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Topics Covered

e CHP and Campuses

* Cooling in CHPC

* Advantages of multi-energy absorption chillers & options available
e (Case studies

* Recent developments
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CHP in Campuses

Present CHP Installed base in USA:

Out of 82 GW of installed CHP capacity in USA, some 6 GW is in Colleges
& Universities, Hospitals & Nursing Homes, Airports and District Energy.
This can be further grouped as below.

= Total =6 GW 9
Total = 82 GW B Chemicals 4%
m Refining B Air Transportation
M Paper
H Colleges/Univ.
B Food
el I District Energy
m Other Mfg B Hospitals/Healthcare

) + Nursing Homes
2 Other Industric

m Comm./Insti.

Sector-wise Installed CHP - USA Installed Capacity in US Campuses

*Ref.:.www.eea-inc.com/chpdata
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Campuses are ideal candidates for CHP

IEEELA

Colleges & Universities:

* Increased load in Campuses
* Replacement of aging boilers
* High occupancy levels

e Uniform thermal loads

* Green building initiatives

Hospitals :

» 24/7/365 energy demands

* High electrical and thermal loads

e Quality of Power for clinical equipment
e Reliability and resiliency

Airports:

* High electrical and thermal loads
* Long operating hours

* Reliability and resiliency

THERMAX
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Cooling CHP

Conventional CHPC system — Cooling perspective

Process / Heating

Steam
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Space Heating

In the conventional system, exhaust gas heat is recovered in terms of steam (or hot water) and
this is then used to drive chiller to meet cooling requirements using:

* Steam turbine driven centrifugal chillers
* Steam driven absorption chillers
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Cooling CHP

Cotemporary CHPC system — Cooling perspective

!
&

Electricity

To Stack

Generator
Exhaust T
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E— Prime Mover ac e-t aley

Chiller -

Fuel Heater
- ~ Jacket Water (in case of engine) Heating

In the temporary system, a single “multi-energy” absorption chiller can be driven by exhaust gas
and jacket water of engine to meet cooling and heating load
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Absorption technology- Multi-energy to Multi-Utility

STEAM
(15 psig to 145 psig)
<

.

‘,/‘!. Heating: Primary .
- Chilling: Secondary

[
\ CHILLER
" HEAT PUMP

GAS / OIL FIRING
(Natural gas, Liquid fuels)

Chilling only
< )
“‘“"f HOT WATER

167F to 350F
S ( )

CHILLER
- 10TRt0 3500 TR

' EXHAUST GASES
( From Engines/Turbines)

Heating only

HEAT PUMP
Upto 25 MW

Chilling: Primary
' Heating: Secondary
SIMULTANEOUS

CHILLER HEATER

THERMAX
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Hudson Yards, Manhattan, New York

Key word for deign: “Resiliency”

* 4 numbers, multi-energy VAMs ,
capable of giving chilled and hot
water for the air-conditioning.

 Each VAM is designed for 664TR of
cooling and 4280 MBH of heating.

* GE Jenbacher gas engines- model JMS
620 FO9, each producing 3.3 MW
electrical power.

* The largest private real estate development in the history of the USA

* S 20 Billion project; spread across 28 acres.

e > 170 Lakh sq.ft of commercial & residential space

* 5 state of art office towers, restaurants, more than 100 shops, school and 200 room
luxury hotel

* 14 acres open public space

© Copyright Protected
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University of Central Florida, Orlando Campus - USA

University of Central Florida, Orlando Campus:

The University of Central Florida is located in
Orlando, Florida with campus of spanning 1415
acres. The university offers over 200 degree options
through twelve colleges and twelve satellite
campuses throughout Florida. Campus has unique
layout with a series of concentric circles

Installation has:

* Exhaust from 5.5 MW Mitsubishi Natural Gas
Engine

* 1000 TR Multi energy absorption chiller

* Heat Source : Exhaust Gas + Jacket Water
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Tri-generation — Meeting Power and Thermal demands

California State University, Fullerton - USA

e Exhaust from 4.4 MW Natural Gas Turbine —
Mercury 50

* 2nos. x 1300 TR Multi energy absorption
chiller-heater

* Heat Source : Exhaust Gas + Supplementary
Firing. Exhaust gas from turbine is split and
fed to two chillers

CSUF is a major Univ. with 236-acre campus, 29 * Capable of producing Chilled & Hot Water
buildings set in Fullerton, about 40km from Simultaneously

downtown Los Angeles . . - elee.
. * Both chillers in parallel providing flexibility in

Has more than 37,000 students and operation: Two units as chillers in summer,
approximately 1,800 full- and part-time faculty One chiller + One heater in shoulder months
members. The University offers 107 degree and two heaters in winter months.

programs in eight colleges.

Highlight: High Temp difference in Chilled water loop = 23°F (64/41°F), which helped
changed the scheme from two chillers in series to parallel giving great flexibility in
operation
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California State University, Fullerton - USA

* The plant saves the university $1.6 million in utility :
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* CSU size went up from 3.87 million gross sq.ft to
5.87 million sq.ft.

* Electrical costs came down from $4.5 million
(when area was 4.74 million gross sq.ft ) to $2.5
million in 2012/13.
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Marina Thermal Power Plant, NJ, USA

Owner: Marina Energy
Developer: DCO Energy,

This facility supports Borgata Casino complex and
surrounding area of Atlantic City in New Jersey.

It has 8 MW emergency power, 25,000 Tons chilled
water and 350,000 MMBtu heating.

Borgata Casino, one of the largest consumers of the
utilities has 2108 rooms and about 15000 m2
gaming place.

