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Coal 51.1%

Conversion Losses

63.9%
More than two-thirds of the

fuel used to generate power in
Natural Gas 16.9% the U.S. is lost as heat

Plant Use 1.7%
T&D Losses 3.1%

Petroleum 0.2% Residential 11.

Other Gases 0.4%
Commercial 10.¢

Nuclear Electric P 19.6%
uclear ric Fower b Industrial 8.2%

Other 0.18% Net Imports Transportation 0.1%
Unaccounted for 0.46% of Electricity Direct Use 1.3%
Renewable Energy 10.1% 0.1%

Source: http://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/chp_report_12-08.pdf
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Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Steam or Hot Water Cooling/Heating

. ' Unit

Hot Exhaust " &

Gases
Building
or
Electricity S
.-::E;;
Separate Energy Delivery: CHP Energy Efficiency (combined heat and power)
Electric generation 33% 70% to 85%

Thermal generation - 80%
Combined efficiency 45% to 55%




i P % &

Waste Heat to Power CHP

(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

HRSG/Steam Turbine
Organic Rankine Cycle
Backpressure Turbine

Steam
Turbine

Heat recovery
steam boiler

Waste heat from the

industrial process
4 )
Energy
Intensive
Industrial |
Process
\_ Heat produced for the
industrial process







Industrial Commercial
Chemical Data centers
manufacturing Hotels and casinos
Ethanol Multi-family housing
Food processing Laundries
Natural gas Apartments
pipelines Office buildings
Petrochemicals Refrigerated
Pharmaceuticals warehouses
Pulp and paper Restaurants
Refining Supermarkets

Rubber and plastics Green buildings

Institutional
Hospitals
Schools (K 12)
Universities &
colleges
Wastewater

treatment
Residential
confinement

Agricultural
Concentrated
animal feeding
operations
Dairies
Wood waste
(biomass)



13 %
Commercial /
Institutional

6%
Other Industrial

7%
Other Mfg

5%
Metals

29%
Chemicals

8%
Food 18%

Refining

14%
Paper

Source: ICF CHP Installation Database,
2012 Data
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SIC Company/Site | City Year | Capa- Technology Fuel
Code Open | city
(MW)

Boiler/Steam

24 Cox Interior Inc. Campbellsville 1994 5.2 Turbine Biomass
Boiler/Steam
24 Domtar Hawesville 2001 88 Turbine Biomass
Waste Heat
24 Cox Lumber Campbellsville 2002 1 Recovery Waste Heat
Young
Manufacturing Waste Heat
24 Company Beaver Dam 1988 0.32 Recovery Waste Heat
Air Products & Combustion
28 Chemicals, Inc. Calvert City 2000 23 Cycle Natural Gas
Owensboro Reciprocating
31 Grain Owensboro 2013 9 Engine Natural Gas
Continental
Building Combustion
32 Products Silver Grove 2001 5.2 Cycle Natural Gas
Western
Kentucky Gas Reciprocating
65 Company Owensboro 1966 0.4 Engine Natural Gas

$4 9% 8% & +';
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et = < 1,000 MW
B = 1,000 - 3,000 MW

Il - 3.000- 8,000 MW

B - >s000 MW
§4 9% 8% <)



Tech Potential - No Export
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Steam was Iinitial present
for mill processes

2 steam turbines were
Installed to be powered
by excess heat from
steam bollers

120 kW

200 kW

Boilers are fueled by mill
waste
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2.0 MW Lean Burn Reciprocating Natural Gas Generator

Exhaust recovery
produces chilled water

495 tons of absorption
cooling

Hot water recovery from
engine produces 6.5
MMBtu/hr

BACT significantly
reduces emissions
versus traditional A= 1=
system




US Army Data Center 2 MW

2.0 MW Lean Burn Reciprocating Natural Gas Generator

Exhaust and Hot water
recovery produces chilled
water

705 tons of absorption
cooling serves data center
CRAC units

CHP system serves both
day-to-day and
emergency power
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Steam produced by burning waste pulp liquor and wood
biomass

High pressure steam
used to power turbine

Turbine generates i1, M M &
electricity at 12.47 kV Is = R
Remaining steam used in || SEESg s il & £ TURBINE |\
iIndustrial process 1\ L8 |
70% of plant power

produced onsite

E—
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(2) 7.5 MW combustion
turbines

Fuel by natural gas
Heat recovery steam
generators (HRSG)
provides 65,000 Ib/hr
steam

Exhaust from HRSG used *

In drying process

Russell Energy Center

City of

Heat Recovery
Equipment

Exhaust gases Heat process steam
. Recovery >
Steam
Generators

12.0
Megawatts

Gas Turbine
Generators

xhaust from heat recover
steam generators used in
I Max. 5,000 Ibfhr 1
of 100 psi

U.S. Energy
Partners

Milo-fo-Ethanol Plant

3.0 Megawatts

2

1

Source: http://www.midwestchptap.org/profiles/ProjectProfiles/lUSEnergyPartners.pdf
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4.0 MW Lean Burn Reciprocating Natural Gas Generator

Exhaust recovery
produces 7,600 Ib/hr of
medium pressure steam

640 tons of absorption
cooling produced from
hot water recovery

Installed to create fully
redundant heat, chilled
water, and power

production for hospital
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District Heating and Cooling serving 6 hospitals and
entire university

Natural Gas Turbines and |
steam turbine

610,000 Ib/hr peak steam 2
production capacity

3,400 tons of absorption = e
cooling available —=—=-=
Matches grid electric

reliability rating of 99.98%
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Large Capital Investment which many companies are not ready to
make

Long payback periods by their standards
Not directly related to their main area of business
Discouraged by many electric utilities

Utility regulatory framework often does not encourage CHP and
there is poor understanding of risks/rewards

Utilities encouraged to invest in central station power and
upgrading the present grid structure (larger rates of return on their
Investments)

Increases site emissions while reducing overall

No credit given for emissions reduction from power plants
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Supporting analyses of CHP market
opportunities in diverse markets including . ’
industrial, federal, institutional, and commercial - o \
sectors ; .- ‘ ' é .
\_ g
- o P
Providing information on the energy and non- ’..-‘._'w'
energy benefits and applications of CHP to "
state and local policy makers, regulators, end .. .—-' w
users, trade associations, and others. » k.
0 \
Providing technical assistance to end-users and
stakeholders to help them consider CHP, waste N 6 5 - .

heat to power, and/or district energy with CHP in
their facility and to help them through the
development process from initial CHP screening
to installation.
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