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DOE CHP Technical Assistance
Partnerships (CHP TAPs)

End User Engagement

Partner with strategic End Users to advance technical
solutions using CHP as a cost effective and resilient way to
ensure American competitiveness, utilize local fuels and
enhance energy security. CHP TAPs offer fact-based, non-
biased engineering support to manufacturing, commercial,
institutional and federal facilities and campuses.

Stakeholder Engagement

Engage with strategic Stakeholders, including regulators,
utilities, and policy makers, to identify and reduce the
barriers to using CHP to advance regional efficiency,
promote energy independence and enhance the nation’s
resilient grid. CHP TAPs provide fact-based, non-biased
education to advance sound CHP programs and policies.

Technical Services

As leading experts in CHP (as well as microgrids, heat to
power, and district energy) the CHP TAPs work with sites to
screen for CHP opportunities as well as provide advanced
services to maximize the economic impact and reduce the
risk of CHP from initial CHP screening to installation.

New York-New Jersey  Mew England
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www.energy.gov/chp
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DOE CHP Technical Assistance Partnerships

Northwest
www.northwestCHPTAP.org

David Van Holde, P.E.

Washington State University

360-956-2071

VanHoldeD@energy.wsu.edu

WA, OR, ID, AK

Upper-West  UT, CO, WY, MT, ND, SD
www.upperwestCHPTAP.org

Gavin Dillingham, Ph.D.

HARC

281-216-7147
gdilingham@harcresearch.org

Midwest MN, W1, MI, IL, IN, OH
www.midwestCHPTAP.org

Cliff Haefke

University of lllinois at Chicago
312-355-3476
chaefk1@uic.edu

Western
www.westernCHPTAP.org

Gene Kogan

CA, NV, AZ, HI Southcentral TX, NM, OK, AR, LA

www.southcentralCHPTAP.org

Gavin Dillingham, Ph.D.

Center for Sustainable Energy HARC

858-633-8561

gene.kogan@energycenter.org

281-216-7147
gdilingham@harcresearch.org

Central
www.centralCHPTAP.org

Cliff Haefke

University of lllinois at Chicago
312-355-3476
chaefk1l@uic.edu

NE, IA, KS, MO

New England VT, NH, ME, MA, RI, CT
www.newenglandCHPTAP.org

David Dvorak, Ph.D., P.E.
University of Maine
dvorak@maine.edu
207-581-2338

New York-New Jersey NY, NJ

www.newyorknewjerseyCHPTAP.org

Tom Bourgeois
Pace University
914-422-4013
thourgeois@law.pace.edu

Mid-Atlantic  PA, WV, VA, DE, MD, DC
www.midatlanticCHPTAP.org

Jim Freihaut, Ph.D.

The Pennsylvania State University
814-863-0083

jdf11@psu.edu

Southeast KY, TN, NC, SC, GA,
www.southeastCHPTAP.org

Isaac Panzarella, P.E.

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

—— DOE CHP Deployment

Program Contacts
www.energy.gov/CHPTAP

Tarla T. Toomer, Ph.D.
CHP Deployment Manager
Office of Energy Efficiency and

Renewable Energy
U.S. Department of Energy
Tarla.Toomer@ee.doe.gov

Patti Garland

DOE CHP TAP Coordinator [contractor]

Office of Energy Efficiency and
Renewable Energy

U.S. Department of Energy
Patricia.Garland@ee.doe.gov

Ted Bronson

DOE CHP TAP Coordinator [contractor]
Office of Energy Efficiency and
Renewable Energy

U.S. Department of Energy
tbronson@peaonline.com
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CHP: A Key Part of Our Energy Future

Traditional System CHP System
=  Form of Distributed Generation

(DG)

= Anintegrated system

Power Plant Electricity

= Located at or near a
building / facility o -
" Provides at least a portion of the
electrical load and EfflClency Eff|C|ency
= Uses thermal energy for:
o Space Heating / Cooling CHP provides efficient, clean,
o Process Heating / Cooling reliable, affordable energy —
today and for the future.
o Dehumidification

Source: www.energy.gov/chp
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CHP Recaptures Heat of Generation, Increasing Energy
Efficiency, and Reducing GHGs

&3

| Power Plant . 4 p” N
Fuel 32% efficiency Electricity |
(IncludingT&D) [* ~ -7 © C HP
/5% efficiency
Onsite Boiler
Fuel Heat
m 80% efficiency B :1 )
Total Efficiency Total Efficiency
~ 50% ~75%
[ 30 to 55% less greenhouse gas emissions }
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CHP System Schematic
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What Are the Benefits of CHP?

