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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

WWW.energy. gov/ chp

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.
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DOE CHP Technical Assistance Partnerships (CHP TAPS)

Midwest

Northwest
AK, ID, OR, WA
www.nwchptap.org
David Van Holde, PE.
Washington State University
360-956-2071
VanHoldeD@energywsu.edu

Upper-West
€O, MT, ND, SD, UT, WY
www.uwchptap.org

Gavin Dillingham, Ph.D.
HARC

281-216-7147
gdillingham@harcresearch.og

IL, IN, MI, MN, OH, WI
www.mwchptap.org

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

chaefkel@uic.edu

New England

CT, MA, ME, NH, RI, VT

www.nechptap.org
David Dvorak, Ph.D., PE.
University of Maine
207-581-23238
dvorak@maine.edu

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

Shawn Jones
Center for Sustainable Energy
858-633-8739

shawn.jones@energycenter.org

DOE CHP Deployment

Program Contacts
WWW.energy. gov/ CHPTAP

Southcentral

AR, LA, NM, OK, TX

www.scchptap.org
Gavin Dillingham, Ph.D.
HARC
281-216-7147
gdillingham@harcresearch.org

Central
|A, KS, MO, NE
www.cchptap.org
Cliff Haefke
University of lllinois at Chicago
312-355-3476
chaefkel@uic.edu

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

Tom Bourgeois

Pace University
914-422-4013
thourgeois@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
|saac Panzarella, PE.
North Carolina State University
919-515-0354
ipanzarella@ncsu.edu

Tarla T. Toomer, Ph.D.

CHP D Cploym ent M anager

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
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Patricia. Garland@ee.doe.gov
< g




CHP Overview
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CHP: A Key Part of Our Energy
Future

Traditional System CHP System
Form of Distributed Generation

(DG)

An integrated system

Power Plant Electricity

Located at or near a
building / facility o -
Provides at least a portion of the
electrical load and Eff|c|ency EfflClency
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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Fuel

Natural Gas
Propane
Biogas
Landfill Gas
Coal
Steam
Waste Products
Others

CHP System Schematic

.

Prime Mover
Reciprocating Engines
Combustion Turbines
Microturbines
Steam Turbines
Fuel Cells
ORC turbine
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Generator
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Heat Recovery
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On-Site Consumption

Sold to Utility
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Thermal

Steam
Hot Water
Space Heating
Process Heating
Space Cooling
Process Cooling
Refrigeration

Dehumidification
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Common CHP Technologies and
Capacity Ranges

s
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Steam Turbines (50 kW — 250 MW)

Photo courtesy of Solar Turbines
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*Ranges not drawn to scale
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[
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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 pollutants

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

On-site electric generation can reduce grid
congestion and avoid distribution costs.
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The State of CHP
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CHP Today in the United States

Existing CHP Capacity

Comm./Inst. Other/Unknown
8% 0.2%

Utilities
4%

Chemicals
29%

District Energy
4%

Food Processing

6% .
Refining
19%
Pulp & Paper
13%
Source; DOE CHP Installation Database (.S, installations as of Dec, 31, 2018)

80.7 GW of installed CHP at more than
4,500 industrial and commercial

facilities

8% of U.S. Electric Generating
Capacity; 14% of Manufacturing

Avoids more than 1.8 quadrillion

Btus of fuel consumption annually

Avoids 241 million metric tons of

CO, compared to separate production

»
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CHP Additions by Application (2014-2018)

By Installations — 835 Installs

Other/Unknown  Food Processing
36 Installs

15 Installs |

Other Industrial

120 Installs
Other

Comm./Inst.
232 Installs

Colleges/Univ.
51 Installs

Hospitals
59 Installs
Hotels

44 Installs

Wastewater
Treatment
56 Installs

Schools (K-12)
50 Installs

ulti-Family
Buildings
172 Installs

By Capacity —3.3GW

Other/Unknown
Other 22

Comm/Inst.
541 MW

Chemicals
553 MW

Food
Utilities Processing
271 MW 275 MW

)

Pulp & Paper
367 MW

Refining
407 MW

District
Energy
161 MW

Colleges/Univ.
160 MW

Other Industrial
493 MW

Source: DOE CHP Installation Database (U.S. installations as of Dec. 31, 2018)
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Microgrids with CHP
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Microgrid Definition

A microgrid is a group of interconnected loads

and distributed energy resources within clearly

defined electrical boundaries that acts as a single ﬁ on
controllable entity with respect to the grid. %

Other
Microgrids

A microgrid can connect and disconnect from the Yt s &
larger utility grid to enable it to operate in both i
grid-connected or island-mode.

* Microgrids can use any combination of distributed energy resource (DER) technologies
* Can be a single technology, such as combined heat and power (CHP), serving multiple buildings

e Can be a group of connected DER technologies serving a single facility

* Microgrids are designed to improve resiliency of the delivery of electricity to connected
facilities in order to perform critical functions when the larger utility grid is down

Source: UL.S. Department of Energy Microgrid Exchange Group
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Microgrids Can Incorporate
Many Technologies

' Controllable_/
Generation

Limited or .

