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The demand-side grid (dsgrid) model creates highly resolved time-

synchronous load data by leveraging sector-specific modeling expertise

Bottom-up modeling of Residential
buildings, industry, and electric @ ResStock @ comStock IGATE-E  %QAKRIDGE = EVI-PRO
vehicles to enable: TINREL | TINREL EPRI| 2 BINREL

e Future projections and what-
if scenarios for load shape in
addition to magnitude

* Realistic estimates of demand-side

potential load flexibility grid (dsgrid)
(i.e., demand response)

e Understand interactions
between energy efficiency
and demand response
potential (also renewables _
and DERS) Jan Feb  Mar Apr May Jun  Jul Aug  Sep  Oct Nov Dec
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Residential

IGATE-E  %QAKRIDGE gE EVI-PRO
............... A

dsgrid leverages decades of sector-

specific energy modeling

- High-quality modeling of each sector

- Breaks down energy-sector silos to
enable cross-disciplinary
understanding and holistic design

_OpenS .
Building Component Library (BCL)

Buildings represent 71% of U.S. electricity use,

and building energy modeling is a particularly (e
mature field
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Load models vary in extent, resolution, data, and methods
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dsgrid provides high resolution for

large geographic and temporal extents

Geographic Temporal Sectoral
NEMS
global 4 [AMs century all + IAMs PATHWAYS dsgrid
IAMs NEMS Std. Planning Best
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. Std.
utility 4+ Planning month 4 =+

e . e o S IS A
a”*‘o‘\&*i"’\o o e(‘“dco"“:ﬁ@«\ 20 Q%ﬁaso{\; & OM’ o o ‘\:e‘é&e seéé@\ oC© © w‘é\zg\“"
- I < 9 el (7T AN e W0
e © & o 0 "‘O),}o \edeﬁ W oY
. A\ . .

resolution resolution resolution
DR Demand Response (Potential Studies) NEMS National Energy Modeling System
FERC Federal Energy Regulatory Commission Planning Refers to utility/ISO/PUC planning efforts
IAM Integrated Assessment Model REF Renewable Electricity Futures (Study)
LBNL Lawrence Berkeley National Laboratory SAE Statistically Adjusted End-Use (Model)

This graphic only shows load model resolution. The modeling resolution for other energy system components (e.g., electricity supply) modeled by the referenced tools (e.g., IAMs or NEMS) may differ.
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http://www.nrel.gov/EFS

How do we plan for
widespread electrification?




NREL-led collaboration, multi-year study

Collaborators from:

EPRI

Evolved Energy Research
Northern Arizona University
Oak Ridge National Laboratory
Lawrence Berkeley National
Laboratory

U.S. Department of Energy
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NATIONAL RENEWABLE ENERGY LABORATORY
e Strategic Energy Analysis

* Transportation and Hydrogen Systems
* Buildings and Thermal Systems

+ Technical Review
Committee of 19 experts

from industry and
consultants, labs,
government, NGOs

Study sponsored by U.S. DOE-EERE Office of Strategic Programs

NREL | 10



Answering crucial
guestions about:

\/
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Technologies Consumption System Change Flexibility Impacts
What electric How might How would the What role might What are the
technologies are electrification impact electricity system need demand-side flexibility  potential costs, benefits,
available now, and how electricity demand to transform to meet play to support reliable and impacts of widespread

might they advance? and use patterns? changes in demand? operations? electrification?




Progress to date

‘ Technology cost and performance (December 2017)

‘ Demand-side adoption scenarios (June 2018)

paysijand

‘ dsgrid model documentation (August 2018)
. Supply-side evolution scenarios (2019)
‘ Impacts of electrification (2019)

‘ Electricity system operations (~2020)

pauue|d pue 3ulo3uQ

‘ Value of demand-side flexibility (~2020)

Note: Future work scope is tentative NREL | 12



Historical Calibration Data Sources

ISO / FERC 714 System Generation Data Centralized Supply d Sg rl d m O d e I

Planning
Region

Utility Annual EIA 861 Operational Data on System Losses T &D Losses
by State
Utility

EIA 861 Retail Sales
Annual i ial [} i )

Hourly

architecture

Site-Level Supply
dsgrid Model Components

State Hourly Distributed
{or County) Generation

Municipal Outdoor Non-Sectoral
Coun Hourl ) -

oy Gap Models
County Hourly Resclsc:;z:::tlal Intéuas;:al Traglass:rt GiSu‘:c,:lt)rdalI

