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700 Part-load operation

300 Cogeneration 2

100 + Cogeneration 1

(o] T T
o 2000 4000 6000 8000 Hours

-

Thermal load duration curve for a hospital: a) for a single 300 kW,
cogeneration unit; b) for the same unit with thermal storage; ©) for two
200 kW, cogeneration units.
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Space
1. BOILER SYSTEM heating
A normal building will
require heat for hot water R
and space heating. -

Summer Winter Summer

2. CHP & BOILER SYTEM Boiler
For preference-CHP systems

should be able to supply allof I
the hot water demand plus a CHP
fraction of the space heating. Y
IN SUMMER: IN WINTER:
The CHP system may run The CHP is likely to run for
for up to 10 hr/day. 17 to 24 hr/day with boiler
providing top up heat.
Heating
Boiler
M IMl | MI CHP
| | |
00 12 24 00 0.7 12 24
I<—[—>|
The CHP cycles At night it may be
(or modulates) to meet cheaper to buy in
the reduced base load. off-peak electricity.

Building heat demand profiles
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Table ll: Summary of CHP Technologies

CHP system Advantages Disadvantages Available
sizes
Gas turbine High reliability Require high pressure gas or in- 500 EW to
Low emissions house gas compressor. 40 MW
High grade heat available. Paoor efficiency st low loading
Mz cooling reguired Clutput falls =8 ambisnt
temperature rizes.
Microturbine Small number of moving parts High costs 30 KW to 350
Compact size and light weight Relatively low mechanical kW
Low emissions efficiency.
Miz cooling reguired Limited to lower temperature
cogeneration applications.
Spark ignibon | High power efficiency with part- | High maintenance costs = O MW
80 load operational flexbility Limited to lower tempsrature
recipracating Fast start-up. cogenerstion spolicstions.
Engine Relatively low investment cost Relatvely high air emissions
Diegelfcompre | Can be used in island mode Must be cooled even if recoverad High spsed
s5i0n ignition and have good load following heatis not wsed {1,200 RPN}
() capability High levelz of low frequency noise. | <4nW
reciprocating Can be overhauled on site with
&nging normal operators, ::%:;r;?psed
Operate on low-pressure gas RPM!
< GEMWY
Steam turbine | High overall efficiency. Slow start up. A0 KW to 250
Any type of fuel may be used Liowr poweer to heat ratio WY
Ability to meet more than ons
site heat grade requirement
Long working life and high
reliability.
Powrer to hieat ratio can be
vaned.
Fusl Cells Low emissions and low noise. High costs 200 EW to
High efficiency ower load range. | Low durakility and power density. 250 ki
Modular design Fuels requiring processing unless
pure hydrogen is used.
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Hot water Engine
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Control panel  Generator Turbocharger | Cooling water Exhaust
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. T Cooling jacket water | Enclosure
Cold water heat exchanger
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Exhaust heat exchanger

Typical packaged cogeneration system with a turbo-charged gas engine.
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Heat recovery sources for a turbo-charged gas engine.

Source Recovered heat | Recovered
temperature | temperature heat as %
(°C) (°C) of fuel input
Water and oil cooling 95 85-90 30
Exhaust 550 100-120 25
Exhaust - latent heat 120 35-40 8
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Comparison of small-scale cogeneration prime movers.

Reciprocating Gas turbines Steam
engines (simple cycle) turbines
(spark ignition
or diesel)

Fuel type used Gas Gas Any fuel
Diesel Biogas
Biogas Gas oil

Landfill gas

Capacity range

from 30 kW,

from 600 kW,

from 250 kW,

Heat:Power ratio 1:1 to 2:1 2.5:1 (5:1 with | from 3:1
supplementary
firing)
Heat recovered Hot water 85°C Medium grade Steam
as (possibility for steam
low grade steam)
Electrical
generating
efficiency (%) 35-40 20-25 <20
Overall
efficiency (%) 80-90 70-80 75-85
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Characteristics of the Opra gas turbine compared with those of other
cogeneration prime movers.
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. Compressor
first stage

Air

Exhaust
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First
combustion
chamber

Recuperator

Electrical
generator

Conventional Conventional Opra
gas engine gas turbine turbine
Power output 500 kW, 500 kW, 450 kW,
Electrical efficiency 35-40% 20-25% 27%
Thermal Efficiency 50% 55% 50%
NO, (g/GJ fuel) 140 90 <20
Investment cost
(NLG/KW,) 1500 4000 1800
Fuel|  Second l
combustion
Intermediary coaler chamber
Expansion

The Heron twrbine cycle.
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output kw,
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efficiency % 35-40 25 42
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ObedSl 5525 50 CHP (golatdl pw) = 7 Jgom

Annual heat demand 30,000 kKWWh
Running hours 3,330 hours
Electricity generatad 10,000 KWh
Cwn use of generation 45 %
Unit cost of avoided import 6.5 pAWh
Value of avoided import 315 £

Unit value of export 3 pAWh
Value of export 165 £
Total value of generation 480 E
Additional gas cost 61 £
Marginal cost of unit 1,500 £
Simple payback 3~4 VEears
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