Non-Controllable)

Generation 7 ¢ 1 1 '
’

Photovoltaic

Points
of Common
Coupling

..........................

Energy Storage -
Thermal / Electrical

Backup Gen Sets
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Microgrid Applications

Microgrids are most often deployed in institutional campus

settings, like military facilities, government buildings,

hospitals, and universities

o All buildings owned/operated by a single entity

o Backup power and ability to sustain grid outages for
critical facilities

Microgrids could be tied to district energy “downtown

loops”, providing steam, hot/chilled water and electricity to

various commercial/industrial facilities

o More challenging when each facility is owned and
operated by separate entities with different requirements
and goals

)
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Current Microgrid Market

As of October 2018, 331 total microgrid projects in U.S.

o 211 operational microgrids identified, with 3.85 GW of total capacity
o 104 planned microgrid projects with 1.55 GW of expected capacity

o 16 microgrids that have been stalled, or whose status is unknown

CHP serves as resilient baseload anchor for many
microgrids — most operational capacity by technology

Microgrid market is growing fast, with solar PV
increasing compared to current operational capacity

Source: ICF Microgrid Database — microgrids used for more than emergency/ standby backup power

=
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Capacity (MW)

1,000
900
800
700
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500
400
300
200
100

U.S. Microgrid Capacity by

Solar

Technology

Wind Hydro Fuel Cell Diesel Non-CHP Non-CHP Unknown Storage
NG Biogas

m Operational Capacity = Planned Capacity

Source: ICF Microgrid Database
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Technologies Used with CHP in
Operational Microgrids*

Capacity (MW)

CHP Other
(299 MW)

(1,137 MW)

*Only operational microgrids with CHP Source: ICF Microgrid Database
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CHP Microgrids: Status and Benefits

= For planned and operational microgrids, only 75
out of 314 microgrids use CHP

o Twice as many microgrids (150) use solar PV

o CHP may not be applicable for every microgrid, but more
microgrids could be incorporating CHP

= Microgrids with CHP can produce baseload
power 24/7 and continue critical operations
indefinitely during extended utility outages

o  Efficient operation, emission reductions, reliable fuel supply

o Improved power quality, increased resilience, and potential for
ancillary services
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CHP Can Enable Other Microgrid
Technologies

= With a CHP system providing
Q baseload electric and thermal

Combined

Heat & Power,

baseload electric and
thermal source enabling
other microgrid attributes

Uswaseyep P“ew

o
o
o

(e]

]
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energy, microgrids can add:

Solar and wind resources
Energy storage

Demand management
Central controls

Electric vehicle charging

Flexible CHP systems can
ramp up and down as needed
to balance renewable loads

and provide grid services
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DER Technologies Work Better
Together in Microgrids

CHP can work together with PV, wind, energy storage, and other
technologies in resilient microgrids with diverse resources and
multiple value streams

° Active management system with programmable logic controllers to strategically utilize
all microgrid resources

Compared to a single DER technology, a microgrid with multiple
DERs can provide:

° Stronger resilience
° Higher operational flexibility

o More use cases

For utilities, microgrids can offer locational value, increased grid
reliability, power quality, ancillary services, and demand response
functionality

For end users, microgrids provide reliable and resilient power with
the potential for energy and emissions savings

Y
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Microgrid Implementation
Drivers

End-users choose to install microgrids due to
a combination of site-specific factors or
implementation drivers

Clean Power

— Cut emissions through the use of efficient and/or zero-carbon !3
microgrid technologies *“g

Economics

— Reduce electricity, heating, cooling, and other costs through
various mechanisms, such as self-generation (avoided utility
costs), shared operation and maintenance, and lower fuel prices

R&D
— Conduct research on new technologies, microgrid configurations, &00

and financing arrangements

B
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Microgrid Implementation
Drivers (continued)

o Reliability & Resilience

— Improve electricity and thermal energy reliability and
resilience during grid outages and other major disruptive
events

— Especially important for critical infrastructure facilities
> Remote Grid

- Provide power to remote locations that cannot rely on the
power grid, such as an island community

o Renewables Integration

- Incorporate renewable technologies into power generation
mix while using other technologies to offset the intermittency
of renewables
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New Business Models:
Microgrids as a Service

Microgrids are complex, with multiple energy resources
serving variable loads

o Custom-engineered logic controller with inverters, relays, and
switchgear to respond to loads and utility signals

Business owners do not understand the complexity

Large capital investment, multiple parties involved

Developers are beginning to offer “microgrids as a service”

o Power purchase agreements with long-term contracts

o Developers engineer, finance, install, operate and maintain the microgrid

o Schneider Electric, PowerSecure (Southern Company), Siemens and
more

o Carlyle Group set up Dynamic Energy Networks for this offering, with
S500M initial backing

