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Resilient Power Project

* Increase public/private investment in clean, resilient power systems
* Engage city officials to develop resilient power policies/programs

* Protect low-income and vulnerable communities

* Focus on affordable housing and critical public facilities
 Advocate for state and federal supportive policies and programs

* Technical assistance for pre-development costs to help agencies/project
developers get deals done

 See www.resilient-power.org for reports, newsletters, webinar recordings

ENERGY STORAGE AND
ELECTRICITY MARKETS

The value of storage to the power system and the importance
of electricity markets in energy storage economics

RESILIENCE FOR FREE
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RESILIENT POWER PROJECT

= To reduce impacts and dangers of power outages in communities now andin the future, the Resilient Power Project works to provide technology and policy solutions to address three
* v challenges: Community'Resiliency, Climate Adaptation, and Climate Mitigation

Overview Toolkits Publications Webinars Blog Newsletters FAQs Project Map Featured Installations

I | Follow the Resilient Power Project

| The Resilient Power Project, a joint initiative of Clean Energy Group and Meridian on Twitter
mk Institute, is focused on accelerating market development of resilient, clean energy
solutions for affordable housing and critical community facilities in low-income and Tweets
A Project of . ’ .

‘ disadvantaged communities. The Project is targeted to the deployment of solar PV =
combined with energy storage (solar+storage) — to power essential services during @ Resilient Power
extended power outages and to reduce the economic burden of energy costs in

n Up for the Resilient Powe i . Webinar today Amencan Samoa's
eiE Ao gl vulnerable communities. The goal is to further clean energy equity by ensuring that all 3 2
Project Mailing Lis 5 Solar+Storage Micrognd, with
communities have access to the economic, health, and resiliency benefits that solar and

& the Amencan
energy storage technologies can provide Samoa Power Authority

e CONTACT Clean Energy Group's role in this process is to inform, coordinate, and assist in the

Seth Mullendore planning and implementation of resilient power projects in underserved communities, in

Project Manager both rural and urban areas, across the country. In addition to providing program guidance

eth@cleanegroup.org to policy makers and technical assistance to developers and community organizations

Jroug ) Praveen Kathpal
(802) 223-2554 x213 we also prepare reports and analysis on resilient power programs and projects, clean
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- Resilience Overview

- Energy Resilience

- Solar PV + Resilience
- The Value of Resilience

- Questions & Answers
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How is resilience defined?

- =
Resilience Roadmap . g - N R E I
A Collaborative Approach to Multi-Jurisdictional Planning =

NATIONAL RENEWABLE ENERGY LABORATORY

Convene Understand Prepare Develop Prioritize = Commit Implement Fund Evaluate
) &), o o o 0! o o o ) o——o0——o0—

Intergovernmental Preparation Planning & Strategy Plan Adoption,
& Coordination Development Implementation & Evaluation

To mitigate hazards and risks, the Resilience Roadmap offers comprehensive
guidance for federal, state, and local entities to effectively convene at the
regional level for adaptable and holistic'planning. This multi-jurisdictional
approach requires major cooperation across boundaries, considerable reliance WHAT IS RESILIENCE?

on partnerships and multi-agency collaborations, and significant utilization of The ability to anticipate, prepare for, and
interdisciplinary teams. adapt to changing conditions and
withstand, respond to, and recover rapidly
from disruptions through adaptable and

Ste p- by_ Ste P Process holistic planning and technical solutions.

To constructively lead intergovernmental planning efforts with tangible
outputs, follow these steps in order:

Intergovernmental Preparation and Coordination

Planning and Strategy Development

www.nrel.gov/resilience-planning-roadmap




Resilience Overview

Risk Assessment
Matrix:

Impact x Probability

v

Ranking of Threats and Vulnerabilities
High, Medium, Low

Resilience Options
Evaluation:
Cost, effectiveness, feasibility

v
Resilience Strategies

Negigible

Miner | Moderats | Sig
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Resilience Overview

Goal setting is led by first understanding risks through an assessment of
threats, vulnerabilities, and then discussing mitigation options. In order to
establish goals a site needs to know what’s being addressed.

™m

. e “What are we
planning to

Prelimina
e Sl Wi T become
/ Assessment resilient to and

= for how long?”

