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a.

“Beilard-Errgineering < Case Stirdies

(Industria

Ballard Engineering with the Rock River Wate
Reclamation District designed and built a dual
Wm KW Natural Gas / Digester Gas
powered Combined Heat and Power facility.
The system provides maximum flexibility to
the facility by its capacity to operate the
entire facility independent of the utility
automatically if necessary, provide all process heat ng reqmrements
thru heat recovery from water jacket and KR
exhaust, and switch fuels on the fly based on
digester gas availability. Typical operation is
one of the three engines operating 24 / 7 on
digester fuel, with the remaining two engines
operating 9 am to 6 pm Monday thru Friday.
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b.

Ballard“Engirreerin g!ei tCseStudies
(Healthcaré

Ballard Engineering installed a 3,000KW
distributed power/cogeneration system at
Beloit Memorial Hospital in Beloit, Wisconsin.
The system provides maximum flexibility to
both the hospital and local utility company in
regards to electricity, heating, air
conditioning, and hot water usage.

Additional Material

e Beloit Memorial Hospital Cover Sheet
(http://www.ballardcos.com /userfiles/Beloit cover
sheet.pdf)

o Beloit Memorial Hospital Brochure
(http://www.ballardcos.com /userfiles
/file/BMH Brochure.pdf)

e Beloit Memorial Hospital Article in "Distributed Power”
(http://www.ballardcos.com /userfiles
[file/BMH_Article.pdf)

* Beloit Memorial Hospital Flver "Midwest CHP Application
Center” (http://www.ballardcos.com/userfiles
/file/BMH _Flyer.pdf)
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BALLARD ENGINEERING INC.

Professional Design Englneers
3555 Electric Ave, » P. O. Box 5947 » Rockford, 1L 61125
(815)229-18060 Fax (815)229-3729
www.ballardenglneering.com
e-mail: david@hallardens.com

Beloit Memorial Hospital

Ballard Engineering recently completed the design and construction of a 3,000 KW distributed
power/cogeneration system at Beloit Memorial Hospital in Beloit, WI. The system provides
maximum flexibility to both the hospital and local utility company (Alliant Energy) in regards to
electricity, heating, air conditioning, and hot water usage.

The scope of the work revolved around ten major features:

1) Remove and replace old emergency generators.

2) Provide approximately 1,500 KW power for the entire hospital.

3) Export approximately 1,500 KW power to the local utility company.

4) Provide heat to drive a 400-ton absorption chiller or the facility’s existing heating
loop.

5} Provide heat for domestic hot water usage.

6} Make it possible for the system to operate on natural gas or diesel gas in the event of
an emergency.

7) Provide instantaneous power in the event of a utility failure.

8) Provide the utility company with an “on-call” system to reduce utility load or gnid
short falls.

9) Maintain the entire cogeneration system at 69.8% efficiency.

10) Remove and replace older 12KV cables which were located internally to the
hospital.

In order to provide all these services to the customer, 1t was determined that seven (7) major
components would need to be put in place. First, a 3,250 sq. fi. two level sub-grade matching
style building addition to the north end of the existing hospital would have to be constructed to
house the engine room and the control room. Two (2) Fairbanks Morse dual fuel 900 RPM
1,500 KW engine generator sets were purchased along with (2) 3,000 AMP 480V and a 6,000
AMP 480V automatic breakers. A 12KV automatic main service breaker was utilized for
connection to the local utility. A 400-ton Carrier absorption chiller was also used. Plate and
frame heat exchangers and finned tube type heat recovery units captured heat for domestic hot
water, heating and steam. Two (2) outdoor excess heat rejection radiators (1 Jacket Water and 1
Aux Water) were installed and located in an enclosed 1,600 sq, f. courtyard directly west of the
new building addition. Finally, a networked graphic system was installed which routed all the
major equipment’s readings to a central computer terminal located in the control room for
monitoring and record keeping.

See attached article that was published in DISTRIBUTED POWER magazine (November/
December 2000 issue) which is a supplement to DIESEL & GAS TURBINE WORLDWIDE.
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Beloit Memorial Hospital
3.0 MW CHP Application

Fact Sheet

DESIGNED AND in the late 1990's, Beloit Memorial Hospital of Beloit, Wisconsin, was faced with the
BUILT BY need to upgrade its electrical distribution system and to address other energy capacity
issues that developed over the years since opening in 1970, Instead of simply
upgrading and/or replacing the existing equipment, Beloit Memorial Hospital (BMH)
decided to install a Combined Heat and Power (CHP) Plant, which also helped reduce
annual energy costs. The 3.0 megawatt CHP plant provides maximum flexibility to both
the hospital and the local electric and gas utility company, in regards to electricity,
heating, air conditioning, and hot water usage.

