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1- System Control Center ( SCC)
2- Area Operation System ( AOC)
3- Distribution Control Center ( DCC)
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Schematic Diagram of Energy Conversion
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cooling tower as shown here.
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Slwlely 4 2
-t
where
= cold-start cost (MBtu)
fuel cost
= fixed cost (includes crew expense, maintenance expenses) (in R)
= thermal time constant for the unit
time (h) the unit was cooled

Start-up cost when banking =C, x r X F + Cs
where

C, = cost (M Btu/h) of maintaining unit at operating temperature

Start-up
cost
Cooling /
Banking
Gy
| | | |
1 2 3 4 5 h
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100%
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. 56% |
o 32-56% /)
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30-51%
' Total Efficiency

44-68% Transmission and Distribution

Generation Losses Losses: 8% (of 32-56%)

100%

Total Efficiency

15-22% 50-40%
Losses after Generation Usable
and Usable Heat Recovery Recovered Heat



Conventional Combined Heat & Power:

Generation: 5 MW Natural Gas
Combustion Turbine

Losses
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Police Station,

Central Park, NY

= A 200-kW PC25° fuel cell
provided uninterrupted power.

= Distribution limitations led to
installation.
= Even during the blackout, the

station “never skipped a beat”

Pl Guudia Lol jd la jad Al g5 ) saldiu) Y

Rochester, New York

International Airport "!’ \
= Two 750-kW engines with A

absorption chiller provide base-
loaded CHP for heating, cooling, and |
electricity.

= Critical loads in the airport were
supported by the CHP system and
avoided loss of power during the
blackout.
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.
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Mini — Scale CHP <1 MW
Small — Scale CHP >1 MW
Large — Scale CHP > 30 MW
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Engine
exhaust gases

Gas
Engine Control
nel
Hot process t ’K BaauSE : o \
water supply Engine
Generator
Y
\\ / Ve
b /
Exhaust heat Engine heat T

exchanger exchanger
Cool process

’ . water rgtum -
Typical small-scale CHP unit showing main components

> Electricity
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CHP Application Centers

* [:I Midwest CHP Application Center
® | | Northeast CHP Application Center
m | | Northwest CHP Application Center

O [l Gulf Coast CHP Application Center

& [ ] Pacific Region CHP Application Center
A | | Intermountain CHP Application Center
@ | | mid-Atlantic CHP Application Center
» [l southeastern CHP Application Center
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CHP s powaw o £193

Table ll: Summary of CHP Technologies

ZHP system Advantages Disadvantages Available
sizes
Gas turbine High reliability Fegquire high pressure gas or in- 00 KW to
Loney emissions house gas compressor, 40 MW
High grade heat available. Foor efficiency at low loading
Mo cooling required Chutput falls == ambisnt
temperature rises
Microturbine Small number of moving parts High costs 30 EW to 350
Compsact size and light weight Felatrely low mechanical kv
Loney emissions efficiency.
Mo cooling required Limited to lower tempsrature
cogensration applications
Spark ignibon | High power efficiency with part- | High maintenance costs = 5 MW
Sl load operational flexibility Limited to lower tempsrature
reciprocating Fast start-up. cogensration applications
Engine Relatively low investment cost Felatrvely high air emissions
Dieselfcompre | Can be used in =land mode Must be cooled sven if recovered High sp=ed
0N ignition and have good load following heat i not weed {1,200 RFM)
{Ch capability High lewvels of low fregquency noise. | <4l
reciprocating Can be overhauled on site wath
engine normal operators. :g;;;?p;m
Operate on low-pressure gas RPN
<GSMW
Steam turkine | High oversll efficiency. Slows start up. a0 B o 2250
Any type of fusl may be ussd Loy ponsesr 1o heat ratio MW
Ability to mest more than ons
site heat grade requiremsnt
Long working hfe and high
reliakality.
Fower to heat ratio can be
vaned.
Fusl Cells Loy emissions and low noise. High costs 200 KW to
High efficiency over load rangs. | Low durakilily and powsr density. 250 kKW

Modular design

Fuels requiring processing unless
pure hydrogen s used.




Comparison of DG/ CHP Technologies

Natural Gas
Diesel Engine Engine Gas Turbine Microturbine Fuel Cells Stirling Engine

Electric efficiency 30-50% 5-45% 25-40% (simple) — 2-30% 40-10% 25-40%

(LHV) 40-60%

(combined)

Part load Best Ok Poor Poor - Ok
Size (MW) 0.05-3 0,055 3-200 0.0254).25 0.2-2 0.001-0.1
CHP installed cost B00-1500 800-1500 700-900 300-1300 > 3000 > 1000

(§/kW)
Start-up time 10 sec 10 sec 10 min-1 hr A sec 3-48 hrs 60 sec
Fuel pressure (psi) <3 1-45 120-300 40-100 0.5-43 -
Fuels Diesel, resicual ol -~ Natural gas, Natural gas, Natural gas, H,, natural gas, Al

biogas, propane  biogas, propane,  biogas, propane,  propane
distillate il distillate oil
Uses for heat recovery  Hot water, LP Hot water, LP Heat, hot water, ~ Heat hot water,  Hotwater, LE-HP  Direct heat, hot
gteam, district steam, district LP-HP steam, LP steam steam water, LP steam
heating heating district heating

CHP output 3400 1000-5000 3400-12,000 4000-15,000 500-3700 3000-6000

(Btu/kWh)
Usable temp. for CHP 180900 300-300 S00-1100 400-630 140-700 500-1000

(°F)
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CHP Sites Using Reciprocating Engines
State Number of Sites Yo of U.S. Market

California 493 420
New York 136 11.6
New Jersey 117 10.0
Massachusetts 46 3.9
[linois 44 3.7
Pennsylvania 44 3.7
Connecticut 43 3.7
Michigan 28 24
Texas 23 2.0
Virginia 17 14
Florida 16 14
Arizona 15 1.3
Top 12 Totals 1022 87.1
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Power : . Capitalized | Construction
: Typical Size ) Heat Rate Fuel
Generation (MW) Plant Cost | Lead Time (BTU/KWh) Tvbe
Type ($/kW) (Yrs) yP
Nuclear (i200) 2400 10 10,400 Uranium
Pulverized 500 1400 6 9900 Coal
coal/steam
Atmospheric | 400 1400 6 9800 Coal
fluidized bed
f
Gas turbine  ((100) 350 2 11,200 Natural
gas
Combined- (f300 600 4 7800 Natural
cycle gas
Coal-gasifica- | 300 1500 6 9500 Coal
tion com-
bined-cycle
Pumped stor- (300 ) 1200 6 - -
age hydro
Conventional (300 1700 6 — —

hydro
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-Bath County Pumped Storage Station, USA, 3003 MW , 1985 i
-Guangdong Pumped Storage Station, China, 2400 MW , 1994
-Huizhou Pumped Storage Station, China, 2400 MW , 2008
-Okutataragi Pumped Storage Station, Japan, 1932 MW , 1974

wgton Pumped Storage Station, USA, 1872 MW .1973
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