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Safety and Housekeeping

= You are welcome to ask questions at any time during the webinar

= When you are not asking a question, please MUTE your mic and
this will provide the best sound quality for all participants

= We will be recording all these webinars and by staying on-line and
attending the meeting you are giving your consent to be recorded

o Alink to the recorded webinars will be provided, afterwards
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* Intro to DOE CHP Technical Assistance Partnership (TAP)
Program

* Fundamentals of CHP Systems

= National CHP e-Catalog

= Current & Future Trends

= Technical Assistance and DOE CHP TAP Resources
= Next steps and Q&A

» u.s.
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Why CHP?

Coal 37.5%

Natural Gas 26.2% \

Two-thirds of the fuel used
to generate power in the US
Is lost as heat

Petroleum 0.7%

Hydro 6.2% Residential 12.5%

Nuclear 21.9% Commercial 12.1%

Renewables 7.2% Industrial 8.6%

Net Import Electricity 0.2% )
Transportation 0.1%
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Shaw Industries

Columbia, South Carolina

= Project Snapshot: Nawv
= CHP for Sustainability and Cost Savings

Application Carpet Fiber Production
Capacity 14.1 MW

Prime Mover Gas Turbine

Fuel Type Natural Gas

Thermal Use Process steam, hot water, cooling
Installation Year 2018

Project Highlights: The 14.1 MW CHP system has the
capacity to meet 100% of the plant’s load as well as 75% of its
electric demand. Shaw Industries has been significantly
investing in their operations to minimize its environmental
footprint. Shaw has invested more than $30 million since 2011

to reduce its greenhouse gas impacts. Shaw currently has a
6 target of 40% GHG emission reduction by 2030.

= P
With the help of a CHP plant and other measures such as energy efficiency,
Shaw Industries has reduced GHG emissions by over 25% since 2010.

Project Testimonial

“Climate change is a complex, global issue. While no one company or individual
can tackle this challenge alone, as a globally oriented company we have a

responsibility to positively contribute to the solution. The Combined Heat and
Power Plant (at Plant 8S) exemplifies one of many ways we are doing our part
to have a positive impact on the world we all share.”

- Troy Virgo, Director of Sustainability
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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 a
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 www.energy.gov/chp
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  New England
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DOE CHP TAPS

Upper-West
CO, MT, ND, SD, UT, WY
www.uwchptap.org
Gavin Dillingham, Ph.D.
HARC
281-216-7147
gdillingham@harcresearch.og

Midwest
IL, IN, MI, MN, OH, WI
www.mwchptap.org
Cliff Haefke
University of lllinois at Chicago
312-355-3476
chaefkel@uic.edu

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

Northwest

AK, ID, OR, WA
www.nwchptap.org
David Van Holde, P.E.
Washington State University
360-956-2071
VanHoldeD@energy.wsu.edu

Western
AZ, CA, HI, NV
www.wchptap.org

Carol Denning

Center for Sustainable Energy
530-513-2799
carol.denning@energycenter.org

Southcentral
AR, LA, NM, OK, TX
www.scchptap.org

Gavin Dillingham, Ph.D.

HARC

281-216-7147
gdillingham@harcresearch.org

New York-New Jersey
NJ, NY
www.nynjchptap.org

Tom Bourgeois

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

Mid-Atlantic

DC, DE, MD, PA, VA, WV
www.machptap.org

Jim Freihaut, Ph.D.

The Pennsylvania State University
814-863-0083

jdfll@psu.edu

Southeast
AL, FL, GA, KY, MS, NC, PR, SC, TN, VI
www.sechptap.org
Isaac Panzarella, P.E.

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

Central

IA, KS, MO, NE
www.cchptap.org

Cliff Haefke

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

DOE CHP Deployment

Program Contacts
www.energy.gov/CHPTAP

Robert “Bob” Schmitt
Technology Manager

Office of Energy Efficiency and
Renewable Energy

U.S. Department of Energy
Robert.Schmitt@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
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Fundamentals of CHP
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CHP: A Key Part of Our Energy Future

CONVENTIONAL System CHP System
P i
ower rlan ’
ua?ts 32% efficiency h A
(Including T&D) Electricity Electricity
- . !m» CHP ’
s ) 75% efficiency Neat
6 m’ Onsite Boiler Heat Hea
UL/ 80% efficiency .
* e &
[ Total Efficiency ] [ RREEticicEEy ]

30% to 55% less greenhouse
gas emissions

= Form a Distributed Generation (DG)
= Anintegrated system

= Located at or near a building/facility CHP provides efficient, clean,
= Provides at least a portion of the electrical load reliable, affordable energy —

= Uses thermal energy for:
= Space Heating / Cooling
* Process Heating / Cooling
=  Dehumidification Source: www.energy.gov/chp

today and for the future.
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What are the Benefits of CHP?

= More efficient than separate generation of electricity and
heating/cooling

= Lower carbon and other pollutant emissions
= | ower operating costs (but requires capital investment)

= Works with any fuel, including carbon neutral fuels
= Efficiency becomes more important as fuels become scarce

» [ncreases energy reliability and resiliency

= Reduces grid congestion and avoid distribution costs
= Complements intermittent renewable resources

_—

EEEEEEEEEEEE
Better ~

u.s.
) “\’ CHP Technical Assistance Partnerships 11 EN E RGY




CHP Today in the United States

Existing CHP Capacity: 81.7 GW

o Chemicals o Refining

o Food Processing

Utilities
0 Unkown

12

= Primary Metals
m District Energy

Pulp & Paper
Other Industrial

o Other Comm/Industrial

Avoids more than 1.3
quadrillion Btus of
fuel consumption
annually.

81.7 GW of
installed CHP at
more than 4,700
industrial and
commercial facilities.

Avoids 215 million
metric tons of CO?
compared to separate

production.

Q

7% of U.S. electric
generating capacity
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Prime Mover Technologies & Configurations

= Five Prime Movers
= Reciprocating engines
= Gas turbines
= Microturbines
= Steam turbines

=  Fuel cells

= Three Main Configurations (described on following slides)
= Engine/Turbine with Heat Recovery

= Boiler & Steam Turbine

= Fuel Cell with Heat Recovery

» Information based on Overview of CHP Technologies, CHP Technology Fact Sheet Series

= https://enerqgy.gov/eere/amo/combined-heat-and-power-basics#factsheet

- U.S. DEPARTMENT OF
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https://energy.gov/eere/amo/combined-heat-and-power-basics

Reciprocating Engines

Well-established and widely used technology
Diesel and spark-ignition configurations
Important for both transportation and stationary uses

Sizes range from very small (<5 kW) to very large (>80MW, 5-
story tall marine propulsion systems weighing over 5 million
pounds)

Engines are rugged, reliable, and economic choice as a prime
mover for CHP applications

Pros: High part-load operation efficiency, fast start-up, suitable
for a variety of applications

Cons: Lower temperature output for CHP applications, routine
maintenance

Better
Plants_
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Gas Turbines

= Aircraft applications drove innovations and
technology development, with millions of hours of
operation, making it a dependable and trusted
technology

= Range in size from 500 kW to over 300 MW

= Pros: GT have high reliability, high efficiency, low
emissions, benefit from economies of scale, and can
offer a wide range of power-to-thermal ratios (e.g.

from a high thermal duct-fired SCGT to a high power
CCGT) Gas turbine CHP installation at a university.