CHP is more efficient than separate generation of
electricity and heating/cooling

Higher efficiency translates to lower operating
costs (but requires capital investment)

Higher efficiency reduces emissions of pollutants

CHP can also increase energy reliability and
enhance power quality

On-site electric generation can reduce grid
congestion and avoid distribution costs.
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Common Uses for Thermal Energy Recovered

Space heating at a single facility, district or campus
o “District heating”

Domestic water heating

Process hot water or steam at an industrial facility

Hospitals: Steam for space and water heating,
humidification and sterilization

Pool or spa heating at hotels, schools, rec centers,
casinos

Absorption chilling for space cooling &
refrigeration

g
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Critical Infrastructure and Resiliency
Benefits of CHP

“Critical infrastructure” refers to those assets, systems, and networks that, if incapacitated, would
have a substantial negative impact on national security, national economic security, or national public
health and safety.”

Patriot Act of 2001 Section 1016 (e)

Applications: CHP (if properly configured):
" Hospitals and healthcare centers = Offers the opportunity to improve
= Water / wastewater treatment plants Critical Infrastructure (Cl)

Police, fire, and public safety resiliency

= (Can continue to operate,
providing uninterrupted supply of
electricity and heating/cooling to
the host facility

Centers of refuge (often schools or
universities)

Military/National Security
Food distribution facilities
Telecom and data centers

-,
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CHP Technologies
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Common CHP Prime Movers

Gas Combustion Turbine

™ U.S. DEPARTMENT OF ENERGY
CHP Technical Assistance Partnerships
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Prime Mover: Reciprocating Engines

Size Range: 10 kW to 10 MW

Characteristics

— Thermal can produce hot water,
low pressure steam, and chilled
water (through absorption chiller)

— High part-load operation efficiency

— Fast start-up

— Minimal auxiliary power
requirements for black start.

Example Applications:

— universities, hospitals, water
treatment facilities, industrial
facilities, commercial buildings,
and multi-family dwellings

"™ U.S. DEPARTMENT OF ENERGY
‘)\ CHP Technical Assistance Partnerships
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Prime Mover: Microturbines

Size Range: 30 kW to 330 kW

(modular packages exceeding
1MW)

Characteristics

— Thermal can produce hot water,
steam, and chilled water
(through absorption chiller)

— Compact size and light weight
— Inverter based generation can
improve power quality

Example Applications:

. . . Microturbine CHP installation at & commercial facility.
— multifami |y housi ng, hotels, Photo courtesy of Capstone Turbine Corporation

nursing homes, waste water
treatment, gas & oil production

™ U.S. DEPARTMENT OF ENERGY
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Prime Mover: Gas Turbines

* Size Range: 1 MW to 300 MW

 Characteristics

— Produces high quality, high
temperature thermal that can
include high pressure steam for
industrial processes, and chilled
water (with absorption chiller)

— Auvailable in a wide range of
capacities and configurations

— Best efficiency when operated at
full load (part-load efficiency is

often much lower than full load Gas turbine CHP installation at a university.
efﬁciency) Photo courtesy of Solar Turbines

 Example Applications:

— hospitals, universities, chemical
plants, refineries, food processing,
paper, military bases
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Comparison of CHP Characteristics ;.

Technology

Characteristic : :

30kW-330kW 5kW-1.4 MW 100 KW — 250
Size Range 10 kW — 10 MW 1-300 MW (larger modular  (larger modular MW
units available) units available)

(E:Iel_f:/';'c S 30% — 42% 24% — 36% 25% — 29% 38% — 42% 5% — 7%

Overall CHP 0 0 o o 0 0 0 0 o

Ll - 77% — 83% 65% — 71% 64% — 72% 62% — 75% 80%

Total Installed Cost S670 —51,100
1,430-$2,900 $1,300—$3300 $2,500-$3,200 $4,600 -$10,000

(S/kW) [3] 2 2 > > ° ? SAHDE 4]

