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Presentation Outline

What is Combined Heat and Power (CHP)
Status and Opportunity of CHP in the US and Ohio
Boiler MACT and CHP as a Control Strategy

U.S. DOE Boiler MACT Technical Assistance Pilot
Program

U.S. DOE Clean Energy Application Centers
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DOE Boiler MACT Technical Assistance
Team

Katrina Pielli --- DOE Headquarters

Patti Garland --- Oak Ridge National Laboratory
Bruce Hedman & Ann Hampson --- ICF International
John Cuttica & Cliff Haefke --- Midwest CEAC

Jim Freihaut --- Mid Atlantic CEAC

Tom Bourgeols --- Northeast CEAC

Isaac Panzarella --- Southeast CEAC
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Presentation Message / Take Away

Combined Heat & Power (CHP) Is an important energy resource
that provides
Benefits for U.S. Industry
Reduces energy costs for the user
Reduces risk of electric grid disruptions
Provides stability in the face of uncertain electricity prices

Benefits for the Nation
Provides immediate path to increased energy efficiency and
reduced GHG emissions
Offers a low-cost approach to new electricity generation capacity
and lessens need for new T&D infrastructure
Enhances grid security
Enhances U.S. manufacturing competitiveness
Uses abundant, domestic energy sources
Uses highly skilled local labor and American technology
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Presentation Message / Take Away

Ohio has significant CHP potential — 9,800 MW
Today, Ohio has only 766 MW of CHP installed

Current circumstances have highlighted the role additional CHP

can play in the energy resource mix & achieve above benefits
Coal power plant retirement announcements
Boiler MACT opportunity for new CHP
Focus on maintaining and increasing manufacturing in the US

DOE currently provides technical information and assistance,
market development, and education on CHP, Waste Heat
Recovery, and District Energy options through its 8 regional Clean
Energy Application Centers (CEACS)
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Presentation Message / Take Away

DOE, through the CEACSs, is supplementing this ongoing effort by
providing site-specific technical and cost information on clean
energy compliance strategies to those major source facilities

affected by the Boiler MACT rule currently burning coal or oil.
These facilities may have opportunities to develop compliance
strategies, such as CHP, that are cleaner, more energy efficient, and
that can have a positive economic return for the plant over time

DOE Boiler MACT Technical Assistance program is being piloted
In Ohio now, and will be rolled out nationally when the EPA rule
reconsideration process is complete (Spring 2012)

http://wwwl.eere.energy.gov/manufacturing/distributedenergy/boilermact.html
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Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)
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Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

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

Steam Turbine
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Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Two (2) Forms of CHP

Conventional CHP Waste Heat Recovery CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP) (also referred to as Bottoming Cycle CHP or Indirect Fired CHP)
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CHP Is Used at the Point of Demand
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Existing CHP Capacity
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CHP Onsite Technical Potential Market
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Snapshot of Ohio CHP Market
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CHP Implementation in Ohio
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Attractive CHP Markets

Industrial Commercial Institutional Agricultural
Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
Ethanol Multi-family housing Universities & operations
Food processing Laundries colleges Dairies
Natural gas pipelines Apartments Wastewater Wood waste
Petrochemicals Office buildings treatment (biomass)
Pharmaceuticals Refrigerated Residential
Pulp and paper warehouses confinement
Rubber and plastics Restaurants

Supermarkets

Green buildings
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CHP Represents a Cost-Effective
Electricity Resource in Ohio

Cost of Delivered Electricity - Ohio
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EPA ICI Boiler MACT

Three rules. DOE effort focused on Major Source Boiler MACT

Standards for hazardous air pollutants from major sources: industrial,
commercial and institutional boilers and process heaters (excludes any
unit combusting solid waste)

Major source is a facility that emits:

10 tpy or more of any single Hazardous Air Pollutant, or 25 tpy or more of
total Hazardous Air Pollutants (HAPs)

Emissions limits applicable to new and existing units > 10 MMBtu/hr
Mercury (Hg)

Particulate Matter (PM) as a surrogate for non-mercury metals (alternative
limits for total selective metals (TSM))

Hydrogen Chloride (HCI) as a surrogate for acid gases

Carbon Monoxide (CO) as a surrogate for non-dioxin organics

U.S. DEPARTMENT OF ENERGY
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Impacts of the Boiler MACT

Compliance straight forward for natural gas fired units (tune-
ups in lieu of more rigorous control options)

Refinery and blast furnace gases are treated as natural gas

Rule significantly impacts oil, coal and biomass boilers and
process gas boilers

Emissions limits must be met at all times except for start-
up and shutdown periods