Photo courtesy of Solar Turbines

= Cons: GT at industrial size applications can be
expensive

_—
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Microturbines

= Relatively newer prime mover that entered the market in
1990s

= Sizes range from 30 kW to 250 kW (with modular packages
exceeding 1 MW)

= Fuel flexible including natural gas, sour gas, and liquid fuels
such as gasoline, diesel, and heating oil

= Exhaust in the 500 to 600°F range, suitable for supplying a
variety of thermal needs.

» Pros: Microturbines have small number of moving parts,
compact size and light weight, low emissions, no cooling
required

icroturbine CHP installation at a commercial facility.
= Cons: Microturbines are higher in costs, relatively low part S el
load efficiency

U.S. DEPARTMENT OF

Better ~(

Plants ﬁ’ CHP Technical Assistance Partnerships 16 ENERGY




Reciprocating Engine or Turbine with Heat Recovery

= Gas or liquid fuel is combusted in a prime mover, such as a reciprocating engine,
microturbine, or gas turbine
= The prime mover is connected to a generator that produces electricity
= Energy normally lost in the prime mover’s hot exhaust and cooling system is
recovered to provide useful thermal energy for the site
5 | Heat Recovery
g Unit
Hot Exhaust
Gases
. Building
Eng:"e Generator Lucticlifuad V Facility
Turbine
Grid
2%&&%?; "\( CHP Technical Assistance Partnerships 17 ENERGY
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Heat Recovery

= Heat Exchangers
= Recover exhaust gas from prime mover

* Transfers exhaust gas into useful heat (steam, hot
water) for downstream applications

» Heat Recovery Steam Generators (HRSG) the
most common

= Heat-Driven Chillers

Waste Heat from Process

or Low-Pressure Steam . .
! Image Source: University of Calgary

High Pressure |+ Refrigerant
. . . ‘ Generator Nl 1o
= Steam Turbine Centrifugal Chiller
= Absorption Chiller B vaoor Conereion VoW
= Use heat to chill water Low Pressive
. . Absorber le— Refrigerant
= Chemical process (not mechanical) i | Vapor from
sion Rejected Heat

Image Source: DOE - EERE
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Fuel Cells

= Afuel, such as natural gas, is reformed in a fuel processor
to create hydrogen

» Hydrogen and oxygen are converted to direct current
(DC) electricity using an electrochemical process in a fuel
cell stack

= Aninverter is used to convert DC electricity to alternating
current (AC) electricity

= Heat from the fuel processor and fuel cell stack are
recovered to provide useful thermal energy for the site

CHP fuel cell installation at Verizon data center.!
Photo courtesy of Verizon Communications.

» Pros: High Efficiency, Environmentally Friendly, Low
Noise

= Cons: Very High Capital Cost, Long term reliability in
commercial operations not yet proven, except for
Phosphoric Acid fuel cells

_—
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Fuel Cell with Heat Recovery

= Afuel, such as natural gas, is reformed in a fuel processor to create hydrogen

= Hydrogen and oxygen are converted to direct current (DC) electricity using an electrochemical process in a fuel cell stack
= Aninverter is used to convert DC electricity to alternating current (AC) electricity

= Heat from the fuel processor and fuel cell stack are recovered to provide useful thermal energy for the site

Steam or Hot Water s =8 Cooling/Heating

t

Heat Recovery Unit ]

Hot Exhaust
Gas Building
or

DC Electricity Facility

Fuel

AC Electricit
Processer y

[ Air / Oxygen ]

Better »r «‘ U.S. DEPARTMENT OF

Plants " CHP Technical Assistance Partnerships 20 ENERGY




Steam Turbines

Invented in 1884, quickly replaced reciprocating engines as main prime
mover technology

Wide power range from 50kW (0.05 MW) to 250 MW

Boilers can operate on variety of fuels (e.g. natural gas, solid waste, coal,
wood, wood waste, agricultural byproducts)

Good efficiency combined with relative cleanliness of the feedstock lead to
relatively low carbon dioxide, nitrogen oxides and other emissions

Two typical designs:
= Single-stage back-pressure or condensing turbines
= Multi-stage turbines (higher power ranges)

Pros: Variety of applications where steam is expanded from high pressure to
low, emissions depend on feedstock,

Cons: Relatively high capital costs

Steam turbine CHP installation at an industrial facility in New York.
Photo courtesy of Recycled Energy Development

Better
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Boiler / Steam Turbine

* Fuelis burned in a boiler to produce high pressure steam that is sent to a
backpressure or extraction steam turbine
= The steam turbine is connected to an electric generator that produces electricity

= Low pressure steam exits the turbine and provides useful thermal energy for the site

.._; . B Cooingeating

!

a4 Building

o ﬁ-.-"' i ;} or
Boiler — Steam El_e ctn::IF?r J Facility
Sl Turbine Generator || :
U.S. DEPARTMENT OF
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Organic Rankine Cycle

= For low-temperature waste heat recovery applications
typically between 170-600°F

Evaporator

Soirce

= Commercially available size ranges from 100 kW to 8
MW

= Uses working fluid other than water/steam such as a
hydrocarbon or ammonia, allowing for lower working o e ks

temperatures, potentially eliminating need for 24/7 ‘_“C‘E/
boiler operators &i’fﬁi’.’:""‘“

» Pros: Variety of temperature and size range
applications across numerous market sectors, no
emissions

= Cons: High installation costs (~1.5 X Steam Turbine
costs), complex engineering

EEEEEEEEEEEE
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Common CHP Technologies and Capacity Ranges

Photo courtesy of Solar Turbines

Photo courtesy of Verizon Communications

| | | | | | | |
5 kW 50 KW 100 kW 1MW 3MW 10 MW 250 MW 30W

*Ranges not drawn to scale Source: DOE CHP Technology Fact Sheets

24
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Comparison of CHP Characteristics

Technology

Characteristic

30 kW — 330 kW
S5kW —1.4 MW (larger

Size Range 10 kW — 10 MW 1 —-300 MW (larger modular units } ) 100 kW — 250 MW
) modular units available)
available)
Electric Efficiency (HHV) 30% — 42% 24% — 36% 25% — 29% 38% — 42% 5% — 7%
(0} 11 CHP Effici
— aeney 77% — 83% 65% — 71% 64% — 72% 62% — 75% 80%
(HHV)
Total Installed Cost
DR $1,400 — $2,900 $1,300 — $3,300 $2,500 — $3,200 54,600 —$10,000 $670 — $1,100 [4]
(S/kW) [3]
O&M Cost (¢/kWh) 0.9-2.4 0.9-1.3 0.8-1.6 3.6-4.5 0.6-1.0
Power to Heat Ratio 0.6 -1.2 0.6 —-1.0 0.5-0.8 1.3—-1.6 0.07-0.10
Th 1 Output
crmat utp 2,900 --6,100 3,400 --6,000 4,400 --6,400 2,200 --2,600 30,000 --50,000
(Btu/kWh)
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.
Better * P U.S. DEPARTMENT OF
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Comparison of CHP Characteristics continued...

