation After renovation
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CO, emission 2,021 ton/year
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Equals plant more
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year R/
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FUEL CELL CCHP
WARIEEE CCHP

University of California San Diego

DMK S E 05342

About UCSD

The University of California, San Diego is a

public research university located in the La Jolla
neighborhood of San Diego, California, in the United
States. The university occupies 2,141 acres (866

ha) near the coast of the Pacific Ocean with the
main campus resting on approximately 1,152 (466
ha) acres. Established in 1960 near the pre-existing
Scripps Institution of Oceanography, UC San Diego is
the seventh oldest of the 10 University of California
campuses and offers over 200 undergraduate and
graduate degree programs, enrolling about 22,700
undergraduate and 6,300 graduate students. UC San
Diego is one of America's Public Ivy universities, which
recognizes top public research universities in the
United States.

KFINMAFZ R FF 342

MMNARFEZ T F AR E—Fr A FEEIIFEF LN Z T
BRI AARE AT ARE, FREBFEEE, it
2141 &E (866 M), HPERX S#IZ] 1152 KE (466
2. MMAFEZMTFARA T 1960 F MW= RS
SRS, EMMNARE 10 MRPE7MHIIA. K
FIRMHEBIE 200 NMRFAREZMAIRE, B 22700
AREHN 6300 ZBIARE. MMNAEZMTFAREEEN
‘NURETE  WEREEMRLAUHARBEKREZ—,
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Project Background

With construction plans for the east campus, in order to
meet increasing power and cooling demand as well as
improve campus's power resiliency with reliable power,
reduce operating costs and cut greenhouse emissions.

UCSD decide to install an advanced environmental-
friendly power - the fuel cell energy as well as a heat
recovery exhaust absorption chiller as a new CCHP
energy system.

Fuel cell plant utilizes directed biogas to generate 2.8
MW of renewable power on-site, acts as cornerstone
of UCSD microgrid which produces 92% of annual
electricity load.

The chiller plant provides chilled water to various
buildings on the east campus of UCSD, the new BROAD
chiller has a cooling capacity of 374 RT, with existing
chillers system, the east campus cooling load are
fulfilled.

Project Information & CCHP

Instead of using a traditional gas generator or

turbine, a fuel cell power unit was selected to provide
electrical power for San Diego campus University of
California (UCSD). Fuel cell technology offers clean,
efficient, reliable power generation to almost any
device requiring electrical power. This fuel cell with
enough capacity to power 2,800 homes in UCSD
campus is part of a renewable-energy project with the
city of San Diego.

BROAD absorption chiller recycles 371°C (700 °F)
exhaust from fuel cell to provide cooling for campus
buildings, in which waste heat can be tapped as

a secondary power source, raising the overall net
efficiency of energy system to 78%, compared to 30%
from traditional power plants.

mE&E=R

BEERRXAY 2R, MNKZEZTFIRURERET
HAPMRBEIR —— WAL AR SRS S TIEHTEY
CCHPREIRRZE. AL ANERE 7 HatB KAV DS
BR, RETREABASEEREEME, mEAERET
EERANREESFAIHL.

MR R A FRUE B IRAM A B AERER——IBSURE 2.8MW,
RIMAZE (UCSD) MEEM AR RNES, SFRHHA
HEBIM 92% A .

ARSI SRR SRR, )
R 374 AT, M EIVERISKHARS, BERRANR
RIS

ME RN RS A B

MIMNAZEZ I X (UCSD) HARBEFZHMSAMEA
NSRS AK BN, MREFEMNEMXFITRAR, MR8
MEIZRXFTERERBIRIEREES. 5% UFENE
BE, XNMNRBRFRHBLHBUCSDRIX 2800 FIRILES], 2
EH TS AT AR M —EB5 .

AR = A BRI 371°C (700 °F) RIEIRSH
EXRERERRES, HRBIERATREER, BRARMEH
BERRRIRSE 78%, MEHRKE] XXRE 30% £A.
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About Fuel Cell

IR

Hydrocarbon Fuel

INTERNAL REFORMING l

CH, +2H,0— _4H, + CO,

Steam 3535

CATALYST
ELECTROLYTE

3
| B |

20, +4C0, + Ge— 4CO,

CATALYST
CATHODE

A fuel cell is a device that converts the chemical
energy from a fuel into electricity through a chemical
reaction of positively charged hydrogen ions with
oxygen or another oxidizing agent. Fuel cells

are different from batteries in that they require a
continuous source of fuel and oxygen or air to sustain
the chemical reaction, whereas in a battery the
chemicals present in the battery react with each other
to generate an electromotive force (emf). Fuel cells
can produce electricity continuously for as long as
these inputs are supplied.

The fuel cell is to get electricity directly from chemical
energy without intermediate combustion process.
The energy conversion rate is high and the electrical

CATHODE

BIPOLAR 7%
PLATE
TR

pilic3
MATRIX

OXIDANT

energy conversion efficiency can be as high as
45~60%.

KT HhEl it

MR R BT RS R F SRSHEEHFINTER
Bz, RFET IR RERR A RBRERTRE., MNEBX
AT EEEMAET ENBERFEIMBNA[HESHINFER
RrsR4Ess, TEEEBEEREARRICF R EREE R
SHEEIRE. REEMEA, MR BERsE SRR,

MR R ERCR MR (P RERR (L D EBRE, FRIEREIT IR
UiE, BEBRMURS, HBRERIRIERE 45~60% .
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Fuel Cell
JRRLER

DFC300
Single module
power plant
ERARERFE

DEC1500
Four module
power plant

POHRERER]

DFC3000
Two 4-stack
module power
plant
TUSRER(4EB M) B~ -




The module for UCSD is DFC3000, specifications are as below.

