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Distributed Generation
DG Technologies

Comparing CHP Fuel and
Operating Costs vs. Utilities

.
Comparing types of Renewable
Energy and Storage
Technologies




OTHER ITEMS

I CHP is (typically) a type of DG

™ CHP can work well with
=District heating systems
=Thermal energy storage systems
=Gas cooling systems

I Energy security and surety issues are giving CHP and
DG more justification

DISTRIBUTED GENERATION

™ Also known as:

= Fuel can include natural gas, diesel, biogas, gasoline, propane, and more

= Available in sizes typically from 30 kW to 3,000 kW. Some systems are S
available as low as 1 kW for home energy systems, including CHP. S

= Efficiencies up to 40% (LHV) electric; over 80% when heat recovery is add { 2

=Basic equipment costs around $300 to $600/kW, without CHP

™ Definition: (and there are several)

= Any small-scale power generation that provides electric power at a site cl
to the end user than central generation, and is usually interconnected to tl
distribution system or directly to the end user’s facility [Reference 2]

= Any method of producing power that will be used on or near the site at
it is generated [Reference 5]

DG TECHNOLOGIES

™ Internal combustion engines

= Fuel can include natural gas, diesel, biogas, gasoline, propane, and
more -

= Available in sizes typically from 30 kW to 3,000 kW. Some systems§
are available as low as 1 kW for home energy systems, including C ‘

= Efficiencies up to 40% (LHV) electric; over 80% when heat recove
is added

=Basic equipment costs around $300 to $600/kW, without CHP

™ Combustion turbines

= Fuels are typically gas (natural gas, biogas, etc.) but liquid syste!
available

=Most efficient systems are greater than 40 MW but systems as lo) /
500 kW are available




DG TECHNOLOGIES +

™ Wind-Powered Generators -

= Large systems (600 kW and above) are becoming cost effective in
select locations

= Smaller systems (2 kW to 500 kW) are commercially available but &
more expensive ¥ >

=Wind is an intermittent source, so another power source is
frequently required for a stable supply

™ Photovoltaics (PV)

= Still very expensive but the cost continues to come down. Equip
around $6,000 -$10,000/kW today

=PV is an intermediate source, so another power source (i.e., battel
frequently required for a stable supply Can be cost effective in re
locations

DG TECHNOLOGIES +

™ Microturbines
= Fuels are typically gas but liquid systems are being developed
= Size range is limited because technology is still being developed. 30.,
kW, 60 kW, 70 kW and 250 kW systems are available .
= Electrical efficiency is low but emission levels are attractive A
I Fuel Cells
= Fuel cells use a chemical reaction rather than a combustion pro
require hydrogen as a fuel source.
= Fuel processors extract hydrogen from other fuels
= Emission levels are excellent because of non combustion reactiol
= Technology is still developmental and very (very) expensive
=Fuel processor, maintenance costs, and fuel cell stack life are current .
concernsuired for a stable supply Can be cost effective in remote |

PERFORMANCE COMPARISONS

Technology SzaRange | installed Cost | HeatRats | Approx. | Varsble Emissions (1)
kW) st (aRwh) | Eficiency | oam anwny22
@ ) (o) wo, (i)
Dlesel Engine 10000 550500 7500 s 0025 oo | 17
Natural Gas Engine 15000 501100 5700 e ooz ooss | osr
Natural Gas Engine wiCHP (3) 15,000 751225 5700 e ooz ooss | o7
DuslFuel Engne 10000 6251000 5200 e 002 oot 12
Mot 1550 9501700 12200 B oote ooonss | 119
Miceotubine wCHP (3) 1550 11001850 12200 B oo ooonie | 119
‘Combusion Tutine 30010000 5501700 11000 a1 o024 ooz | 115
‘Gombusion Turbine WICHP (5 30010000 7002100 11000 5 [ ooz | 115
Fuel Goll 00250 500+ 650 El 001005 | ooots | oss
Prootaic oo 5.000-13,000 - A ooz 00 00
ind Tursine, 025000 10005000 - [T 0010 00 00
Batery 11000 11001300 - o o010 @ @
Fiyuhest 21,600 aw - n oo @ @
swes 7505000 o0 - w 00z @ @
Hyord Systom 10000 © © © © ) ®
(2)The igh end o
systom.
romthe generaion source. "
(5)Sam 2s eneration achnolegy slected.
(6)Ad costof component ochrolgios




PERFORMANCE COMPARISONS

Comparison Dios Gas Engine | Simple Cycle | Microturbine | Fuel Cell | Photovoltaic
Factor Engine Gas Turbine

Product Commercial | Commerdal | Commercal 2000 19962010 | Commercial
Avalabilty

Sizo Rango 20 | 501050000 | 100000 2010200 | 50t 1000+ ™
(kWhani) 10,000+ 30000

Typical 0G 200102,000 | 300103000 | 100010 00100 | 5010200 1105
Range (dWiunit) 10,000

Effcloncy W04 | 281042% | 21040% | 25030% | 350054% na.
(HHV)

Gensel 12510300 | 25010600 | 30010600 | 30010600 | 1,500 103,000 na.
ackage Cost

(shW)

Tumkey Cost- | 35010500 | 60010 1,000 | 65010900 | 65010900 | 1900103500 | 500010
With no heat 10,000
recovery (SKW)

Heal Rocovery | 10000200 | 7510160 | 10010200 | 7510350 included na.
‘Added Cost

(SkW)

0&M Cost 001510 | 0.007100.015 | 0.003150.008 | 0005100010 | 0.005 100,010 | 0.001 10.0.004
(Swn) 0010

ORMANCE COMPARISONS

Comparison Diesel | Gas Engine | Simple Cycle | Microturbine | Fusl Cell | Photovoltaic
Factor Engi Gas Turbine

Commercial | Commerdal | Commercal 2000 19962010 | Commercial
Avalabilty
Sizo Range 00 | 5005000 | 100010 00200 | 50t 1000+ ™
(kWhani) 10,000+
Typical DG 200102,000 | 30003000 | 100010 0010 | 5010200 1105
Range (dWiunit) 10,000
Effcency Bload% | 281042% | 21040% | 25030% | 35l054% na.
(HHV)
Gensel 12510300 | 25010600 | 30010600 | 30010600 | 1,500103,000 na
Package Cost
(SkW)
Tumkey Cost- | 35010500 | 600101000 | 65010900 | 65010900 | 190003500 | 500010
With no heat 10,000
rocovery (SAW)
Hoal Rocovery | 1000200 | 7510160 | 10019200 | 7510350 included na.
‘Added Cost
(SikW)
0&M Cost 001510 | 0.007100.015 | 0.003100.008 | 000510 0.010 | 0.005 100,010 | 0.001 10.0.004
(Sikwh) 0010
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