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What is CHP and How Does it Increase

Resilience?
What is CHP?

= CHP, or cogeneration, is the production of electricity and capture of waste heat to
provide useful thermal energy for space heating, cooling, DHW, or industrial processes
(recip. engines, steam turbines, microturbines, fuel cells)

How Does CHP Increase Resilience?

= [For end users:

=  Provides continuous supply of electricity and thermal energy for
critical loads Traditional System CHP System

= Can be configured to automatically switch to “island mode”
during a utility outage, and to “black start” without grid power

= Ability to withstand long, multiday outages
=  For utilities:

Power Plant Electricity

= Enhances grid stability and relieves grid congestion o -
ea
= Enables microgrid deployment for balancing renewable power
and providing a diverse generation mix @ - @ -
Efficiency Efficiency

=  For communities:

= Keeps critical facilities like hospitals and emergency services
operating and responsive to community needs
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CHP for Resiliency Accelerator

: QiBetter 0@ s
" Purpose: 4 Buildings’

* [ncorporate consideration of CHP
into resiliency planning efforts at
the city, state, and utility levels

] COI I a b O ra‘te With Pa rtn e rs to : - : o .. ' . The Combined Heat and Power (CHP) for Resiliency Accelerator will support and

expand the consideration of CHP solutions fo keep critical infrastructure operational every

SOLUTIONS

day and night regardless of external events. As a collaborative effort with states,

- ASSGSS O p po rtu n iti eS fo r C H P to L Z communities, o ies, and other stakeholders, Partners will examine the perceptions of CHP
”

cy planners, identify gaps in current technologies or information relative to

resiliency needs, and develop plans for communities to capitalize on CHP's strengths as a

m a i n ta i n C ri ti Ca I O p e rat i O n S | Eq ir:flli::\tt;:l,j;:-?:e.efﬁciency, lower emissions electricity and heating/cooling source for critical
= Document Partner process for

. g Get Involved Accelerators News DG for Resiliency Guide
re p | I Ca b I | Ity Better Buildings programs host interactive The latest Energy Department breaking This guide provides infoermation and
webinars featuring a variety of news, announcements, and updates resources on how Distributed Generation
topics exploring cost-effective ways to featuring Better Buildings Accelerators. (DG), with a focus on CHP, can help

integrate energy savings into their daily communities meet resilience goals and

[ | Key M ate rl a I S D eve I O p ed : building operations. ensure critical infrastructure remains

operational regardless of external events.

DG for Resiliency Planning Guide

CHP for Resiliency Screening Tool

DER Matrix — Issue Brief https://betterbuildingsinitiative.energy.gov/accele
rators/combined-heat-and-power-resiliency

B obh=

Partner Profiles
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The Distributed Generation (DG) for Resilience

Planning Guide

= Web-based guide that provides information and resources on how
distributed generation (w/a focus on CHP), can help communities meet
resilience goals and ensure critical infrastructure remains operational
regardless of external events.

Better DISTRIBUTED GENERATION (DG)
Buildings® for RESILIENCE PLANNING GUIDE

U5, DEPARTMENT OF ENERGY

HOME DECISION MAKERS UTILITIES TAKE ACTION

101 BASICS:  CRITICAL INFRASTRUCTURE (C1) COMBINED HEAT & POWER (CHP)  SOLAR + ENERGY STORAGE  MICROGRIDS  APPLYING CHPINCI  CASE STUDIES

INTRODUCTION

EREGICE A CL | Site Map

THE DG FOR RESILIENCE PLANNING GUIDE

The Distributed Generation (DG) for Resilience Planning Guide provides information and resources on how DG, with a focus on combined heat and power
(CHP), can help communities meet resilience goals and ensure critical infrastructure remains operational regardless of external events. If used in
combination with a surveying of critical infrastructure at a regional level, this guide also provides tools and analysis capabilities to help decision makers,
policy makers, utilities, and organizations determine if DG is a good fit to support resilience goals for critical infrastructure in their specific jurisdiction,
territory, or organization.

Available at: https://resilienceguide.dg.industrialenergytools.com/
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Two Main Sections to the Guide

= Stakeholder Action = 101 Pages: Background
Pages Information
: D§§I§I0n Makers = Critical Infrastructure
= Utilities | = Combined Heat and
= Take Action Power
m Resou.rce Library » Solar + Energy Storage
* |nformation and = Microgrids
resources for resiliency « Applying CHP in Critical
planners to actively Infrastructure

use to incorporate
CHP in their planning
process.