=
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Utilities can Benefit from CHP
Microgrids

Utilities could potentially offer microgrids as a rate-based
service

o Benefits for both utilities and customers in local, resilient power
o Utilities continue to serve their customers’ full power needs

o Several utilities are exploring CHP microgrids for large customers
- Customer keeps current rate for electricity, with added resiliency benefits
- Steam is sold to the customer at a discount, producing additional revenue for utility

- CHP acts as a grid resource for the utility, with excess electricity supplied to grid
Unlike other DER technologies, CHP can contribute towards
energy efficiency goals for both utilities and end-users

o CHP produces significant energy efficiency savings compared to separate
heat and power

=
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Need for Resilient
Critical Infrastructure
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Power Outages are Costly

Northeast
Winter Storm
March 1-3

Central and Eastern
Severe Weather

Rockies and May 13-15

Plains Hail Storms

August 6-7
9 Northeastern and
Eastern Winter Storm
Southwest/Southern January 3-5
Plains Drought
2018 Hurricane Florence

September 13—16

Central and Northeast
Severe Weather

. May 14
Colorado Hail Storm

June 18-19

Southeastern Tornadoes
and Severe Weather

Southern and Eastern
Tornadoes and

Hurricane =~

Texas Hail Storm Severe Weather Michael March 18—-21
June © April 13-16 October 10-11 -

This map denotes the approximate location for each of the 14 separate billion-dollar weather and climate disasters that impacted the United States during 2018.
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Electric System Disturbances

U.S. Electric System Disturbance Events (2000-2018)
350

300

250

Electric system outages are
increasingly frequent...

200

150

100

Electric System Disturbances

50

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

U.S. Electric System Disturbance Events by Type (2000-2018)

1,400 1185
And outages are increasingly .
caused by natural disasters = , 556 N
and storm events 5 o I 22 B
0 ]
Extreme Physical or Cyber Power System or T&D Other (Load Shed,
Weather/Natural Attack Equipment Failure  Voltage Regulation,
Disaster Event etc.)

Source: U.S. DOE Office of Cybersecurity, Energy Security, and Emergency Response, Electric Disturbance Events (OE-417) Annual Summaries

=
V4

‘\ CHP Technical Assistance Partnerships
&' SOUTHCENTRAL




Reliability and Resilience: Outage
Costs by Customer Class

Customer class Momentary 30 min. 1 hour 4 hours 8 hours 16 hours

Medium and large commercial and industrial {C&l) facilities

Cost per event $12 952 $15241 $17,804 $39.458 $854,083  $165482

Cost per average KW 516 519 522 548 $103 $203

Gost per unserved KWh $150 %37 522 512 $13 $13
Small Gél

Gost per event $412 $520 $647 $1.880 %4690 59,055

Cost per average KW $187 $237 $295 §857 §213B 54,128

Cost per unsenved KWh $2 254 $4a74 $2495 §214 5287 $258
Residential

Cost per event 54 55 55 510 fav $32

Cost per average KW 53 53 53 6 Fi1 F21

Gost per unserved KWh 531 56 53 2 i | $1

Cost figures in 2013S. Source: Sullivan, Schellenberg, and Blundell 2015.

Medium and Large C&l facilities suffer the highest absolute outage costs,
while Small C&l facilities have the highest per-unit outage costs.

Source: Valuing Distributed Energy Resources: Combined Heat and Power and the Modern Grid. Chittum and Relf, April 2018. ACEEE White Paper. Available at
https: / / aceee.org / white-paper / valuing-der
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Reliability and Resilience: C&l
Ovutage Costs by Sector

_ B Sector Momentary 30 min. 1 hour 4 hours 8 hours
—-—Mon-manufacturing —s—Manufacturing ARl

Mm.'um - Agriculture $4.382 $6.044 $8,089 $25,628 $41.250
Mining $9.874 $12,883 $16,366 $44. 708 $70,281
Hm.ﬂm Construction $27.048 $36,097 $46,733 $135,383 $214,644
Manufacturing $22.,106 $29,098 $37,238 $104,019 $164,033
G\-. 330},000 Telecommunications & utilities $11.243 $15,249 $20,015 $60,663 $96,857
4 Trade & retail §7.625 $10.113 $13,025 $37.112 $58,694
E $2w om Finance, insurance, real estate $17.451 $23573 $30,834 $92,375 $147.219
L:" " Services $8,283 $11,254 $14,793 $45,057 $71,997
o wm-um Public administration $9.,360 $12.670 $16,601 $50,022 $79,793

E‘ Sector Momentary 30 min. 1 hour 4 hours 8 hours

= $150,000 ) Small C&l
E Agriculture $293 $43a $615 $2,521 $4,868
$1 [[LDD{] R Mining $935 $1,285 $1,707 $5,424 $9,465
Construction $1.,052 $1.436 $1,895 $5,881 $10,177
$5ﬂ.w0 4 Manufacturing $609 $836 $1,110 $3,515 $6,127
Telecommunications & utilities $583 $810 $1,085 $3,560 $6,286
m : : . . . . . . . . . . . . Trade & retail $420 $573 $760 $2.383 §4.138
0 1 2 7 4 5 6 7 8 9 10 11 12 13 14 15 16 Finance, insurance, real estate $597 $831 $1,115 $3,685 $6,525
Services $333 $465 $625 $2.080 §3.691
Duration (Hours) Public administration $230 $332 $461 $1,724 $3,205
Cost figures in 2013S. Source: Sullivan, Schellenberg, Blundell 2015. Cost figures in 2008S. Source: Sullivan et al. 2009.