Marina Thermal Power Plant, USA (Tri-generation Plant) :
* 2 nos. x 1000 TR Low temp Hot Water absorption chillers
* Heat Source: 200°F Hot water generated by the 8MW Taurus 70 gas turbine heat

Highlights: Low Temp hot water driven chillers with chilled water outlet temp of 39F, low
CHW temp is important parameter to take care of heat gain while distribution over larger
area.



THERMAX

4
PROFIz=THERM

‘ Profit from Heat THERMAX

Data Centers
University of Toledo, OH, - USA

* Combined exhaust gas from (4)
Capstone C65 micro-turbines,
generating total 260kW power

e Thermax chiller — heater: 100 TR
Cooling, 266 kW heating

* Capable of producing Chilled & Hot
Water Simultaneously.

Univ. of Toledo has 450 acres of Health Science
campus and 160 acre satellite campus in Scott
Park neighborhood of Toledo.

* Chilled water is used to cool the data
center, while hot water is used to heat

swimming pool.
Has about 20,000 students & over 100 major

buildings with combined area of about 60M sq.ft.

Similar Installations:

* IBM Data Center, Syracuse Univ., NY —(2) 150 TR exhaust gas driven two stage chillers on
(12) Capstone C 65 turbines cooling data center and nearby university building

* PSECU, PA - 300 TR exhaust gas + back up gas fired chiller on Capstone C1000, 1MW MT

* Citibank Datacenter, UK- (2) 300 TR hot water driven chillers on GE Jenbacher engines
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Airports

Rome Airport, Italy

Rome Airport has a total surface area of 1600
hectares with 2.5 million sq.ft of terminals &
has electrical demand of 21 ~ 26 MW.

* Single stage hot water driven chillers — 2
nos. 1300 TR + 2 nos. 1000 TR

* Power generation by 3 Rolls Royce engines,
each producing 8.5 MW.

* 90% of electrical and thermal load
requirement is met by the CHP plant

Similar Installations:
* Berlin Airport- 2 nos. 370 TR exhaust gas driven two stage chillers on 2 MW CAT engines

* Perth Airport- 2nos. 500 TR exhaust gas + jacket water driven multi-energy chillers on GE
Jenbacher 2MW engines

* Istanbul Airport- 2 nos. 400 TR exhaust gas + jacket water driven multi-energy chillers on
2MW MWM engines
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Micro-grids
Fort Knox, KY
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Part of smart micro-grid network.

With 2MW Caterpillar gas engine, each
building has a different solution based on the
needs — ideal case of cooling options available.

* 640 TR Single stage hot water driven chiller
for hospital

* 495 TR Two stage exhaust gas driven chiller
for data center cooling

* 705 TR Exhaust gas + jacket water driven
chiller for Human Resources building

* 430 TR Two stage steam driven chiller (from
exhaust gas boiler) was also planned, but
postponed later.

This 109,000 acres Army post has witnessed thunderstorms, tornadoes and the worst of
them — the ice storm of 2009 leaving many buildings without power for as high as 10 days.

The 8MW CHP is part of 44MW project and the engines will run 24/7.
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Sacramento Municipal Utility District

Meeting electrical and thermal demands

* Heat from the engines is converted into hot
water at 205F.

* 120 TR single stage hot water driven chiller
producing 42F chilled water for building air-
conditioning

* 692 MW-h electricity saving per year —
equal to powering 58 households

* CO2 savings is 488 Tons/year equivalent to
emission by 100 cars per year

SMUD is sixth largest electricity company in USA that is publicly owned and serving over 1.4
million customers in 900 square miles. There are three Tecogen Inverde CHP modules of
100kW each to supply power to SMDU’s central utility plant and field reporting facility to
serve sensitive loads that need to remain operational during utility electrical outages. Total
of 300 kW power meets the power needs of SMUD headquarter.

Highlights: High Temp difference in Hot water loop = 40F (205 in/175 out), low HW flow
saves pumping cost. Chiller with enclosure for outdoor installation.
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Thermax’s Experience on different Prime movers

—> Engines
HW- Colussa Casino, CA; Ft. Knox, KY; Brevoort East, NY; Univ. of lowa

Exhaust Gas only- Fort Knox, KY; Berlin Airport, Germany

Exhaust Gas + Jacket water- UCF, Orlando, FL; Perth Airport, Australia

Turbines/Micro-Turbines
Exhaust gas only- CSU, Fullerton, CA; IBM Data center, Syracuse Univ, NY

Exhaust gas heat recovery in various forms—

LT HW (~200F)- DCO Marina Thermal Plant, NJ; Paramount Studios, CA, Salem
Community College (hot water + Natural Gas)

e HT HW (~350F)- 29 Palms, CA
e Steam (15~150 psig)— State of Michigan, MI; 29 Palms, CA; Ferrero Rocher, ON,CA
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Triple Effect Chiller in Tri-generation System

Double Effect

Cooling possible
=450 TR

2 MW Gas Engine

=l Exhaust gas cop=143

Triple Effect

Cooling possible
=575 TR

2 MW Gas Engine

s Exhaust gas

Note: Chiller designed on engine exhaust only.
Engine specifications:

Exhaust gas flow rate = 27,320 Ib/hr; Exhaust gas Temperature In/Out = 850 / 300°F
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Ref.: The opportunity for CHP in USA by ICF International, May 2013
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(Simple Payback < 10 years)

<100mMw 100 - 399 Mmw
400 -999 Mw [ 1,000 - 1,999 mw [l > 2,000 Mw

Ref.: The opportunity for CHP in USA by ICF International, May 2013
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