Controls are potentially required for Hg, PM, HCl and CO
Also includes monitoring and reporting requirements

Limits difficult (technically and economically) for oil and
coal units
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Standard Compliance Measures

Mercury (Hg): Fabric filters and activated carbon injection are the
primary control devices

Particulate Matter (PM): Electrostatic precipitators may be required
for units to meet emission levels

Hydrogen Chloride (HCI): Wet scrubbers or fabric filters with dry
injection are the primary control technologies

Carbon Monoxide (CO): Tune-ups, replacement burners, combustion
controls and oxidation catalysts are the preferred control
technologies

Required compliance measures for any unit depend on current
emissions levels and control equipment already in place
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Affected Facilities by CEAC Region

Number of | Number of

Number of | Number of | Number of

CEAC Region Facilities | Coal Units | Oil Units Bion?ass Proces.s Gas
Units Units

Gulf Coast 46 10 11 48 8
Intermountain 16 19 11 0 0
Mid-Atlantic 133 126 152 32 23
Midwest 264 378 159 64 59
Northeast 85 23 149 23 6
Northwest 78 20 30 89 0
Pacific 23 5 16 32 0
Southeast 326 179 224 317 15
Total 971 760 752 605 111

The data in this chart is still being refined

= This table includes only industrial/commercial/institutional boilers
= There are 217 affected utility facilities not included in this table

© 2011 ICF International. Expanded Database. All rights reserved.



Affected Bollers in the Midwest

Fuel Type Number of Units | Capacity (MMBtu/hr)
Coal 378 80,902

Heavy Liquid 82 11,760

Light Liquid 77 6,427
Biomass 64 8,128

Process Gas 59 15,292

Total 660 122,509

The data in this chart is still being refined

Includes industrial, commercial and institutional boilers only
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Affected Boilers in Ohio

Fuel Type Number of Units | Capacity (MMBtu/hr)
Coal 76 12,202

Heavy Liquid 5 563

Light Liquid 10 1,579
Biomass 6 1,106

Process Gas 13 4,114

Total 110 19,565

The data in this chart is still being refined

Includes industrial, commercial and institutional boilers only

T
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Affected Coal and Oil Boilers in Ohio

Application

Food

Paper

Petroleum and Coal
Chemicals

Plastics and Rubber
Primary Metals
Fabricated Metals
Machinery
Transportation Equip.
Educational Services
Total

# Facilities (IVCI::/IpBatCuI%r)
5 9 1,150
15 2,195
1 2 108
10 21 2,856
2 5 740
2 3 1,347
3 7 716
1 4 400
5 16 3,383
4 9 1,450
40 91 14,345

The data in this chart is still being refined
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CHP as a Compliance Strategy

Compliance with MACT limits will be expensive for many coal
and oil users (standard compliance measures)

May consider converting to natural gas
Conversion for some oil units
New boilers for most coal units?

May consider moving to natural gas fueled “Conventional
CHP” (trade off of benefits versus additional costs)

Represents a productive investment
Potential for lower steam costs due to generating own power
Higher overall efficiency and reduced emissions

Higher capital costs, but partially offset by required compliance costs
or new gas boiler costs

) U.S. DEPARTMENT OF ENERGY
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Potential CHP Capacity

Number | Number of Boiler CHP.

of Affected Capacity | Potential
Fuel Type Facilities Units (MMBtu/hr) (MW)
Coal 333 760 177,435 17,746
Heavy Liquid 194 422 52,358 5,237
Light Liquid 145 330 29,495 2,950
Total 672* 1,512 259,288 25,933

The data on this chart is still being refined

*Some facilities are listed in multiple categories due to multiple fuel types;
there are 621 ICl affected facilities

CHP potential based on average efficiency of affected boilers of 75%; Average
annual load factor of 65%, and simple cycle gas turbine CHP performance
(power to heat ratio =0.7)
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DOE Boiler MACT
Technical Assistance Program
(Ohio Pilot)

The U.S. DOE Midwest CEAC will supplement its normal
CHP services by:

Providing site specific technical and cost information to the 40+
major source facilities (~ 90 to 100 boilers) in Ohio currently burning
coal or oil (Decision Tree Analysis)

Meeting with willing individual facility management to discuss “Clean
Energy Compliance Strategies” including potential funding and
financial opportunities.