100-500 (may 50-140 (may

1] 1-75 require fuel require fuel 0.5-45 n/a
compressor) compressor)
Good at both
part-load and  Better at full-load Better at full- Better at full- Good at both part-load and full-
load load load
full-load
LP steam, hot LP-HP steam,
water, space hot water, LP steam., hot LP steam., ok LP-HP steam, hot water, chilled
: : : water, chilled water, chilled
heating, chilled process heating, water
. water water
water chilled water
Hydrogen, Steam turbines for CHP are used
Can be operated with a wide range of gas and liquid natural gas, primarily where a solid fuel (e.qg.,
fuels. For CHP, the most common fuel is natural gas. propane, coal or biomass) is used in a
methanol 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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DOE Packaged CHP eCatalog
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DOE Packaged CHP eCatalog

= A national web-based searchable catalog of DOE-recognized packaged
CHP systems and suppliers with the goal to reduce risks for end-users
and vendors through partnerships with:

= CHP Packagers that assemble and support recognized packaged CHP
Systems

=  Solution Providers that install, commission and service packaged CHP
systems

= CHP Engagement partners that provide CHP market deployment programs
at the state, local and utility level

= Pre-engineered and tested packaged CHP systems that meet DOE
performance requirements.

= eCatalog audience: end-users with engineering staff, consulting
engineers, utilities, state energy offices, regulators, federal agencies,
and project developers.

= Users search for applicable CHP system characteristics, and get
connected to packagers, installers and CHP engagement programs

= Allows users to compare technology options on a common basis.

COMBINED HEAT & POWER

FOCUSED NEWS & EVENTS

_\ﬂEW ALL NEWS & EVENTS
S

%

WHAT’S NEXT SUMMIT

join Axios virtually for the inaugural What's
Next Summit - an event spotlighting the
innovators making their mark on the future
of work, life and getting around

Axios journalists will lead newsmaking
interviews and deep-dive discussions —
asking the questions that you want to know
about what's coming across 5 key themes:
Next Cities, Work Shifts, Electric Everything,
Financial Flux and Trending Tech. ... more

 He.

WORLD HYDROGEN NORTH AMERICA

Join us to discover and debate how/If the
world's simplest, and most abundant,
molecule has the potential 1o curb
greenhouse gas emissions for good.... more

READ MORE

ONTARIO'S MINISTER STANDS UP FOR
COMBINED HEAT POWER

Efficiency is important. We talk about it a lot.
When it comes to the principles of gaverning
a province, it's good 10 be efficient. When it
comes to matters of protecting the
environment, efficiency is an important tool
in our box, Being efficient comes with a host
of benefits, like smalier price tags, better
reliability, and better access to the things we
all need, like sources of heat and energy.
Combined heat and power technologies are
energy-efficient systems that generate both,

B, | COMBINED HEAT & POWER eCATALOG
ENERGY | scccnmammorsmms o

COMBINED HEAT & POWER eCATALOG OF RECOGNIZED PACKAGE CHP SYSTEMS

PACKAGED CHP SYSTEMS:
RIGOROUS RECOGNITION PROCESS

‘ Iy S

308 CHP Packages Available
. .. ..

Getting Started:  REGISTER SITE GUIDE

CUSTOMER ENGAGEMENT PARTNERS: INCENTIVIZING CHP IN YOUR AREA
MAXIMIZE YOUR CHP INVESTMENT WHEN YOU INSTALL RECOGNIZED SYSTEMS

Ve programs.

eCATALOG PACKAGED CHP SYSTEM PERFORMANCE
Packaged CHP zed’ o mal pet
« [ ba

“Even a small biip on the power grid can disrupt our production equipment and cause six 1o eight hours of lost
production time. With the CHP systems, if there is a power bilp we go info istand mode and don't experience any
disruption.”

— John Eustis, Toray Plastics America
Senior Director, Engineering, Procurement & Logistics for 7.5 MW and 12.5 MW CHP Systems

CASE STUDY
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DOE Packaged CHP eCatalog®

FOCUS YOURRESULTS ©  DISPLAYING: 270 Packages ordered by Relevance

reset

@ s @ sonsonrrovon @) assumscepan @ rocwisupoort @) owioor s Q) wenarootoest @ nstates W Favorte

Launched Nov 8, 2019

41 recognized Packagers

25 recognized Solution Providers

18 Customer Engagement Partners
24 kKW to 7.9 MW

Multiple suppliers and packages in every zip code
340 Package Offerings

= 251 reciprocating engine

= 74 microturbine

= 5 gas turbine

» 4 backpressure steam turbine

= 6 organic rankine cycle

Package offerings by Fuel Type

= 272 natural gas and pipeline RNG
= 57 hydrogen blend capable

= 5 100% hydrogen

= 46 digester gas

= 3 propane

PRIMARY SITE LOCATION

Selected: New York, NY

SUPPLIER PRIORITY

O Packagers offering
Recognized systems O

O Solution Providers offering,
installing commissioning
and maintaining Recognized
systems

O Solution Providers offering
Assurance Plans ©

O Solution Providers offering

CUSTOMER ENGAGEMENT
PARTNER

O Pricritize program-eligible
packaged systems

POWER OUTPUT (kW)
Help Me Choose O

Size

*Default includes a max. of
120% of unit size and a min
of 70% of unit size.

