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Wesleyan University — Middletown, CT
e 3,000 students

1,300 faculty and staff

320 acres

312 buildings

3,000,000 sf.

2,250,000 sf, 80 buildings receive steam/chilled water from central plant
and are on Wesleyan’s 5 kV/15 kV electrical distribution system
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Established 5 kV electrical & f
distribution system in 1960 g Jerb0CnEr
Began conversion from 5 kV to

15 kV electrical distribution
system in 2008

Installed 2.5 mW reciprocating
gas engine cogeneration system in 2008

In 2008 produced approximately 80% of demand
In 2008 supplied domestic and heating hot water for 500 beds
In 2008 added 3,200 pounds of steam to the steam loop from first cogen




In October 2011, a snow storm
caused 80% of Connecticut to
loose power, including Wesleyan

Wesleyan buildings were without
utility power for 3 -8 days

Without power Wesleyan cannot

establish a shelter for faculty, staff, or students

Without power, ongoing experiments in the science buildings can be
destroyed along with important material stored in freezers

Without power, food is lost in dining venues
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The existing cogeneration system was used
to power parts of campus once it was clear
that the outage would be longer than a day

The consequences of the outage were studied recognizing
that emergency power reliability is an important part
of business continuity and campus safety

Soon after a study of campus power reliability was undertaken

In response to the storm the State of Connecticut Department of Energy
and Environmental Protection (DEEP) created incentive programs for
cogeneration systems and microgrids (where facilities are connected to
localized power generation sources)




The following options were evaluated by Wesleyan for their ability to provide
emergency power, their ability to provide a return on investment and their
impact on the environment:

* Fuel cells set up as combined heat and power
e Solar

 Wind

» Standby emergency generators

e Cogeneration micro-turbines

* Cogeneration gas engines
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. Increased Increased Impact on Return on Altem.ate " "
Option Reliability Capacity Neighbiors R st Fun‘dlng Estimated Cost Estimated ROI
= = Avaiable
Make medifications to existing CoGen, switching, engine upgrades APPROVED O 0 0 o O no B3 150,000 Syears
Install larger CoGen at CPP, 3.5 MW, sell Jenbacher 2.4 MW, est. net cost 0 o Q o O yes, from PURA* | § 4,000,000 | 5 4,000,000
Install diesel generator at Vine Street, emergency/maybe peak shaver 0 0 0 O o we 5 2,000,000 | 5 2,000,000
Install gas CoGen at Freeman, 500 KW - No connection to campus. o ° 0 e O ves, from PURA | & 1,978,760 20years
Install gas CoGen at Freeman, 1.5 MW - Connection to campus cost included 0 O O o O yes, from PURA | & 3,478,760 10years includes cost.tocon
Install capacitor bank at Vine Street e O o O o no 5 2,000,000 | & 2,000,000
Install emergency generator at Freeman, diesel or gas TED e o o O 0 no 5 950,000 | % 950,000
Install emergency generator at Usdan/Fayenweather, diesel or gas TBD e ° O o o no B 800,000 none
Install emergency generator at Hall-Atwater/Shanklin, diesel or gas TBD O ° 0 O o no B B50,000 | § 850,000
Install emergency generator at Exley, diesel or gas TBED e o O O o no 5 1,100,000 | 5 1,100,000
Install Fuel Cell at Freeman, say 1.5 MW e ° O O o yes, PPA, LREC | % 7,500,000 | & 7,500,000
Solar at Long Lane - 1.5 MW ° Q ° ° O yes, PPA, ZREC | 5 7,000,000 | 5 7,000,000
Connect Freeman to Vine Street e ° o 530, 305/yr o o no 5 578,760 19years
Increase speed to eliminate old 5K substation at Vine Street e 0 O o O no 5 4,500,000 | & 4,500,000
Buildings to be added to Vine Street/CoGen
156 High 5 520,000
(Bayit) incl
{Religion) incl
(International House) incl
Public Safety]| o O 0 O ‘ no 5 120,000
Eclectic o O O O 0 no 5 80,000
Open House o O O o o no 5 80,000
Romance Languages] o 0 0 O o no 5 130,000
Russell House Q O 0 O o no 5 160,000 Goodisrrone O
UR ) &} O (] @ no 5 80,000 Fairor partial @
Court Street Apartments| 0 O O O o no 5 120,000 Bad or poor O
East Asian Studies] O O 0 o o no H 250,000 *PURA = State of Connecticut "Public Utilities Regulatory Authority"
GLsP @ O (@] O @ no H 120,000 Cost - >2,000,000 is




