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Presentation Overview

DOE CHP TAP Deployment Program
Overview of Combined Heat & Power (CHP)
Woody Biomass Market

Working with the Western CHP TAP

Next Steps and Questions
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U.S. DOE CHP Deployment Program

Market Analysis and Tracking — Supporting analyses of CHP market
opportunities in diverse markets including industrial, federal,
institutional, and commercial sectors.

Technical Assistance through DOE's CHP Technical Assistance
Partnerships (CHP TAPs) — Promote and assist in transforming the
market for CHP, waste heat to power, and district energy with CHP
throughout the United States www.enersy.gov/chp

Combined Heat and Power (CHP) for Resiliency Accelerator - A — S
Collaborating with Partners to support consideration of CHP and other | f== "%
distributed generation solutions for critical infrastructure resiliency "

planning at the state, local, and utility levels

DOE eCatalogue Packaged CHP System Accelerator - Increase CHP
deployment in underdeveloped markets with standardized, and
warrantied packaged CHP systems driven by strong end-user
engagement via Market Mover Partners, such as cities, states, and
utilities
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CHP Technical Assistance Partnerships (CHP TAPSs)

Northwest Upper-West Midwest

Ak \ CO, MT NDL SO, UT, WY L, IN, MI, MM, OH, W
www.nwchptap.org www.uwchptap.org www.mwchptap.org

David Van Holde, PE. Gavin Dillingham, Ph.D. CIiff Haefke New England
Washington State University HARC University of lllinois at Chicago CT. MA, ME, NH, RI, VT
360-956-207M 281-216-7147 212-355-3476 WWW.
VanHoldeD@energywsu.edu gdillinghamd@harcresearch.og chaefkel@uic.edu Lo o] L

David Dvorak, Ph.D., PE.
University of Maine
207-581-2328
dvoraki@maine.edu

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

Tom Bourgeals

Pace University
4-422-4013
thourgeois@law.pace.adu

Mid-Atlantic
DC, DE, MD, PA, VA, WV
www.machptap.org
Jim Freihaut, Ph.D.
The Pennsylvania State University
814-863-0083
jdffl@psu edu

Southeast

AL FL, GA, KY, M5 NC PR, 5C
www.sechptap.org

|saac Panzarella, BE.
North Carcling State University

W mn Southcentral ntral
AZ, he.ﬂ ﬁ, NV AR, LA, NM. OK, TX ucre r|1: :‘?N E 8-S 5’3354 g
www.wchptap.org www.scchptap.org www.cchptap.org ipanzarella@ncsu.edu
Shawn Jones Gavin Dillingham, Ph.D. CIIff Haeflke
Center for Sustainable Energy HARC University of lllinois at Chicago
858-633-8739 281-216-7147 312-355-3476
shawn jones@eneryyoenterong gdillingham@harcresearch.org chaefkel@uicedu
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CHP: A Key Part of Our Energy Future

Form of Distributed Generation Timbional Ryswm RHESystem
(DG)

Power Plant EIectrICIty |

: - #

EfflClency

An integrated system

Located at or near a
building / facility

Provides at least a portion of the

electrical load and
EfflClency

Uses thermal energy for:

O Space Heating / Cooling CHP provides efficient,

0 Process Heating / Cooling clean, reliable, affordable

energy — today and for the
0 Dehumidification oture

Source: www.energy.gov/chp
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Defining Combined Heat & Power (CHP)

Conventional CHP

(also referred to as Topping Cycle CHP or Direct Fired CHP)

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

ﬁ Steam or Hot Water

Unit

Cooling/Heating

Hot Exhaust
Gases

Building
or

Electricity = Facliity

Generator

CHP Energy Efficiency (Combined heat and power)
70% to 85%

Separate Energy Delivery:

* Electric generation —33%
* Thermal generation - 80%

¢ Combined efficiency —45% to 55%
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Which CHP Technology Fits My
Energy Loads?

ll[”
(4 1,

Steam Turbines (50 kW — 250 MW)

S \‘1!1"'* \ Y

Fhoto courtesy of Siemens

Microturbines (30 kW — 1 MW)

Photo courtesy of Solar Turbines

Fhoto courtesy of Caterpillar

Fuel Cells (5 kW — 3 MW)

Photo courtesy of Venzon Communicalions

! I l l [ [ l l
5 kW 50 KW 100 kW 1MW 3MW 10 MW 250 MW 300 MW

*Ranges not drawr o scale Source: DOE CHP Technology Fact Sheets
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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 all pollutants

CHP can also increase energy reliability, resiliency and
enhance power quality

-,

' @
y s\y CHP Technical Assistance Partnerships 8
-



CHP Today In the United States

Other Other/Unknown
Comm./Inst. 0.2%

8%

= 81.1 GW of installed CHP at more
than 4,500 industrial and
e commercial facilities