ZIME A DFC3000 #&REB[, ST~

Power plant rating ] && 2,800 kW
Standard output AC voltage BlEH#IHEE | 13,800 V
Standard frequency EREIRE 60 Hz
Efficiency (LHV) /##ER 47%+2%
Exhaust temperature HFSGEE 371+10°C
Exhaust flow rate HfS& 36,600 Ib/h

Available heat for recovery AJ[EIWERRE

(to 250 °F) (£ 250 °F)

4,433,000 BTU/h

(to 120 °F) (& 120 °F)

7,460,000 BTU/h

Natural gas consumption (930 Btu/ft)
RASESE

362 scfm

Heat rate, LHV {KAFVE

7,260 BTU/kWh

Average water consumption SF/KFES

79gpm

Average water discharge SFHIHEKE 4.5 gpm
CO, emissions —E&HRAFI 980 Ib/MWh

CO, emissions (with waste heat recovery)

REE B HY

520-680 Ib/MWh

The chiller arrangement

FEENSHAT

Model #18Y

BE200 JRSH

Quantity 2 1 unit 8

Capacity fill/$8

1,315kW/unit &

Brand fRi# BROAD LK
Heat input BR Exhaust S
Origin [Rr=H China HE

=D “g0 Gas &

[~
Clectrs (/5,

BROAD A/C
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Chiller Operation Condition

The cooling capacity of BROAD depends
on the fuel cell stacks which are replaced
periodically. At the beginning of life of the
fuel cell stack modules the exhaust gas
is near 700 °F and the absorption chiller
capacity is at a design value of 311 tons.
At the end of life of the stack modules the
exhaust gas rises to over 730 °F and the
absorption chiller capacity therefore rises
due to the higher temperature inlet gas to
374 tons.

HSHLEITER

AR ELA LRSS EEUA T EHAFE BRI
R, fEMN B E N ERYIE, RSEE
1 371°C, IRIKEHNATIANZITAEN 311 A0
(1094kW), 7EFRMARIRMIZITER, RS EHE
388°C AL, MRUS=CHIAYIAVGISERL EFH, B
TRENESADRE, $4ErAZ) 374 21
(1315kW),

Feb. 21, 2012, San Diego Gas & Electric
presented a check for $2.4 million to UCSD
representing energy-efficiency incentives

201252821 H, IS EBEIATAIZIN
BiR{H240AETEERILBECR (THE)




BRTECHNICAL APPLICATION OF
BROAD AIR CONDITIONING

AT ERANATIZ

U KRR

.

" .

- ] ]

&
i ——
S
RIS =4 E;E::IJ&
Lo & 60~80 "F/d
nEBER RIKER g oS ASHE
EXISTING ELECTRIC CHILLERS o .=, EXISTING COOLING TOWERS

EXISTING FUEL CELL BRI A

AREBEREE

Simplified System Schematic

HHBEASR SRS
NEW EXHAUST-FIRED ABSORPTION CHILLER

Project Value

By directly burning natural gas as opposed to only
utilizing grid power for HVAC applications, the facilities
can dramatically lower their carbon footprint by 1,331
tons/year, In addition to saving approximately $18
million in annual purchased utilities costs, UCSD saves
over $800,000/month from its microgrid, versus buying
from the local grid, meanwhile cogeneration reduces:

* Energy loss due to transmission and distribution of
electricity over the statewide electrical grid

* Reliance on out-of-state coal-burning power
generation

* Regional congestion on SDG&E's grid system

* Reducing the cost of demand charge by USD
330,000/year, the payback period of cooling system
is around 3.5 years.

mEfHE

S&EXABEMBENNTRERSGER, BIIWR B CCHP
R, SEANBOBREING 1331 M. BEKL 1800 =
TEEATMER. MMNAKEZ T FIREBEAREKRE
WEme, SEECMHBEMNANEREETE 80 A%, 5
L BRI EBBRFR R -

« KE MmN BC RIS MAIRERIRK

* XINFMERIR A BB RIS

- M EFMSEBI NS BN ARSI XGRS

* FRBREBEBMAY 3357/, BT 3.5 FAI
EHR IR
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CCHP IN BUILDING ENERGY
RETROFITTING

CCHP N AT eSS

FERACUTIVE E@dnibiNCE N

Treetops Executive Residence, Singapore

IR IEERS AR

Project Background

Treetops is a luxury serviced apartment managed by
Debenham Tie Leung Hospitality Management Services
(DTZ). It has 220 sets fresh-holiday apartments with
Southeast Asia tropic style. The apartment garden
covers an area of 5 acres with as many as 200 kinds
of plants. The green area is as high as 60%.

Treetops located adjacently to Singapore's premier
shopping center and entertainment center Orchard
Road, which was put into use from September 2000.
Although it is in the busiest area of Singapore, treetops
is just like an oasis in city to provide resort style living
space with green environment of quiet and beautiful.
All guests here can enjoy the daily life as comfortable
as the fresh breeze but without scarifying the city's
convenient.

