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Session Goals

1. Become familiar with methodology

——— for buildings sector load modeling
I\. | . __—
F Review buildings electrification and

efficiency load projections

: L Review sample results
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Definition of Buildings Sector Load

For today’s presentation:

Included
Residential buildings
Commercial buildings

Not included

Distributed solar PV
Electric vehicle charging
Demand response
Industry/special loads
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Context: How does load modeling fit in?

Buildings load impacts all downstream models

Economic
Impact and Output Models

H Y Input Models
HH w A Main Jobs Analysis
A Loads and DR Scenario
ﬁ m Model Environmental
Analysis “
RE Resource Capacity Oufcput./
Analysis || Expansion Load ) Validation

P4 Balancing and Power Flow Models

Resource and Stability

Analysis

Distribution
Cost Analysis

Adequacy

Distribution
and Integrated
T&D Analysis

Iteration A
Scenario Non-Modeling Stages Visualization
Development and Reporting

Data
Generation
and
Acquisition

To all stages

Stakeholder Engagement

LA100 | 4




Building Stock
Simulation
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@ ResStock @ ComStock

Building stock
characteristics
database

EIA Res/Com Energy Consumption Survey
i NAHB Homebuilder Surveys
cheunding IECC Historical Energy Codes

Other national, regional, and local audit databases

Census

Data Census American Community Survey (ACS)
EIA Electricity and fuel costs
Costs NREL OpenEl.org Utility Rate Database
NREL/Navigant Measure Cost Database
Climate NREL TMY3 weather data
Locations
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Customization for Los Angeles

DWP

Los Angeles
Department of
Water & Power

Los Angeles City/County

* Los Angeles Region Imagery Acquisition Consortium (LAR-IAC)

* LA County GIS Data Portal - various

* Los Angeles County Assessors Database

* LA DBS Existing Buildings Energy & Water Efficiency Program’

*  Dodge Data and Analytics — Metropolitan Construction Insight
California (filtered to LA/DWP when possible)

* California Title 24 (current and historical building energy codes)
* (California Database for Energy Efficiency Resources (DEER)

*  (alifornia End Use Survey (CEUS)

e  California Commercial Saturation Survey - Report for the California Public Utilities
Commission

* 2009 California Residential Appliance Saturation Study (RASS), 2012 California Lighting and
Appliance Saturation Survey (CLASS)

*  Report on Complete Schools & 2015 Student Audit - California Department of Education
e California Department of Finance Population Projections for LA County

*  Weather data from multiple weather stations covering LA microclimates
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@ ResStock @ ComStock

Physics-based
computer
modeling

U.S. DOE _ , ,
Tools Detailed sub-hourly energy simulations
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@ ResStock @ ComStock

&

High-performance
computing
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@ ResStock @ ComStock

&

High-performance
computing

Lo

! Res + Com baseline sims: 75,000
x 7 five-year projections (2020-2050)

x 4 load projections (reference, moderate, high, stress)

Total simulations = 2,100,000
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@ ResStock @ ComStock

&

High-performance
computing

s Res + Com baseline sims: 75,000
x 7 five-year projections (2020-2050)

x 4 load projections (reference, moderate, high, stress)

Total simulations = 2,100,000
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Buildings Sector Load
g il - % - 2

Projections

Growth Electrification Efficiency




Load Projection Design Philosophy

* Load projections cover a range of
outcomes:
reference, moderate, high, stress

e Qutcomes used to back-cast
electrification and efficiency
adoption rates

* Qutcomes are independent of market
context and policy implementation
(e.g., prices or incentives)
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How Each Scenario Characterizes Load

Energy Efficiency Reference High Moderate Moderate Reference
Load Demand Response Reference High Moderate Moderate Reference
Electrification Reference High Moderate Moderate High

For all but one LA 100 scenario, the three dimensions vary together:
e Reference
* Moderate
e High
The name indicates the level of energy efficiency, electrification, and demand response.

Moderate
Moderate

Moderate
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How Each Scenario Characterizes Load

Energy Efficiency Reference High Moderate High Moderate Reference
Load Demand Response Reference High Moderate High Moderate Reference
Electrification Reference High Moderate High Moderate High

For all but one LA 100 scenario, the three dimensions vary together:
e Reference
* Moderate
e High
The name indicates the level of energy efficiency, electrification, and demand response.