Assisting interested facilities in the implementation of CHP as a
compliance strategy

/ U.S. DEPARTMENT OF ENERGY
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DOE Boiler MACT
Technical Assistance Program

Site specific “Decision Trees” will include:
Facility Info
Site Financial Data
Contact Info
Boiler Unit Data
Compliance Control Requirements
CHP as an Alternative Compliance Option
Comparative Cost of Compliance Options
CHP Payback

Avallable Financial Options

4  U.S. DEPARTMENT OF ENERGY
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Decision Tree Analysis Example
XXXX Co. (Ohio)

Existing Boilers

Total Capacity | Primary Year . ..
MMBtu/hr Fuel Installed SIS G
156 Coal 8,400 1,960 Electrostatic Precipitator
245 Coal 8,539 1,968 Electrostatic Precipitator

Average steam demand of 240 MMBtu/hr
Pays $0.07/kWh for power and $2.50 MMBtu for coal

Projected compliance costs

Additional controls required for PM and CO
$17,921,813 Capital cost
$3,111,500 annual operating and maintenance costs of controls

T,
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Comparative Costs

Bmlers Bollers

Steam Capacity, MMBtu/hr input

Avg Steam Demand, MMBtu/hr 240 240 240
Boiler Efficiency 75% 80% N/A
CHP Capacity, MW 0 0 25*
CHP Electric Efficiency N/A N/A 32%
Fuel Use, MMBtu/year 2,720,000 2,550,000 3,404,334
Annual Fuel Cost $5,984,000 $15,300,000 520,426,003
Annual O&M Cost $8,105,600 $3,238,500 $4,990,500
Annual Compliance O&M $3,111,500

Annual Electric Savings (512,622,500)
Annual Steam Operating Costs $17,201,100 $18,538,500 $12,794,003
Capital Costs $17,921,500 $14,800,000 $35,000,000

Calculations based on delivered coal price of $2.50/MMBtu, natural gas price of $6.00/MMBtu,
and industrial electricity price of $0.07/kWh (CHP avoids 90% of retail rate)

* Steam demand could support 50 to 55 MW CHP system; system designed to meet the facility
electric load of 25 MW (non-export mode)

T,
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CHP Paybacks

Existing Coal | Natural Gas | Natural Gas
Boilers Boilers CHP

Annual Steam Operating Costs $17,201,100 $18,538,500 $12,794,003
Annual Operating Savings (coal compliance) $4,407,097
Annual Operating Savings (gas boiler) $5,744,497
Installed Costs $17,921,500 $14,800,000 $35,000,000
CHP Incremental costs (coal compliance) $17,078,500
CHP Payback (coal compliance) 3.9 years

CHP Incremental costs (gas boiler) $20,200,000
CHP Payback (gas boiler) 3.5 years

T,
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Frequently Asked Questions

How accurate Is the Decision Tree Analysis results?

The results are only as good as the assumptions utilized. We expect the
facilities will update the assumptions after the one-on-one meetings.

What are the sources of the facility and unit data assumptions?

ICR — Survey data on boilers, process heater and other combustion units, submitted to
EPA (facility & unit level data)

ECHO — EPA Enforcement & Compliance History Online database (facility level data
on major source polluters)

REPIS — NREL Renewable Electric Plant Info System database (facility and unit level
data for biomass facilities)

MIPD — Major Industrial Plant database (facility data for large industrial plants
LBDB — Large Boiler database (facility & unit level data — boilers > 250 MMBtu/hr
ELECUTIL — ICF Electric Utility database (facility & unit level data for utility boilers

T,
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Frequently Asked Questions

What is the value of an option that has such a significantly larger
first cost?

Investment (with payback) versus a cost - higher efficiencies & lower
emissions — potential for lower steam costs

As a “rule of thumb,” which boilers are most favorable for a CHP
control strategy?

Older coal and oil boilers where installing standard control technologies
and/or converting the existing boiler to natural gas is very expensive.

If the facility wants to further explore CHP, what specific services
can the CEAC provide?

Assist in scoping the project (level 1 sizing, costs, design options);
assist in securing needed engineering, financial and installation support

U.S. DEPARTMENT OF ENERGY
Midwest Clean Energy Application Center



Next Steps — Ohio

Midwest CEAC will send letters to all affected Ohio facilities
explaining the pilot program, providing contact info, and urging them
to contact the Midwest CEAC (March)

Midwest CEAC will call all major sources that use coal or oil to set-
up one-on-one meetings (March)

Site visits will be made to those interested major source facilities that
use coal or oil to meet and discuss their “Decision Tree” and CHP
opportunity (ASAP starting immediately)

Continue technical assistance as appropriate

Want to work with in-state trade associations, utilities and others to
spread word

DOE Boiler MACT Technical Assistance information:

http://wwwl.eere.energy.gov/manufacturing/distributedenerqy/boilermact.html
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Ohio Effort

“Because of coal plant retirements, educating consumers on
combined heat power is of particular interest to the PUCO. A
facility’s decision to invest in CHP may constitute a rational
market response that not only benefits the facility but which
will also supports grid reliability in Ohio.”