Wesleyan University
Campus Power Reliability and Emergency Power

Cost/schedule - detail

Printed: 10/19/2012

October 19, 2012 Building Notes #v2012 | fv2013 | fvaous | evaois | vao16 | #v2017 | sv2008 | fv20m9 | #v2020 Fv2023 | sv202a | Fv202s | Fv2026 Fv2027 | fva028
CoGen at Freeman Athletic Center 1 | i | | |
CoGen Study af Freeman Athletic Connected 1o Campus [AT Campus Complete s 7500
:T;m CoGen Isiand Mode Test - ReviewNModfy CoGen a5 Needed - Work Scheduled for Chvistmas |,y oo Design Ongoing bs: e T | I | I | | I I 1 | | I | I
Design CoGen at Freeman - Part 1 - Planning and Schematic Design, CEFIA Appication A1 Campus Design Ongoing [s_n.ew 1 i
Design CoGen at Freeman - Part 2 - CD's and Construction Administration |Al Campus $ 1783%0 |$ 75,000
A Permitting for CoGen at Freeman |A1 Campus I s so000
Order EngineHRSG/SCR/Enciosure |1 Campus 1§ 1,200,000 | $_ 200,000 [ | | | [ [ | T [ 1 [ T [
Freeman Athletic - Connect Freeman Athietic o 15 K Swichgear at Vine Street, Buy CLP Transformer  [Freeman Design on hold $ 625,000
Install CoGen at Freeman (must connect Freeman to 15 K Vine Street for this project) A1 Campus S 458257 1,023,263
SUBTOTAL $ l\ocls)|-1s,)sl|snn.7€)|5 B Is Is B Is E |s Is Is ls |$ Is |5
Upgrade Existing from 5 kV Loop to New 15 kV Loop Total Cost Freeman CoGen = $ 4,079,020 | (inchudes feeder from Vine Street to Freeman)
Butterfield A, CS. CN - transformer and switchboard replacement [Butterfield A, CS. CN (Complete $ 107,000 | $ 381,000 | | | | |
Remove loop 5 12 cable for scrap 10 Vine Street for Fall 2012 s (40,000) | | I | | 1 [ | | |
Design balance of § kV to 15 kV Expansion Projects A1 Campus Design on hold S 105,000 | | | | | | | | | | | |
Nicolson Dormiory - and INicolson | s sa000 | | | | | | 1 | | | |
Andrus, West College - transformer and switchboard replacem ent |Andrus. West College S 190,000
Wesshop - and |Wesshop | I 1 s 180000 | | | 1 1 H | | 1 |
Olin/Clark - transform er and switchboard replacem ent own/Clark S 280000
Judd (feeds Chapel, Theater, Zelnick. Albrition, PAC) - transformer and swiichboard replacem ent Judd S 280000
Hewtt - transformer and switchboard replacement Hewtt s
VVO - transformer and swichboard replacement lvwo | | | | | | Is | | | | | | | | |
World Music (feeds 281 High, 287 High, DAC. - and [Workd Music $ 390,000
Art Studios North - transformer and switchboard replacement |Art Studios North | | s | | | | | |
Dance Studios - transformer and swichboard replacement [Dance Studios | | |s a0 | | | | | |
Davison Infirm ary - transformer and swichboard replacement DAC $ 170000 [ I 5 ks snd gewr rhrmoved Fom darmpus
Demoish existing 5 kV gear for scrap. remove final campus koop cabling JAI Campus $ 95000
SUBTOTAL s1200fs 3a000fs wsoo|s 3mofs 1soocofs 2mo000s  2s0000]s 3sa000fs ssoccafs acoocofs anoca]s 170000)s escm|s s $ $
Extend 15 K Loop to Locations NOT on Existing Campus Loop
156 High, BayR, Religion, “new ‘and replace 156 High | | | | | | | | | | | |5_ea000 | | | |
Public Safety - new transformer and replace switchboard Ps S 144,000
Eclectic - new transformer replace swichboard € cloctic | | T | | | | | | | | | | | |
Open House - new transform er and replace swichboard (Open House S 96000
Romance Languages - new transformer and replace switchboard [Romance Languages S 156,000
Russel House - new transformer and replace switchboard Russell House S 192,000
UR - new transformer and replace switchboard ur 1 I 1 I =F | | | | T 1 | 1 | s 96000]
Court Street - new and replace (Court Street Apariments | I 1 ]S 1000 |
FEAS - new transformer and replace swilchboard FEAS | S 300,000
GLSP - new transformer and replace swiichboard GLsP S 144,000
SUBTOTAL s Is s B Is B Is Is B B B B |$ s2a00fs meoofs sscofs 240000]s saaco0
| GEEE GETEE | £¥ 2015
Total Annual Cost | maso0 s 2489257 1S 2028263 | S 370,000
Total Cumulative Cost LS 114500 | § 2,603,757 | § 4,632,020 | S $,002.020
Total cost for CoGen at Freeman, inchuding 15 K Expansion 1o Freeman s
Total cost 1o complete the 5 & to 15 K expansion (Freeman NOT inchuded) « § 252,000
Total cost to add balance of dassroom/residence hall/dining bulldings 10 15 Cloop = § 1,992,000