QUICK FACTS

Annual Savings: $223,000

Equipment Cost: $1.2 Million

Simple Payback: 5.4 Years

Generation Capacity: 3.0 Megawatts

Operation Since: June 1, 2000

Campus Size: 340,000 sq ft
187 Beds
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" dinstaistion of BCHP Equipment o] |
: in generat, hospitals are excellent

- . candidates for CHP applications
Tews  because they usually operate 24
- hours/day, year-round, creating
fairly consistent electric and thermal
loads plus high thermal loads. Beloit Memorial Hospital proved a viable candidate for
CHP and replaced its existing emergency generators and heating and cooling equipment
with the CHP plant. The system now serves both 1) day-to-day CHP operation and 2)
emergency power. Alliant (local utility) financed part of project with a low interest rate.

FUTURE DEREGULATION
BMH managed to reduce the impact of higher energy costs and susceptibility to power
quality issues, especially those which could occur when deregulation becomes a reality.

ADDITIONAL ELECTRCITY

Generated electricity not needed by the hospital (up to 1.5 megawaits) is sold to the local
utitity. This proves beneficial to the local utility during high peak demand periods and/or
when generating capacity is reduced due to equipment problems and/or maintenance.

[Histunlp Troubiesooling & Testing 64days |

[GlComeencial Dpocstion. Ddys |

Design and installation schedule completed in 12 months.




1 CHP SYSTEM EQUIPMENT
_.» 2 Fairbanks Morse dual fuel 300 RPM,
w7 1,500 KW engine generator sets
| --» One 6000 AMP tiebreaker and two
3000 AMP, 480V auto generator breakers
> '0One 12 KV auto main service breaker
:)" One 434-RT Carrier single stage hot water
- -absorption chiller
> 7.66 MBtu/hr shell and tube heat exchanger
(backup for recovered heat)
> 6.733 MBtu/hr Sondex plate and frame heat

CHP OPERATION

The CHP plant normally
operates from approximately
8:00AM to 10:00PM Monday
through Friday, 52 weeks per
year. The system supplies all
domestic hot water during on-
peak hours and the engines
always start-up on diesel,
switching over to hatural gas
when load reaches 50%.

CHP plant
reduces
impact of
higher
energy
costs and
power
quality
issues

exchanger _
3 6.149 MBtu/hr Sondex domestic hot water towards
© heat exchanger future

_. " » 2 Cain 2.389 MBtu/hr generator set finned
.~ tube heat recovery units

deregula-
tion

"3 2 outdoor excess heat rejection radiators

Dual fuel
Fairbanks
Morse
engines
meet DHFS
emergency

| SCOPE OF CHP PROJECT

| Ballard Engineering completed the design and construction of the 3.0 MW CHP
: -"Plant revolving around these 10 major features:
- Remove and replace old emergency generators

Provide 1.5 MW power to hospital
- Export 1.5 MW power to local utility
.. Provide heat to drive 400-ton absorption chiller or facility's heating loop
_.Erovide heat for domestic h_ot water . o power and

nable system to operate via natural gas or diesel gas in event of emergency -

Provide instantaneous power in the event of a utility failure o CHP
-Provide the utility company with an “on-call” system to reduce utility load or - require-
o - grid short falls -~ ments
'} 9. Maintain entire CHP system at 69.8% efficiency
10 Removelreplace older 12 kV cables .
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ADDITIONAL FACTS

» The total project cost of upgrading and replacing the
existing electrical distribution equipment and
installing the CHP equipment was $3 million

» Breakeven point before natural gas price was too
high-priced was $9.64/MMBtu

> Heat recovery savings were 1.0¢ -1.5¢/kWhr

» Fairbanks Morse engines met 10 second start-up time
requirements for emergency power generation
approved by the Wisconsin's Department of Health
and Family Services

$223,000
Annual
Energy
Savings

For further information contact
FPhone:
Energy Resources Center Fax:
851 S. Morgan Street
Chicago, IL. 60607-7054

