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Executive Summary

Foaftop salar photovalsics (PY) and distributed energy resources can deliver net benefits to Mevadans today and, if
thaughtfully wtilized, play a significant role in Nevada's energy future. Howsever, these benefits are not being fully
realized in practice today. Narrow accounting of distributed resources’ contribution to the grid, financial disincentives
embedded in utility regulatary models, and outdsted grid planning procedures are preventing full utilization of these
asgets. Bul these abstacles can be readily overcome. Doing so will defiver benefits to all Mevadans, 2 well a5 cernent
Nevada's position as a leader in the transition 1o a clean, resilient, and affordable electric grid.

Rooftop Solar and Distributed Energy Resources Provide Net Benefits to All Nevadans

This report presents an ecanomic anaksis af the benefit of harmesing distributed energy resources (DER) — aagets like
resaftop solar, srmart inverters, enengy storage, energy efficiency, contrallable loads, and electric vehiclas — to build snd
operate 8 21" cantury power grid. Such eost/benefit analyses are routinely perfarmed across the industry; hawever,
recent DER analyses in Mevada have not accounted for the full ser of eosts and benefits. Our analysis airmd to provide a
more cormplete sccounting of the full costs and benefits of rooftop solar and DERS.

Tao perform this eost/benefit analysis, we build on existing industry methodalogies to caleulate the net benefits of
resefiop selar and DERS in Nevada, Speeifically, we utilize the Neveds Net Energy Metering Public Toal, a madel used 1o
quantify the costs and benefits of distributed generation that Energy+Emnviranmental Econormics (E3) developed for the
Public Utilities Commission of Mevada (PUCN] in July 2014.° Then, we utilize the costs and benefits sperified by the
PUCH iin their December 2015 Order related to net energy metered (NEM) solar deployments, as well &2 in their April
2016 Procedural Order related 1o Sierra Pacific Power Campam’s Integrated Resaurce Plan.™

Using the Mevado Public Tool and the PUCN-specified benefit and cost categories, we find that deploying additional
NEM roaftop salar would deliver pasitive net benefits to all Nevadans — whether ar not they own salar and DERS. While
& net eost would indicate that NEM is previding 2 subsidy 1o solar, our results conclude that the eppasite is true:
rooftop solar provides a net benefit 1o all Nevadans in the range of 1.6 to 3.4 cents per kilowatt-haur (kWh) of solar
preduction, as depicted in the figure below (and detailed on page 12). 16 cents/kWh includes benefits that are direetly
captured by the utility, while 3.4 centg/k'Wh indudes environmental externalities that benefit all Nevadans at large.

Annwal Net Benefits of 2017-2019 NEM Rooftop Soler Deployments
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To update discussion, SolarCity and NRDC repeated
2014 independent analysis with updated data

Quantified Cost/Benefit Categories in Nevada (2014-2016)"

E3 NEM PUCN NEM PUCN NEM PUCN Order:
: . . . Study Scope
Categories Study Order Decision Sierra Pac IRP (May 2016)
(July 2014) (Fall 2015) (Dec 2015) (April 2016)
Energy v v v v v
Line Losses v v v v v
Generation Capacity v v v v
Ancillary Services v v v v
Transmission Capacity v v v v
Benefits | Distribution Capacity v v v
CO, Regulatory Price v v v v
Voltage Support v v
Criteria Pollutants v v v v
Fuel Hedging / Diversity v v
Environmental Externalities v v v
Utility Administration v v v v
Costs Utility Integration v v v v
Participant Bill Savings v v
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Methodological Principles

Utilize methodologies and tools from PUCN-commissioned independent
NEM assessment from 2014 (via Energy + Environmental Economics

Utilize publically available data, largely from NV Energy and PUCN

Nevada NEM Public Tool Updated Inputs for 2016+
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Methodological Principles

Publish full methodology to enable others to recreate analysis and results
Independently Peer Reviewed by following academics and stakeholders:

A STANFORD

UNIVERSITY

Mark Z. Jacobson, Ph.D. Joshua Eichman, Ph.D.

Visiting Scholar
Department of Civil and
Environmental Engineering

Professor of Civil & Environmental Engineering
Director of Atmosphere/Energy Program
Senior Fellow, Precourt Institute for Energy

Tim Yeskoo, M.S.

Ph.D. Candidate
Department of Civil and
Environmental Engineering

NEXTGEN § CLIMATE
AMERICA

ENERGY
INNOVATION

POLICY & TECHNOLOGY LLC

Daniel Lashof, Ph.D. Virginia Lacy
Chief Operating Officer Principal, Electricity Practice
NextGen Climate America, Inc. Rocky Mountain Institute

Michael O’Boyle
Policy Analyst
Energy Innovation
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When full benefits are measured, NEM saves ALL customers

Full cost/benefit analysis performed by SolarCity and NRDC utilizing methodology as
specified by PUC Nevada working group
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Detalled Results