OUTDOOR INSTALLATION o
O Required

FUELTYPE o
O Natural Gas o Pipeline RNG

O Propane
O Digester Gas

GRID CONNECTION TYPE o

O Grid Paraliel Only
O Grid Istand, Black Stan, Auto
Transfer

THERMAL OUTPUTS o

© Hot Water Only
O Hot Water and Chilled Water

O Steam Only

O Steam and Hot Water

O Steam, Hot Water, and Chified
Water

PRIME MOVERS ©

O Reciprocating engines
O Combustion turbines
O Microturbine

KRAFT ENERGY SYSTEMS cA‘l’ i

KN 285
956 k 2 278k
Wet n Wat
1 ¥ 1
e Mc
Grid Connection: nection
o © O © © o

Power Outgut 366 kW Power Outgast 65 kW Power Output 330 kW

SWC@GEN

SWCS-340-HW-VAM-00

93 kW Power Outpun 326 kW
< Theemal Cutput v "

¥ Better
QPlants

»
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Navigating the eCatalog

= Create a user account (optional)
= Enter a valid zip code

= Enter Electrical Power Output (from CHP TAP
screening)

= Other optional inputs include: fuel type, grid connection
type (parallel or black-start/islanding capabilities),
thermal output (hot/chilled water, steam), prime movers
(discussed earlier)

= Qutputs include packages that best match your search
criteria, each with performance data, packager/solution
provider descriptions with installation experience,
emission rates, schematics, and more.

PRIMARY SITE LOCATION

POWER OUTPUT (kW)
Help Me Choose &
Size
O Consider Multiple Units

*Default includes a max. of

120% of unit size and a min.

of 70% of unit size.

FUEL TYPE o
O Natural Gas or Pipeline RNG
72)

O Propane (3)

O Digester Gas (46)

O Landfill Gas (4)

O 100% Hydrogen (5)

O Low Temperature Heat (6)

O Hydrogen Blend Capable (57)
(i ]

GRID CONNECTION TYPE o

O Grid Parallel Only (55)
O Grid Island, Black Start, Auto
Transfer (271)

THERMAL OUTPUTS e

O Hot Water (325)

O Chilled Water (4)

O Steam (21)

O Direct Process Heat/Drying (4)

PRIME MOVERS o
O Reciprocating engines (251)
O Combustion turbines (5)

O Microturbine (74)
O Back Pressure Steam Turbine

O Organic Rankine Cycle ()

MBetter ~ S .
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Navigating the eCatalog continued...

= Example — Enter the following inputs: 02108 (Boston MA), 150kW,
hydrogen blend capable, reciprocating engine

@ Solution Provider @ ASNance Plan @ Local Support @Outdoor Install Q Within Footprint @ H Blend Capable o installed W Favorite

Let’'s choose the highest

ffk.*-l
match :

[ 26

D

UNISON

AGENITOR 404C NG AGENITOR 404C NG AGENITOR 404C BG
@ Power Output: 154 KW @ Power Output: 154 KW © Power Output: 154 kW
O Thermal Output: Hot Water Only O Thermal Output: Hot Water Only O Thermal Output: Hot Water Only
O Fuel: Natural Gas O Fuel: Natural Gas O Fuel: Digester Gas
@ Prime Mover: 1x Reciprocating engine @ Prime Mover: 1x Reciprocating engine @ Prime Mover: 1x Reciprocating engine
O Grid Connection: Black Start, Auto O Grid Connection: Black Start, Auto D Grid Connection: Black Start, Auto

0000

HIGH MATCH (99%)

QOO0 (o Rsel o) D

U.S. DEPARTMENT OF
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Navigating the eCatalog continued...

PACKAGED CHP SYSTEM HIGHLIGHTS KEY PERFORMANCE DATA PERFORMANCE DATA
4 A % ; - : 100% GROSS POWER 75% GROSS POWER
Solution Provider 2G Energy Inc. Prime Mover Reciprocating engines
26 Ambient Temperature 95F  59°F OF  95F 59F OF  95F  50°F  OF
Model agenitor 404c NG agenitor 404¢c NG
CHP Fuel Input (MMBtu 1.49 1.51 1.51 1.20 1.20 1.20 0.86 0.86 0.86
Thermal Outputs Hot Water Number of Prime Movers 1 per hour HHV)
Assurance Plan Depends on location Net Power Output (kW), 154 Gross Electricity Output 157 160 160 120 120 120 80 80 80
(kW)
Grid Connection Type Grid Parallel and Stand- Natural Gas or Pipeline E Net Electricity Output 150 154 154 114 114 115 74 74 75
alone RNG and up to 40% S (kW) o
Transition: Automatic Hydrogen
Net Electric Efficiency % 344 347 34.8 323 325 32.6 294 29.4 29.6
. Note: The ratings below are based on the fuel designated above without (HHV) o
Outdoor Placement Standard Option any hydrogen. Contact the Packager for Package rating with hydrogen
blending.
Supply Temp to Site (°F) 180 °F 180 °F 180 °F
1. (Net Power Output + Thermal Output) / Energy Input at 59°F and 100% gross power
2. Net Power Output is Gross Prime Mover Power less CHP system parasitics, less fuel gas booster if required and less chiller parasitics during chiller HW flow (GPM) o 45 45 45 45 45 45 45 45 45
operation
3. Hot water capacity is usable energy assuming 180F supply and minimum allowable return temperature to the Packaged CHP System é Return Temp from Site 153 153 153 158 158 158 164 164 164
< NE)
INSTALLATION EXPERIENCE E
g Hot Water Capacity 0.60 0.61 0.61 0.49 0.49 0.49 0.37 0.37 0.37
(MMBtu/hr)
Thermal Efficiency % 40.3 40.4 40.4 40.8 40.8 40.8 43.0 43.0 43.0
(HHV) o

Emissions Aftertreatment Lean-burn engine with no aftertreatment

Total Company Total Company Installs Of This Company Installs Of
Installs Installs In MA Package This Package

NOx Emissions (Ib/MWhe) & 3.50

Total systems installed Total systems installed Total packages with this Installs of this package
by 2G Energy Inc. by 2G Energy Inc. in MA prime mover and fuel (prime mover and fuel) by

2G Energy Inc. CO Emissions (Ib/MWhe) & 6.20

32
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CHP Calculations (Using eCatalog EX.)

PERFORMANCE DATA

- CHP Overa” EfﬁCienCy = OUtpUt / Inlet (mUSt 100% GROSS POWER 75% GROSS POWER
b e Sa m e U n itS) Ambient Temperature 95°F 59°F 0°F 95°F 59°F 0°F 95°F 59°F 0°F

- |npUtS Fuel s:PhZ::I’::‘[\:;;t(MMBtu 1.49 1.51 1.51 1.20 1.20 1.20 0.86 0.86 0.86
- OUtDUtS EIeCtrICIty and Heat Gross Electricity Output 157 160 160 120 120 120 80 80 80
(kW)
I 0
= Assuming 100% gross power at standard A vetocrciyoupn w0 s s e e ms o w7
° (kw) o

operating temperature of 59°F:
= Fuel input = 1.51 MMBtu/hr = 1,510,000 BTU/hr (HHV) e

= Qutputs = 154 kWe & 0.61 MMBtu/hr of hot water (HHV)
= 154 kWe * 3412 BTU/kWh = 525,448 BTU/hr
= 0.61 MMBtu/hr = 610,000 BTU/hr

= CHP Efficiency = Output/input
= (610,000 BTU/hr + 525,448 BTU/hr) / 1,510,000 BTU/hr

= 75.1% (HHV) CHP Overall Efficiency from eCataloqg:
34.7% + 40.4% = 75.1%

Supply Temp to Site (°F) 180 °F 180 °F 180 °F
HW flow (GPM) © 45 45 45 45 45 45 45 45 45

Return Temp from Site 153 153 153 158 158 158 164 164 164
(°F)

o
=
<
2
(=)
2

Hot Water Capacity 060 061 061 049 049 049 037 037 037
(MMBtu/hr)

Thermal Efficiency % 40.3 40.4 40.8 40.8 40.8 43.0 43.0 43.0

(HHV) o
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CHP Calculations (Using eCatalog EX.) continued...