Moderate

Moderate

Moderate

M

The “High Load Stress” scenario uses a fourth load projection:
* Stress (combines High electrification and Reference efficiency)
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Buildings Sector Load Projections

Projection Name Residential Buildings

Commercial Buildings

All projections use the same building stock growth assumption

All projections assume natural turnover of equipment using standard
lifetimes and commercial renovation rates (no early replacements)
All projections use the same weather (2012)

LSLTRP = 2017 Final Power Strategic Long-Term Resource Plan

2 High projection is based on our interpretation of of LA’s Green New
Deal Sustainable City pLAn 2019 (100% net zero carbon buildings by
2050; energy use intensity reduced by 44% by 2050)

3 LA100 estimates projections of Title 24 (California’s Building Energy
Efficiency Standards) for 2022-2050




Buildings Sector Load Projections

Projection Name

Reference

Electrification
Efficiency

Electrification

Residential Buildings Commercial Buildings
Low electrification (matches SLTRP! projections)
Designed to match 2017 SLTRP 10-year efficiency goals

Low-hanging fruit electrification

Moderate e Sales shares distributed across available Moderate adoption of above-code efficiency levels
y efficiency levels (80% adoption of Title 243 code 5 yrs ahead of schedule)
Electrification 100% electric sales share by 2030 100% electric sales by 2030 (HVAC and water heating)
High? 100% electric homes by 2050 100% electric buildings by 2050 (almost)
Crmem— 100% sales share of highest efficiency levels Substantial adoption of above-code efficiency levels
PLAN H (currently available technology) (70% adopt est. Title 24 code 15 yrs ahead of schedule)
Electrification High electrification
Stress
Efficiency Reference efficiency
* All projections use the same building stock growth assumption ! SLTRP = 2017 Final Power Strategic Long-Term Resource Plan
« All projections assume natural turnover of equipment using standard High projection is based on our interpretation of of LA's Green New

lifetimes and commercial renovation rates (no early replacements)
* All projections use the same weather (2012)

Deal Sustainable City pLAn 2019 (100% net zero carbon buildings by
2050; energy use intensity reduced by 44% by 2050)
3 LA100 estimates projections of Title 24 (California’s Building Energy

Efficiency Standards) for 2022-2050
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Residential Building Stock Growth Projections

e Using projections from California Department of Finance
* Demolitions and new construction modeled by vintage and building type
* Growth held constant across all load projection cases

Vintages Building Types
Historical Projection
1.5M m— 2040  1.5M .
/‘ w2030 B 50 or more Unit
@ 2020 B 20 to 49 Unit
< S B 10 to 19 Unit
= ™ — 1990 iM B 5 to 9 Unit
é m— 1980 B 3 or4 Unit
2 o M 2 unit
o — . . .
5 0.5M 1050  iGiSiM B Single-Family Attached
e 1940 B Single-Family Detached
pre-194(
0 = Multifamily grows by

~300,000 units

1940
1950
1960
1970
1980
1990
2000
2040
2045

2010
2015
2020
2025
2030
2035

6 0 5 S H 0 b
VPSP PP
U )

Year

LA100 | 20




Commercial Building Stock Growth Projections

* Using projections through 2022 from Dodge Data and Analytics — Metropolitan Construction Insight
e Growth held constant across all scenarios

1e9 Stacked Plot By Vintages Lo 1e9 Stacked Plot by Building Type
mmm Other
10 1 mmm Healthcare
B Education
08 | mmm Hotel
0.8 1 mm Office
B Warehouse
w W i
2 ) ____«-4 2 06 - mmm Retail
S 06 e 3
(Y ('
% "-—é Largest
R 04 { W 2040 g %4 growth in
2035 Education,
e 2030
Hotels,
2025 0.2 -

021 wum 2020 ' Healthcare,
2015 and Other
pre-2015

00 T T T T T 00 b

2015 2020 2025 2030 2035 2040 2045 2015 2020 2025 2030 2035 2040 2045

Year Year
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Electrification ’
Adoption Projections




Which

end uses

are most
important for
buildings
electrification?
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End use

M Refrigeration

[ Pools/spas

B Major appliances

B wvisc.

Lighting

M ventilation
Major appliances M Cooling

M Heating

I water heating

Lighting Cooling

Heating

Cooling

Commerical Residential
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50 End use
M Refrigeration
[ Pools/spas
M Major appliances
M Misc.
Lighting
M ventilation
M Cooling
M Heating
B Water heating

45
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Highlighting “Natural gas”
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© Waterheating-Natural gas
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Residential Water Heaters

Equipment Sales |nSta||ed StOCk
Reference Moderate Electrification ~ High Electrification Reference Moderate Electrification  High Electrificatio
100% === QOther Fuel 100% === Other Fuel
Natural gas == Propane Natural gas === Propane
. === Natural Gas === Natural Gas
0,
80% === Electricity 80% === Electricity
S
et
»n 60% 0 60%
Q o
© 9
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=
L
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Residential Air Conditioning