Manufacturing facilities generally experience higher outage costs than other
Large C&I customer segments.
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Critical Infrastructure Resilience

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

= Many critical infrastructure facilities have consistent
electric and thermal loads that can support CHP

= Microgrid with CHP offers many benefits to critical
infrastructure:
o |mprove power quality, reliability, and resiliency
o 24/7 power and heat with continuous benefits and cost savings

o Can continue to operate during utility outages, providing
uninterrupted electricity and heating/cooling to host facility

=
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Critical Infrastructure Sectors
Conducive to CHP

Host facilities must have a consistent electric and

thermal demand, and a reliable source of fuel (pipeline
natural gas, anaerobic digester gas, etc.)

Who Can Use CHP?

Airports

Chemicals &
Pharmaceuticals

Colleges &
Universities

Critical Manufacturing

Datacenters

Distribution Centers

Fire Stations

Food Processing

Food Sales &
Supermarkets

Government Facilities

Hospitals & . . - P
Healthcare Hotels & Lodging Laundries Military Bases Multifamily
Nursing Homes Police Stations Prisons Schools WaStewaI\)tlt:‘:‘I:eatment

Ve ®
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CHP in Critical Infrastructure
Installations by Sub-Sectors

Other, 223 Sites

|
Lodging, 139 Sites
Nursing Homes,
148 Sites
Wastewater /
Treatment, 220 Sites /

Hospitals, 220 Sites|

| |Mu|t|'fam|'|y, 333 Sites

Food Processing,
244 Sites

___Colleges/Universities,
270 Sites

_Schools, 253 Sites

More than 8.5 GW of CHP is installed at over 1,300 sites
identified as critical infrastructure

Source: CHP Installation Database, 2018 - https://doe.icfwebservices.com/chpdb/
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https://doe.icfwebservices.com/chpdb/

Natural Gas Distribution Service
Reliability

Survey Overview
= @Gas Technology Institute (GTI) conducted a survey of
several North American natural gas distribution
companies to obtain data on:

o Distribution service reliability/availability. That is, the percent of
time in any given year when natural gas service might not be
available.

> Annual outage rates. That is, the likelihood in a year time period
that a customer could expect a disruption in natural gas service

= These data were compared with representative data
from electric distribution service, using metrics that
align with IEEE 1366 Electric Distribution Reliability
Indices
Source: Gas Technology Institute (GTI)

-
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Energy Distribution Service
Reliability

Summary of Survey Results

Averge Energy Distribution Reliability Averge Energy Distribution
. e .. . 1.000000 ~ 0:999994 09399966 Annual Outage Rate
Electric distribution Loi7
approaches “five sigma” 596050 10
reliability with '
demonstrably higher 09000
annual outage rates ' o
(mainly unplanned) '
. . . 0.999850
Natural gas distribution
achieves “six sigma” 595500
reliability levels and ' s e
exceptionally low outage P
rates '
0.999703 0.4
° Most outages are 0.999700
due to planned
maintenance 0.999650
0.2
° Third-party
B . 0.999600
excavation leading
cause of unplanned 0ooz3a 0015
outages 0.999550 o 0.0
Natural Gas Electricity 5 Sigma 6 Sigma B Natural Gas (Unplanned) B Natural Gas (Total) M Electricity

Source: GasTechnology Institute (GTI)
C N .
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Resilience Improved
with Microgrids
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Microgrids Improve Power
Reliability and Resilience

Microgrids provide a variety of reliability and resilience benefits
to customers located both within and outside the microgrid

o Microgrid customers can benefit from immediate continuation of service in
the event of a utility-system outage

o By removing dependence on the utility power, microgrids also benefit other
utility customers by reducing demands on local grid infrastructure,
decreasing the likelihood of equipment failure on the utility system

CHP systems are ideal for resilient baseload power

o CHP systems operate 24/7 and efficiently utilize heat that would otherwise
be wasted, leading to significant energy and emissions savings

o Natural gas generators are resilient to weather events, with a reliable fuel
supply

o Can be configured to automatically transition to island mode and support
renewable generation during a utility power outage

=Y
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Reliability, Resilience, and Power
Quality Benefits of CHP Microgrids

Reliability

Resilience

Power Quality

= CHP systems located closer to
loads than central generators,
reducing likelihood of outages