Resilience
Priorities &
Initiatives

Resilience
Strategy

Graphic source: City of Boulder’s
Resilience Strategy

NREL | 12



Resilience Overview

Affordable housing +
Energy efficient buildings Passive survivability
Green infrastructure
Alternative transit options Microgrid's

\\ I/

Stormwater management

Smart zoning

NREL | 13



Resilience Overview

Green infrastructure

Alternative transit options

\\

Stormwater management
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Energy Resilience

A key piece to energy resilience is understanding energy needs.
1) Understand load profiles and critical loads

2) Understand generation, transmission and distribution
3) Understand common causes of energy disruptions

Measured Versus Modeled Monthly End Use Energy

Consumption
Nota: July 2011 was the
E first net zero enedgy
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Energy Resilience

Mitigation measures used for grid resilience depend on the vulnerabilities and threats,
but may include:

e Undergrounding critical lines

 Demand-Side Energy Efficiency

e Diversifying Generation

* Deploying Distributed Generation: Distributed PV, Microgrids, Energy Storage Solutions
* Smart Grids

e AC Ffequeqcy Service Restoration
Regulation
Cyde $i s (from Oltages)
Non-Market * Variable Energy ‘
n-Markel  protectivelRelay | Resowce  How-ahead | Day-Abiead Capacity IR

Market Operatibns Inertial || Deviations  Dispatch 4 | Scheduling Markets  coibon Goals
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Graphic source: DOE
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https://energy.gov/sites/prod/files/2017/01/f34/Chapter IV Ensuring Electricity System Reliability, Security, and Resilience.pdf

Solar PV + Resilience
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Image Source: Kenny Chung, : . hoto/scenic-urban/hurricane-sandy-blackout-nyc/05-manhattan-skyline-blackout.j
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Solar PV + Resilience

Onsite renewable energy technologies alone do not equate to a resilient system.

Image Sources:
Eliza Hotchkiss, NREL, Camden County MUA: http://www.ccmua.or;

NREL | 18
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Solar PV + Resilience

DC-Coupled Configuration

PV array

DC
Customer load
|
Charge controller and grid export*
" 1 N )
DC >
i o AR— @ 0 O/
Battery-based
inverter

Battery bank

AC-Coupled Configuration
PV array Grid-tied inverter
)
Customerloadand | [] []
grid export* e

4= —_ '\.‘; @
‘ | DC >
Battery bank

Battery-based
inverter

*Grid-connected PV plus storage systems are used to first meet a customer’s load and then export excess PV generation to the
grid. When wired for back-up power, it is common to install a critical loads sub-panel and use PV plus storage systems to
provide power to essential loads (e.g. refrigeration, essential lighting, well pumps) in the case of a grid-outage event.

Source: Installed Cost Benchmarks and Deployment Barriers for Residential Solar Photovoltaics with Energy Storage: Q1 2016.

Kristen Ardani, Eric O'Shaughnessy, Ran Fu, NREL; Chris McClurg, RMI; Joshua Huneycutt, U.S. DOE

NREL | 19


https://nysolarmap.com/media/1639/dghubresiliencyretrofitfactsheet_final.pdf

Developing tools to examine cost and resilience of energy
system architectures to inform system design

Evaluate system performance under different scenarios

Visualize interdependencies between systems in 3-D

Explore cost/benefit tradeoffs of different system

architectures

AW
p |

NREL | 20




The Value of Resilience

Perspective

What matters to you?

Metric

How you quantify resilience

Value

How do you assign value?

ay

Perspective from Gary Larson.

Modulus of

resilience

O

£y

£

Example of quantifying resilience from materials
science (image credit: engineeringarchives.com)

NREL | 21



Perspective

What matters to you?

Global and interdependent energy systems @

s

States, cities, & communities g2
B 1t o B

Utilities L\ﬁ
(9
Microgrids T& L
= .
What is critical to...

* Keeping my business open
e Health care facilities
* Emergency response

Mini electric grids * National security

* Global energy markets
!
Homes and businesses

NREL | 22



Metrics for Resilience

Depends on your perspective

Utility perspective examples:

e Customer-hours of outages

e Customer energy not served

* Avg (or %) customers
experiencing an outage during a
specific time period

e Cost of damages

Community perspective examples:

e Critical services without power after
backup fails

* Key military facilities w/o power

Business perspective examples:
* Lost revenues, assets, and/or perishables

Image credit: 1tolmedia.com

Many metrics have been proposed, but no agreement on the best measures.

Credit to: Caitlin Murphy at NREL for summary of existing metrics (only a cross-sample shown here).
See https://gridmod.labworks.org/sites/default/files/resources/GMLC1%201 Reference Manual 2%201 final 2017 06 01 v4 wPNNLNo 1.pdf for more.

NREL | 23
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Value of Resilience

How do you value what matters to you?