Escalation considered at 1.5%




_Gogeneration - gas englne//
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* Place a gas powered reciprocating engine in or near a building to provide
electricity and waste heat

* A number of colleges, universities, and secondary schools are installing gas
engine cogeneration systems such as — Clark, Wellesley, Amherst, Smith,
UConn, Yale, Harvard, Fairfield, MIT, Williams, UMass, Trinity, Loomis,
Avon Old Farms, SUNY Syracuse Environmental Science, CCSU, Duke,

SUNY Westbury and Plymouth State




Pros

— Used in a cogeneration system they can be efficient and also provide
emergency power when required

— Relatively low maintenance
— Best return on investment of any option
— Good emissions ratings, lower emissions than utility generators

— Higher system efficiency than utility generators because the heat from
the engine is used




* Pros (continued)
— Replaces gas used for production of an equivalent quantity of steam and
hot water

— Replaces gas used for production of an equivalent quantity of electricity
with reduced emissions

* Cons




Several technologies investigated including Fuel Cells, solar, wind, stand
alone generators and cogeneration with gas engines. The final selection
was CHP using a reciprocating natural gas engine

Multiple engines modeled. Final selection based on optimal ROl is rated for
676 kW

Suitable location identified as Freeman Athletic Center mechanical space.

Engine provides steam to the campus loop, hot water to serve pool heating,
domestic hot water, and heating loads of the 280,000 sf facility




* New unit is connected to Vine Street substation via new feeder by adding
Freeman to the campus electrical distribution system

* Current electrical load on Vine Street with existing cogen and Freeman
is ~8,126 mWh annually

* The new engine will produce 4,635 mWh annually

———— W VA ———
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2,000
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Site Electrical Demand (kW)

8

Cogeneration System Impact
on Electrical Demand (kW) 1 Esting Cogen Brcirca pu kW)
676 kw Englne M Remaining Vine Street & Freeman Load (kW)
M New Cogen Electrical Output [kW)

o
2/1/2011 3/1/2011 4/1/2011 5/1/2011 8/1/2011 7/1/2011 8/1/2011 9/1/2011 10/1/2011 11/1/2011 12/1/2011 1/1/2012




Total CHP installation cost: $3,550,000 (includes SCR)
Total duct bank/interconnection cost: $620,000
Expected savings net of service agreement & renewable energy credits

— Fossil fuel & CL&P savings: S304,177

— Expected maintenance agreement cost: (5120,785)
— Expected renewable energy credit revenue: S 46,350
— Net annual savings: S 229,742

CEFIA rebate: $300,000
DEEP Microgrid Grant: $650,000

Simple payback: 14 years (includes domestic hot water changes)




~ Schedule

* Feasibility — April/May 2012

* Engine selection — June/July 2012

* Engine bidding — July/September 2012

* Engine order — November 2012

* Engine delivery — August 2013

* Air permitting — October 2012 to July 2013

* Installation — September 2012 to March 2013
 First fire —January 2014

 Utility interconnect — February 2014
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* Report from the Connecticut Department of Energy &
Environmental Protection (DEEP)

* Highlighting the load additions and subtractions observed
during testing

» Additional data includes hours of operation operating in
parallel and island mode, dates/times of unplanned outages
and fuel usage data




Freeman Athletic Center - CHP Engine Performance During Island Mode Operation Testing

I Breaker 52 Opened and CHP Shut Down ]

BYESIL0 9T-IR06T
95°BSIL0 9T-2R0-6T
FO-BS L0 912906
TLLSIL0 9120062
0T:95:L0 9T-320-62
BTS5°L0 9123062
FEPSLO 9T906T
tFirESIL0 9122062
TST5L0 9123067
DFZS L0 9T-230-6T
BETSIL0 9120062
ST:05:£0 9T-230-62