{or State) ap odels Site-Level Demand

: Core, Detailed
County Hourly Sector Models

Geographic | Temporal

Residential | Commercial | Industrial Transport | NREL | 13
Data Resolution Sector Component Type



dsgrid model
documentation:
methods and 2012
U.S. electricity
demand

0-1“

Hourly data for the contiguous United B Y S Y RN S
States (CONUS) for four representative | ér:jstsqgfoordﬁ%htting I :éqg: gégtsor o Eggt: gHggtsolr _

. — . +
weeks, aggregated by model component Trans. Gaps Com. Sector - Historical Hourly
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Historical Calibration Data Sources

ISO / FERC 714 System Generation Data Centralized Supply d Sg rl d m O d e I

Planning
Region

Utility Annual EIA 861 Operational Data on System Losses T &D Losses
by State
Utility

EIA 861 Retail Sales
Annual i ial [} i )

Hourly

architecture

Site-Level Supply
dsgrid Model Components

State Hourly Distributed
{or County) Generation

Municipal Outdoor Non-Sectoral
Coun Hourl ) -

County Hourly Resg;il:tlal Intéuas;:al Traglass:rt GSei:ordall

{or State) ap odels Site-Level Demand

Core, Detailed

County  Hourly . Sector Models h
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Housing stock Physics-based High-performance
characteristics computer modeling computing
database

~ECTricity

NREL | 16
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Housing stock
characteristics
database

N EIA
Buﬂdln.g ' : NAHB
Characteristics :
IECC
Census ﬁ‘;‘ 4
5
Data T Census
Costs EIA
NREL
NREL/Navigant
Climate " 4
Locations NREL

Res. Energy Consumption Survey (RECS)
Homebuilder Surveys
Historical Energy Codes

American Community Survey (ACS)

Electricity and fuel costs
OpenkEl.org Utility Rate Database
Measure Cost Database

TMY3 weather data

NREL | 17
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Physics-based
computer modeling

U.S. DOE Tools
Detailed sub-hourly energy simulations

I Baseload

I Cooling
’ 14 BN Heating

I Hot Water

12

10

OpenStudio

kWh

Jan Mar May Jul Sep Nov Jan

EnergyPlus



simulations for baseline
250,000 U.S. single-family housing stock




Weekday Weekend

Residential _
1,1 5200-
electricity load -
shapes by season £ 100
0-
3200-
. . . g i Heat Rejection
* Interior equipment is the largest 5 100 W pumps

end use, comprising 33% to 48% 0-

Water Systems
Fans

101 1 = Space Heating
of gl.ectrlaty depending on census 3 500- '5“522‘82%,‘3?,53
d IVISIon E Interior Equipment

* Importance of space cooling, £ 100~
. T @
interior lighting, and space 0-
heating varies more by season %‘ 200
and region “é
2 100 -
35
<
0' [ 1 v 1 1 T (I '
6 12 18 24 © 12 18 24

Hour Hour



Hierarchical conditional probability tables

of building parameters Sample of building

i semic, remurae | DRSS DAY BT O DAt characteristic values
it 0.004327187 0.123804138 0.075188748 0.335311284

0.012454725 0.009387688 0.070104765 0.223395733 6
0.10468834 0097196516 0.127730665 0.094582263 0.131960126 . (X3 50,000)
0.002644052 0.0B1699064 0.103358993 0.213227542 0.11852058 9
0048023034 0050479293 0.075820622 0.114023303 0170487833
.. school 0.016164851 0.0B6079351 0.120412847 0.159539927 0.077635691
E m p | r | c a I 0033023279 0057357111 0.020960154 0.090178428 0121910676
0115802683 0.138762132 0.101692793 0.105342157 0.10079961

. ondary_school 0014309296 0.086260296 0.133977031 0149113152 0.193602632
co m me rc 1a I X, 1 0.111089886 0.155910617 0179224164 0.147104216
1 0.061965679 0.074320253 0113104302 0.128288664

0.016794282 0.101305444 0103133424 0.204018358

b u | Id | ng d ata fo r ch ] 0080944545 X 0.110645779 0.122267319

co ntl uous U S Dependency=proto_bidg_type Option=pre_1520 Option=1920_1945 Option=1346_1959 Option=1360_1363 Option=1570_1373
=B ll_senvice_restaurant 00965066 013032087 0114618722 0096050955 0.184336181
|

oL
X 0.004327187 0123804138 0.075188748 0335311284

L EnergyPlus Building
0.10468834 0.097196516 0127730666 0.094582263 0.131960126 ..