Separate Heat and Power Combined Heat and Power
Assumptions:
= Natural Gas fueled
. 11,836
power plant, boiler, MMBtu

—-=-=- 692 tons CO, 696 tons CO, ¢ = e e

r
1
1
1
1
1

' "

1,214 MWh,
a Power . . .. ectrici .
and CHP SyStem 35% Efficiency (w/T&D) Bash Flectricity Flectricity Fleatrely Comb'ned('::ﬁ;)a“d roner ,\1,|1|\',|9:ti
= 90% uptime 6.011 Annual Consumption A -
MMBtu Reciprocating
(7884 hours/yr) o ey V[
= Emissions: ! ‘
1 L____» 352tons Cco, .
117 1o CO2/MMBtu ” 75.1% Total Efficiency
= Est. Cost of Natural 50.2% Total Efficiency (found in previous slide)
Gas = $10.00/MMBtu Energy savings: 5942 MMBtu/yr
Est. Fuel Cost Savings: $59,420/yr
CO, Savings for natural gas: 348 tons/yr
equivalent to taking 76 cars off the road annually?
1. EIA
2. EPA
B u » — U.S. DEPARTMENT OF
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https://www.eia.gov/energyexplained/natural-gas/natural-gas-and-the-environment.php
https://www.epa.gov/greenvehicles/greenhouse-gas-emissions-typical-passenger-vehicle

Emerging Trends
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Packaged CHP Markets are an Untapped Resource

U1
o

= |Large CHP potential in small/midsized
industrials, commercial, institutional,
government and military applications

= Markets utilize smaller, packaged CHP
systems (< 10MW)

= Markets have limited CHP experience
= Users have limited technical resources

= History of issues with system .
performance
and with CHP sales and service support

= Many perceived risks by both users and
suppliers

B Technical Potential (GW)

B Existing CHP Capacity (GW)

Capacity (GW)
[y [y N N w w D D
(6] o (9] o (6] o (9] o (9]
/OG
I
> I
-
>
%
o
e
% —
=
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CHP is Growing in these Markets

» Packaged CHP markets represented 35% of the capacity and 70% of the projects installed since 2008

Installations and Capacity by Application, 2008-2017
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8
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m Installations Capacity (MW)

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

CHP is fuel flexible
CHP is the most efficient way to generate power

and thermal energy, and reduces GHG emissions .
today @ /H\ ‘ E Fecrics E

CHP in a Decarbonized Economy

CHP can decarbonize industrial and commercial

facilities that are difficult to electrify Flecticty

CHP can decarbonize critical facilities that need oo Dece"t!fl'ffﬁee””gy

dispatchable on-site power for long duration

resilience —— - -
] " . s + Gas storage || < Q— -

CHP’s high efficiency can extend the supply of tiogss pants

renewable, low carbon and hydrogen fuels

CHP can support the long-run resource
adequacy of a highly renewable grid
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Natural Gas CHP Emissions vs Marginal Grid Emissions

Natural Gas CHP systems have lower net
GHG emissions in terms of Ibs CO2/MWh
than current marginal grid generation

Natural gas CHP displacing natural gas
boilers provides emissions savings as long
as the marginal grid emissions rate is
greater than 430 to 615 Ibs CO2/MWh
Current marginal grid emissions factors
range from 1,081 Ibs CO2/MWh in
California to 1,925 Ibs CO2/MWh in the
Rocky Mountain region based on 2021 EPA
AVERT data (1,534 national average)

Emissions factor for state-of-the-art natural

Net Electric CO, Emissions Rate, |bs /MWh

1,600

. Net CO, emissions rate for natural gas CHP displacing natural gas boiler

1,400 -
. Marginal Grid Emissions Rate
1,200
1,000
800
600 -
40 —
20 I ——
0

o

o

u 7.5 MW 20 MW 20 MW Gas Microturbine Recip Engine Recip Engine  Fuel Cell EPAAVERT EPAAVERT Natural Gas
Gas Turbine Gas Turbine  Turbine CHP CHP CHP CHP CHP California National Combined
gaS com bl ned CyC|e power generatlon S CHP CHP w/Duct Firing 200 kW 1MW 100 kW 1.4 MW 2021 2021 PovSZ:LTant
750 Ibs CO2/MWh (including T&D losses) » ligati
g Based on 100% CHP Thermal Utilization Prepared by: Entropy Research, LLC, 7/26/22
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CHP’s High Efficiency Saves CO2 Emissions Today

Natural Utility Utility
Gas CHP Solar PV Wind

Biogas CHP

- : : Category
= CHP and renewables displace marginal grid

generation (including T&D losses)

= Marginal generation is currently a mix of coal Capacity, MW 11 il il il
and natural gas in most regions of the US
= CHP’s high efficiency and high annual capacity Annual Capacity Factor 80% 24.3% 34.3% 80%
factor currently results in significant annual
energy and emissions savings Annual Electricity, MWh 7,709 2,342 3,305 7,709
= CHP’s efficiency advantages will continue as
the gas mfras.tru.cture decarbonlz.es /:/Invr\\/t:‘al Thermal Provided, 8 831 None None 8 831
= “Because emissions are cumulative and th

because we have a limited amount of time to

reduce them, carbon reductions now have Annual Energy Savings, MMBtu 40,834 21,065 29,733 40,834
more value than carbon reductions in the
future” Annual CO, Savings, Tons 4,019 1,796 2,677 8,114

Savings based on EPA AVERT Uniform EE Emissions Factors as a
' first level estimate of displaced marginal generation
April 2020 (https.//www.epa.qgov/avert)

Source: “Time Value of Carbon”, Larry Strain, Carbon Leadership Forum,

/o
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https://www.epa.gov/avert

CHP’s High Efficiency Saves CO2 Emissions Today

Natural Utility Utility
Gas CHP | Solar PV Wind

Category

» CHP and renewables displace marginal grid

generation (including T&D losses) Capacity, MW 50.0 50.0 20.0 50.0
= Marginal generation is currently a mix of coal
and natural gas in most regions of the US Annual Capacity Factor 90% 24.3% 34.3% 90%

