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Introduction

=" Methodology and results are exploratory

= Not used in CED 2021

= Attempt to more accurately model hourly historical PV generation

" One of several approaches staff is exploring



Modeling Hourly PV Generation

=" General Approach

= Simulate hourly PV generation for different locations, panel orientations
(tilt and direction), weather years

= Match simulated data (by location, panel orientation, year) with installed
PV system data

= When actual or measured data is available compare actual generation with
simulation generation



odeling Hourly PV Generation using SAM

= Use NREL's System Advisor Model (SAM)

=" SAM can estimate hourly PV generation:
= Historical weather data
= 1999-2019 and TMY; 2020 weather data not available
= By location
" For some locations, solar insolation is simulated using satellite data
= By system tilt and orientation
= Other PV system specifications

=" Compare SAM results with known PV system output
= California Solar Initiative (CSI) 15-Minute Interval Data
= CSI Measured Production Data Set (for years 2011-2016)
= CSl| data sets have location and system orientation information
= Publicly available at: www.californiadgstats.ca.gov/downloads/




Modeling SDG&E CSI Systems

= A first attempt at modeling SDG&E

=62 CS| Systems
= | ocated across SDG&E territory
" Years 2011-2016
= Measured sub-hourly generation

= Modeled in SAM

= Assumed 10 kW system
= Using only one location: Downtown San Diego
= Used parametric simulation option
= 9 representative system tilts
= 8 representative system orientations
= Adjust system size to match CSI systems: (kWh /10 kW) * (CSl size in kW)




SDG&E: Actual vs Simulated CSI Gen.
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Modeling SCE CSI Systems

= SCE Forecast Zone 7 (LA Basin)
=61 CSI Systems

= Located across LA / Orange County
" Years 2011-2016
= Measured sub-hourly generation

= Modeled in SAM

= Assumed 10 kW system
= Used 11 locations across forecast zone
= Used parametric simulation option
= 9 representative system tilts
= 8 representative system orientations
= Adjust system size to match CSI systems: (kWh /10 kW) * (CSl size in kW)




SCE (FZ 7): Actual vs Simulated CSI Gen.

April 2015
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Modeling All of SDG&E Territory

= Start with SDG&E Interconnection Data

= www.californiadgstats.ca.gov/download/interconnection_rule21_applications/

= Classify PV systems by location, tilt, orientation, and sector
= Grouped into 10 representative locations, 9 rep. tilts, 8 rep. orientations, 2 sectors
= About 75% of systems have tilt and orientation information
= Limited or no tilt/orientation information prior to 2016

= Calculate weighting or share of each distinct group
= Distinct group = PV systems w. 1 rep. location, tilt, orientation, sector
= Calculate “share” of each group by month

PV Capacity of Group yearmonth
PV Capacity in SDG&E eqrmonih

= Tilt and orientation shares hold constant prior to 2016

Share =



= SAM simulated runs:
= Assumed 10 kW system
= 10 different locations
= 10 historical weather years (2010-2019)
= Used parametric simulation option
= 9 representative system tilts
= 8 representative system orientations
= 2 system mounting methods
= Over 1,000 simulated hourly profiles
= 10 locations, 9 tilts, 8 orientations, 2 mounting types
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Formula

= Assign simulated profiles to each distinct group
= Assign based on representative location, tilt, orientation, and sector

= Multiply capacity share calculated for each group with associated
profile

= “Weighting” each simulated profile based on capacity

= Add together weighted simulated profiles to create a single
simulated hourly profile for SDG&E

=" The new profile accounts for weather, tilt and orientation (years 2016+),
observed locational effects, and to an extent mounting method

11



SDG&E Simulated Generation

ENERGY COMMISSION
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SDG&E Charts

ENERGY COMMISSION
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More SDG&E Charts
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Takeaways

= Advantages
= More accurately estimates historical PV generation
= Seemed to reasonably estimate measured data set
= Multiple profiles available if needed
= Repeatable — nearly all data used is publicly available

=" Drawbacks
= Will not have the latest weather data
= SAM historical weather data updated 10-11 months after end of year
= So cannot update base year of forecast
= Requires significant staff effort / time
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Photovoltaic

Detailed PV Model

PVWatts

High Concentration PV
Battery Storage
Concentrating Solar Power

Marine Energy

Wind
Fuel Cell-PV-Battery
Geothermal

Solar Water Heating

Biomass Combustion

Generic System

SAM Screenshots

, and then choose from the available financial models.