Reference Moderate
100% 100% 100% === MSHP, SEER 33.1, 13.5 HSPF, ENERGY STAR Most Efficient
=== ASHP, SEER 26.1, 11.0 HSPF, ENERGY STAR Most Efficient
Room ACs === ASHP, SEER 14, 8.2 HSPF
g 80% 80% 80% =~ ASHP, SEER 13, 7.7 HSPF
I ASHP, SEER 10, 6.2 HSPF
c === Room AC, EER 10.7
O 60% 60% 60% === Room AC, EER 8.5
9 === AC, SEER 27, ENERGY STAR Most Efficient
o === AC, SEER 15
2L 40% 40% 40% === AC, SEER 13
I ~ AC, SEER 10
2 AC, SEER 8
S

=== None (also includes small amount of centralized
cooling in large multifamily buildings)

20% 20% 20%

MSHP = Mini-split heat pump (ductless)

0% 0% 0% !
N O 1N O 1 O In N O 1N O 1N O In N O 1D O 1N O In ASHP = Air-source heat pump (ducted)
8 S g 8 8 E'S g 8 S S 8 8 S EE 8 S S 8 8 S EE Room AC = window/wall air conditioner
NN NN A AN NN NN NN NN NN NN SEER = Seasonal energy efficiency ratio (fed. min. = 14)
= Heating season performance factor (fed. min. = 8.
Year HSPF = Heati f factor (fed. min. = 8.2)
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Commercial HVAC Efficiency

Average projected
Historic and projected? installed code is 2030
Title 24 HVAC efficiency
Reference Efficiency Moderate Efficiency High Efficiency

Est T24 '60
Est T24 '55
Est T24 '50
Est T24 '45 i -‘
Est T24 '40
Est T24 '35
Est T24 '30
Est T24 '25
T24 '19
T24 '17
T24 '14
T24 '10
T24 '06
T24 '02
T24 '93
T24 '78
Pre-1978

1 LA100 estimates projections of Title 24 (California’s Building Energy Efficiency Standards) for 2022—-2050
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Sample Results @




Complete:
e Validation/calibration
* Final Run “High” projection updated to reflect pLAn

Where are * Final Run modeling

we now?

In progress:
* Processing and interpreting Final Run results
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What do results look like?

Modeled Residential Sector load for a week in February 2015
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What have we learned? Initial Run Results vs. Reality

M Run 1 Modeled Load
B Historical (2012 scaled; losses and dPV added)

" Monthly MWh

2500K

2000K

MWh

1500K
1000K

500K

0K

January | February = March April May June July August Septemb... October November December

« Average day profiles by month ﬂ o) _

>
>
>
>
>
>
>

0K
3 915213 9 15213 9 15213 9 1521 3 9 15213 9 15213 9 1521 3 9 15213 9 15213 9 15213 9 1521 3 9 1521

Hour of day
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Calibration and Validation
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Calibration and Validation

= U g

Daily Total Load
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Calibration and Validation

Hourly - July

4000
g —— LADWP Data
S 3000 ~— ResStock Model
®
S %% ’ o Y \\(\\\\'\~
.g (\ /\ ) A f ’ f \ ' "
45 1000 NN |
8 \ \ / J / / \
w

Jul 1 Jul 7 Jul 14 Jul 21 Jul 28

Day

LA100 | 35



Calibration and Validation

Calibration/validation data sources

LADWP customer billing data
(monthly; all customers)

LADWP load research data
(hourly; residential/commercial sectors)

LADWP smart meter data
(15-minute; subset of customers)

Electric Consumption (GWh) Electric Consumption (TWh)

Electric Load (MWh)

Residential validation examples
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Initial Run Snapshot: Peak Day, Average Winter Day Profiles

Peak Day

0 8 pis 0 8 pis2p 0 8 pis 2 0 8 pis

Reference 2045 Moderate 2045 High 2045 Stress 2045
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Initial Run Snapshot: Peak Day, Average Winter Day Profiles

E.g., 10% higher buildings
load in 2045 Stress vs. High

Peak Day

A 4l

Commercial

Residential

0 8 pis 0 8 pis2p 0 8 pis 2 0 8§ pis<p

Reference 2045 Moderate 2045 High 2045 Stress 2045

Average Winter Day

aA

| Commercia

Residential

I

0 8 pis <y 0 8 pis <y 0 8 pis<p 0 8 pis<p

Reference 2045 Moderate 2045 High 2045 Stress 2045

Example Initial Run results; buildings load only; Final Run results will reflect updates (e.g., pLAN)
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Residential Cooking Ranges