Today, Treetops is the one of the leading serviced
apartments in Singapore and has since become a
preferred choice of home for senior managers and
leisure travelers round the world.

mE&E=R

RERRSABEBTRERSALE, ARBRITESER
RSSEPERE. A 220 EUHARIRAGNENEBAE
WRAE. Etbdhit 5 RE, £KE 200 SiEY). &
WERSIX 60% .

RIEFRSZAET 2000593 RAER . MPHINKEE
—IERWY. IRRPOESTES. SATEEMT, RIEEA
SRR — R, ARBRAREUINE AIRE TR M
ERENZNEETE. MEEFREASFRHENEEZ
R EXFELREE, R OBINENRETH.

NS, REEERAFMEINERS AT, REHKERER
ATRRRIRE S ERIERZ .
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CCHP & BROAD

It is the first CCHP retrofit project in Singapore, by
replacing the traditional grid power and electric A/

C model with CCHP system. 3 units 200kW diesel
generators provide electricity and 1 exhaust & jacket
water fired absorption chiller provides cooling (electric
A/C as the backup). A variety method was adopted
to maximize the system efficiency, for example, using
flue gas plate exchanger to control the exhaust
temperature below 60°C; recycling the exhaust air

of cooling tower to drive a wind turbine to generate
the electricity, etc. After the renovation, the system
efficiency has improved by 40%, from 0.76kW/RT

to 0.45kW/RT, and therefore it was awarded with
Greenmark Platinum hotel certification in Singapore.

The total investment of this project is about $2.6million,
and about $400,000 of energy cost can be saved after
the reformation. Because of the notable economic and
environmental benefits, Singapore government beard
50% of the investment as subsidies, that is $1.3million.
The payback period is 3.25 years.

The Building and Construction Authority (BCA)
attaches particular importance to the project after

its reformation, and put it as a case on energy saving.
Almost every month there are government team come
to visit this project.

There is BROAD Air Purifier in each room improved
air quality by 30% which won wide applause from the
customers.

The chiller arrangement FREEHSE

Model #18¢

BHE 100 HKIRSHL

Quantity ¥& 1 unit &
Capacity KBEE 978kW/unit &
Brand FRh# BROAD Tk

Heat input R Exhaust & Jacket Water

IRSAMELEK

RREBEFHTEX

XEFINEE— CCHP MENEIE, BRERNTE
+EBFERBUER CCHP R4, XA 3 & 200kW 45/
REVARFEEFER, 1K BHE100 H4TIRER
BE (BEHE) . ATERAEERSAANERE,
BFXA7TEZMAE, WIIRBAESRIHHRREEHIE
60°C LATR; FIRAMENHIXRIESNNNRBE, £i3iK
EENRAYERAT 40%, BEFEMERD 0.76kW/RT
BZE 0.45kW/RT, REFINKASEEBEEIER.

IMBERIREL 260 A37T. EEEBEATEEERELN 40
FET. ATRFNEFTAMERE, FlEBRFMEEE
1 50% BN 130 /A3&sT, ZIERELIREE 3.25 £,

HONERIRGE (BCA) REMFARERRNTRENSHIRTRE
B, 2BBARERSNWERNESIZIAM.
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Green feature: Building "green” insulation

Totally use the natural way to reduce the cooling load.
Apartments are surrounded by greenery which reduce
the solar heat transmitted to the building.

“RE" BEEZERRE
REBARRTTERBOE G, FERBIIRERES.
MBI IMEERIERRN_ERAPRRE

Green feature: Cooling tower wind energy recycling
A small wind turbine is installed at cooling tower outlet
to capture residue wind energy to produce electricity.

“RE" JEEZSEMERRFIA
RAEAENOEN IR BHL, FBHEXRERE.

Green feature: Water treatment

Install ultraviolet and water filter to improve water
quality instead of chemical treatment on the cooling
water.

“RE" BEEZKLE
MABEIMNANLRIABRUF T AR R AKEE.

Green feature: Air Purifier
BROAD air purifiers were installed at each apartment
to improve air quality.

“RE" BEZZESRE
BIRBEZE T EATFHIRRESESRE.
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Economy Analysis
Phase 1

Works mainly focused on the optimization of existing
system, including chiller efficiency improvement, water
and air balancing, chilled water pump and condenser
water pump optimization.

Improved plant efficiency from 1.02kW/RT to 0.76kW/
RT, and saved electricity 1,492,028kWh, that is about
$ 320,000 if calculated with $ 0.2188/kWh. And treetops
was awarded with Green Mark Gold Certificate in 2010.

Phase 2

Works mainly focused on tri-generation system,
including produce electricity to building and get
cooling and hot water by recycling generator's waste
heat.

Improved plant efficiency from 0.76kW/RT to 0.45kW/
RT, and saved electricity 2,752,981kWh, that is

about $600,000. If calculated with $ 0.2188/kWh.

And treetops finally achieved Green Mark Platinum
Certification in 2012.