= CHP’s high efficiency and high annual

capacity factor currently results in significant Annual Electricity, MWh 157,680 42,574 60,094 157,680
annual energy and emissions savings -
| . .gy . g | Anm:laIThermaI Provided, 169,466 None None 169,466

= CHP’s efficiency advantages will continue as  MWhy,

the gas infrastructure decarbonizes ,:/Inl\r/lll;ilIJEnergy Savings, sacen | mmemn | pmese | craees
= “Because emissions are cumulative and

because we have a limited amount of time to  annual co, savings, Tons 70,114 32,654 46,092 163,187

reduce them, carbon reductions now have

more value than carbon reductions in the Annual NOx Savings, Tons 53.5 16.4 23.1 53.5

future” , . -

Savings based on EPA AVERT Uniform EE Emissions Factors as a
Source: “Time Value of Carbon”, Larry Strain, Carbon Leadership Forum, first level estimate of displaced marginal generation
April 2020 (https.//www.epa.qov/avert)
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https://www.epa.gov/avert

Regional Marginal Grid Emissions Factors based on
EPA AVERT 2021

1,100 - 1,499 Ib/MWh

1,500 - 1,799 Ib/MWh
. > 1,800 Ib/MWh

*AVERT 2020 Uniform EE Factor
42
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CHP Is Fuel Flexible

81.7 GW CHP Capacity 4,728 CHP Installations
Waste Heat
Biomass/ BlogaS/LFG [ Other, Was;'e0 I8-Ieat,§\ Ot;l:r,
Wood g -

Biomass/

Process — Sk

Waste, 217
2.5 o /
.7 Process
O~ Waste,
0.8 Coal/Coke, ; 82
Qe Natural Gas, P ' Nat;rza;;ias,
58.8 P4 &
oil, ~
233/
Coal/Coke, j
138
43 Source: DOE CHP Installation Database (U.S. installations as of December 31, 2021)
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Renewable and Net-Zero Fueled CHP

The ultimate scale of renewable and hydrogen-fueled CHP
Existing CHP systems can utilize biogas and biofuels. deployment will depend on resource availability.

All natural gas-fueled CHP is compatible with ;
renewable gas. ® o

Most existing turbines and engines can operate on
hydrogen mixtures up to 10-40%.

b3 ¢
hLYSeeY

X
>

All major engine and gas turbine manufacturers are
working on the capability to operate at high levels of
hydrogen, targeting 2030 for 100% hydrogen prime
movers.

e

Rl L d

_—
Increasing
concentration of
emissions and
facilities

Hydrogen or ammonia production
and industrial fuel use

Industrial facility
Sized by fuel use

CHP systems can be changed out or modified in the “ _
@ Existing hydrogen production

field to 100% hydrogen-fuel blends

8 Existing ammonia production

Source: Atlas of Carbon and Hydrogen Hubs, Great Plains Institute, February 2022

44
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Renewable and Net-Zero Carbon Fuels Maintain CHP’s Advantage

Avoided Grid Emissions with CHP

1,534 |bs CO,/MWh

1600 EPA AVERT 2021 Uniform EE

Carbon free grid by 2035

1400
=i  Carbon free grid by 2050

1200

Natural Gas CHP Emissions

1000 .
Natural Gas equal Marginal Grid Emissions

CHP reduces

300 CO, emissions _ o
Natural Gas CHP Net Electric Emissions

610 Ibs CO,/MWh

600

400

further reduce
200 emissions

Grid Marginal Emissions Rate, |bs CO,/MWh

0
2021 2025 2030 2035 2040 2045 2050
45  Prepared by Entropy Research, LLC, 7/28/2022
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CHP for Difficult to Decarbonize Industries

CHP supports decarbonization of the industrial sector while
additional technologies reach maturity.

CHP is well suited to address steam and
process heating needs, 95% of which is Technology Pathways: Industrial Decarbonization
currently fossil fueled. 2020 2025 2030 2040

Process heat\ CO, storage \\ Pipelin.e | Hard to abate addressed
integration | depots DAC \JSEpari=on Qeline expansion
|

CHP enables three of the four pathways for e |COrtrunkties \ et LT

industrial decarbonization (energy spstreams\ Cc(‘,’::’;Z‘t‘,’i';ff'f'/\;«g;;j;;;,, ey
efficiency; low-carbon fuels; electrification) ‘édsﬁims”mmoa N ue-aneniz PN
while mitigating the need for CCUS. Cllfpi? g™

; ~ Temp proces Hybrid membranes =S
R-H2 Ammonia \a‘\heat Electrochem. To chemicals /~ Commercial polymers

R-H2 for med. ™

Trials @ Temp process “":—!'E Eeft PUMPS  Novel ener - @ scale from recycle
clusters heat I L ———transfer bur::nesrs Products w lower
R-H2 Biofuels <o @ c"“:s‘t’zgt'ons Modularization ” ——==="""  embodied carbon

i Recycling .. e
blendin . Electrolyzer Smart
8/Interm|ttent Process efficiency Materials mfg. LCA  Systems

< poweruse  Heat Portfolio efficiency CHP/WHP  SEM

Renewable and net-zero fueled CHP can
decarbonize industrial thermal processes
that are difficult or prohibitively expensive to
electrify.

Low Carbon Fuels

Electrification Energy Efficiency

Source: Industrial Decarbonization Roadmap, DOE, May 2022 Draft
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CHP Resiliency

= Resilience: the ability of an entity—e.qg., asset,
organization, community, region—to anticipate,
resist, absorb, respond to, adapt to, and
recover from a disturbance

= Reducing the magnitude and duration of energy service
disruptions

= Reliability: the ability of the electric power
system to deliver the required quantity and
quality of electricity demanded by end-users

Source: State Energy Resilience Framework, Argonne National Laboratory (2017)

EEEEEEEEEE

Better " C u.s. OF
Plants ‘I CHP Technical Assistance Partnerships 47 ENERG I




Power Outages are Costly

U.S. 2021 Billion-Dollar Weather and Climate Disasters

ODrought/Heat Wave QFIooding @Hail © Hurricane QTornado Outbreak GSevere Weather QWiIdﬁre