O&M Cost (¢/kWh) 0.9-2.4 0.9-1.3 0.8-1.6 3.6-4.5 0.6-1.0
0.6-1.2 0.6-1.0 0.5-0.8 1.3-1.6 0.07-0.10

Thermal Output
(Btu/kWh) 2,900 --6,100 3,400 --6,000 4,400 --6,400 2,200 --2,600 30,000 --50,000

Notes: 1) Unless noted otherwise, information based on U.S. Department of Energy, CHP Technology Fact Sheet Series, 2016, 2017.
2)  All performance and cost characteristics are typical values and are not intended to represent a specific product.
3)  Costs will vary depending on site specific conditions and regional variations.
4) Costs shown are for a steam turbine only, and do not include costs for a boiler, fuel handling equipment, steam loop, and controls.

» "'j U.S. DEPARTMENT OF ENERGY
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https://energy.gov/eere/amo/combined-heat-and-power-basics#factsheet

Comparison of CHP Characteristics continveo...

Technology

Characteristic : :

100-500 (may 50-140 (may
Fuel Pressure . .
(psig) 1-75 require fuel require fuel 0.5-45 n/a
PSlE compressor) compressor)
Good at both
Part Load Better at full- Better at full-  Better at full- Good at both part-load and
- part-load and
Efficiency load load load full-load
full-load
P SR, 18] Li-:tpv:;:srm ’ LP steam, hot  LP steam, hot
Type of Thermal  ERVEI PR oF-[o= ’ " . LP-HP steam, hot water, chilled
. process water, chilled  water, chilled
Output heating, . . water
. heating, chilled water water
chilled water
water
Can be operated with a wide range of gas and Hydrogen, Steam '.curbl'nes for CHP ar.e-
- . natural gas, used primarily where a solid
liquid fuels. For CHP, the most common fuel is . .
B p— propane, fuel (e.g., coal or biomass) is
gas. methanol used in a boiler. [2]

Notes: 1)  Adapted from Catalog of CHP Technologies, U.S. Environmental Protection Agency Combined Heat and Power Partnership, 2015.
2) Backpressure steam turbines can be used to produce power by replacing pressure reducing valves (PRVs) in existing steam systems.
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Economy of Scale Advantages

Total Installed Cost, $/kW

Heat Rate, Btu/kWh

Efficiency for electrical generation, %
Maintenance costs, $/kWh
Transport Gas Availability and Cost

Possibly in Permitting and Project
Financing

y ™ U.S. DEPARTMENT OF ENERGY
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CHP Is Used Nationwide In Many Types of
Buildings/Facilities

Source: DOE CHP Installation Database (U.S. installations as of Dec. 31, 2017)

Slide prepared on 7-3-18



Project Snapshots
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Project Snapshot:

Utilities Expansion

Northwest Community Hospital
Arlington Heights, IL

Capacity: 4.6 MW

Fuel: Natural gas

Prime Mover: Recip engines
Installed: 1997/2005

Testimonial: “We said, ‘Well, if we're going to
centralize it all, doesn't it make sense to do a
CHP—and generate our own electricity, to
reduce our demand load, and then capture the
heat of those engines and utilize all that for
heating and/or cooling?*"

- Charlie Stevenson, Director of Plant
Operations, Northwest Community Hospital

™ U.S. DEPARTMENT OF ENERGY
CHP Technical Assistance Partnerships
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Project Snapshot:
Addressing Sustainability

Oregon Health Science University
Center for Health and Healing

Portland, OR

Tl

a

Application/Industry: Healthcare
Capacity (MW): 300 kW

Prime Mover: 5 Microturbines
Fuel Type: Natural Gas

Thermal Uses: Heating
Installation Year: 2006

o
i

Photo Courtesy of Regatta Solutions: http://regattasp.com/case-
studies/healthcareeducation-oregon-health-science-university/

Testimonial: “The CHP turbines achieve 78%
efficiency of fuel conversion vs. typical electric B
power generation efficiency of 32% contributing
to the 55 LEED scorecard points out of a possible
69. Oregon Health & Science University Center
for Health & Healing is one of only 50 buildings
in the country to have been awarded U.S. Green
Building Council (USGBC) LEED Platinum
certification and the largest and most complex

building in the country to have achieved it.”