0.002644052 0.081699064 0.103358993 0.213227542 0.11852058 9 . -

0.048023034 0050479293 0075820622 0.114023303 0170487833 S m I t

0.016164851 0.086079351 0120412847 0.159539927 0.077635631 9 I u a I 0 n S

0.033023273 0057357111 0020960158 0.050178428 0.121910676 3

0115802683 0.138762132 0.101692793 0.105342157 0.10079961

0.014309296 0086260296 0133977031 0.149113152 0.193802632 (X3 50'000)

0.036411376 0.111085886 0155910617 0.179224164 0.147104216

0.038216844 0061965679 0.074320253 0.113104302 0128288654

desiew  owswey  omesss  awss  oms

0.043741998 0080944546 0.089784144 0.110645779 0.122267319

Per-countyscaling
with weighting
factor

ComStock: County-level

aggregate load

commercial building profiles with end-
mOdEIIHg apprOaCh use breakdowns
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Commercial building data relationships

CBECS

quantified
unmodeled energy

energy completely
unguantified

CoStar

DOE Prototype Buildings

Rotation

»| Weather data

Number of Floors

| Floor to Ceiling Height

Division

» Location

» CoStar Building Type

DOE Prototype

» Building Shape »| Aspect Ratio
*| Area
Vintage
Energy Code

NREL | 22




Weekday Weekend

Commercial - 200.
electricity load -
shapes by season [N —I
0-
S 200
2
g 100 P water Systems
* More prominent role for lighting s A I Heat Rejection
and fans, compared to residential E Eg‘?ecﬁotl?_iag;ihr]cg
buildings = 200+ I Space Cooling
* End use proportions vary by é 100 Intorior Lignta
building type/subsector: £
wn

* Interior equipment is 0-
prominent in offices

* Interior lighting is prominent
in retail buildings

200 -

100 -

Autumn (GW)

N

6 12 18 24 6 12 18 24
Hour Hour



Industrial

manufacturing

modeling approach

IGATE-E developed by ORNL and EPRI

Methods Data Sources
[«]
n (2]
T @ . a5
2 2_,. , |88 &84
S ¢ cTL o S 3 = o
ol I880f. 5 B8 < 8
$285SEC 20 S NS U - F
m«so-‘:d’ammmuoiﬂ‘-ﬂfs
c&ushiCS2S5g I ES8R &S
Characteristics -
Location (State/County/Zip Code) X X
Industry Code (NAICS/SIC) X X X X X
Energy Consumption (kWh or X X
MMBtu/yr)
Electricity Demand (kW/month) X
Number of Employees X X X X
Industry Code (NAICS/SIC) X X X
Energy Consumption (kWh or X X
MMBtu/yr)
End-Use Energy Consumption X X
(kWh/yr)
Load Shapes by End-Use X X

weld Ag

Ansnpul Ag

Clansication System
® NAKCS Codes () SIC Codes

Input Data
AL Database [-11-2018) o

Load and Process IAC Database

Evaluate Busnasa Database

VBGATE.E Analysis
Econgmc Analyses ot

Run IGATE E Analysis

PictTabalate Resulls
- Electricty Ragretson [Lowlev . =
ET - | EET -

312 3112
313 v| 313 -
By Ragron
- Hortheast
Hirw England
- Middie Atlantic
Mindwest w

Piot Tabulste ety

Y

is Tool for Energy Evaluation (IGATE-E)

sl NAICS: 3111 (Animal Food Manufacturing)

O™
2 Regression

Electricity (Kih/yr)
‘

- * s
—Sied % . . ; ; P :
s 100 150 20 250 30 80 400 450
Number of Employees.
Program Status: Electricity Rsgreasion Anabysis doe NACS: 1111 Plotied
Results
Veintescept
795000405

Sope
Regrrsson Values 5 66450404

Clagsdication System
@HACE Codes 0 5IC Codes

Inpust Data
PAC Database 33120180 |

Load and Process IAC Database

Evauate Busmess Database

IGATEE Analysis
Economic Analysis -
Fun IGATE £ Analysis

Plot/Tabulate Rasults
- Par Unatized Losd Shape -

EIN | ET -

12 312
an > g v

[EETT N -
By Region
- Hortheast
- Now Ei

- Widdla Aliartic
- Midwest v

Piot/Tabulate Resuts

Industrial Geospatial Analysis Tool for Energy Evaluation (IGATE-E)