= Case Studies
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Take Action Page

* Provide user with an efficient approach to quickly assess a critical
infrastructure portfolio for potential DG deployment, and/or;

= Provide a framework for reviewing existing resiliency strategies and
policies, and developing new programs.

Table 2. Critical Infrastructure Sub-Sectors Conducive to CHP

« Steps 1 & 2: Identify and Rank Cl Sectors and Subsectors
CondUCive to DG TeChnOIOQies Information Technology Data Centers
— Provides users with criteria for identifying and prioritizing Cl sectors conducive to ..o racies gsﬂzﬁimnmmes
DG teChn0|OgIeS Military Bases

« Step 3: Individual Site Assessments and Next Steps

Water and Wastewater Systems ~ Waste Water Treatment Plants

— Individual Site Assessments: Tools that can be used to perform individual site

Foaod Processing

assessment of DG technologies are provided for users: Food and Agriculture Foos Dt Centrs
» CHP Site Screening Tool —— Lodng
ly Buildings
« Solar + Storage Screening Tool
° M icrog ri d M Od el i n g TOO I S Healthcare and Public Health E:z;wi;z\:efs::zrmaceunca\s
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CHP for Resilience Screening Tool

Allows users to screen and rank individual sites or portfolios of buildings based
on a variety of resilience metrics and their suitability for CHP

/ 5 E \ / 7 \ / Stoplight Screening \
Resiliency Screening CHP Screening
Assessment
Inputs: User-defined critical Inputs: Resiliency score (from resiliency
infrastructure ranking criteria, as well as screening), site location, energy
microgrid and load factor ranking consumption data, and energy price

assessments data

A 4
h 4

This site has medium potential for CHP,
contact your CHP TAP for more information

Results: Users receive a resiliency score, ) ,
. . Results: Estimated CHP size and
microgrid score, load factor score,

; : i stoplight screening assessment (taking
historical CHP uptake, and combined : T £ :
B! into account resiliency screening) Limited CHP Potential
\ total resilience score / \ / \ /

Resiliency Screening Factors: Government Continuity, Locational Ranking,
Leverage/Scalability, Life Safety, Economic Impact, Microgrid, and Load Factor

Access the tool at the accelerator website under “Featured Resources’:
https://betterbuildingsinitiative.enerqgy.qgov/accelerators/combined-heat-and-power-resiliency
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Issue Brief — Examining the Performance

of Different DERSs in Disaster Events

ek o s v s
D s L e e
g T

Saiamn B

DERSs are impacted by — © |
various types of natura = ko -

| ]
] E X | ores h ow d ITerel It
U.S. 2017 Billion-Dollar Weather and Climate Disasters v

. . . A 9 L
I S a S e rS O O I I I I Be“er communications ability and energy storage coupled
) I Brief with generation technologies.
Buildings’ ssue Brie Thefolluing secons summarizeoveal
o abservations about each DER technology’s
DISTRIBUTED ENERGY RESQURCES DISASTER MATRIX O e oy Tanle 3 S Highs

winds, extreme
temperature, etc.

= Goal: To assist

How Do Natural Disasters Impact DER
Performance?
Widespread electrical outages are becoming
more prevalent in the United States, typically
causs weather-related events. As shown in
Figure 1 on the following page, in 2017 alone,
communiies across the country were impacted
by 16 separate billion-dollar weather-related
disaster events, leading to a growing need to
protect against the risks of these disruptions.

To address the increased risk of electricity
system outages, communities and businesses
are increasingly exploring options to invest in
distributed energy resources (DERs) that can be
strategically deployed to continue operafions or
restore power quickly in critical areas. Examples
of different types of DERs include solar
photovoltaic (PV), wind, combined heat and
power (CHP), energy storage, demand
response, electric vehicles, microgrids, and
energy efiiciency

This issue brief explores how different DERs are

impacted by various types of natural disasters to
assist stakeholders in evaluating the technology
options best able to meet their resilience:
Ezch DER technology brings different
and performance characteristics, as
Table 1 The combination of a
contmllzble ‘source of generation, such as CHP,
rgy storage, along with the integration of
v DERSs, is most likely to deliver an
optimal source of resilient power.

(O ndests e s s mhay o eparince

indisates the resource s ikely fo experience ane,
b, or hees mpacts

@ iz e resouee el o sperence o
impacts

design strategies that could lower potential risks
from disaste svants iscussed.