Sales Installed Stock
Reference Moderate Electrification  High Electrification Reference Moderate Electrification ~ High Electrification
100% === Propane 100% === Propane
N | === Natural Gas N | === Natural Gas
atural gas === Electricity atural gas Electricity
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Residential Clothes Dryers

100%

Sales

80%

60%

40%

20%
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2015

Natural gas

Reference

Electric

2020
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Sales
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=== Natural Gas
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8 400
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Residential Space Heating

Sales Installed Stock
Reference Moderate Electrification  High Eled rification Reference Moderate Electrification ~ High Electrification
100% m== Other Fuel 100% === Other Fuel
=== Propane
=== Propane Natural gas
Natural gas Natural Gas - g === Natural Gas
Yo i
80% == Electricity o === Electricity
(6]
o
-+ 0/
 60% v160%
I B
U@) =
E40°/o
40% 2
20% 20% :
Electric Electric
0% OO/OLDOLDOLOOLD n o n o n o wn n o n o n o wn
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Commercial HVAC

Sales Fraction

Reference Moderate High

e Gas
we Electric

100% 100%

100%

Natural gas

80% 80%

80%

60% 60%

60%

40% 40%

40%

20% 20%

Electric

20%
00/00 0"/00
S & 0%
Y oV o S
.\"’)‘ D \5—)" ,19“ v
,]/0 \N) ,1/0

Natural gas

Electric

Reference Electrification Moderate Electrification
100%

80%

60%

40%

20%

Installed Fraction

High Electrificatio

weem Gas Heating
wesm Electric Heating

100%

80%

60%

40%

20%
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Commercial Water Heaters

Sales Fraction Installed Fraction

Reference Moderate High Reference Moderate High

100% —cas s Gas SWH
weem Electric 100% 100% 100% X
wemm Electric SWH

100% 100%

Natural gas

80% 80% 80% Natural gas

80% 80% 80%

60% 60% 60%

60% 60% 60%

40% 40% 40%

40% 40% 40%

20% 20% 20%

N ’ ° 20% 20% 20%

Electric Electric

0% 0% 0%

© 5 5 0% 0% 0%

» D S N N N
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D7 D P P
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Growth in air conditioning

Installed Fraction Installed Fraction
Residential Commercial

Reference Moderate High Reference Moderate High

100% 100% 100% 100% 100% 100%

80% 80% 80% 80% 80% 80%

60% 60% 60% 60% 60% 60%

40% 40% 40% 40% 40% 40%

20% 20% 20% 20% 20% 20%
No AC No AC

0% 0% 0% 0% 0% 0%
wn o n o n o n wn o wn o n o n n o n o n o n “ < “ QO 2 S e 2 S < ) ) S e 2
-~ N8 N ®m ™ § < -~ & N m ™ § < - & N M M § < SV SV, S S SV SV S S S N
O o o o o o o O o o o o o o o o o o o o o AT AT AT AR AT A AR R R A At v
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Year
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Residential Lighting

Reference Moderate High
100% 100% 100% === Incandescent
=== CFL
~ LED
Q
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Residential Clothes Washers

Reference Moderate High

100% 100% 100% === ENERGY STAR Most Efficient
=== ENERGY STAR
== Standard

81 80% 80% 80% ~ None
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Residential Dishwashers

Reference Moderate High

100% 100% === 199 Rated kWh, ENERGY STAR Most Efficient

=== 255 Rated kWh, ENERGY STAR Most Efficient
=== 270 Rated kWh, ENERGY STAR Most Efficient

100%

g 80% 80% 80% = 290 Rated kWh
o 318 Rated kWh
S ~— None
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[O)
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= 40% 40% 40%
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Residential Attic Insulation

Reference Moderate High

100% 100% === Ceiling R-49, Vented
=== Ceiling R-38, Vented
=== Ceiling R-30, Vented
=== Ceiling R-19, Vented
= Ceiling R-13, Vented
- Ceiling R-7, Vented
Uninsulated, Vented

100%

80% 80% 80%

60% 60% 60%

40% 40% 40%

Installed Percentage

20% —— 20% 20%

0% 0% 0%
N ©O 1N O 1N © In N ©O 1N O 1IN O In N © 1N O 1N o
— N N M M T < - N N M M < < — N N M M <
o O O O o o o O O O O o o o o O O o o o
N N N N N N N N N N N N N N N N N N N N

Year

2.45I
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Residential Crawlspace Insulation