FESEL0 9128062
TTiptiL0 9T-220-62
OTEW L0 912306
BTIFLO 912906
SETHILO 9T-IR06T
Fte0p: L0 9T-230-62
TS°BELD 912306
DOCBENLD 9120062
BOBEILD ST-IB06T
OTLELD 92306
FT9ELD 912906
TESENLD 9120062
OtevE: L0 9T-230-62
BYCEECLO 9123062
G5ITENLO 9TIB06T
FOCTENLD 922062
ZI-TELD 9123067
OT-DE'LD 912306
BEBLILO 9130062
ERTIL0 9T-A0-ET
FYLTLO 912306
TS9T°L0 9129062
DOESTIL0 ST-IB06T
BOSSTILO 912306
ST¥TIL0 9123062
FETELILO 910062
TETTLO 9T-230-6T
OV TTL0 9123067
BY-0TL0 912906
SSIETIL0 9T-2R06T
WORET L0 9T-230-62
TUBTILO 912306
OZLTILO 9128062
BTOTILO 9T-230-6T
GESTILO 912306
FPTLO 9129062
THETILO 9122062
OOETILO 9T-230-6T
BO-TTLO 9123067
STTTL0 9128062
¥Z:0T:L0 9T-230-6T
TE60°L0 9T-230-6T
O B0IL0 9T-220-6T
L0 9T-IR06T
95:90:L0 9T-230-6T
F0-90°L0 9123067
TLS0:L0 9128062
OTW0IL0 9122062
BTED-LO 9123062
SET0ILO 9TI20-6T
IO 9138062
Z500:£0 9T-230-6T
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SPIE5°E0 91-990-6T

165780 91-390-67
B0 91-330-67
‘85780 91-390-67
‘HS7BD 9T-990-62
$B5:80 9T-330-67
545180 9T-330-67
45:80 9T-390-67
95:80 9T-390-67
195380 9T-990-62
195580 9T-230-62
'SSR0 9T-320-62
Y55°80 9T-220-67
'55°80 9T-220-67
S5-80 91-220-67
#5'80 91-220-67
60°PS5'B0 91-3006%
CESIH0 9T-900-62
CESIH0 9199062
‘ESB0 91-390-67
‘T5B0 91-390-67
TSR0 9T-990-62
‘TS0 9T-990-62
TSR0 9T-990-62

|

Field House Lighitng Added Via Manual Switches

6YIB0 9102062
G6YIR0 9102062
BYR0 91-080-62
VIR0 91-080°62
R0 91-080°67
TS'LPB0 91-320-67
OE:LE'R0 9130062
B0-LF B0 9129062
BY-9F 80 9139067

B, PP-BA, PP-BB, RP-BC and LP-BA,

LP-F1, LP-1A and New Wing Loads Added
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IR0 9190067

‘0P80 91-290-67

OE-0F 80 9129067
60-0F'80 9T-390-6T
B-6EBO0 9133062
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Freeman Athletic Center - CHP Engine Performance During Island Mode Operation Testing

._____._.—-—-—-—l Elevator and Hockey Rink Lighting Load Added |

' LESR0 9T-030-62
CLETRD 9T-020-67
iLEIR0 9T-120-6T
i9E'80 9T-220-67

BT9E'R0 91-300°6%
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Freeman Athletic Center - CHP Engine Performance During Island Mode Operation Testing

450

a00 1

I Hockey Rink Ice Compressor Added

EEL

300

Breaker 52G Trip and Engine Shutdown

Due to Emissions Control Reset
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SEETET 9129067
OSUETIET 9T-3906T
POITIET ST-230-6T
BUTTET 9199067
TEBOIET 911906
T 9T-290-67
T 9199067
T 9123062
T 9T-290-67
T 91-390-62
T 9T-290-62
TUIFTT 9199062
STRETT 91906
GEVETT 9123067
ESIOETT 9199061
LOULTTT 9T-230-6T
TTETTT 9199067
SERTITT 911906