Treetops & EMC

ESCO provided the EMC (Energy management contract)
service for years. The energy and efficiency of ACMV
system was tracked on daily and reports submitted
monthly.

iiﬁ'
ﬁkw 381kW,

————

-4

kW

ZiFEDth
BB

ZMRNETEEZSEMUEERSE. SERSTZERER. K
M= SHTFEARQ KRR KR

HSFEEM 1.02kW/RT BRIEZE) 0.76kW/RT, & 149F
E., RIBEERE 0.2188 EitE, BIAKY 327%T. 2
IEFEHETMIAE T 2010 EZBERNIFEE (£17),

BTHE

ZMBNEETFNERETLSRBIRTRSE, GIRGE
R, REEWRBHURRFRFSIMIERK,

HSFEEM 0.76kW/RT BREEI 0.45kW/RT, &8 27578
. #REEHR 0.2188 EitE, BI&EY 605%ETT,
BIEFRERFES T20128B2FIREE ALR),
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DATA CENTER’S CCHP
£EF0 CCHP

Tencent Data Center, Shanghai

B SRR

Project Background

* Location: Qingpu Industrial Park, Shanghai

* Project positioning: a major project of Shanghai's
"Yunhai Plan" (Cloud computing industry development
plan) and one of the most advanced comprehensive
e-commerce bases of Asia-Pacific region.

Project function: integrate e-commerce platform,
electronic trading center, electronic distribution
center and electronic testing center, and provide
online B2C trading platform and offline service
support platform. Mainly for users in East China. it
can provide comprehensive cloud platform services

.

for Internet users and companies across the country.

.

Project scale: it covers an area of 100 acres with
4 independent data centers, 1 office building, with
more than 4000 racks and 100,000 servers.

de =2 A 470
BRI

CHWIEBNE: EEEETWE

«IMBEM: LiEm ‘TETR MERIE, TAKRE
HNGEBTESEMZ—

- DIEEE: EBRFHSFE. BFRSP0. BFEES
DB FRNPOEFETF—E, BNRHE LB2CRZFEE
METIRSZIEFE. MERBXBFAE, TA2EN
BEBEMBFURE=FTWIRBREFERERS

- MBEHAE: Gith 100 B, B4FREIIEIETL, 1RAL
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System Design

The design cooling load of each building is
about OMW.

System model: multi-energy absorption
chiller of CCHP system + water storage

+ free cooling + centrifugal water-cooled
chiller (Note: CCHP system startup time

is 06:00-22:00, during the night when the
electricity is at low load period, centrifugal
chiller is used for chilled water storage,
then the storage water is used during the
switching period, and cooling tower plates
heat exchangers are used in the winter to
supply cooling, while centrifugal chiller are
used for supplement).

Energy supply equipment of energy center:
conventional system and CCHP system.

Fyngit

BREIT R TN IMW,

KRR : CCHPIRSRAKAMAT RIS +7K
B2 +BRBE+BILAKAHL (£: CCHPF#L
FfiEg 06:00-22:00, REMEABMNEHEINA
BOKANER, THENEBRBAERKEZ,
KEFS ARG+ B OAORTURANTT).
BERPIOMEEEIR S BMARRSCCHPRA,

Conventional System EHHES%

No. |Equipment description Cooling |Remarks
s | #4155 capacity |&E
BRE

1 Centrifugal chiller 11.3MW |4 centrifugal chillers
BONL with 2813 kW/unit
4 units for normal operation 4 5 2813kW B
4 BIEEETRKTIA

2 Backup centrifugal chiller |5.6MW |2 centrifugal chillers
FHAEONHL with 2813 kW/unit
2 units as backup 2 £&2813kW B/
2 AFAAKNA

3 Low-temperature plate heat|9MW Meet all cooling
exchanger demand of date
RIS center
Meet 100% cooling demand HELEEFROFTE R
HWEMAZ100% RER

411 |Cooling capacity of date  |16.9MW |6 centrifugal chillers
center (4 in use, 2 as with 2813 kW/unit
backup) 6 & 2813kW B0
¥R OHISEEN (4F28)

CCHP System $EHEAF=ZRYSE

No. |Equipment description Quantity |Installed
S REERRAME HE capacity
S8
1 Gas Engines, electricity capacity 4 10MW
2500 kW
RS AIAR BBl REBINZR 2500kW
2 Multi-energy absorption chiller on 4 12.2MW

exhaust, hot water & NG as backup,

cooling capacity 3050 kW

MR SRVKRICENA IS8

3050kW




Black Technology of 5A Certification —
CCHP System

What is green level certification?

« Green level certification is jointly launched by the
Ministry of Industry and Information Technology and
TGG (The Green Grid, a global non-profit organization
dedicated to improving the energy efficiency of
data centers), and is a comprehensive evaluation
certification for data centers around the world.
"Certification" evaluates and comprehensively
scores data centers from the dimensions of energy
efficiency, energy-saving technologies, and green
management. Based on the scores, the data centers
are divided into five levels from "1A" to "5A", with
"5A" as the highest level.

High-temperature exhaust gas and jacket water of
gas generators are used by BROAD multi-energy
absorption chiller to produce chilled water to meet
the cooling demand of the data center.

* The CCHP system greatly improves the primary
energy ratio through graded use of energy. At the
same time, it also provides energy complementarity
for the power grid and realizes off-peak power
consumption of the data center, which brings to
economic and social benefits.

This is the first commercial project in China to apply
the CCHP in the data center.

Cascade Utilization of Energy

This project uses gas distributed energy system.
The gas generators are operated under the model
of "grid-connected with no power injection” to
provide part of the power for the data center.

BEIR#BLRFI AR

IﬁEﬁﬁH}‘é’* SOMREERAL, MIIKENASHEHFK,
REFMALEMIETHEE, ARERORMHEBBEE.
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Gas =

PNt Gas engine
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[EAZE

S5AEREY —
CCHPZ%
HLRFEZHAE?