Results
MAICS: 3111 (Animal Food Manufacturing)

12 T T T

N C o eiional Boier Use

Load Shape (Per Unil)

ipm  1Zam  1Zpm  1Zam  1Zpm  iZem  1Zpm  12sm  1Zpm  Zam  13pm  1Zam  1Zpm  1Zam
Program Status: Per Unitized Load Shape for NACS: 3111 Plotted

Hour | Load Shape (Per Unit)
1 02189
2 02210
3 0232




Weekday Weekend

Manufacturing
electricity load

Winter (GW)

shapes by season

Other Nonprocess
L Use
nsite
o Transportation
End Use Not
Reported
Conventional
Boiler Use
Other Facility
Support
Other Process Use
Facility Lighting
Process Cooling
And Refrigeration

[
[ |
[
O
Electrochemical
[ |

* Energy modeling is less developed
in part because of industry /
manufacturing heterogeneity

* |GATE-E/dsgrid models 86
different subsectors

* Electricity use is dominated by
machine drive, process heating,
and facility HVAC, with
considerable subsector variation

Spring (GW)

Processes
Facility HVAC
Process Heating
Machine Drive

Summer (GW)

Autumn (GW)




Transportation — electric vehicle modeling approach

* Overall
electrification Vehicle « Basedon Real-World
ambition . spatial Hourly Power
+  LDV/MDV/HDV | Adoption distribution of -
| Profiles
role early adopters
* Basedon cost, * Basedon travel
- performance, Regionalization surveys, vehicle
Scenario and projected \ of Vehicle characteristics,
Definition improvement and charging
Deployment assumptions

NREL | 26



Transportation — charging profiles from EVI-Pro




Historical Calibration Data Sources

ISO / FERC 714 System Generation Data Centralized Supply d Sg r I d m O d e I

Pll: engr';ionng Hourly
) architecture
y State

Utility

EIA 861 Retail Sales
Annual i ial [} i )

Site-Level Supply
dsgrid Model Components

State Hourly Distributed

(or County)

Generation

County Hourly

(per capita)

Municipal Outdoor Non-Sectoral
Water Services|| Lighting Gap Models
Residential Industrial Sectoral
Gaps Gaps Gaps Gaps
P P P P Gap Models Site-Level Demand

e Core, Detailed
County Hourly Sector Models

County Hourly

(or State)

GF—‘OQHPhiCl Temporal Residential | Commercial | Industrial | Transport | NREL | 28
Data Resolution Sector Component Type




Tra nspo rtation gap Seasonal, weekday/weekend load shapes for CONUS

11 Weekday Weekend
model of electricity
2 750-
used by passenger 70
. & 500-
O-
Census Division Total GWh) Total (%) S 750
Mid Atlantic 3,304 515 = 500 -
South Atlantic 793 12.4 € .
New England 709 11.0 n '
Pacific 706 11.0 0
East North Central 623 9.7 2 750-
Mountain 124 1.9 bt :
West South Central 114 18 2 500-
West North Central 43 0.7 € 250- _
East South Central 2 0.0 “ -
Total 6,417 100.0 s __ .
S 750-
Electric vehicles not modeled in the 2012 data £ 290"
. 2 -
set because deployment at that time was small 2 0:
. 0‘ [ ' 1 1 BT [ I
and regionally concentrated 6 12 18 24 6 12 18 24

Hour Hour NREL | 29



dsgrid models about 80% of

2012 U.S. electricity use in detail

0 )
100% Culture/Recreation (2%); Single Family Attached (5%) Agriculture (3%)
Misc. Sales/Service (2%); Other (6%) Small Apartment Buildings (5%) Construction (5%)
Laboratory;\!eh!cle Sales, Maintenance, Storage; Mobile Homes (7%) Mining (79%)
G Public Order & Safety (59%) — Other Manufacturing (6%)
rocery & Convenience Stores (5%) Apartment Buildings (9%) Wood Products (2%)
75% Culture / Recreation (6%) . . Machi
o Single Family Detatched (74%) achinery (2%)
Warehouse / Distribution (5%) Computers & Electronics (3%)
Hotel (5%) Nonmetallic Mineral Products (3%) o
Restaurant / Cafeteria (6%) Fabricated Metal Products (4%) E
50% Education (11%) Transportation Equipment (4%) 2
0 : Plastic & Rubber Products (5%) i
Hospital / Healthcare (11%) Petroleum & Coal Products (7%) @ 2
Food (7%) S
Retail (1 5%) Paper (1 0%) &%
25%
Primary Metals (13%)
Office (20%)
Chemicals (18%)
0% : . . .
° Commercial Residential Industrial Transport
(1429 TWh) (1310 TWh) (1331 TWh) (7 TWh)