Battery Storage
Battery storage commercialization is relatively new,
and therefore many considerations r

resilient operations and performance during
disaster events have not been widely
demonstrated. Standard enclosure designs
generally protect batteries from extreme conditions.
For example, two 10 MW battery systems in the
Dominican Republic helped the grid operator

maintain operations during high winds and heavy
rain from Hurricane's Irma and Maria, when nearly
half of the island's power plants stopped working.
The Andres array (pictured in Figure 2) is a 30-
minute duration storage system housed in a
building enclosure in Santo Domingo that helped
stabilize volatle fluctuations in grid frequency
during the storm.®

Savere.iorm.condiions

] ]
S t e O e rS I n e V t I n Table 1. Matrix of DER Vuinerability to Weather Events
Exreme | ENERGY
da dlua

Natural Disaster

the technology options
best able to meet their
resilience priorities

or Storm Events

Battery Storage
BiomassiBiogas
cHP

Distributed Solar
Distributed Wind

Natursl Gas CHP

(Dele/® iy ) §

Standby Generators

. o
@ @)
(] =)
=) =)
e Q

O

* Nationsl Oceanic ang Atmospheric Administraion, Cimate. January 8. 2018. 017 U.S. bilion-dolsr westher and cimate disasters: 3

Design and.

Leam more at energy.govibetterbuiidings
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Matrix of DER vulnerability to weather events

Extreme
Flooding m Earthquakes, Wildfires

Natural Disaster
or Storm Events

Battery Storage

Biomass/Biogas
CHP

Distributed Solar

Distributed Wind

Natural Gas CHP

OeJeIeXHI) (352
QO0O00O
OQOQOOOO

Standby Generators
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Natural Disaster or
Storm Event

Design considerations and other

strategies to increase resilience of DERs

Resource

Battery Storage

» Elevate equipment above
flood and storm surge levels
» Use NEMA-rated
enclosures that protect
againstwater damage

» Factor equipment repair or
replacemert in O&M plans

® Use NEMA-rated
enclosures to minimize
exposure to debris

» Design EMS or protection
systems to shut down at
harmful wind speeds or
condtions.

» Utilize shock-mount system
enclosures to maintain
integrity of individual syste m
components

® Use built-in fire suppression
system

= Design enclosures to
withstand snowfice loads

= Design with sealings and
venting to address noisture
= Use NEMA-rated
enclosures to minimize
exposure to moisture

» Design protection or EMS
to withstand extreme
temperatures

= Design systemto shut down
to protect component inte grity

Biogas/Biom ass CHP

» Elevate equipment and
biomass stockpiles above
flood levels

» For biogas. coordinate with
the wastewater tre atment on
potential planned shutdowns

= For biogas, use rigid covers
to protect digester tanks

» For biomass, cover or
protect onsite fuel supply
stockpiles

= Maintain industry standards
for facilities sited near
seismic activity

» For biomass, use
enclosures, fire protection. or
containment strategies for
fuel supply.

» Design with proper freeze
protection

» Protect biomass stockpiles
fromexcess snowand ice

= Use heating jackets
designed for optimal
temperatures and adequate
thermal management systems
® Ensure systems are
designed for regional
temperature ranges

Distributed Solar

» Design systems and
framing for easy runoff and
drainage, especially for
conmercial rooftop systems
with flat roofs

= For ground mount, avoid
siting in flood zones

» Use secure, flush-mounted
systems for rooftop solar

® Use flexible racking and
anchoring systems

® Maintain ASCE standards
for rooftop systems based on
expectedwind loads

» Ensure roof mount design
meets ASCE building code for
seismic areas

= If ground-mount. site in
open areas away from
flammeble material (rees,
shrubs, etc.)

» Manually remove snowfice
to clear panels

« Automonous mechanical
cleaning (tiled removal)

» Install bifacial systems
capable of absorbing
irradiance on the back or front
of rane!

® Site systems in applicable
weather conditions

= Enhance design to
maximize cooling and airflow
in order to ensure optimal
temperature conditions for
modules and electrical
comnanents (inverters)

Distributed Wind

» Design foundation for
condtions in high water table
» Elevate controls and
electronics above flood and
storm surge levels

= Use site drainage strategy

= Include de sign features and
braking procedures to
withstand hurricane force
winds (feather blades, lock
rotors, change orientation,
etc.)