Source: High Performance Building Magazine Dennis Wilde
http://www.hpbmagazine.org/attachments/article/11972/09W-OHSU-
Center-for-Health-and-Healing-Portland-OR.pdf
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Project Snapshot:
Hospitality/Hotels

The Westin Princeville Ocean Resort Villas
Kauai, Hawaii

Application/Industry: Hospitality/Hotels
Capacity: 1 MW

Prime Mover: 5 x 200 kW microturbines
Fuel Type: Propane

Thermal Use: Absorption cooling and pool
heating

Testimonial: “We recognize that the vitality of
the resort is directly linked to the vitality of the
community where it operates...In addition to
doing the right thing for the environment,
Westin Princeville Ocean Resort Villas is proud of
the economic benefits that our project provided
to Kaua'i’s local contractors and vendors.”

— Denise Wardlow, General Manager, Westin
Princeville Ocean Resort Villas Power” By Chris Oliver

Source: Hawaii Business Magazine issued April 2015 “More Efficient

"™ U.S. DEPARTMENT OF ENERGY
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http://www.westinprinceville.com/
http://www.hawaiibusiness.com/more-efficient-power/

: . \ | FOREST COUNTY POTAWATOMI
Project Snapshot: jfzﬁ

X" W Keeper of the Fire
Food Waste to Energy |y | ot e e SR e S

Forest Country Potawatomi Community
Renewable Generation

Milwaukee, WI

Application/Industry: Casino
Capacity: 2 MW POTAWATOMI
Prime Mover: Reciprocating engine ' Lk
Fuel Type: Biomass

Thermal Use: Heating, hot water
Installation Year: 2013

Energy Savings: Unknown

Highlights: Waste from a variety of local food
producers fuels the 2 MW CHP plant on
Potawatomi tribal land. Power is sold to We
Energies. The system also provides heat and
hot water to the nearby Potawatomi Bingo
Casino.

"™ U.S. DEPARTMENT OF ENERGY
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https://www.fcpotawatomi.com/

School Project Snapshot:

Biomass Boiler with Backpressure Steam Turbine

Alaska Gateway School District, Tok School
Tok, Alaska

Facility Peak Generation: 120 kW
Facility Size: 80,000 square feet

Equipment: Elliot Steam Turbine/ Hurst Biomass
Boiler

Fuel Type: Wood grinds

Thermal Uses: School and greenhouse heating
CHP in Operation Since: 2013
Simple Payback: 8 years

Environmental Benefits: GHG emissions
reductions, wildfire danger reduction. Annual
realized diesel fuel offset of 59,000 gallons.
Greenhouse produces 20,000 pounds of fresh
vegetables.

"™ U.S. DEPARTMENT OF ENERGY
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How to Implement a CHP
Project with the Help of the
CHP TAP




CHP TAP Role: Technical Assistance

Procurement,
Operations,
Maintenance,
Commissioning

Screening and Investment

Grade Analysis

Feasibility
Analysis

Preliminary
Analysis

|

Quick screening questions
with spreadsheet payback
calculator; Advanced
technical assistance to
explore equipment or
operational scenarios.

§

Perform 3" Party reviews
of site feasibility
assessments: Estimates
on savings, installation
costs, simple paybacks,
equipment sizing, and
type.

i 'l

Perform 3" Party
reviews of
Engineering Analysis.
Review equipment
sizing and choices.

Review specifications
and bids.



Screening Questions

Procurement,
Screening and Feasibility Investment Operations,
Preliminary Analysis Analysis Grade Analysis Maintenance,
Commissioning

= Do you pay more than $.06/kWh on average for
electricity (including generation, transmission and distribution)?

= Are you concerned about the impact of current or future energy
costs on your operations?

= Are you concerned about power reliability?
What if the power goes out for 5 minutes... for 1 hour?

= Does your facility operate for more than 3,000 hours per year?

= Do you have thermal loads throughout the year?
(including steam, hot water, chilled water, hot air, etc.)

kY
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Screening Questions (cont.)

Does your facility have an existing central plant?

Do you expect to replace, upgrade, or retrofit central plant
equipment within the next 3-5 years?

Do you anticipate a facility expansion or new construction
project within the next 3-5 years?

Have you already implemented energy efficiency measures
and
still have high energy costs?

Are you interested in reducing your facility's impact on the
environment?