= Fast-ramping capabilities
allow quick response to
changes in grid-supplied
power, flexibility to serve
dynamic loads

= CHP systems reduce stress on
local distribution grid,
extending life of grid
components and reducing risk
of outage caused by individual
distribution equipment failure

Sources: Same as previous slide

= CHP systems operate near-

continuously, can provide firm
backup generation during
outages

Island-capable systems can
maintain heat/power service to
loads within the microgrid
network during outages, fulfill
load shedding requests during
high demand periods

During Hurricane Sandy in
2012, every islanding-capable
CHP that received NYSERDA
incentives stayed online

= CHP microgrids serving large,

power quality-sensitive C&l
customers such as data
centers, and high-tech
manufacturing provide high-
qguality power without service
interruptions or voltage dips

By locating generation closer to
loads, CHP and district energy
systems prevent voltage
fluctuation and other power
quality issues that typically
arise on the distribution system

 CHP Technical Assistance Partnerships

Y
)
g
< SOUTHCENTRAL



Factoring Outage Costs into
Microgrid Planning

= Based on the cost of power outages and the historical
frequency of local outages, microgrid planners can estimate
the value that resilient microgrids will provide

o Based on frequency and duration of outages, convert to expected
mitigation of outage costs on an annual basis

o Incorporate annual mitigated outage costs into financial pro forma

= The impact that mitigated outage costs will have on a
microgrid project depends on several factors

o Customer class and sector
o Frequency and duration of outages

o Relative cost of microgrid equipment and installation

=
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How Does CHP Increase
Resilience?

" For end users:

o Provides continuous supply of electricity and thermal energy for
critical loads

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

o Ability to withstand long, multiday outages
" For utilities:
o Enhances grid stability and relieves grid congestion

o Enables microgrid deployment for balancing renewable power and
providing a diverse generation mix

" For communities:

o Keeps critical facilities like hospitals and emergency services
operating and responsive to community needs

)
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Resilience Planning
with DOE
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Resilience Planning with DOE
Resiliency Accelerator

= The DOE Resiliency Accelerator includes
resources and tools designed to assist with
resilience planning efforts
o Distributed Generation for Resiliency Planning Guide
o CHP for Resilience Screening Tool

o |ssue Brief on Performance of DERs in Disaster Events

o Partner Profiles

https://betterbuildingsinitiative.energy.gov/accelerators/combined-heat-and-power-resiliency

B
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Distributed Generation (DG) for
Resilience Planning Guide

Provides information and resources on how DG (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) STEP 3: INDIVIDUAL SITE ASSESSMENT

| The third step is to perform an individual site assessment for potential C1 sites based on the conducive sub-sectors identified in Steps 1& 2 above. The

op.ue
BUIIdlngS! for RESILIENCE PLANNING GUIDE following tools can be used to screen individual CI sites for their potential to deploy CHP, solar + storage, and/or a microgrid for increasing energy resilience.
15, CCPARTMENT OF CNCAGY

e B S e <> Leamn more about CHP for Resilience
HOME CISI S T AC ARY Users may choose 10 perform individual site screening assessments using
= - - 3| the tools detalled (below), or leam more about individual DG technologiesand -  Learn more about Solar + Storage for Resilience
CRITICAL INFRASTRUCTURE (C)  COMBINED HEAT & POWER (CHP)  SOLAR + ENERGY STORAGE ~ MICROGRIDS  APPLYING CHPINCI  CASE STUDIES the potential resilience benefits they may provide 1o individual Cl sites (right),
P2 heymay it <> Learn more about Microgrids for Resilience
INTRODUCTION ‘
Individual Site Assessment Tools
Z=Table of Contents.

CHP Site Screening Tool The CHP Site Screening Tool is an excel-based tool that can provide an
THE DG FOR RESILIENCE PLANNING GUIDE Individual site screening assessment for CHP based on a variety of user
The Distributed Generation (DG) for Resilience Planning Guide provides information and resources on how DG, with a focus on combined heat and power inputs and pre-determined metrics.
(CHP), can help communities meet resilience goals and ensure critical remains dless of external events, If used in
combination with a surveying of critical Infrastructure at a reglonal level, this guide also provides tools and analysis capabilities to help decision makers, Solar + Storage Screening Tool NREL's REopt model is used to optimize energy systems for buildings, REopt Tool
policy makers, utilities, and organizations determine if DG Is a good fit 1o support resilience goals for critical infrastructure in their specific jurisdiction, campuses, communities, and microgrids.
territory, or organization.
With the guide, decision makers, state and local policy makers, and utilities can get up to speed on the role of DG and Cl in resilience planning. Decision Microgrid Modeling Tools The following microgrid modeling tools provide a variety of options for

tial microgrid resources and

makers and policy makers can use the guide to learn how to determine where DG can &

taakina.s 2 and
organizations, what types of DG are best suited to certain types of Cl applications, and| POLICY AND PROGRAM APPROACHES FOR ENHANCING RESILIENCY THROUGH DISTRIBUTED GENERATION
utilities can also gain an understanding of how DG for Ci can help utilities engage with | States most directly affected by natural disasters have become good models for how to approach policies that enhance energy resiliency. For example, a
Users with 8 varlety of background resources | serles of storms including hurricanes and flooding have exposed significant vulnerabilities to infrastructure along the Gulf Coast, motivating Texas and
| Louisiana to develop legislation that would protect critical facilities from future disruptions. Similarly, several East Coast states impacted by Superstorm
| Sandy including Connecticut, Massachusetts, New Jersey, and New York have since initiated state programs aimed at increasing resiliency.