« FEEFNEETEITHN TGG (The Green Grid, 2—
FENTRABES OEREENEEREIERFINIAL) H
EHEHR, EE2EKEEDONEE AL

SN MEERRER. BRERA. REEBSHENH
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Technical Advantages of BROAD

* The highest COP;
* Condensing heat recovery of exhaust gas to produce

IERBARME

« §14ACOPHRS

- EIHRSSSEAEII B AHUK, QIEEINEFNE
« NI SEIRFS EBITBRUEER
 PREBENARAI A

hot water and create extra economic value;
* The actual cooling capacity of the chiller exceeds
the requirements of the bidding documents;
* Application of rapid start-stop technology.
pplication of rapid start-stop technology IﬁEb’HE
« CCHPREENER: 1481 7T
« RRWRES: 754 AT
« CCHPT & 8EIRZRA: 2235 37T
< BUDBRHERE: 30895 Mi/4F

Project Value

* CCHP power generation effect: 14.81 million yuan
= Waste heat recovery effect: 7.54 million yuan

* CCHP energy costs saving: 22.35 million yuan

* Reduce CO, emissions: 30,895 tons/year

Technical solution Conventional system CCHP system

Y NAES G ES CCHPAZ
Equipment composition Centrifugal chiller, cooling capacity | Gas generator 10MW (2.5MW X 4) +
BEEE 2,813 kW/unit (4 in use + 2 backup, |Indirected fired absorption chiller

power: 454kW, COP: 6.2)
BONASKNAE 4 B2 &, HIAE
2813kW, IHZE 454kW, COP: 6.2

(3,050kW X 4)
KRENHAREE 10MW (4 & 2.5MW)
+ 4 & 3050kW RIFIAEBEZTF

Power consumption (kW)

EFETNE (kW)

IT equipment 7,000 7,000
IT &%

UPS + distribution cabinet 700 700
UPS + BCrEiE

Lighting facility 240 240
H&ER

Chiller 1816 0
Iz

Chilled water pump, cooling water pump, | 1,140 1,200
cooling tower

KR RHIKR. RHE

Air conditioning terminal 600 600
SRR

Self-consumption of generator 0 300
REBNBFES

Total power consumption 11,496 10,040
BIFE

PUE 1.64 143
Power generation effect, CCHP system 14.81

runs 12h/d (million yuan)

REINES, CCHP—XIz{T12h (B/7T)

Waste heat recovery effect 754

(million yuan)

R (BA7T)

CCHP energy costs saving (million yuan) | 22.35

CCHPT&EREREEMA (BH7T)

Carbon emission reduction (t/year) 30,895

BRRFY (t/6F)
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CCHP IN HOSPITAL
Pz CCHP

Royal Children Hospital, Australia %=z 3=

RAMTEXRIEER

Project Background

The Royal Children's Hospital (RCH) established in 1870
and located at Parkville in Melbourne, Australia since
1963. RCH has been providing outstanding care for
Victoria's children and their families for 150 years. They
are the major specialist pediatric hospital in Victoria
and their care extends to children from Tasmania,
southern New South Wales and other states around
Australia and overseas. With a passionate, highly
skilled and committed staff campus wide of close to
4,000, they provide a full range of clinical services,
tertiary care and health promotion and prevention
programs for children and young people.

Project name: Royal Children's Hospital
Location: Melbourne, Australia
Building area: 114,198m’

| et 150
Hospital YEARS

Melbourne IN 2020
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Why CCHP?

By natural of their function, hospitals are major users
of power and water, not to mention historically being
major emission contributors, Melbourne's new Royal
Children's Hospital (RCH) is not only regarded as a
world class facility by virtue of its design and cutting
edge medical technology, but it also incorporates

the very latest building services technology and
sustainability initiatives such as CCHP as the key of
their energy solution. The new RCH site is located

in Parkville residences, which provide even greater
incentives to ensure that the new world class complex
qualified as being as "Green" a neighbor as possible.

Sustainable Targets

Significant environmentally sustainable design (ESD)
targets were defined at the outset for the new RCH by
the Victorian government in relation to the reduction
of energy, carbon dioxide and portable water use. This
strategy ensures that this new healthcare facility
significantly raises the sustainability bar for other
planned major healthcare facilities. The two key

RCH initiatives implemented include a black water
treatment plant (a hospital first) and secondly tri-
generation. With both systems playing a significant
role in meeting and exceeding ESD targets.

CCHP Advantages

Apart from the Carbon reduction benefits provided,

it will also produce electricity and heat energy

with a system efficiency of around 78%. This higher
efficiency is far in excess of the 35 to 40% system
efficiency of grid power is largely due the traditional
coal-fired generation plant currently employed as well
as transmission and distribution losses which account
for merely around 8 %.

Heart of CCHP, Absorption Chiller
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System Installation
Electricity Part

The power generation arrangement as follows:

Model: gas engine
Quantity: 2 units
Capacity: 1,160 kW/each
Origin: United States

The system generates 25 percent of the RCH base
building electrical demand. The two tri-generation
engines also contribute to the 100 percent overall
standby capacity which operates in the event of grid
power failure.