District Energy
4%

Utilities

4%
= 8% of U.S. Electric Generating

Capacity; 14% of Manufacturing

Other Industrial
12%

= Avoids more than 1.8 quadrillion
Btus of fuel consumption annually

Primary Metals

3% = Avoids 241 million metric tons of

CO, compared to separate
Refining production

Food Processing
6%

19%

Pulp & Paper
13%

Source: DOE CHP Installation Database (U.S. installations as of December 31, 2018)
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Opportunities for Woody Biomass CHP

Pulp and Paper Mills
Lumber Mills

Furniture Factories
Lumber Treatment
Woody Biomass Drying

)
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Woody Biomass CHP Example-

Roseburg Biomass CHP

Roseburg Forest Products include
engineered wood, lumber, softwood
plywood, composite and hardwood
panels, decorative laminate and
wood pellet fuel

Boiler/steam turbine CHP plant at
Weed, CA facility was upgraded in
2014 with a superheater and
emission controls producing 12 MW

Excess power is sold back to the grid

Steam is used in processing the
plant’s veneer

o
y b\’ CHP Technical Assistance Partnerships 1
w



Western CHP Woody Biomass
Technical Assistance Recipients

Recipient Site Type of Service
Sierra Forest Products Terra Bella Lumber Yard Qualification Screening
Camptonville Community | Celestial Valley Site Qualification Screening;
Partnership Feasibility Study
HomeFriends Properties, Mad River Sawmill Qualification Screening;
Inc. Adv Technical Assistance
Atlas Carpet Mills Los Angeles furniture Qualification Screening;
factory Adv Technical Assistance
Yosemite Clean Energy Sierra Nevada mountains Feasibility Study
bioenergy center

A
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Net MWh

Biomass Trends in California

California Biomass & Waste-to-Energy Electricity
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California’s Biomass Resources

Biomass Resources by Type

Gross resource — 78 million bone dry tons per year
(BDT/y)

Biomass considered to be available on a technically
sustainable basis — 35 million BDT/y

Gross electrical generation potential = 9,900 MWe
= Agriculture — 2,300 MWe
=  Forestry — 3,500 MWe

= MSW -3,900 MWe

Biogas potential from animal manures, landfill gas, California Gross Biomass Resource Potential
anaerobic digestion of food, leaves and grass from A, e T

MSW disposal stream, and wastewater treatment
plants = 93 billion cubic ft/year

Animal Manure

11,650,000
Orcard and Vine
Forestry - 2,920,000
26,800,000 L =

Field and Seed
4,500,000

Report from CEC-funded Resource Assessment with
California Biomass Collaborative, UC Davis.
Published March 2015

Vegetable
1,380,000
Food Processing

Source: https://biomass.ucdavis.edu/wp- oo

content/uploads/CA Biomass Resource 2013Data CBC Task3 DRAFT.pdf
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Emergency Proclamation due toTree
2012 - 2015

TREE MORTALITY Mortality

" FROM DROUGHT AND ¥

] Tree
| I 7ree Montality From Drought: 2012 Year

I Tree Montaty fom Wifre: 2012 MOl‘tality
] conees

On October 30* 2015, Governor Jerry Brown issued an Emergency

Declaration, and called for action to safely remove dying trees,
2010 3 1 million particularly in the high risk zones of communities near forested areas.

2011 1.6 million

2012 1.8 million |,
2013 1.3 million {88
2014 3.2 million ¥
. i 2015 29 million
Vs, o 2016 | 62 milkion

l 2017 27 million
. ':I.‘."'\'I Is",._-:u;)\

Source: California's Tree Mortality Task Force (https://www.fire.ca.gov/treetaskforce//)

¢
y ‘ CHP Technical Assistance Partnerships 15
- 4



Woody Biomass Technologies

Gasifier and Engine or Turbine Boiler and Steam Turbine

BIO-MASS

Exhaust
CONDENSATE FUELIN GQS
"“'\ GASIFIER
CLEAN GAS
— FLARE OFF
RAW GAS
FLARE OFF
CYCLONE
v
g Emission
o Control e
%;LWE:HIHERJ A :{:;j Equipment Steam Generator » Electric
GENERATOR || =] "pning Turbine Power
SAFETY /
FILTER ZiS =t L’ Steam for
sam Process Applications
| PARTHOLY ‘—}
3 D =
Feedwater Return
g i o i S i A e R
- ————— _:‘rN' Air —»- from Process
= I [ Fuel —pm| |CI Buoiler
COOLING POND -O" or HRSG