» Design systems for ground
acceleration rating based on
typical seismc activity

= Extend gravel apron around
base of turbine

= Install electro-thermal ice
protection systems

= Use ice-resistant coating on
blades

« Design uninterruptible
power supplyto operate within
adequate terrperature range
* Add on "cold weather

packages”

Natural Gas CHP

= Elevate equipment above
flood and storm surge levels

® Locate systems indoors or
protectwith containers
designed to withstand high
wind and debris

» Shock-rount system
enclosures

» Maintain industry standards
for pipelines sited near
seismic activity

® Use fire protection systems
for above-ground facilities
associated with gas delivery
networks

= Mo additional design
consideration needed

= To ensure fuel availability,
purchase "firm supply” to
avoid curtailment

Standby Generators

» Elevate equipment above
flood and storm surge levels
= Store enough fuzl onsite to
avoid deliveryissues

= Locate systems indoors or
protectwith containers

de signed to withstand high
wind and debris

» Purchase an earthquake-
resistant model (IBC certfied;
subject to shake table testing)

= Ayoid siting in areas prone
to wildfire:

= Store enough fuel onsite to
avoid delivery issues

= Store enough fuel onsite to
avoiddelivery issues

» Check generator batteries
during cold weather

= Enclose the systemto
protectfrom temperatures.

« Store "winter diesel" fuel in
cold climates with additives to

prevent geling

U.S. DEPARTMENT OF

‘ Better Buildings’
‘CHALLENGE

U.S. DEPARTMENT OF ENERGY

ENERGY



Partner Profiles

= Summary of individual partner
aChlevementS th rOug hOut the CHP FOR RESILIENCY ACCELERATOR PARTNER PROFILES

The partner summary table highlights key partner accomplishments, initiatives, and related to i planning, and ir g CHP

or DG programs or projects. Please click on an individual partner to see more information in their individual partner profile. Partner profiles were

a ' ' e I e ra tO r a l I d fl l tl l re p I a | I S completed through multiple interviews with each partner listed below and focus on 4 aspects: 1.) Resilience Planning, 2.) Program or Project

Implementation, 3.) Lessons Learned, and 4.) Additional Information.

Pariner Name er Type Key Accomplishments

Coordinated a pilot project for a multi-user CHP district energy

= Short profiles containing: e

N R Helped develop toolkits and initiatives focused on resilient healthcare
Healthcare Without Harm Non-Profit Organization N
facilities for the US Department of Health and Human Services’ (HHS)

1. Partners’ approach to resiliency ...

microgrid to connect and power critical and community facilities

.
" L - Organizes stakeholder engagement events that highlight the
a n n I n International District Energy Association ~
Non-Profit Organization  importance of CHP, microgrids, and district energy in increasing energy

(IDEA .
resilience
H o ) Administers a CHP grant program designed to encourage the growth of
ro ra I I l O r ro e C Maryland Energy Administration State Agency
" CHP to improve end-user resilience throughout the state
Massachusetts Department of Energy Provided project implementation support to add resiliency capabilities

im p lementation related to Resources Stats Agncy focloan anetgy toohnologice o hosprls

Increasing the capacity of cogeneration units at two wastewater

‘ H P/ D G Miami-Dade Water and Sewer Department City facilities studying of individual facilities to evaluate CHP and DER
options

Missouri Department of Economic State A Collaborated with Spire on several initiatives, such as co-hosting CHP
ate Agenc
3 I e S S O n S I ea rn e d a n d f t re Development, Division of Energy gency summits focused on energy resiliency for critical facilities
- u u

Leading implementation of two pilot projects to enhance resiliency of
Montgomery County, MD County ~
individual facilities and the electric system with CHP

p I a n S Facilitated the interconnection of 900 MW of DERSs for customers, and

4. Additional resources and
information

Better Buildings U.S. DEPARTMENT OF

CHALLENGE ENERGY



CHP Technical Assistance Partnerships

TAPs) Are Here to Help

Northwest WA, OR, ID, AK

www.northwestCHPTAP.org

David Van Holde, P.E.
Washington State University
360-856-2071
VanHoldeD@energy.wsu.edu

Westemn
www.westernCHPTAP.org

CA, NV, AZ, HI

Gene Kogan
Center for Sustainable Energy
B858-633-8561

gene.kogan@energycenter.org

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

Gavin Dillingham, Ph.D.

HARC

281-216-7147
gdillingham@harcresearch.org

Southcentral TX, NM, OK, AR, LA
www.southcentral CHPTAP.org

Gavin Dillingham, Ph.D.
HARC

281-216-7147
gdillingham@harcresearch.org

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

Cliff Haefke

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

Central
www.central CHPTAP.org

NE, 1A, KS, MO

Cliff Haefke

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

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
tbourgeois@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

jdfll@psu.edu

Southeast Ky, N, NC, SC, GA, FL, AL, MS
www.southeastCHPTAP.org

Isaac Panzarella, P.E.

MNorth Carolina State University
919-515-0354
ipanzarella@ncsu.edu
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Questions?

?

Anne Hampson
Anne.Hampson@icf.com
703-934-3324
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