Macroscopic example

_ GNP (or GDP)in $
kWh| Total Annual Energy Consumption in kWh

Outage Cost ’

Microscopic example

$/kW peak MCAS Miramar Customer Damage Function
350
A We made this problem tractable
300 =4==SCENARIO A . .
250 / (non-emergency by considering
/ stuation)  Perspective: commercial

20 / ~a-SCENARIOS building

0 // /' situation) * Metric: unmet critical load
100 (kWh)

50 M  Value: Value of Lost Load

<z (VoLL) [$/kWh]

1 4 7 10 13 16 19 22 hours

Figure ES-1. CDF for MCAS Miramar

Note the outage duration dependency

J. Giraldez, S. Booth, K. Anderson, and K. Massey, “Valuing Energy Security: Customer Damage Function Methodology and Case Studies at DoD Installations”.
NREL/ TP-7A30-55913, October 2012 NREL | 24



Methods for Determining VolLL

Direct (survey)
* Blackout studies

* record real damage costs after
event

* Willingness to pay for
avoidance
 Direct costs

* from hypothetical scenarios

1C

CALCULATOR
Lawrence Berkley National Laboratory

Indirect

e Production function

estimate costs from lost
production
(commercial/industrial) or lost
time (residential, using
household income)

* Revealed preferences

equivocate outage costs with
money spent on mitigation
measures, such as backup power
supply and interruptible supply
contracts

Schroder and Kuckshinrichs. "Value of Lost Load: An efficient economic indicator for Power Supply Security? A Literature Review ". Frontiers in Energy Research (2015) 3
de Nooij et al. "The value of supply security; The costs of power interruptions: Economic input for damage reduction and investment in networks". Energy Economics

(2007) 29 77-295

NREL | 25



Solar PV & Storage for Resilience

When resilience is valued, larger PV and storage systems are cost-effective

Resiliency Not Valued Resiliency Valued
Optimal Solution: PV 113 kW Optimal Solution: PV 134 kW
Battery 5 kW /6 kWh Battery 32 kW / 79 kWh
Outage $300 - : :
3% ($42k) _
£ 250
(2]
e
=
& $200
Demand 3
BAU . o
Costs 53% ($789k) £ $150
$1,497Kk £
S $100
=
o
£ s
Energy $0
0,
45% ($666k) Benefits Costs Benefits Costs
(excluding micro-grid (excluding micro-grid
Business As Usual, Lifecycle costs (25 years) hardware) hardware)

M Energy Savings M Demand Charge Savings

" Avoided Outage Costs [l CapEx [ O&M

The Net Present Value (NPV) is the maximum cost a site should be willing to pay for
microgrid hardware. Any higher cost exceeds the resilience benefits, and the site should
instead choose to incur the outage.

Source: Laws, Nicholas D., Kate Anderson, Nicholas A. DiOrio, Xiangkun Li, and Joyce McLaren. “Impacts of Valuing Resilience on Cost-Optimal
PV and Storage Systems for Commercial Buildings.” Manuscript submitted for publication. NREL | 26



Solar PV & Storage for Resilience

In some cases, valuing resilience can make PV and storage cost effective where it

was not before.

Outage
3% ($93K)

Demand

BAU 27% ($787k)

Costs
$3,032k

Energy
71% ($2,152k)

Business As Usual, Lifecycle costs (25 years)

Amount in Thousands ($)

$600

$500

$400

$300

$200

$100

$0

Resiliency Not Valued

Resiliency Valued

Optimal Solution: PV 363 kW
Battery 39 kW /60 kWh

-~ BAU is cost optimal
without resilience
valued.
Benefits Costs Benefits Costs
(excluding micro-grid (excluding micro-grid
hardware) hardware)

M Energy Savings [ Demand Charge Savings

[ Avoided Outage Costs M CapEx [l O&M

Source: Laws, Nicholas D., Kate Anderson, Nicholas A. DiOrio, Xiangkun Li, and Joyce McLaren. “Impacts of Valuing Resilience on Cost-Optimal
PV and Storage Systems for Commercial Buildings.” Manuscript submitted for publication.

NREL | 27
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Work-in-progress

Monetizing resilience

* |Insurance industry
perspective

Photo credit: Dennis Schroeder/NREL



Thank You

www.nrel.gov

Questions? Contact us!

Nick.Laws@nrel.gov
Eliza.Hotchkiss@nrel.gov

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency N R E I
and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.

NATIONAL RENEWABLE ENERGY LABORATORY




Thank you for attending our webinar

Seth Mullendore
Project Director and Vice President
Clean Energy Group
seth@cleanegroup.org

Find us online:
www.resilient-power.org
www.cleanegroup.org
www.facebook.com/clean.energy.group
@cleanenergygrp on Twitter
@Resilient_Power on Twitter
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Upcoming Webinar

New Financing Options for Solar+Storage in
Low-Income Communities

Thursday, March 29, 1-2pm ET

Read more and register at
www.cleanegroup.org/webinars
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