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" The purpose of
fit the data but to sharpenthe
guestions?®

-SamuelKarlin
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FindingPennsylvania's Solar Future

Research objectives

A Convene and engage stakeholders for analyticallipased
di scussions and reporting
Future

Scenarios consider solar in context of total energy
economy

Initial Solar scenario is 10% of wstate sales by 2030

Transparent accounting? compare energy flows, costs
and other impacts between scenarios
Support workgroups:

A Regulatory and ratemaking

A Markets and business models

A Operations and Interconnection

A Multi-audience reporting and communications
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Finding PA Solar FutuggModeling Activities

June 2017 meeting:

1. Reference and initial Solar scenarios
2. Familiarize workgroups with model, resul t s, out
and feedback

3. Detailed module review identify questions, recommendations for additional data or analysis
September 2017 meeting:

1. Results for Reference and initial solar scenarios

2. Cost/Benefit initial results, import/export balance, power dispatch, land use

3. Key guestions for future modeling specify additional scenarios
December 2017 meeting:

1. Review the scenarios and combinations

2. Energy results?2 Economic results? Environmental results

3. Sensitivities to be included in report
March 2018 meeting:

1. Discuss modeling as it supports study and strategies

2. Review sources and assumptions

3. Review results and implications for strategies

June 2018 meeting:
1. Discuss modeling as it supports the study
2. Review results and implications for strategies
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lterative Changes to Modeling:

A Trued up historic solar growth through 2017

A Refined projected solar growth curve slower at
first, faster later

A Revised costs to start with PAspecific data from
OpenPV, and transition to national pricing by
2030 as the market grows

Added effect of PA sales tax and Federal tariff
Added grid upgrade cost

Added health impactbenefits

o o o D>

Calculated customer economics, incentive levels S8
bill impacts 3

o

Increased integration cost to $5/MWh

A Changed presentation of land use
impact

A Ensure that no unintended changes
after 2030 affect the long term results
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Main Scenario Definitions

0.5% solar by 2020  10% instate solar by ~ 10% instate solar by

2030 2030
1.2 GW 11 GW 11GW
0.6 GW 3.9 GW (35% of total) 1.1 GW (10% of total
Y residential and Y2 V% residential and Y-
commercial commercial
0.6 GW 7.1 GW (65% of total) 9.9 GW (90% of total

Assumes AEPS  Assumes AEPS efficien Assumes AEPS
efficiency trends trends continue support  efficiency trends

continue support beyond 2020 continue support
beyond 2020 beyond 2020
Modeled as a Modeled as a

Modeled as a reduction eqyction in installed
in installed costsPhase  gsts. Phase out by
out by 2023 2023

reduction in installed
costs. Phase out by
2023
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By 2030 PA Solar Future Scenarios have 10x so|
capacity than reference

Branch

A BOth cases I’e|y fOI‘ ] B Besidential solar

. . . 10 ;
majority on grid scale corimeroi Solar
solar g

:
A Solar A also sees .
significant growth in g
roof-top/site based c 4
markets ;
[ ]
0
Reference Solar A Solar B
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Executive Summary Modeling Results

Solar capacityby year and scale in Solar A
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Viability?

Economics

Grid Integration
Land Use
Jobs
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Economic Benefit Cost Results

Cumulative costand benefits 20152030 relative to reference scenario

Billions of 2017 USD, discounted at 1.75%
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Resource Savings through 2030

Differencein generation between Solar A and reference

W Petroleum
W Residential solar
10.0 B Commercial solar
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B wind
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Scale of net investment

Scenario investments compared to historic energy expenditures
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a2zZRStAY3I FAYRAYIAY [/ dzi
economics

A Residential system in Philadelphia 2025
A Looking for 10 year pay back, as an indicator of wide market acceptance
A What SREC price provides that?