Reference Moderate High
=== Ceiling R-19, Vented

100% 100% 100%
— — — === Ceiling R-13, Vented

=== Wall R-10, Unvented

8, 80% 80% 80% == Wall R-5, Unvented
I Uninsulated, Vented
% — None
Y 60% 60% 60%
)
o
5
= 40% 40% 40%
3
0
c
—
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Residential Roof Material

Reference Moderate High
100% 100% 100% === Asphalt Shingles, White or cool colors
=== Asphalt Shingles, Medium
=== Metal, Medium
% 80% 80% 80% Tile, Medium
©
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c
Q
© 60% 60% 60%
0]
o
D
= 40% 40% 40%
L
0]
c
L |
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Residential Wall Insulation

Reference Moderate High

100% 100% === \Wood Stud, R-19

=== \Wood Stud, R-15
=== Wood Stud, R-11

100%

% 80% 80% 80% Wood Stud, R-7
o Wood Stud, Uninsulated
c
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Residential Infiltration

Reference Moderate
e 100%

80%

1 ACH50

2 ACH50
=== 3 ACH50
=== 4 ACH50
=== 5 ACH50
- == 6 ACH50
60% === 7 ACH50

8 ACH50

9 ACH50
~ 10 ACH50
=== 12 ACH50
=== 14 ACH50
20% 20% 20% === 16 ACH50
=== 18 ACH50
=== 220 ACH50

100% 100%

80% 80%

60% 60%

40% 40% 40%

Installed Percentage

0% 0% 0%

2015
2020
2025
2035
2040
2045
2015
2020
2025
2030
2035
2040
2045
2015
2020
2025
2030
2035
2040
2045
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Residential Windows

Reference Moderate High

100% 100% === L ow-E, Double, ENERGY STAR Ver6 South-Central

=== Low-E, Double, Non-metal, Air, L-Gain
Low-E, Double, Low-Gain

=== Clear, Double, Non-metal, Air

=== Clear, Single, Non-metal

== Clear, Double, Metal, Air
Clear, Single, Metal

100%

80% 80% 80%

60% 60% 60%

40% 40% 40%

Installed Percentage

20% 20% 20%

0% 0% 0%
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Residential Refrigerators

Reference Moderate High

100% 100% === EF 18.2, ENERGY STAR Most Efficient, Side-mounted Freezer

=== EF 16.2, ENERGY STAR, Side-mounted Freezer
=== EF 15.7, Side-mounted Freezer
~ EF 10.8, Side-mounted Freezer
EF 6.5, Side-mounted Freezer
=== EF 23, ENERGY STAR Most Efficient, Top-mounted Freezer
=== EF 19, ENERGY STAR, Top-mounted Freezer
=== EF 15.9, Top-mounted Freezer
~ EF 10.5, Top-mounted Freezer
EF 6.9, Top-mounted Freezer
=== EF 19, ENERGY STAR Most Efficient, Bottom-mounted Freezer
=== EF 16.9, ENERGY STAR, Bottom-mounted Freezer
=== EF 15.9, Bottom-mounted Freezer
~ EF 10.2, Bottom-mounted Freezer

; EF 6.7, Bottom-mounted Freezer
0%

100%

80% 80% 80%

60% 60% 60%
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Installed Percentage
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Commercial Service Water Heating Efficiency

Est T24 60 Reference Moderate High Efficiency

Est T24 '55
Est T24 '50
Est T24 '45
Est T24 '40
Est T24 '35
Est T24 '30
Est T24 '25
T24'19
T24'17
T24 '14
T24'10
T24 '06
T24 '02
T24 '93
T24'78
Pre-1978
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Commercial Envelope Efficiency

Est T24 '60 Reference Moderate High Efficiency

Est T24 '55
Est T24 '50
Est T24 '45
Est T24 '40 o
Est T24 '35
Est T24 '30 °
Est T24 '25 c ,

T24 '19 °

T24'17 °

T24 '14

T24 '10

T24 '06

T24 '02

T24 '93

T24'78

Pre-1978
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Commercial Interior Lighting Efficiency

, Reference Moderate High Efficiency
Est T24 '60

Est T24 '55
Est T24 '50
Est T24 '45
Est T24 '40
Est T24 '35
Est T24 '30
Est T24 '25
T24 '19 °
T24'17
T24'14
T24 '10
T24 '06
T24 '02
T24 '93
T24'78
Pre-1978

LA100 | 58




Commercial Exterior Lighting Efficiency

Est T24 '60 Reference Moderate High Efficiency

Est T24 '55
Est T24 '50
Est T24 '45
Est T24 '40
Est T24 '35
Est T24 '30
Est T24 '25
T24 '19
T24 '17
T24 '14
T24 '10
T24 '06
T24 '02
T24 '93
T24 '78
Pre-1978
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