Absorption Chiller Part
The chillers arrangement as following:

Model: BHE 125

Quantity: 2 units

Capacity: 1,276KW/each

Brand: BROAD

Origin: China

Heat input: 470°C exhaust and 95°C Jacket water

The system is plan to supply chilled water and heating
hot water for air conditioning and heating to contribute
domestic hot water.

There are significant environment gains from the on-
site generated electrical contribution which offsets
the need for the equivalent capacity in much less
than efficient grid power and effectively reduces the
electrical demand by 25%. Further benefits accrue
from the recovery of otherwise wasted heat for use

in space heating and cooling which means that the
equivalent capacity of heating and cooling is saved
from needing to be generated via gas fired boilers and
electrically powered chillers.

Exhaust
470°C

o

N .IIIIIIIQ‘
R Tan

Gas engine

Natural gas
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Trigeneration at the new

Royal Children’s Hospital

Rapid developments in medical technology,
the paradigm shift to patient and family-centred
care, and the inability of ageing hospitals to
accommodate the latest models of care, have
all contributed to the current worldwide boom
in hospital redevelopment, writes Keith Davis.

he evolving ‘new breed’ of hospital is
welcoming, less threatening to
patients, integrates sympathetically
with the local community, and
embraces evidence-based design principles.
These new hospitals are now more integrated
into their local communities than ever
before, and with this attitudinal change
comes new pressures for our ‘new-look’
hospitals to become exemplary neighbours.

Taking a lead in implementing
sustainability initiatives is fundamental to
this new image, and correlates strongly with
the principles of evidence-based design that
focuses on stakeholder wellbeing.

By nature of their function, hospitals are
major users of power and water, not to
mention historically being major
environmental polluters. Melbourne’s new
Royal Children’s Hospital (RCH) is not only
regarded as a world-class facility by virtue of
its design and cutting edge medical
technology, but it also incorporates the very
latest building services technology and
sustainability initiatives.

'The new RCH site is located in parkland and

26 | A JUNE 2011

directly across the road from Parkville
residences, which provided even greater incentives
to ensure that the new complex qualified as
being as “green” a neighbour as possible.

Significant ESD targets were defined at
the outset for the new RCH by the Victorian
government in relation to the reduction of energy,
carbon dioxide and potable water use. This
strategy has ensured that this new healthcare
facility significantly raises the sustainability
bar for other planned major healthcare facilities.
The two key RCH initiatives implemented
include a blackwater treatment plant (a hospital
first) and secondly trigeneration, with both
systems playing a significant role in meeting
and exceeding ESD targets.

The trigeneration plant and technology
engineered by Norman Disney & Young
(NDY) is undoubtedly one of the cornerstone
ESD initiatives implemented for the new
RCH. Apart from the carbon reduction
benefits provided, it will also produce
electricity and heat energy with a system
efficiency of around 78 per cent.

This higher efficiency level is far in excess
of the 35 to 40 per cent system efficiency

associated with grid power. The poor efficiency
of grid power is largely due to the traditional
coal-fired generation plant currently employed
as well as transmission and distribution losses
which account for around eight per cent.
RCH has a heat-led trigeneration system
comprising of two 1160kW gas reciprocating
engines and two 1267 kWr 2-stage
absorption chillers. The system generates 25
per cent of the RCH base building electrical
demand, plus a contribution to chilled water
and heating hot water for air conditioning,
and a heating contribution to domestic hot
water. Carbon reduction from the
trigeneration system is around 37 per cent,
with a further 10 per cent reduction in
carbon emissions from the use of a renewable
technology biomass boiler (burning
compressed timber pellets from forestry
waste) and solar pre-heating of domestic hot
water serving the inpatient unit. The two
trigeneration engines also contribute to the
100 per cent overall standby capacity which
operates in the event of a grid power failure.
There are significant environmental
gains from the on-site generated electrical
contribution which offsets the need for
the equivalent capacity in much less
efficient grid power and effectively reduces
the electrical demand by 25 per cent.
Further benefits accrue from the recovery
of otherwise wasted heat for use in space
heating and cooling which mean that
the equivalent capacity of heating and
cooling is saved from needing to be
generated via gas fired boilers and
electrically powered chillers.
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ENERGY UPGRADE IN
UNIVERSITY CAMPUS

AR ERERTH K

Bucknell university campus BEFER/RAFREX

Bucknell University, USA
EORARKE

Project Background

The Bucknell University is located in Lewisburg,
PA.Bucknell’ s power plant was built in 1998, it
allowed the university to produce and manage its
own electricity on site. 2018, The campus began the
process of replacing their aging coal-fired campus
power plant with a cogeneration system. Apart from
the environmental challenges which the coal plant
presented, it placed additional running costs which
was not feasible on a rapidly developing,

The cogeneration plant needed to serve the campus
steam load growth for the next 20 years, satisfy the
current electrical load with some reserve, and have
emergency power capability, all in a cost- effective
manner. Improved emissions and energy efficiency
were also required for this project to be a success.
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With a campus size of 450 acre campus with > 150
buildings, totaling 2.4 million sq. ft. Student population
over 3,300, in 1996 the university installed its first CHP.
The campus load as of 2002 was 42,000 MWh per
year 7.5 MW peak demand 70,000 Ibs per hour steam,
this was expected to grow by 30% by 2018. Bucknell
University's campus is about three million square

feet. Providing electricity and heat to the campus in
Lewisburg was a large scale project.