(312) 413-5448
(312) 996-5620

www.CHPCenterMW.org
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Cogeneration

HOSPITAL COGENERATES
OR SAVINGS, RELIABILITY

Fairbanks Morse engines help facility meet peaking and emergency power needs

by Mark iVicRieely

soachoof the 50 mdividuad saes

i the United States macches

down s own pathto cedinony
deregulanion. mere and more private and
prbkie institutions are wxsking dedisions
w ensuee thewr luhwe supply of energy.
Various facilives, ghen their foad profiles
and cnergy requiremnenis, lend them-
sebves ideathy to the enevgy effivrent vse of
vogenceation, Whether wis steam or hot
water produced as a byproduet, copener
ation plants offer the abifity 1o masinize
the given fuel's coevgy cortent

Faced with the need 1o upgrade ns
electrival disteibution systenmvand ad
dress other encrgy capacity issues, Beloit
Memworial Hospital my Belou, Wisconsin,
U SAL chose two Tatrbanks Morse
powered generator sets as i planmed its
peak shaving and cmergency powey
improvements. The power plnt began
operation 1y June 2000,

“We needed 10 modemize vur electr
cal distithution system anyway and tha
was the first fssue,” explamed Philip Lar-
son, director of engmecring tov the hos
pual. “Plus § needed additional capaciny
to meet the hospatals aiv conditionimg
reguirements.”

The hospitals 3000 KW cagencration
plant & hased on fwe Divivo-Diesign gen
erator sets [rom Fairhanks Morse Engine
Division, also based 1o Beloit. Two s
cvhinder model 3RTDDE-1/8 Tuibo
Blower oppesed piston dual-heel engines
produce 2100 hp (1506 kKW ar 00 rpm
to drive 480 V Bavlor generators cach
with outputs of F5H kWe.

“The Fawbanks Morse engines act s

1§ DISTRIBUTED POWER

5

cutpnf of £310 kWe,

RBeloit Miostiorial thaspital wses twe Fatvbosks Morse Exvive-Design EOHREQIN $TT8 10 prover The fuss
el s 2000 W ('r'u;;"rrg_."rm‘i(n? Pant, the Beo sisoviinder pivdel SETITHIS S apposed pistors dual
firl engines produce 2100 Jyr (1566 8W 3 at 98 vpan to dvive 480V Ruylor gendrators eich with an

hothh peaking and emergency powe
sourees for the fospital” said Farson.
Ak we wre able to el eleamiony, rough
Iy 1000 LW, back te the Joval wiity as
well as to Bielp iy production ol the wr
conditiossag [ the Geiiny m tie sumnses
and hot water heat for the bugldings in the
wiarer, We nmile our own 4 H ons of ai
conditiomng tuough 2507 hot watey viag
Catvier absorption chiller

“There were other renes whne we did

Nevenilor A centber 2MEH)

s Retad compeition e certiithy on o

Borizen and whet we desepnlae my kel
g b the quabiy of peser wall decroa
anch e cost will ierese Calnosmg shee
stnmnet, wonld be o ppod esaniple of e
Hheve Jam ney bece coengh oleorany dus

ing preak demamd Hines iron noted

“The murket for theas types ol nsaily
Nt w Hcrensig due o conmmenoal cle
iy chstomens lookamg for a lower cos

snergy supply 7 said Jay Barnewe, disvon
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Cogensraiion

A view of the engine room generalor sel con-
wels, which feattre Alfen Braidley PLCS,

of markenng lor Farbanks Morse. " This
particwdar application operates approxt-
wately 3300 1w 4000 hours pov vear as a
peatking facility, which seemis to be the
growth market. For our sizced reciprocat-
g engines, 1L s the hospitals, universitics
and medin-sized industial companies
that appear to be the best 07

Buarnene continucd, “n this paricular
case, the hospital was prosciive in recog-
mizing than baving their own power pro-
ducing factity would provide options as
clectricity competition comes closer 1o
reahty. Using thetr engine generators, m
comjunetion with supplementing their hoy
water production, will pu them ina
temendous negotiating posttion with the
many potential power suppliers inan
‘apen access’ markerplace

The hospital’s elecorical distribution
system consists of three electncal buses,
Fheve 15 a normal bus, an emerpency
power bus and the lile salety bus. The
buses are all supplicd from the cogenen
ton plant, with FO3% m back up capac-
ny for the hospuals tonal needs,