| Many existing state policies focus on allocating funding for implementing energy resiliency projects, which is a strong driver because it helps compensate

| facilities for the costs with systems that can continue operating during a grid outage. However, other approaches such as
Jrance planning, resiliency roadmap and stak and awarer bullding, can also be effective strategies. The

| American Council for an Energy-Efficient Economy (ACEEE) identified several Indicat

| goals, inform plans, and develop policies to increase the energy resilience of their communities.

'or Local Ene

which may help decision makers set

| The following section briefly summarizes how some leading states have i in their policies to
| enhance y In critical infi For information on various approaches to developing resiliency policies and programs, see Re

Power: A Guide to Resilie

of Programs and Policy

https://resilienceguide.dg.industrialenergytools.com/
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The CHP for Resilience

Screening Tool

/ CHP Screening \

/ Resiliency Screening \

Inputs: User-defined critical
infrastructure ranking criteria, as well as
microgrid and lood factor ranking
assessments

Results: Users receive a resiliency score,
microgrid score, load factor score,
historical CHP uptake, and combined

\S

total resifience score

Inputs: Resiliency score (from resiliency
screening), site location, energy
consumption data, and energy price

=/

h

data

Results: Estimoted CHP size and
stoplight screening assessment (taking

into account resiliency screening)

h

/ Stoplight Screening \
Assessment

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

\ Limited CHP Potential

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.energy.gov/accelerators/combined-heat-and-power-resiliency

»
-
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https://betterbuildingsinitiative.energy.gov/accelerators/combined-heat-and-power-resiliency

Issue Brief - Examining the Performance
of Different DERs in Disaster Events

= Different DERs are impacted
by various types of natural
disasters (flooding, high
winds, extreme
temperature, etc.)

= Goal: To assist stakeholders
in evaluating the technology
options best able to meet
their resilience priorities

/R'a'nking Criteria

Four basic criteria were used to estimate the
vulnerability of a resource during each type of disaster
event. They include the likelihood of experiencing:

1. a fuel supply interruption,

2. damage to equipment,

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

indicates the resource is likely to experience all
four impacts /

https://betterbuildingsinitiative.energy.gov/sites/default/files/attachments/DER_Disaster Impacts Issue%20Brief.pdf

T,
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Issue Brief — Examining the Performance
of Different DERs in Disaster Events

Flooding | High Winds | Earthquakes| Wildfires
Temperature
=»

Natural Disaster
or Storm Events

Battery Storage

Biomass/Biogas
CHP

Distributed Solar

Distributed Wind

Natural Gas CHP

OCOOO0O O L
OOOOOOEE,

@ O
@ O
@ @
@ ©
@ O
@ @
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Standby Generators

https://betterbuildingsinitiative.energy.gov/sites/default/files/attachments/DER_Disaster Impacts Issue%20Brief.pdf
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CHP for Resiliency Accelerator
Partner Profiles

20 partner profiles

° Resilience Planning
° Program or Project Implementation
° Lessons Learned

° Additional Information

Discussions with a wide variety of
partners including: city and state
energy managers/planners, PUC
employees, utility engineers, and
many more

# Better

. Buildings State of Missouri

CHP for Resiliency Accelerator Partner Profile

1. Resilience Planning

In 2015, the Division of Energy developed a Comprehensive Energy Plan for the state of Missouri that
included a number of actions that could help the state diversify and promote the security of energy
supply. The plan includes recommendations specific to CHP, and proposes an examination of the
potential for CHP at all current and planned state facilities, promotes public-private partnerships to
develop CHP, and suggests establishing cost-based standby rates and interconnection standards that
reflect best practices for CHP.

The Division is focused on enhancing economic development activities by promoting the combined
energy efficiency and resiliency benefits associated with CHP. The role of CHP in providing energy
resilience for cntical facilites during electric outages caused by severe weather or other natural
disasters is a key area of emphasis.

On a broader scale, the State of M 1 has adopted an initi to move beyond emergency support
funcfions to intermediate and long term recovery support functions (RSF) by establishing interagency
working groups. The goal of this collaboration is to improve ongoing response efforts in the areas of
infrastructure, health and social services, housing, economic, natural and cultural resources, and
community planning. As a participant in the RSF working groups, the Division of Energy highlights the
role of CHP technologies in providing secure energy solutions.