Schematic diagram of the Johansson Biomass Gasifier Typical Boiler / Steam Turbine Configuration
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California Bioenergy Demonstration and Deployment

= Applied R&D for thermochemical conversion and innovative approaches

Decision Support for Siting Bloenergy
¢ Robust web-based facility siting

application o
* Quick economic feasibility and = o
environmental performance of s o

potential bioenergy facility

Powertainer + Gasification PIatform

e Multi-modal power and products to
process forestry waste

e Scale-up of Powertainer to 210-250
kW with combined heat and power I
module B

EPIC Bioenergy
Projects that Target
Tree Mortality

Locsns FERORAD pnce
try

Legend

O AR&D Projects

@ ARSD Projects in DAC
# O TD&D Projects

' Tier 1 High Hazard Zon

social al
the locations of CAL FIRE's
designated High Hazard Zones.

Altex
Sunnyvale, CA

Taylor Energy
Riverside, CA

Google Earth

FORPOWER Technology

* Modular power system to convert forest
slash to power at a viable cost

e Based on indirectly-fired gas turbine
system using a novel heat exchanger and
a gasifier

Taylor Energy’s Gasification

e Woody biomass gasification that uses
input of pulse-combustion and pulse
detonation to drive the process

* Intended for communities in the 3 MW
to 12 MW range

Source: “Bioenergy RD&D in Support of California’s Clean Energy Goal” Presentation by Rizaldo Aldas, PhD, Energy Research and
Development Division, California Energy Commission, DOE Bioeconomy Summit, November 2018

» -
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California Bioenergy Demonstration and Deployment

= Thermochemical conversion solutions to address tree mortality

EPIC Bioenergy & s 5 gt :

Projects that Target A~ " e B O AR&D Projects
Tree Mortality i e v Y © ARSD Projects in DAC

Locations of EPIC R&D projects . T ¥ O TD&D Projects
focusing on using foresiry resicue ! g
associated with trae mortalty, and . - mpt ; b '. Tier 1 High Hazard Zones
the locations of CAL FIRE's 2 5 e sl gl 7 Tier 2 High Hazard Zones
designated High Hazard Zones. £ 4 ! "

4 L oY LN AL,

(All Power Labs
Anderson, CA

UC Davis
Davis, CA

Altex
Sunnyvale, CA

Uraylor Energy
Riverside, CA

Google Earth

Burney-Hat Creek Bioenergy

* Rotary gasification system based on
rotary drum dryer design

| * 2.88 MW system consuming 22,000 BDT
per year of forest biomass

e Heat and biochar byproducts

Camptonville Biomass-to-Energy Project

* Integrates advanced emissions controls
and a state-of-the-art low water
condenser with boiler- steam turbine

* 3 MW system from ~ 30,000 BDT per
year of forest biomass

e Adapts GE’s integrated biomass
gasification system and engine

e 1 MW (will expand to 2 MW) system
using sustainably harvested forest
biomass

Mari

|

posa Biomass Project

S |« Implements bioenergy facility using
Cortus Energy’s WoodRoll gasification
technology

e Capacity of 2.2 using wastes from
forest management

Source: “Bioenergy RD&D in Support of California’s Clean Energy Goa

I” Presentation by Rizaldo Aldas, PhD, Energy Research and

Development Division, California Energy Commission, DOE Bioeconomy Summit, November 2018
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Woody Biomass CHP
IN California

Organization Name City Application Op year [Capacity (kW)| Primary Fuel
Mendota Biomass Power Mendota Agriculture 1993 25,000 Agricultural Residue
Thermal Energy Development LP Tracy Food Processing 1990 23,000 Agricultural Residue
Stockton Biomass Stockton Wood Products 2014 45,000 Wood & Ag Residue
Roseburg Products (Weed Cogen) Weed Wood Products 2011 10,000 Wood Waste

Big Valley Lumber (Forest Power) Burney Wood Products 1989 31,500 Logging & Mill Residue
Auberry Energy, Inc. /Yanke Auberry Wood Products 1985 7,500 Wood Waste
California Cedar Products Stockton Wood Products 1984 840 Wood Waste

Sierra Pacific Industries, Inc. Anderson Wood Products 2015 30,200 Logging & Mill Residue
Sierra Pacific Industries, Inc. Lincoln Wood Products 2004 17,000 Mill Residue

Sierra Pacific Industries, Inc. Quincy Wood Products 1999 27,500 Mill Residue

Sierra Pacific Industries, Inc. Burney Wood Products 1986 20,000 Mill Residue

Sierra Pacific Industries, Inc. Sonora Wood Products 1981 7,500 Logging & Mill Residue
Collins Pine Company Chester Wood Products 1994 12,000 Wood Waste