<. Winter Storm/Cold Wave

Central Severe Weather Midwest Derecho and
July 8-11 Tornado Outbreak

North Central
Severe Weather
August 10-13

Western Wildfires @
2021\

Ny

L Q December 15

@ Central Severe Weather
June 24-26

Ohio Valley Hail Storms
June 17-18

Southeast, Central
Tornado Outbreak

January 24-29

December 10

California Flooding H‘; Q :
and Severe Weather G\i 0

Western Drought @
and Heat Wave

@® CEastern Severe Weather
March 27-28

2021 A
Texas and Oklahoma

@ Southeast Tornadoes
and Severe Weather
March 24-25

Severe Weather
April 27-28

Southern Tornadoes and
Southeast Severe Weather
May 2-4

Hurricane Ida
May 17-18  August 29-September 1

Texas Hail Stormsl
April 12-15

Northwest, Central, Eastern
Winter Storm and Cold Wave
February 10-19

Louisiana
Hurricane Nicholas Flooding
September 14-18

25 NOAA map by NCEI www.climate.gov

\. Tropical Storm Fred
August 16-18

Tropical Storm Elsa
July 7-9

This map denotes the approximate location for each of the 20 separate billion-dollar weather and climate disasters that impacted the United States in 2021
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http://www.climate.gov/
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System Performance

Fuel Supply

Transition from Grid Power

Energy Supply

Emissions

Designed and maintained to run
continuously

Improved performance and reliability

Natural gas infrastructure typically
not impacted by severe weather

May be configured for “flicker-free”
transfer from grid connection to
“island mode”

Electricity
Thermal (heating, cooling,
hot/chilled water)

Typically natural gas fueled
Achieve greater system efficiencies
(80%)

Lower emissions

Backup Generation

Only used during emergencies

Limited by on-site storage — finite
fuel supply

Lag time may impact critical system
performance

Electricity

Commonly burn diesel fuel

# Better
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CHP is a Resilient Anchor for Clean Microgrids

Extreme
Flooding | High Winds | Earthquakes| Wildfires Snow/lce Temperature
= CHP provides efficient,

o or Storm Events
resilient, baseload power -)XG
and localized thermal

Natural Disaster

energy Battery Storage
= CHP supports increased Biomass/Biogas

integration of renewable i

energy sources Distributed Solar
= Storage adds additional Distributed Wind

flexibility and can help

optimize CHP sizing and Natural Gas CHP

OOOO OO s

O
@,
S
S
Q
S

operation Standby Generators

= CHP supports the move
tOWa rd a reS i | i e n t, /::::rk l’):il:‘: ’cir:teer:iaa were used go estimate the
distributed, more i, They BoAs ?ﬁfni572'33:5&35&%%?“”

1. afuel supply interruption,
2. damage to equipment,

re n ewa b | e g ri d 3. performance limitations, or

4. aplanned or forced shutdown

indicates the resource is unlikely to experience
any impacts

indicates the resource is likely to experience one,
two, or three impacts

U.S. DEPARTMENT OF

e
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Pairing CHP with Renewables and Storage: Case Study

CHP can be a resilient base load anchor for
multi-technology microgrids, particiularly
those incorporating renewable generation
sources like solar PV or wind.

CHP paired with renewable DERs optimizes
overall emissions reductions and resilience.

N :

Net-zero fueled CHP can decarbonize United States Marine Corps Recruit Depot (MCRD) Parris
critical facilities that need dispatchable on- Island, SC, installed a hybrid microgrid including a 3.5 MW

site power for long duration resilience and natural gas-fired CHP system plus 5.5 MW solar photovoltaic
operational reliability arrays to provide secure and resilient energy. The site also

incorporated an 8 MWh battery-based energy storage
system, all of which are controlled by a microgrid control
system capable of fast load shedding.

critical infrastructure, cities, and communities

U.S. DEPARTMENT OF
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https://chptap.lbl.gov/profile/121/MCRDParrisIsland-Project_Profile.pdf

Investment Tax Credit Changes in IRA 2022

= Prior to 2022 Inflation Reduction Act

= 10% granted for newly installed CHP as well as improvements to eligible existing systems for taxable
entities. Combined efficiency = 60% unless the system is fueled by biomass.

= After 2022 Inflation Reduction Act
= CHP is still a recognized sustainable energy solution and was extended again in the Inflation Reduction
Act of 2022. Construction must be started before January 1, 2025.

= Base Credit - 6-30% for newly installed CHP systems regardless of fuel type

= Projects under 1 MW, or larger projects commenced less than 60 days after labor guidelines are developed, receive the full
30% credit

= Projects over 1 MW must meet prevailing wage and apprenticeship requirements’
= Bonus Credits - Domestic Content and Energy Community (additional 2-10% for each)
= Utility Interconnection Costs Now Eligible for Projects less than 5 MW
= Now eligible for non-taxable entities, including non-profits, state/local governments, etc.
= After 1/1/25, the Clean Electricity ITC takes into effect, replacing the traditional ITC.

= All generation facilities and energy storage systems that anticipate zero greenhouse gas emissions are eligible. Technology
agnostic.

https: // programs. dsireusa. org/system/program/ detail /658/ business—energv—investment—tax—credit—itc

— U.S. DEPARTMENT OF
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https://programs.dsireusa.org/system/program/detail/658/business-energy-investment-tax-credit-itc

Attractive CHP Markets

Industrial Commercial Institutional Agricultural
Chemicals Data centers Hospitals Dairies
Refining _ Hotels and casinos Schools (K-12) Concentrated
Food processing Multi-family housing Universities & colleges animal feeding
Petrochemicals Office buildings Wastewater treatment operations
Natural gas pipelines Refrigerated warehouses Landfills Greenhouses
Pharmaceuticals Restaurants Correctional facilities Wood waste
Rubber and plastics Supermarkets Government buildings (biomass)
Pulp and paper Retail Airports
Lumber/wood products Green buildings
53
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CHP TAP Technical
Assistance Services
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CHP TAP Role: Technical Assistance

Screening and
Preliminary
Analysis

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

55

Feasibility
Analysis

i

' Perform 31 Party reviews

of site feasibility
assessments: Estimates
on savings, installation
costs, simple paybacks,
equipment sizing, and

type.

Investment
Grade Analysis

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

Procurement,
Operations,
Maintenance,
Commissioning

Review specifications
and bids.

Better ~ (

Plants " CHP Technical Assistance Partnerships
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ldeal Conditions for a CHP System

1) Necessary conditions
v'High Electric Usage

v'Coincidental thermal load

v'High hours of operation

2) Equipment replacement

v'Older Back-up Generator
v Replacing Chillers
v Replacing Boilers

56

3) Customer motivation
v’ Utility cost
v Power reliability
v Waste heat or biofuel untapped resource
v'Sustainability & environmental

v'Plans to expand facility

4) Other factors

v' EE measures already implemented
v’ Centralized HVAC

T
#Better ¢ ‘ _ _
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DOE TAP CHP Screening Analysis

= High level assessment to determine if
site shows potential for a CHP project

= Quantitative Analysis
= Energy Consumption & Costs
» Estimated Energy Savings & Payback
» CHP System Sizing

= Qualitative Analysis
» Understanding project drivers
» Understanding site peculiarities

Annual Energy Consumption

Purchased Electricty, kWh
Generated Electricity, kWh
On-site Thermal, MMBtu
CHP Thermal, MMBtu
Boiler Fuel, MMBtu