2. Program or Project Implementation

The Division of Energy is focusing its CHP awareness and outreach efforts in the institutional sector,
specifically hospitals, universiies & colleges, comectional facilities, and residential care facilties. As
part of these efforts, the Division has enabled feasibility assessments for resilient energy selutions by
hosting and participating in workshops, such as the Eastern Missouri Combined Heat and Power (CHP)
Summit in 2018, and engaging with US DOE's Central CHP Technical Assistance Partnership, which
has provided no-cost technical assistance for healthcare and other facilities, induding DePaul Hospital
Missouri correctional facilities.

The Division is also working with utilities and the public service commission to address barriers to CHP.
This includes recognizing CHP as an energy efficiency measure that can contribute to the state's
efficiency targets and intervening in utility rate cases to facilitate non-discriminatory standby service
tariffs for CHP technologies. Further, the Division recommended autherization for Spire (a natural gas
company serving customers in Missouri, Alabama and Mississippi) to assist with deploying
CHP to serve critical loads and offered guidelines for utilities to support and co-deliver CHP programs
in the state.

https://betterbuildingssolutioncenter.energy.gov/accelerators/combined-heat-and-power-resiliency/chpr-partner-profiles
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Examples of CHP Policies and
Programs for Resilience

Policy, Program or
Organization

Details and Accomplishments

*  Passed HB 1831 and HB 4409 in 2009, requiring the state to identify all critical
Texas State Legislature infrastructure assets and conduct an economic feasibility analysis of CHP for all major
renovations and new construction

*  Passed Resolution No. 171 in 2012 — similar to Texas State Legislature HB 1831 & HB

Louisiana State Legislature 4409

*  Published the Missouri Comprehensive State Energy Plan — includes
recommendations to incorporate CHP based on energy savings, meeting state energy
goals, and providing energy security benefits

*  Participated in the US DOE CHP Resiliency Accelerator and identified hospitals as a
target market sector for outreach

*  Further identified target hospital Cl sites throughout the state

The Missouri Department of
Economic Development,
Division of Energy

The lllinois State Energy *  Supports the use of CHP in creating resiliency benefits for critical infrastructure and
Assurance Plan the grid as a whole

*  Sponsored the “CHP Roadmap for Michigan,” — models future CHP penetration given a
number of different scenarios and possible policies including efficiency incentives,
utility rate reform and resiliency benefits

The Michigan Agency for
Energy

Source: CHP Policies and Incentive Database (dCHPP). https://www.epa.gov/chp/dchpp-chp-policies-and-incentives-database;
DG for Resilience Planning Guide, U.S. DOE. 2018. https://resilienceguide.dg.industrialenergytools.com/
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Project Shapshots

Resilience and Reliability with CHP

Y
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Project Snapshot: Dell Children’s
Medical Center

Location: Austin, TX ‘\,
Microgrid Equipment & Technologies *

o 4.3 MW gas turbine CHP de" Children,s

medical center of central texas

° 1.5 MW backup diesel generator
Key Characteristics

o CHP Plant (Mueller Energy Center), is owned and
operated by Austin Energy

o During a disaster, the hospital can become a place of
refuge, due to the extended power supply

o CHP provides excess chilled water to surrounding
facilities

Beneflts Dell Children’s Medical Center, photo courtesy Q['Sm,(m / Ascension

o CHP provides efficient steam generation for critical
hospital procedures

o Microgrid helped medical center to achieve LEED
certification

o Beneficial partnership between medical center
campus and local utility (Austin Energy)

)
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Project Snapshot: Colorado College Tutt
Library

Location: Colorado Springs, CO

Application/Industry: College/University
Capacity (MW): 130 kW

Prime Mover: Microturbine

Fuel Type: Natural Gas

Thermal Use: Space heating

Installation Year: 2017

Emissions Savings: Net-zero energy building

Key Characteristics

While transforming Tutt Library to meet
academic demands, including new lab and
classroom space, Colorado College installed an
array of technologies at the site to establish
the largest net-zero academic library. With a Source:

CHP system, geothermal field, and two solar https://www.coloradocolleg;.bedu/newsevents/new
arrays, the I.ibra ry can generate all the power i?;i;;;;;ﬁ;ﬁg;;ergy oy

needed for its on-site facilities.
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Project Snapshot: University of Texas
Medical Branch at Galveston

= Location: Galveston, TX

= Application/Industry: Hospital

= Capacity: 11.9 MW

= Prime Mover: Combustion turbine

= Fuel Type: Natural gas

= Thermal Use: Steam for steam, DHW
= |nstallation Year: 2016

= Resilience Benefits

W70 Health

o Hurricane lke severely damaged UTMB campus
and energy/steam infrastructure

- Hospital unable to operate for 90 days, $2 million loss
of business revenue/day, lost research materials, etc.