Power Purchase Agreement
Distributed

Merchant Plant

LCOE Calculator (FCR Method)

No Financial Model

% SAM 2020.11.29

Filev (F)Add  untitlec

PVWatts, No financial

Location and Resource
System Design

Grid Limits

Simulate > I_‘_

Parametrics Stochastic

P50 /P90 Macros

rSystem P

SAM uses PVWatts Vers
different from the online P
Calculator version, SAM ults wi
different from the online calculator
s until the online calculator is

System nameplate capacity 10 {kwdc

Madule type | Standard ~

DC to AC ratic
ions.
Rated inverter size 8.85 [kWac

Inverter efficiency %

!Iw

Help for information about

r Ori ion and Tracking

Azimuth Array type | Fixed open rack -
=0
174 e[ e
2\'-',\' Eo | Azimuth degreas
el Ground coverage ratio
5180
rLosses
—System Ls
System losses account for performance losses you would expect in a real system that are not
explicitly calculated by PV\Watts,
Specify total system loss [ Total loss 14 %
-Specify System Loss Categori:
Shading % Light-induced degradation %
Total systemn losses __14.08 %

Chad: <
g and

Shading losses are for shading by nearby objects. PVWatts calculates self-shading losses based
on the system design and tracking options above.

Edit shading losses Edit shading... Open 3D shade calculator..

[] Estimate snow losses

~System Availability
System availability losses reduce the system ocutput to represent system outages or other events,

Edit losses... | Constant loss: 0.0 %
Hourly losses: None
Custem pericds: None
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ENERGY COMMISSION

Parametric Quick Setup

Setup mode: (®) All combinations () Independent Linked
Variables: Add | Remove Selected variable values: Edit
60
PVWatts/Azimuth (degrees) a0
PVWatts/Module type 120
PWWatts/Tilt (degrees) 150
180
240 Meonthly
270
Other
PVWatts
= Time Series
[T AC inverter output power {'ac'} (W) [array]

) — [T Angle of incidence {'aci'} (deg) [array]

Mumber of simulations: 320 Cancel Help [ DC inverter input power {'dc’} (W) [array]

[T DC power loss due to snow {'dcsnowderate'} (%) [array]
[T Module temperature {'tcell'} (C] [array]

[~ Plane of array irradiance {'poa'} (W/m2) [array]

Pl e 2 e [T Shading factor for beam radiation {'shad_beam_factor'} [array]
Setup mede: (8) All combinations () Independent Linked ™ Sun up over horizen {'sunup'} (0/1) [array]
¥ System power generated {'gen'} (KW [array]
Variables: Add | | Remove Selected variable values: Edit [T Transmitted plane of array irradiance {'tpoa'} (W/m2) [array]
[T Weather file ambient temperature {'tamb'} (C) [array]
Eﬁ:gzi;?:ut:hp(edegrees] % [T Weather file b_eam ir_radia_nce{'c?n'l} (W/m2) [array]
PVWatts/Module bype 12 [T Weather file diffuse irradiance {'df'} (W/m2) [array]
PVWatts/Tilt (degrees) 17 [~ Weather file global horizontal irradiance {'gh'} (W/m2) [array]
g [T Weather file snow depth {'snow'} (cm) [array]
3 [T Weather file wind speed {'wspd'} (m/s] [array] "
37
pe Expand All Uncheck All oK Cancel

Mumber of simulations: 320 Cancel Help
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