Annual Net Benefits of 2017-2019 NEM Rooftop Solar Deployments

Net Benefits

Net Benefits

Type Benefit and Cost Category (Excl. Environmental) + Environmental
2015 Levelized cents/kWh
Energy 3.7 Same
Line Losses 04 Same
Generation Capacity 2.6 Same
Ancillary Services 0.1 Same
Transmission & Distribution Capacity 2.8 Same
Benefits :
CO; Regulatory Price 0.9 Same
Voltage Support 0.9 Same
Criteria Pollutants Not included 0.1*
Environmental Externalities Not included 1.7*
Total Benefits 11.4 13.2
Program Costs 0.1 Same
oo Integration Costs 0.2 Same
Participant Bill Savings 9.5 Same
Total Costs 9.8 9.8
Total Net Benefits 1.6 cents/kWh 3.4 cents/kWh

*More recent academicstudies estimate the criteria pollutants costto be up to 5 cents/kWh?*? and the
social cost of carbon to be as high as 12 cents/kWhin Nevada.”
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Energy

Methodology for Avoided Energy
Used Public Tool’s standard framework, but updated the energy-related
values to reflect the dramatic drop in natural gas prices
Compared historical gas forward curves to current gas forwards to create
annual adjustment factors

These adjustment factors were applied to the avoided cost categories for
energy, losses, and ancillary services

Avoided Energy Adjustment
2016 2020 2021 2022 2023 2024 2025 2026-2043

Adjustment | -41% -30% -33% -35% -35% -34% -32% -31% -29% -27% -26%
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Generation Capacity

Methodology
Did not make any modifications to Public Tool’s standard approach
Resource balance years from NVE 2013 IRPs inform when the transition occurs between short-
run marginal capacity costs and long-run marginal capacity costs

The full capacity value is then discounted (using the same factor used within NVE's IRPs) to
reflect the proportion of nameplate capacity assumed to contribute toward system reliability

Alternative Methodology

Sierra Pacific Power’s recently approved 2nd Amendment to its 2014-2016 Action Plan (Docket
No. 15-08011) included a new methodology for calculating the avoided cost payments for up to
25 MWs of PURPA QF contracts.

This methodology produced monthly average S/MWh rates that NVE indicates will serve as a
cap on long-term payments to winning bids in future competitive QF solicitations.

Rationale: We considered replacing the values in the Public Tool framework with these
“"Capped Long-Term Avoided Costs” as approved in the IRP docket, but decided
against it for the following reasons:

Using these monthly average values would lose the hourly granularity that the Public Tool

approach is based upon. Hourly granularity is important to properly reflect the coincidence of
solar generation with hourly prices.

These capped LTAC values were approved for a narrow and specific purpose. They have not
been approved as the basis for compensating DG or as the benchmark for assessing the cost-
effectiveness of other demand side programs like EE and DR.

The basis for compensating wholesale supply side resources is fundamentally different than
quantifying the value of retail distributed assets, as they are fundamentally different products.

SolarCity



Voltage Support
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Conservation Voltage Reduction (CVR)
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CVR Methodology and Calculator

SolarCity

Grid Engineering

Key Takeaways

Takeaway 1

Energy Efficiency Enabled by Distributed Solar PV

via Conservation Voltage Reduction

A methodology to calculate the benefits of distributed PV with
smart inverters in providing conservation voltage reduction

T T

o

Technical Brief

Load Duration Curve

1007 (A small percentage )
— of Ioad requires
17
&
g 0%
i
25% =
%
- v r v
o By L B0

Percentage of Bours Less than Y-

solarcity.com/gridx

Voltage Duration Curve

Customer Voltage

(& small percentage
—— of customers
requires gygr

\_supplied voltages )}

20% A 60 L
Percentage of Customers Less than ¥.Axds

Energy Efficiency Enabled
by Distributed Solar PV via
Conservation Voltage
Reduction

A methodology to calculate the benefits of
distributed PV with smart inverters in
providing conservation voltage reduction

A B L D E F G H | J K L ™M

2 Smart Inverter CVR Benefits Calculator

3 | C June 29, 2016

4 So ar Ity This calculator accompanies a SolarCity white paper available at www.solarcity.com/gridx

5 NN R el describing a methodology to calculate the benefits of PV with smart inverters in providing

6 Grid Engineering 2
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8 and d

9 e 2 Calculator Dashboard

10 3

1 4

:; 5 User Inputs

14 6| |transtormer 25 KVA, 7200/12470 V to 120/200 V, 1.6% R, 2% X

15 7| [secondary Conductor Type 40l

16 & | |tine Length Lengthx2 (fr) 100

17 5 | [Number of PV Systems Per Transformer 1

18 10| |Residential Power Factor 0.5

19 11 |cvR Factor 08

20 12| |inverter Size (kva) 5

21 13 Inverter Reactive Power Limit (KVAr) 5
14| |Targeted Low Voltage Customers in Voltage Regulation Zone 3.0%
15 |Total Number of Customers in Voltage Regulation Zone 7000
16| |Marginal Cost of Di: Capacity (s/kw-year) $53.00
17
12 |Key Results
18 [Peak Lozd (kw) 31,200
20 Peak Load Reduction (kW /yr) 128
21 Energy Savings per Zone (kwh/yr) 350,412
22| [Annual Capacity Savings per Zone (/year) 56,798
23| |+ Annual Energy Savings per Zone (S/yr) 514,613

|2¢| |=Total Annual savings per Zone (3/yr) 521,411

25 |/ Annual PV Production per Zone (KWh/yr) 2,105,287
2| |=Savings Per Unit of Solar Smart Inverter Energy ($/kWh) $0.010
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