Currently the campus is powered by Prime Movers:
Solar Taurus 60 combustion turbine 70k Ib/hr HRSG
with redundancy Murray KG4 steam turbine and begun
operation in 1997.

BROAD has since embarked replacing these outdated
models and have a guaranteed to improve efficiency
and energy usage by at least 35%.

FR A 450 KE (1822H), #HHE 150 ZAEER, 2@
TR 24 BEAK, FEAEES 3300 A, 19964, ZiRX%
ETEERBEBTRE.

20024, REHSHEEAN 4.2 AMWh, IEEBIGRA
75MW, ZKISTATRIA 31.78 M/NET; F2018FXLERIES
B 30% . BRR/RAZEIREARLAE 30 HFXK, A
ZETENRERHEENRE —TAHIENIRE,

Bal, REMSNNRER: RASFREE 60 RSN
31.78 Wi//NRSREGRIPAIZ A Murray KG4 ZS%H1.,
ARETF 1997 HHRIBTT.

EAS5INE, BEANGLTNA, HREREVES
35%HIRERS .

BROAD Cooling System

As a part of the chilled water plant expansion
project, a new single effect steam driven absorption
chiller was installed. Recovering exhaust steam from
campus cogeneration plant nearby to provide district
cooling. It increases the campus energy efficiency
and dramatically reduces the peak electric demand
in the hot summer season. In addition the cost to the
environment is significantly reduced.
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BROAD Chiller Information

Cooling capacity: 3,317 kW

Model: BDS285X110.08-37.8/29.4-5.6/12.1-400
Heat source: exhaust steam from campus
cogeneration plant

Project Values

Customized machine design including marine type
water box for both ends of evaporator, and titanium
tubes for the evaporator. Superior performance and
reliable operation of BROAD chillers created a name
amongst other institutions of the region, which make
many Universities across the States selected BROAD.

Energy efficiency figures:

+ 50% reduction in campus cooling costs

» 2,450 RT of cooling capacity added

* The project was installed in December 2018

* BROAD utilized existing methods decreasing the

complete overhaul cost to the university in the short

term, in addition to saving the University money for
future energy necessities.
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DIRECT FIRED CHILLER
IN DATA CENTER
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Yandex Data Center, Russia
HZHr Yandex EiEHL

Project Background M=

« In total, Yandex has seven data centers in Russia * Yandex7EESHAMEIIMMBE MRS, FEES
and abroad. The main task of data centers is to BB HENYandex [RERIAG, BED LS RIETE
provide access to Yandex services. Data centers are « FFEZATRYandex BRI 2 SRR X ST

working around the clock.

* The data center of Yandex in Sasovo city is one ¥ “SASTA” USRS EEST B
of the most innovative and advanced projects

. , , « XREPHRANEIEHRL, TEM201265)20205F7 7
implemented in theT Ryazan Region recently. The NNERSIHE, EERK 27 12575 (405 2.7 (ZART)
data center occupies part of the former workshops
of machine tool plant "SASTA".

* It is the largest data center in Russia. The project is
implemented in four stages from 2012 to 2020. The

volume of investments amounts to 2.7 billion rubles
(about 38 million USD).

AR R EIFTERMSEH MR TR 2 — BUEH O ER 7HLKRS
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Customer Profile

Yandex is Russia's largest search engine, not only
reaching 96% of customers in Russia, but also covering
many CIS countries, with more than 80% of netizens
from more than a dozen Russian-speaking countries
such as Belarus, Ukraine, and Kazakhstan. In addition,

Yandex is also conducting a search business in Turkey.

Chiller Information

» Cooling capacity: 12MW

* Model: BZ400 X3

* Heat source: natural gas

* Shipment date: February, 2012

BROAD Advantages

* Reliability: just rely on regular maintenance, almost
no need to repair; with effective preventive after-
sales service "zero failure operation" of whole life
cycle can be realized;

Long life: easy to operate and maintain; as a heat
exchange equipment without high-speed rotating
parts, the life span is more than 30 years;
Environmentally friendly: using lithium bromide
solution as working fluid, non-toxic, odorless and no
pollution to the environment;

Safety: the chiller operates in negative pressure, with
inside pressure lower than atmospheric pressure, no
risk of explosion;

Value-added services: forewarning failure self-
diagnosis, life-long internet monitoring, annual
solution sampling analysis, centralized technical
training for operators and free on-site training.
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Project Value

Transform idle industrial plants into data centers — a
paragon of industrial transformation and upgrading

IDC construction is a huge and complex system
project. Under the completely self-built model, the long
construction period is far from meeting the growing
demand for IDC business.

Yandex made full use of the existing energy supply
facilities and infrastructure of the industrial plant,
and transformed it into IDC without the need of huge
investment, making it possible to revitalize and reuse
idle plant resources.

This renovation and construction model is not only
benefit for data center operators to seize market
opportunities, shorten construction period and save
construction investment, but also serves as a self-
transformation of industrial structure upgrade and
economic benefit improvement.

Green, high efficiency and energy saving — the
first application of non—electric absorption chiller in
Russian IDC

The main component of IDC infrastructure is the
cooling system. Yandex comprehensively considered
the existing energy supply facilities, energy price
conditions and equipment operation reliability and
chose non-electric chiller for IDC cooling.

This project used the existing gas supply infrastructure
of the factory, using natural gas as driving energy for 3
non-electric chiller BROAD to provide 12MW of cooling
capacity for the data center.