o Converted buildings to DHW, distributed steam
overhead to buildings, elevated boilers and : . :
Chi”ers’ and built fIOOd Wa” around CHP system The UTMB CHP systems pr()tcctcd b)’ af]ood wall, photox

courtesy of Affiliated Engineers

o During Harvey, CHP system operated throughout
in island mode, and all infrastructure was well
protected

a /
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Project Snapshot: Village Creek Water

Reclamation Plant

= Location: Fort Worth, TX

= Application/Industry: WWTP

= Capacity: 5.2 MW

= Prime Mover: Combustion turbine

* Fuel Type: Natural gas

= Thermal Use: Steam turbines to drive
= centrifugal blower, Digester heat

= Installation Year: 2012

“I highly recommend this type of project.
Not only do you save money but you
reduce your footprint and utilize
resources that were once wasted.” -Ana
Julia Pena-Tijerina, Sr. Professional
Engineer

g : : :
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Project Snapshot: University of
California, San Diego

Location: San Diego, CA
Microgrid Equipment & Technologies

= 33 MW CHP ((2) 13.5 MW combustion turbines, 3 MW : -
steam turbine, 2.8 MC fuel cell) : 5 o el ey o

= 3.8 million gallon thermal energy storage + 2.5 (5 MWh)
Battery storage

= 2.9 MW solar PV, 300 kW solar thermal

= 4,000 smart-controllable thermostats
Key Characteristics

= Microgrid control at central utilities plant

= Automatic Substation Control System allows CHP system to e
island in the event of a grid outage B

= High-end maser controller provides microgrid optimization
Benefits
= |mproved energy security on campus

= Arbitrage opportunities from DERs has provided significant
economic benefits to UCSD, in addition to significant peak
demand redUCtlon Microgrid CHP and solar generation, photos courtesy QfLBA\'L and
= Advanced controls and monitoring allow advanced outage UC San Diego
detection for enhanced resilience

-
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How to Implement a
CHP Project with the
Help of the CHP TAP
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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.

-
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CHP Project Resources

DOE CHP Technologies

Fact Sheet Series Good Primer Report

Combined Heat and Power

A Clean Energy Solution

7 ENERGY SEPA:E

www.eere.energy.gov/chp
www.energy.gov/chp-technologies
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CHP Project Resources

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

reosect promE

North Carolina State University

SEPA -

dCHPP (CHP Policies and
Incentives Database)

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

)

Y .
‘\ "~ CHP Technical Assistance Partnerships
&r' SOUTHCENTRAL



CHP Project Resources

DOE CHP Installation Database And of course...
(List of all known No Cost CHP Screening and Other

CHP systems in U.S.) Technical Assistance from the CHP TAP

Upper-West Midwest
CO, MT, ND, SD, UT, WY IL, IN, MI, MN, OH
Add a CHP Site www.uwchptap.org www.mwchptap.org
Gavin Dillingham, Ph.D. Cliff Haefke David Dvorak, Ph.D., PE.

HARC University of lllinols at Chicago University of Maine
281-216-7147 312-355-3476 207-581-2228
gdillingham@harcresearch og chaefkel@uic.edu dvorak@maine.edu

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

Choose a State [ oom | :

Click a st:

Northwest

AK

www;ﬁwthplap‘org
David Van Holde, PE.
Washington State University
360-956-2071
VanHoldeD@energywsu.edu

Tom Bourgeois
Pace University
914-422-4013

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

Western
AZ, CA, HI, NV
www.wechptap.org
Shawn Jones

Center for Sustainable Energy
858-633-8739

shawn jones@energycenter.arg

Central Southeast
1A, KS, MO, NE AL, FL, GA, KY, MS, NC, PI
www.scchptap.org www.cchptap.org www.sechptap.org
‘Gavin Dillingham, Ph.D. Cliff Haefke Isaac Panzarella, PE.
HARC University of lllinais at Chicago North Carolina State University
281-216-147 312-355-3476 919-515-0354
gdillingham@harcresearch.org chaefkel@uic.edu ipanzarella@ncsu.edu

s or o | Energy Efficiency &

ENERGY | renewavie Eneray

)
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Next Steps

Resources are available to assist in developing CHP Projects.

Contact the Southcentral CHP TAP to:

= Perform Microgrid with CHP Qualification Screening for a
particular facility

= Conduct a resilience assessment
= |dentify existing CHP sites for Project Profiles

= Advanced Technical Assistance

-
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Summary

Microgrids with CHP is a proven technology
providing energy savings, reduced emissions, and
opportunities for resiliency

Emerging drivers are creating new opportunities to
evaluate microgrids with CHP and numerous
example exist to learn more how sites have
incorporated this technology

Engage with the US DOE Southcentral CHP TAP to
learn more about the technical assistance offerings
in evaluating microgrids with CHP

-
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Thank Youl!

Gavin Dillingham, PhD, Director
HARC
gdillingham@harcresearch.org
281-216-7147
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