Eel River Power (Scotia Cogen) Scotia Wood Products 1988 28,000 Wood Waste

Source: DOE CHP Installation Database (Accessed 01/02/2020)

Notes:

1. All operating CHP plants incorporate a boiler and steam turbine

2. Total CHP Capacity: 285 MW
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Pulp & Paper Facilities Powered by

Natural Gas-fueled CHP
Facility Name City Op Year [Capacity (kW)
Sierra Pine Martell 2005 4,500
Kimberly Clark Fullerton 2002 13,400
Procter & Gamble Plant Oxnard 1989 68,700
Simpson Paper Company Ripon 1988 49,500
New-Indy Containerboard Oxnard 1986 25,000
San Gabriel Pulp & Paper Mill Pomona 1986 36,000
New-Indy Containerboard Ontario 1985 36,000

Source: DOE CHP Installation Database (Accessed 01/02/2020)

Notes:

1. All operating CHP plants incorporate gas turbines

2. Total CHP Capacity: 233 MW
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Woody Biomass Electric Generation Incentives

=  Bioenergy Market Adjusting Tariff (BioMAT)

° 50 MW Capacity reserved for Woody Biomass; Most (47 MW) are for PG&E
territory

o December 2019 Price: $199.72/MWh
= 10% Federal Tax Credit (up to 15 MW) plus Accelerated Depreciation
=  Self-Generation Incentive Program
n Government Grants

° California Energy Commission
- No immediate plans for new biomass generation solicitation
- Butitsin the 2018 — 2020 EPIC Investment Plan

° US Department of Energy

- The Bioenergy Technologies Office (BETO) has published a Funding Opportunity
Announcement (FOA) titled "FY20 Bioenergy Technologies Multi-Topic FOA" to
support high-impact technology research and development

kY
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Best Candidates for CHP

Consistent source of organic matter to produce biogas
High and constant thermal load

Favorable spark spread

Need for high reliability

Concern over future electricity prices

Interest in reducing environmental impact

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

Procurement,
Feasibility Investment Operations,

Screening and
Preliminary

Analysis Analysis Grade Analysis Maintenance,

Commissioning

' ' i '

US DOE Quick screening Estimate - gnnual 3 Party review of Review RFP bids and
guestions with energy savings, Engineering Analysis. Specifications
CHP TAP spreadsheet installation costs,
Services: payback calculator. simple paybacks, Review equipment Limited operational
equipment sizing and sizing and choices. analysis

prime mover type.
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CHP Project Resources

DOE CHP Technologies
Fact Sheet Series

Good Primer Report

Combined Heat and Power

A Clean Energy Solution

August 201

) ENERGY SEPAZ=—

www.eere.energy.gov/chp
www.energy.gov/chp-technologies

y CHP Technical Assistance Partnerships
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CHP Project Resources

DOE Project Profile Database EPA dCHPP (CHP Policies and
Incentives Database)

- Mot et -

g
E & North Carolina State University
24

i(

Enviommental Tophcs  Lows & Regulations  Abowt EPA

Combined Heat and Power (CHP) Partnership

’ﬁ- . East B.{.]y - ::-l'—"h -
v  Municipal Utility District |-
1

dCHPP (CHP Policies and
Incentives Database)

energy.gov/chp-projects www.epa.gov/chpdchpp-chp-
policies-and-incentives-database

»
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CHP Project Resources

DOE CHP Installation Database Low-Cost CHP Screening and
(List of all known Other Technical Assistance from
CHP systems in U.S.) the CHP TAP

DOE CHP Technical Assistance Partnerships (CHP TAPs)

rWest

DOE CHP Deployment

Program Contacts
wwwenér gy gow/CHITAR

= Efficiency &
ENERGY | e St

energy.gov/chp-installs energy.gov/CHPTAP
» (‘/
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Next Steps and Questions?

Contact Western CHP TAP for assistance if:

Interested in having a Qualification Screening performed to determine

if there is an opportunity for CHP at your site

If you already have an existing CHP plant and are interested in

expanding it
Need an unbiased 3rd Party Review of a CHP proposal

Want to assess CHP potential at a site to provide resiliency to your

operations

Want to learn more about CHP or our program

=,
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WESTERN
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TECHNICAL ASSISTANCE
PARTNERSHIPS

Keith Davidson, Technical Consultant
kdavidson@de-solutions.com

Shawn Jones, Western CHP TAP Director,

Shawn.Jones@energycenter.org

http://www.wCHPTAP.org/

A program sponsored by

U.5. DEPARTMENT OF Emerg)r EmCIBnCY &
[ EN ERGY Renewable Energy ]

www.energy.gov/chp
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