Do you have access to on-site or nearby biomass
resources? (i.e., landfill gas, farm manure, food processing
waste, etc.)

-
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DOE TAP CHP Screening Analysis

Annual Energy Consumption

°
High level assessment to
L] L] L] Purchased Electricty, kWh 88,250,160) 5,534,150
determine if site shows enerredeecrions i ]
° On-site Thermal, MMBtu 426,000 18,872
CHP Thermal, MMBt 0 407,128
potential for a CHP
° CHP Fuel, MMBtu 0 969,845,
p rOJ e C 'I' Total Fuel, MMBtu 532,500 993,435
L (] (] Annual Operating Costs
- Quantitative Analy
U q n I q Ive n q S I S Purchased Electricity, $ $7,060,013] $1,104,460
. Standby Power, $ 30| $0)
- Energy Consumption & Costs Onsito Tramal Fol § 53,195,000 $141,539
CHP Fuel, $ 30| $5,819,071
H : I tal O&M, $ $0 $744.444
- Estimated Energy Savings & Total Operating Corte & T T
Payback
. o Simple Payback
- CHP System Sizing -
Annual Operating Savings, $ $2,445,499
° ° ° Total Installed Costs, S/kW $1,400|
o Qualitative Analysis o .
- Understanding project drivers Operating Cosisto Generate
o o Fuel Costs, $/kWh $0.070)
— U n d erS‘I'q n d in g S|‘I'e Thermal Credit, $/kWh ($0.037)
peculiqriﬁes Incremental O&M, $/kWh $0.009
Total Operating Costs to Generate, $/kWh
=,
31 ) * U.S. DEPARTMENT OF ENERGY
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DOE CHP TAP
Advanced Technical Assistance

For qualified projects, the DOE Northwest CHP TAP can
provide additional analyses customized to the site, end-user
and their specific needs:

Emissions analysis

Electrical load profiling

Thermal load profiling

Thermal use determination (what to do with the heat)

Installation cost estimates

Financial calculations (simple payback, return on investment, etc.)

Cost/savings information compared to what your facility would pay
if the CHP system were not installed

Review of existing CHP proposals

™ U.S. DEPARTMENT OF ENERGY
. CHP Technical Assistance Partnerships
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Finding the Best Candidates:
Some or All of These Characteristics

High and constant thermal load

Favorable spark spread

— High electricity rates relative to fuel prices
— both expressed in S per MMBtu

Need for high reliability

Concern over future electricity prices
Interest in reducing environmental impact
Existing central plant

Planned facility expansion or new construction; or equipment
replacement within the next 3-5 years

™ U.S. DEPARTMENT OF ENERGY
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Involve the Electric Utility

Contact your local electric utility to gain an early
understanding of retail rates, net metering possibilities,
avoided costs, and interconnection requirements.

|dentifying win/win solutions

— Utilities co-locating their generating facilities at load centers
— Constructing district heating thermal distribution loops
— Add waste heat recovery to existing reciprocating engines

™ U.S. DEPARTMENT OF ENERGY
. CHP Technical Assistance Partnerships

- ¥ NORTHWEST




Summary

* CHP is a proven technology providing energy savings,
reduced emissions, and opportunities for improved
resiliency

 Utility renewables mandates are creating a market for
RECs

e Opportunities exist to learn about facilities that have
incorporated CHP

* Engage with the DOE Northwest CHP TAP to learn more
about the technical assistance offerings in evaluating CHP
opportunities at your site

™ U.S. DEPARTMENT OF ENERGY
. CHP Technical Assistance Partnerships

& ¥ NORTHWEST




Next Steps

Resources are available to assist in developing
CHP Projects at your site

Contact the Northwest CHP TAP to:
e Perform CHP Qualification Screening for a particular facility
* |dentify existing CHP sites for Project Profiles

e Additional Technical Assistance

™ U.S. DEPARTMENT OF ENERGY
. CHP Technical Assistance Partnerships
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Thank You!

Northwest CHP TAP

Gilbert McCoy, P.E., Senior Energy Systems Engineer
USDOE Northwest Combined Heat and Power Technical Assistance Partnerships
McCoyG@energy.wsu.edu
(360) 956-2086

Dave Van Holde, P.E., CEM Director
Northwest CHP TAP
VanHoldeD@energy.wsu.edu
(360) 956-2071
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