Subsectors in each category are listed with the percentage

of electricity they use relative to the sector’s electricity use. Detailed Gap [ Unmodeled

NREL | 30



100%

dsgrid models about 76% of

2012 U.S. site energy use in detail

Culture/Rec. (2%); ; z Other (1%)
MD;:ZECE?;;E%) Agriculture (5%) Rail, Freight & Passenger (2%)
Attached (5%) Construction (10%) Military (39%)
Other (6%) Small ﬁpartment - Natural Gai.'i Pipeline (3%)
Grocery Stores (4%) Buildings (7%) Shipping, Domestic & International (3%)
Culture / Mining (17%) Alr (9796)
Recreation (7%) Apartment _
75% Buildings (9%) Bus Transportation (19)
Commercial Light Trucks (2%)
Warehouse / .
Distribution (5%) Single Family Freight Trucks (1936)
Other Manufacturing (7%)
Hotel (5%) Detatched (75%)
Plastic & Ru_bber Prf)ducts (29) Lig ht Duty Vehicles (57%)
Restaurant / Transportation Equipment (3%)
50% Cafeteria (7%) Fabricated Metal Products (3%)
Paper (5%)
Education (12%) Nonmetallic Mineral
Products (6%)
Hospital / . Reteelisi)
Healthcare (13%) Primary Metals (9%)
0
25% Retail Petroleum & Coal
sl Products (10%)
Office (18%) Chemicals (17%)
0% - . - -
Commercial Residential Industrial Transport
(8 quads) (10 quads) (15 quads) (26 quads)

Subsectors in each category are listed with the

Gap Electricity . Unmodeled Electricity
Gap Other Fuel Unmodeled Other Fuel

Detailed Electricity
Detailed Other Fuel

percentage of all energy they use relative to the

sector’s overall energy use, NREL | 31



Historical Calibration Data Sources

Planning

Region Hourly ISO / FERC 714 System Generation Data

Centralized Supply

Utility

T &D Losses

Annual EIA 861 Operational Data on System Losses
by State
Utility

EIA 861 Retail Sales
Annual i ial [} i )

dsgrid Model Components

State Hourly Distributed
{or County) Generation

Municipal Outdoor Non-Sectoral
Coun Hourl ) -

e Gap Models
County Hourly Resclsdentlal ommerciall] Industrial |§| Transport Sectoral
{or State) aps Gaps Gaps Gaps Gap Models

e Core, Detailed
County Hourly Sector Models

Site-Level Supply

Site-Level Demand

Geographic | Temporal

Residential | Commercial | Industrial Transport|
Data Resolution Sector

Component Type

dsgrid model

architecture

NREL | 32



Summer (GW)  Spring (GW) Winter (GW)

Autumn (GW)

Municipal services not captured in the sector models

Weekday

Weekend

B
o

Water Supply

Winter (GW)
[y¥]
o

40-
=
Qe
g2
S
wn
. Wastewater
' Treatment 40 -
= Public Water
Supply

Summer (GW)
B [\%]
oo o

Autumn (GW)
3]
o

0- .
Outdoor Lighting  °©

Weekday

12
Hour

18

Weekend

Roadway
Parking

24 6 12 18 24
Hour



Validation against historical data requires

. Annual
ommercia .
Retail Sales

CHP Annual
Distributed

Generation

Water Servicesf| Lighting
Annual Site
Gaps Demand,
Detailed &
Gap Models

Annual Residuals
By State & Sector

distributed generation estimates

ISO / FERC 714 System Load Data

EIA 861 Operational Data on System Losses

Residential . - ) EIA 861 Retail Sales
esiaentia ommercia ranspor & Operational Data

Distributed

I
Munigipal Outdoor Non-Sectoral
Water Sgrvices|| Lighfing Gap Models
Residential liCommerciallfi Industrial §| Transport Sectoral
Gaps Gaps Gaps Gaps Gap Models