This is the first project in Russia that uses non-electric
chiller to provide cooling for data centers, and has
good economic and social effects.
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ANTI-EXPLOSION CHILLER
IN CHEMICAL FACTORY

€I BhiEN1H

BASF-YPC
i+ BHTR

Project Introduction

BASF-YPC Company Limited (BASF-YPC), a 50:50 joint venture
between two FORTUNE 500 companies - BASF and SINOPEC. It is
located in Nanjing Jiangbei New Materials High-Tech Park. BASF-
YPC sells about 3 million tons of high-quality chemicals and
polymers per year to cater the rapidly growing Chinese market.

BASF-YPC's products are multiple basic industrial materials
with flammable and explosive chemical features, and the
safety requirement such as anti-explosion is very harsh, the
requirement to site equipment is also at the world's top level.

In September 2009, BASF-YPC initiated the second phase
development, cooling is mandatory in some of the process. After
a careful and strict global vendor selection process, BASF-YPC
selected it's first BROAD hot water fired absorption chiller. Now,
after 10 years operation, the chiller still gives full capacity and
ensured the uninterrupted production of its process 24/7 which
gained solid appreciation from the customer.

In 2020, when there is a new expansion from BASF-YPC, a new
BROAD BDH600 machine is ordered again.
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BROAD Chiller
FLEM
Model BDH602X-88/98-38/33-16/20-800
s BDH344XI1187/95-41/33-11/15.5-600-Fa-Ma (Phase II)
Energy source Waste hot water Application Process cooling for EOEG devices
EFRREIR JE#7K (98°C, 95°C) FAiE Bk EOEG =BT 2%
Shipment date Dec.2010 Operation date June 2011
REEH 2020 (Phase II) EFREH 2021 (Phase II)
Explosion-proof level The products are compound explosion-proof product which can be used in zone 2 of
FhiEER class IIB, and the surface temperature of the equipment do not exceed 135 C
‘Exdeib Il BT4” ARHEFRAAAT 1B XSEN_KX, REXMBEAEY 135 CHRIEE
BARRZERENIE M

Project Features

Safe, reliable, and investment saving

BROAD hot water chiller designed in full accordance
with the standards of BASF special anti-explosion
requirements. It is installed in chemical explosion-proof
area and provides process cooling for BASF EOEG
devices.

Because of the high reliability of the BROAD products,
only one hot water chiller with no back-up equipment
serves the respective process 24/7, which saved a lot
of initial investment. Since the startup, BROAD chiller

has been operating with zero fault and fully meet the

cooling demand.

Energy-saving, Environment—friendly

BROAD chiller is driven by hot water which is
generated by means of waste heat. By recycling waste
heat, the annual energy cost savings is more than USD
2.5million which benefits customer a lot.
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Six Typical Features

* The most stringent requirements of material -
specified by customer

Most electrical components and other materials for
the chiller are specified by BASF-YPC. This means

a entirely special design. Hundreds of components
and materials must be re-tested, which bring a big
challenge to the supplier.

The most stringent document control - hundreds of
documents approval

BASF-YPC hired a construction engineering company
- Fluor (China) for documents checking and approval.
The participants are internationally renowned
consultants and engineers. Hundreds of documents
including design, procurement, manufacturing and
performance test have been reviewed and approved.
The most stringent manufacturing requirement-
standards specified by customer

BASF-YPC applied Germany Petrochemical standards
to manufacture the chiller, it almost represents

the highest requirements in the world. Chiller core
manufacturing processes are required to comply

with BASF-YPC specifications and approved by them.
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The most stringent quality control- Third-party
supervision &inspection

BASF-YPC hired world famous consultancy Moody
(Shanghai) as the third-party supervision &
inspection at BROAD factory for the entire processes
including welding, PMI, non-destructive testing,

tube expansion, leak detection, helium inspection,
hydrostatic testing, shot blasting and performance
testing etc.. Specially for electrical devices testing
and performance testing which are the most critical
among processes, BASF-YPC organized more than
ten experts to witness.

The most harsh working conditions for chiller

Chiller works under the most harsh conditions, like
cooling operation under ambient temp. -14~43°C, 25
years lifespan with only once maintenance yearly,
cooling output tolerance less than 4% under both
working conditions (hot water 88/98°C & cooling
water 33/38°C + hot water 95/105°C & cooling water
35/40°C), cooling water fouling factor 0.35m’K/kW with
corrosive contents, anti-explosion level Exdeib Il BT4,
IP55, etc.

The most demanding after - sales service

Chiller canned pumps should be replaced in any
failure cases without discharge solution out; Service
response time less than 4 hours; Easily worn-out
spare parts and key components parts should be
available in BROAD local office.
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Operation Management

BASF YPC professional engineer team takes daily
operation. Chiller is under 100% load operation 24/7
(except regular maintenance time).

The cooling water is from communal cooling towers,
which is managed by dedicated department including
regular water quality inspection, testing, dosing
management.

Project Values

* High reliability: 24/7 running and zero faults for 10
years.

* Cost effective: annual energy savings by USD
2.5million.

* Management worry-free: maintained by BROAD and
monitored by BROAD Internet Monitor Service.

* CO, emission annual cutting by 15,000 tons. Benefit
both the enterprise and the society.
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BROAD Chillers and Packaged Water Distribution System are
CE, UL, ETL, ASME Certified
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