Residential Installation Cost of PA ($/w) 2.5 | (Assumed)
PV System Size (kW) 7.5
Total Installation Cost $18,750| (Assume ITC=0%)
Assumed Solar Generation Factor (KWh/kvy/ 1.2
Projected Annual Solar Generation 9,000
Assumed Full Retail Electric Rate ($/kWh) 0.15
Annual Electric Bill Savings $1,350
Assumed SREC Life = Target Paylyagk ( 10
Annual SREC Payment for Payback Target $525| (Backcalculated
SREC Price to Achieve Target Payback ($/SR $58
] A o | 1.75% real discount
/| dzZa G 2YSNRa bt + | FdSNJ H N$7,808|rdth
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Modeling findings: rate impact

Using SREC just determined, find rate impact to average residential bill

Vermont

2025 PA Electric Sales (Assumed) 150,000,000 MWh
2025 Solar Share Requirement (Assumed) 0.04 | (4% in 2025)
2025 SREC Requirement (Calculated) 6,000,000 MWh (= SREC4
Assumed SREC Price in 2025 (Only PA SREC $58 | (from previous)
Total Cost to Purchase SRECs in 2025 $350,000,000
Bill line item cost for purchasing 2025 SRECs | $0.0023333| $/kWh

: : : 10,000 | kWh/yr
Typical PA Residential Customer Usage

833.3| kWh/month

, o $1.94 | per month

Residential bill increase for 2025 SREC costs
$23.33| per year
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Modeling findings: customer economics

Parameter analysis to consider different inputs

A Increasing precision:
A Account for panel degradation
A Account for income tax on SREC income
A Account for annualized maintenance costs
A Varying the inputs:
A Today®s estimated installed cost,
A 1 $0.50/W in five steps
A Recent SREC prices and higher
A $6/MWh - $100/MWh in five steps
A Systems simulated (different costs, generation, electric rates)
A Residential and Commercial in Pittsburgh and Philadelphia
A Grid scale outside Philadelphia
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Customer Economics Parametric Analysis

Commercial Residential Grid-Scal
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Modeling input: solar prices

Historic PA:OpenPV
National historic and projections: LBL Tracking the Sun 10, NREL 2017 ATB

Scale (group), Geography
Commercial, National

B Commercial, PA
10 Fesidential, Mational
M Residential, PA
Utility scale, National
M Utility scale, PA

Median $/W
[}

4

2

0 Projected

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Installation Year
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Viability Land Impact

All scenarios less than 0.3% of land area

PA Solar Future Land Use
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0.6%
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0.0%

Percent of PA Land Area

Assumes 100% of grid supply
PV is groundmounted, 10% of
residential, and 50% of
commercial

Assumes 8 acresper MW

10% of electricity from PV
requires about 1% of the area
used by farms

Many counties have more land
area in farms than the entire
state®s PV requ
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Viability Land Impact
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Technical Potential in Megawatts of Capacity Y o

< Ls'sb 450-900 S00- 1,800 1,800 - 3,600 B Roof Replacement Market New Construction Market

Figure ES-1. Annual average technical potential for residential rooftop PV at time of roof
replacement and new construction projected between 2017 and 2030

KristenArdanj Jeffrey J. Cook, Ran Fu, and Robert Margolis. 2018. Cost Reduction Roadmap for Residential Solar Photovoltaic(BW), 2017
Golden, CO: National Renewable Energy Laboratory. NREAZIIP70748.
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Modeling input: health impacts

Pollutant DamageCost  Compliance Cos CostUnits
Carbon Dioxide 47 4 USD/metric tonne
Nitrogen Oxides 10 0.20 USD/Kogram
Sulfur Dioxides 20 0.035 USD/Kogram

Damage costs for CO2, SO2, and NOx according to
Buonocore et al (Nature 2015, doi:10.1038/nclimate2771)

Compliance costs are based on 2017 auction results from the relevant markets:

+ The carbon dioxide price iIis from the Re
+ The nitrogen oxides price i s a rough e:c
prices in the monthly spot market

+ The sulfur dioxides price iIis the weight

advanced auction, for allowances first usable in 2017 and 2024 respectively
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Economic Benefit Cost Results with health and
environmental effects

Cumulative costand benefits relative to reference scenario, 1.75% real discour
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Alternative Scenarios
Total Final Demand ir2030 by Scenario and Fuel (TBtu)
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Alternative Scenarios

Difference in totalenergy spending by scenario
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Implementation Phase Next Steps

A Priority questions or issues
where additional modeling
can provide value, or
catalyze market growth

A Tracking of key metrics

A Analysis of levers to
reduce barriers
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