C-Zenith Controls supplied 1the paral-
lehng switchgear for the mstallation. The
switchgear s designed to parallel wadh the
atility for peak shaving capabiliny o allow
the hospital to take advantage of the undi-
s curaibment vae Additionally, the sys
e s desgned for wtomatic standby
capabuhty f the witity staadd Gl I the
standby roocde, the system auonatically

SUPPLEMENT

OPCTALES 11 fwe seenarios — it picks up
the code-required emergeney foads and
thers adds the entige laciliy

The switchgear 1s supplicd wath Allen
Bradiey 51L.C 504 programmable fogic
controllers (PLCSY that interface divectly
berween the system control, the genera
tor controb and the SCABA monitoring
system on the A/B Data Highway, The
AV system also leatures a custom util-
ity metering cubicle designed specificatly

10 meel the utlities requirements in
order 1o run parallel wah the grd. The

480V poweris stepped wprto 124 kY
“There s redundaney,” said Tarson
“The PLCs are isy the engine controllers
and switchgear cabinets, Fairbanks 15
connected (o their equipment via adec
cated phone Tine and moders so they can
thake any necessary soltware changes,
and as well the GE-Zenith pear 15 con
comtinued on page 18

Visit Us At Power-Gen 2000, Booth 6089
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Coceneration

nected by phone modem directly to Bal-
lard Engineering <o they too can make
wdptments”

Oither magor componcnts inthe cogen-
eratron phint webude seven 1T Standard
plate frame heat exchangers, twa Ui
versal silencers, engine intercoolers from
Young Touchsione and two UTRT series
exhaust heat recovery unis from Cain
Indusrics

Adpcent wihe power generation facil-
dy. inan ouside fenced area, are situated
two Amercoo! horzontal adiator unies
tor the residual engine jacket water and
menealer cooling reguitements.

Larson roted, "We recover energy on
these engines a litde differently becanse

13 DISTRIBUTED POWER

Tl penver plenr's pavafleling
switchueas was sipplicd by
CGF-FLemith Coniroly The
swrtcligear o designed 1o pes
alled with the wrtluy forv peal
srving capabnv . as welf
ceitennttic standby capahiliy if
the wrdoy should faid

we recover the lube ail, inerconter, facket
water and exbaust gas heal, We try to
take all the generated heat in the engine
andd use that heas for a purpose. Tha's
really what helps improve the payback.
“We added the absorpnon challer as pan
of this project because the hospital was

actualty several hundred 1ons short of

capacity.” Larson continued. "We also
miake alf of our domestic hot water lor the
building Trve daysaweek, 52 weelsa year
fromy the time we start, around 7,30 inthe
morning, untl we shut down typrcally
about 10:15 at night. That encompasses
abowt 95% of the hot water usage ol the
buildings during those hours.”

The hospial alse has three boilers for

additional hot water praducton lor the
bulding — twowe 22000 Ivhry (10 000
kphryand one w6000 iy (2720 ke

While the dual-Tuel Farbanks Morse
cngines ran primanly on nalural gas,
chiesed Tuel s also avattable as a backup
The boilers are also dual-fuel wnits by
cally rning on nanai gas. The laaley
Jras 200000 gal {75700 1 of on-site diesel
tuel storage.

“One of things we fiked abow the

Fairbanks Merse engines wis the case of
switching i the dual-huet mode. Trans
lerring over to nmural gas is o matter of
nning a swiach and we're o natural
gits, Sinee we are an imterruptibke nanral
gty customer, the engine’s capalnliny 1o
automatically switeh over 1o dhesel
fueled operation upon loss of gas supply
s one of the lrge advantages.” Larson
conmmented

{harterly naintenance on e cogmes
is provided throngh a service conract by
Fairhanks Morse. Maintenance on the
switchpears through Batlard Pnginecnng.

Burnene said, "We woulid project that
these particalar engines woukd operate
between 39,008 and 40000 hours belore
ANy major pranlenanee activities are
required.”

W shot down mcd removed two oid
A40 KW engimes that were part of o
origial standby power systen One o
those was actually & Fanhanks Morse
engine that dates some 33 or 33 vears”
Larson noted. A third engine was also

recently saken oul of service. &
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