CHP Fuel, MMBtu

Total Fuel, MMBtu

Annual Operating Costs

Purchased Electricity, $
Standby Power, $
On-site Thermal Fuel, $
CHP Fuel, $
Incremental O&M, $
Total Operating Costs, $

Simple Payback

Annual Operating Savings, $
Total Installed Costs, $/kW
Total Installed Costs, $/k
Simple Payback, Years

Operating Costs to Generate
Fuel Costs, $/kWh
Thermal Credit, $/kWh

Incremental O&M, $/kWh

Total Operating Costs to Generate, $/kWh

Base Case CHP Case
88,250,160 5,534,150
0 82,716,010
426,000 18,872
0 407,128
532,500 23,590
0 969,845
532,500 993,435
$7,060,013 $1,104,460
$0 $0)
$3,195,000 $141,539
S0 $5,819,071
$0j $744,444
$10,255,013 $7,809,514
$2,445,499
$1,400|
$12,990,000
5.3
$0.070)
($0.037)
$0.009

$0.042

-
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CHP Screening Analysis Considerations

What are Next Steps & Go / No-Go Decisions?
Go / No-Go

= Determined from Site Requirements, most common include:
= Payback Threshold
= CapEx Threshold
= Annual Savings
= Resiliency Improvements
» GHG Reductions
= Other, site specific categories

Next Steps

= Advanced Technical Assistance if site requirements are met i.e. CHP is designated
as “qualified”

EEEEEEEEEEEE
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Advanced Technical Assistance Examples

= 15-Min Performance Model

* Financial Pro-Forma (NPV, ROI, etc.)

» GHG Analysis

= Utility Rate Analysis (Standby Rates)

= Thermal use determination (what to do with the heat)

» |nstallation cost estimation (Equipment Budgetary Pricing)
» Biogas Analysis (Cleanup Equipment Required)

» RFP/RFQ Assistance

= 3rd Party Review

» Other, as-needed analysis
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DOE CHP Resources

(betterbuildingssolutioncenter.energy.gov/chp)

The CHP TAPs are available to guide clients through the following DOE and other resources
DOE CHP/Microarid
Installation Database

Packaged CHP
eCatalog

DOE CHP Technologies
Fact Sheet Series

State of CHP
Pages

PACKAGED CHP

SYSTEMS:
RIGOROUS RECOGNITION
PROCESS

Ty M

DOE Project Profile

DOE Policy /
Database

Program Profiles

DG for Resilience
Planning Guide

CHP Issue Brief
Series

— fBetter  DISTRIBUTED GENERATION 0G)
I!b‘\ P QBuildings’ o esiience pLannnG GUIDE
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Homework Questions

1. Briefly describe why CHP is the most efficient way to use fuel.

2. When converting fuel to electrical energy, approximately how
much energy is lost as heat?

3. What CHP Prime Movers are best suited to provide hot water?
Which can best provide high pressure steam?

4. List a few site conditions that would be ideal for a CHP system.
5. What is the difference between resilience and reliability?
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CHP Systems Virtual In-Plant Training Agenda

Session 1: Fundamentals of CHP Systems. (10:00 - 12:30 PM E.T.; November 29; Tuesday)

e Introduction to the DOE CHP Technical Assistance Partnerships (TAPs) Program: outreach, engagements,
and education.

e Fundamentals of CHP: overview, concepts and benefits of CHP, major components and technologies of
CHP, and calculating the efficiency of CHP systems.

e DOE Packaged CHP Systems e-Catalog: use and navigation of e-Catalog, comparison of CHP systems.

e Current and Future Trends: emerging markets, decarbonization, resiliency, renewable and low/no carbon
fuels, and federal funding.

Session 2: CHP Project Screening. (10:00 - 12:30 PM E.T.; December 1; Thursday)

e Favorable conditions for CHP application
e The process and required data points for CHP project screening

e What is next after project screening?

Session 3: CHP project implementation. (10:00 - 12:30 PM E.T.; December 6; Tuesday)

e Project development options
e Project Implementation

e  Microgrid/utility Integration
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CHP Systems Virtual In-Plant Training Agenda (cont.)

Session 4: Success stories and Case studies (10:00 - 12:30 PM E.T.; December 13; Tuesday)

e What makes for a CHP success story?

e CHP Case Studies|

Perdue Farms, Cromwell, Kentucky - Food Processing, Renewable Energy
Shaw Industries, Columbia, South Carolina - Chemicals

Penn Medicine Princeton Health, Plainsboro, New Jersey - Resilient Microgrid

Durham Advanced Wastewater Treatment Facility and Gresham Wastewater Treatment Plant,
Oregon - Resilient and Renewable

© O O O

e Measuring outcomes from CHP
e Available Resources and Support (including CHP Project Profile Database)

Session 5: Virtual Reality Demonstration for CHP and Participants Presentation; (10:00 - 12:30 PM E.T,;
December 20; Tuesday)

e Use Oculus to demonstrate real CHP systems

e Discussions on the use of virtual reality as a learning and teaching tool for CHP systems

e Participants share their findings from the CHP screening, optimization, and what they have learned
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Summary

CHP gets the most out of a fuel source, enabling
= High overall utilization efficiencies

» Reduced environmental footprint through low-carbon fuels
» Reduced operating costs

The National CHP eCatalog offers lower perceived risk of CHP in non-traditional markets,
also reduced cost and lead time.

An increasing number of CHP systems can run on low-carbon fuels including RNG and
Hydrogen
Incentives are a crucial part to CHP implementation

CHP can be utilized in various market sectors and for different strategies including resiliency
and reliability.

The CHP TAPs can assist potential CHP projects at no-cost offering unbiased technical
assistance and resources from initial screening through installation.
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Next Steps

Contact your Regional CHP TAP for assistance if:

= You are interested in having a “no-cost” Qualification Screening performed to
determine if there is an opportunity for CHP on-site.

* |f you have an existing CHP plant and are interested in expanding the plant.

* |f you need an unbiased 3rd Party Review of a CHP proposal.

_—
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Thank You
Y 4

| |
ﬂ/ Questions? 7 (/ 2
; o
l.._
/ ’ 0O / ’ Z
— New England CHP TAP: N - ®
CHP Dr. David Dvorak (207)-581-2338 CHP
TECHNICAL ASSISTANCE dvorak@maine.edu TECHNICAL ASSISTANCE
PARTNERSHIPS Kyle Rooney (207)-581-2756 PARTNERSHIPS

Kyle.Rooney@maine.edu

s

Midwest & Central CHP TAPs:
Cliff Haefke (312) 355-3476

chaefk1@uic.edu
Graeme Miller (773) 916-6019

gmille7@uic.edu

For more information about the CHP TAPs:
https://betterbuildingssolutioncenter.enerqgy.gov/chp/chp-taps
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