Core, Detailed
Sector Models

Hourly System Load

Hourly Losses

Hourly Distributed Generation

Hourly Site Demand,
Detailed and Gap
Models

Hourly Residuals
By State




Distributed solar and combined heat and power

Weekday Weekend CONUS Weekday Weekend PaCifiC

& =4 Census
g g Division
£ € 2-
= =

0 -
s —_
] G4
g 2
& 5"

[ Distributed PV n B Thermal DG
B Thermal DG 0- | Distributed PV

= O Combined Heat and — Combined Heat and
% Power = M cower
S S 4
] ]
£ €.
g £
a a

0 -
= =
© ©4-
g -
3 g 2 -
5 5
< <

o

6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24
Hour Hour Hour Hour



Hourly data roughly

validates, but also S o0
reveals need for £ 250-

additional calibration S R

IS0 / FERC 714 System Load Data

EIA 861 Operational Data on System Losses Hourly Losses
— +

o o o o g o™ PR

T " EIA 861 Retail Sales
anspol & Operational Data

Distributed
Generation

Hourly Distributed Generation

Hourly Site Demand,

Detailed and Gap
Models

Hipal Non-Sectoral
[Water Sprvices! Gap Models

Residential fiommerciallff Industrial |l Transport Sectoral
Gaps Gaps Gaps Gaps Gap Models

Core, Detailed
Sector Models

o o i o 2 o N
Hourly Residuals 3}\0& e N e N e U >
By State

Overage DG-PV
T&D Losses DG-CHP

Underage — Hist. Hourly + DG
Modeled - DG - Overeage




Annual sector-level e

. 8
i
" . ElA 861 Retail Sales
residuals reveal a s
jater Servicesl|  Lighting
O O CHP CHP CHe Distributed
SI I a r Sto r St Annual Site DPV opv PV Generation
Gaps Demand,
i Non-Sectoral

Detailed &
Gap Models

Gap Models

alll Industrial i Transport Sectoral
Gaps Gap Models

Core, Detailed
Sector Models

Annual Residuals
By State & Sector

Component Component Residential Commercial Industrial Transport Total (TWh)
Type Name (TWh) (TWh) (TWh) (TWh)

Top-down Hourly load 3,910
Derived T&D losses 199
Top-down Annual energy 1,370 1,350 981 7 3,708
dsgrid Distributed generation 3 31 204 - 237
dsgrid-core Gap models 218 454 184 6 862
dsgrid-core Detailed sector models 1,169 1107 893 - 3,170

Derived—Total site energy? 1,372 1,381 1,184 7 3,945
Derier residuals® -15 -180 107 /1/ -87

Derived Hourly residuals -126

a Total site energy is the top-down annual energy plus distributed generation. This is all the load we are expecting to model with the

bottom-up detailed sector and gap models.
NREL | 37
b The sector level residuals are equal to the total site energy minus the gap and detailed sector model components.



Summary model fit statistics

Hourly Electricity Residuals Annual Sectoral Residuals

i = 0.85
"_IJ w
& 2 0.80
Commercial
0.75- Residential
— Transportation
] . — Industrial
0.70 WEE 0.70 — Total
0.65 - | . 2 . ! 0.65 , : . |
't s g g 9 0 a, B w
A=t = o o et = [ o] =]
i = @ = S 5 o G & 5
ot G = - o o 3 = =2 o
il O = w [
-~ ] u
m i = m n 3
A = ;] i = | L
u u c u i =
5 3 5 3
0 .2 O e
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Next steps

Ongoing and planned work to:

* Create future load data sets (electrification, load modernization)
e Estimate flexibility potential

* Model demand response resource/programs in grid models

Electrification Futures

2015 2030 2040 2050
Study plan to develop A
future load scenario ! l L
snapshots for
production cost
modeling

Baseline Scenario Snapshots

NREL | 39



Related work:
value of flexibility,

including demand

1500

-
o
o
o

w
o
o

o

1500

during curtailment (MWh/MW-year)
=
o
o

Availability of DR to increase load

&)}
o
o

o

response

Commercial Industrial
T

Residential Municipal
10 20 30 40 10 20 30 40

Pre-curtailment PV penetration (%)

80+

o [=2]
o o

Incremental PV Value (3/MWh)
=]

10

DR Scenario
—Low DR
-- High DR

DR End Uses

— Commercial cooling
— Commercial heating
— Industrial agriculture

— Industrial datacenters
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