Public Utilities Commission of Ohio
Chairman Todd Snitchler
February 23, 2012

http://www.puco.ohio.gov/puco/index.cfm/industry-information/industry-topics/us-doe-pilot-
program-for-combined-heat-power/
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CEAC Mission and Focus

CEAC Mission: Develop technology application knowledge and
the educational infrastructure necessary to promote “clean
energy” technologies as viable energy options and reduce any
perceived risks associated with their implementation.

CEAC Focus: Assist in transforming the market for
CHP, WHR, and DE technologies and concepts
throughout the United States by providing:

Market Analysis Education & | Technical
& Evaluation Outreach | Assistance

U.S. DEPARTMENT OF ENERGY
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DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

PACIFIC

NORTHWEST
www.northwestcleanenergy.org
Dave Sjoding
Washington State University
Tel: 360-956-2004
sjodingd@energy.wsu.edu

www.pacificcleanenergy.org

Tim Lipman

University of California, Berkeley

Tel: 510-642-4501
telipman@berkeley.edu

Vince McDorell

University of California, Irvine

Tel: 949-824-7302 x 121
medonell@apep.uci.edu

INTERNATIONAL DISTRICT
ENERGY ASSOCIATION

www.districtenergy.org

Rob Thornton

President

Tel: 508-366-9339
rob.idea@districtenergy.org

DOE Clean Energy
Application Centers:
Program Contacts

INTERMOUNTAIN

www.intermountaincleanenergy.org

Patti Case

etc Group

Tel: 801-278-1927 x 3
plcase@etcgrp.com

Dan Bullock
Houston Advanced
Research Center
Tel: 281-364 6087
dbullock@harc.edu

Thomas Broderick

Southwest Energy Efficiency Project
Tel: 928-527-8036
tbroderick@swenergy.org

Katrina Pielli

Office of Energy Efficiency and
Renewable Energy

U.S. Department of Energy
Phone: 202-287-5850
E-mail: katrina. pielli@ ee.doe.gov

Joe Renk
Laboratory (NETL)

Phone: 412-386-6406

GULF COAST

www.gulfcoastcleanenergy.org

National Energy Technology

U.S. Department of Energy

MIDWEST

www.midwestcleanenergy.org

NORTHEAST

www.northeastcleanenergy.org

John Cuttica
University of lllinois at Chicago
Tel: 312-996-4382

cuttica@uic.edu Tom Bourgeois

Pace University
Tel: 914-422-4013
tbourgeois@law.pace.edu

Cliff Haefke
University of lllinois at Chicago
Tel: 312-355-3476

chaefk1@uic.edu Beka Kosanovic

University of Massachusetts Amherst
Tel: 413-545-0684
kosanovi@ecs. umass.edu

MID-ATLANTIC

www.maceac.psu.edu

Jim Freihaut

Pennsylvania State University
Tel: 814-863-0083
jfreihaut@engr.psu.edu

SOUTHEAST

www.southeastcleanenergy.org

Isaac Panzarella

North Carolina State University
Tel: 919-515-0354
ipanzarella@ncsu.edu

Pedro Mago

Mississippi State University
Tel: 662-325-6602
mago(@me. msstate.edu

Patti Garland

Oak Ridge National Laboratory
(ORNL)

U.S. Department of Energy
Phone: 202-586-3753

Ted Bronson

DOE Clean Energy RAC Coordinator
Power Equipment Associates

Phone: 630-248-8778

E-mail: tibronsonpea@aol.com

E-mail: joseph.renk@netl.doe.gov E-mail: patricia.garland@ee.doe.gov
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DOE & Midwest CEAC Contacts

DOE Headquarters

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Katrina Pielli
Senior Policy Advisor
Office of the Deputy Assistant
Secretary for Energy Efficiency
U.S. Department of Energy
Washington DC

http://www1.eere.energy.gov/manufact
uring/distributedenergy/ceacs.html
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Midwest CEAC

ER & UIC Energy Resources
= R a0 GeNter
g " e COLLEGE OF ENGINEERING

Director: John Culttica;
312/996-4382: cuttica@uic.edu

Associate Director / Lead Engineer: Cliff
Haefke; 312/355-3476; chaefkl@uic.edu

www.midwestcleanenerqgy.org

States Covered: lllinois, Indiana, lowa,
Kansas, Michigan, Minnesota, Missouri,
Nebraska, North Dakota, Ohio, South
Dakota, Wisconsin