TZT 9199067
LTB0TT 3129062
TEPDTT 9199067
S500:2T 91-290°62
00:L5:0T 9T-290-62
PIESOT 9199067
T 9129062

TS9T0T 9123062
S0°ET0T 9129067
OZ'ETI0T ST-330-67
PESTOT 91-990-62
BFTTI0T 9T-390°62
Z0:80:0T 9T-230-62

60 5120062
60 9T-230-67
60 91-2906T
60 8199062

LEIT'60 9T-290-6T
TSTT60 9T-390°6
SO:6TI60 9T-230-62
61°ST°60 9129067

PFTSIE0 91906
258980 9123067
TTSF'80 9129067

PSUEEIR0 9119062
B0:0€:80 9123062

TT9T'B0 9129067
SETTIR0 ST
0S'8T°80 91-230-67
POISTIR0 ST-390-6T
BTTTIE0 8T-230-62

SFENIR0 91206

o a

100§
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BEEE0 91206

SEbS!
FICESIE0 9T-220-6
I5T5°80 9T-330-67

FETEYR0 9122062

TE-BV 80 9T-330-67

Beginning of 4 Hour
Island Mode Test

Fie0w 80 9T-230-6
TS6E80 9T-230-67

FETOEIR0 9122062
TE-SE'B0 9T-330-67
OP-FE-BO 912906

“EE'BO 919062
SETERD 9122062
POSZER0 9T-330-62
STE80 9T-230-67

SEST!R0 912206
PEPT80 9T-330-67

Freeman Athletic Center - CHP Engine Performance During Island Mode Operation Testing

Engine Control Adjustments Made
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FET080 9T-330-62
T5-00°80 9T-330-67
00-00°80 913906

g g g g g g g g g
g E Z g E g :

() andang auiBuz




BEEE0 91206

SEbS!
FICESIE0 9T-220-6
I5T5°80 9T-330-67

FETEYR0 9122062

TE-BV 80 9T-330-67

Beginning of 4 Hour
Island Mode Test

Fie0w 80 9T-230-6
TS6E80 9T-230-67

FETOEIR0 9122062
TE-SE'B0 9T-330-67
OP-FE-BO 912906

“EE'BO 919062
SETERD 9122062
POSZER0 9T-330-62
STE80 9T-230-67

SEST!R0 912206
PEPT80 9T-330-67

Freeman Athletic Center - CHP Engine Performance During Island Mode Operation Testing

Engine Control Adjustments Made
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Start Time

1/31/2014 11:45 AM
End Time
1/31/2014 1245 PM
Duration:  Im
Freeman
Destription: ~ Outside Air
Temperature
Pl Tag: CCS.TT_OAT
Units: o
3l-Jan-1411:4500 40,62
3l-Jan-1411:4600 4075
3l-Jan-1411:4700 40,89
3l-Jan-1411:4800 4114
3l-Jan-1411:4900 4156
3l-Jan-1411:5000 4198
3l-Jan-1411:51:00 4240
3l-Jan-1411:5200 4271
3l-Jan-1411:5300 4263
3l-Jan-1411:54:00 4253
3l-Jan-1411:55:00 4242

He:iﬁ:&ﬁde GF;:::E( Freeman Genset  Freeman Genset SCR  Freeman Genset SR Freeman GensetSCR  Freeman Genset SCR
i Gas Flow Total Inlet Pressure Outlet Pressure Inlet Temperature ~ Outiet Temperature
Humidity Output
CCS.AT OAH  ((5.G2_ KW CCS.GenGasTotal (CCS.G2 SCR Pressin  C(5.G2 SCR_PressQut  ((5.G2 SCR_Templn  CCS.G2 SCR_TempOut (C(5.G2 SCR_UreaFlow  0CS.G2_SCR_UreaPress
% kw Mcf "W "W oF oF
A% 63 137 709 4.5 73215 72200
22 3 137 720 4,82 73208 72200
4151 52 137 716 4,82 73250 72200
3862 3 137 713 4,82 73261 72200
79 %3 137 709 4,82 73223 72200
2963 63 138 706 4,82 73200 72200
2829 63 138 702 4,82 73200 72200
3204 63 138 6,98 4,82 73200 122
2951 63 133 6% 4.82 73200 72300
3149 2 133 6,51 4.82 73200 1223
3180 52 133 6,38 4,82 73200 72200

WESLEYAN UNVERSITY

Freeman Athletic Center Emissions Testing Report

Freeman Genset SCR
Urea Flowr

GPH
190
190
190
190
183
183
183
183
183
183
L83

Freeman Genset SCR
Urea Pressure

PSIG
1834
1836
1823
1809
1800
1806
1813
1820
1827
183
1841
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FREEMAN ATHLETIC CENTER

COGENERATION SYSTEM
[ENERGY BALANCE DIAGRAM

WESLEYAN UNIVERSITY




~ Hetc

* Select the right engineering team
* Do your permitting homework: First
* Begin discussions with Utility, State and Local Agencies Early

Model your load and demand duration curves accurately;
Preferably 5 years of data

* Track, measure and model your thermal loads — Site-specific
and campus wide




* ROI

» Select the service organization in parallel of your prime mover
and packager

* |Interview the service team

* Visit the manufacturer and packager prior to selection

Understand lines of communication




» Establish relationships up and down the supply chain

* Involve your supplier, packager and service organization with
BOP issues/decisions
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