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NYISO BOTTOM-UP SYSTEM FORECAST

Monthly sales and customer
models are estimated for:

. ) .

<. Commercial

» Industria

e Street Lighting

Monthly peak model driven by
end-use energy forecasts

Hourly load models that incorporate
the impact of new technologies:

e Behind the meter solar

» Cold climate heat pumps

» Electric vehicles

- Battery storage

e Other?
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End-Use Standards
Weather Conditions

Electric Prices
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System
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COMMERCIAL SALES VS GDP

U.S. Commercial Sales (TWh)
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Before COVID19, commercial sales
Have been averaging 0.5% annual
growth

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Between 2012 and 2019, commercial
sales increased 2.6% while GDP is up
22%.
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COMMERCIAL SALES VS GDP

Index (2012=1)
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= Sales == GDP

Through most of history there was a strong correlation between sales and GDP.
A simple model that related commercial sales to GDP worked well.

Started breaking down starting in 2012.
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Need to account for efficiency in the forecast model
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WHY THE BREAKDOWN?

SIGNIFICANT INCREASE IN ENERGY EFFICIENCY

Cooling Intensity
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Total US commercial energy intensity
IS 7.4% lower than it was in 2012.

©2020 ITRON CONFIDENTIAL PROPRIETARY

0.50
0.45
§ 0.40
& 0.35
@
& 0.30
=
F025
—
a 0.20
£ 0.15
= 0.10
0.05

0.00 !

Heating Intenisty

K

-3.0.% per year

2012 2013 2014 2015 2016 2017 2018 2019 2020

e
e i
o N B oM

kWh per Square Foot
T
e
o

=
e e
B o

10.2

Other Use Intensity

\

-0.9% per year \

2012 2013 2014 2015 2016 2017 2018 2019 2020




THE COMMERCIAL SECTOR

Building Types End-Uses
= Assembly = Heating
= Education = Cooling
= Food Sales = \entilation
= Food Services = Water Heating
= Health Care = Cooking
= Lodging = Ee:l[geratlon
= Small Office Imng
_ = Office Equipment (PCs)

= Large Office .

_ = Miscellaneous
= Merchant/Services

= Warehouses
= Other
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U.S. COMMERCIAL END-USE INTENSITIES (CBECS, 2012)

kWh per Square Foot

Building Type Assembly Education Food Sales Food Service Health Care Lodging Large Office Small Office Merc/Service Warehouse Other All Buildings
Heating 0.37 0.51 0.70 1.07 0.62 0.78 0.42 0.48 0.42 0.15 0.22 0.42
Cooling 1.53 2.09 1.82 4.74 6.37 1.62 1.96 1.31 1.23 0.55 0.77 1.58

Ventilation 0.61 1.34 3.18 5.21 5.37 191 4.86 2.63 1.46 0.17 0.49 1.79
WitrHeat 0.02 0.16 0.06 0.52 0.29 0.30 0.03 0.03 0.09 0.01 0.05 0.09
Cooking 0.09 0.08 211 8.10 0.75 0.45 0.06 0.02 0.03 0.00 0.05 0.29

Refrig 0.79 0.88 42.12 19.66 2.18 1.74 0.60 0.44 2.59 0.56 0.50 211
Lighting 0.88 1.78 4.72 2.70 4.90 1.83 3.08 1.97 2.77 1.44 1.44 2.08
Office 0.42 1.76 1.19 0.81 243 0.32 3.21 2.57 0.80 0.41 1.22 1.31
Misc 3.36 3.23 5.38 5.99 4.96 7.08 3.65 3.30 3.88 2.06 2.90 3.60
Total 8.07 11.83 61.29 48.80 27.86 16.04 17.87 12.75 13.28 5.35 7.63 13.28
2012 __ > 2020 =
Avg Annual Growth Rate (2012-20)
Vent | EWHeat | Cooking | Refrig Light Office Misc
-1.6% 1.4% -1.0% 0.7% -3.4% 4.1% 1.6%
EWHeat EU\;::at
1%
) Cooking
Cooking 2%

2%
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COMMERCIAL END-USE INTENSITY
PROJECTIONS (2021 AEO)
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» Miscellaneous is the only end-use showing positive growth:
* Non-PC office equipment (servers, mainframe computers)
» Other equipment (elevators, medical imaging equipment, etc.)

Hron 2020 TRON CONFIDENTIAL PROPRIETARY



Hron

LARGE POTENTIAL LIGHTING SAVINGS

Electricity consumed to meet lighting demand
AEOZ2021 Reference case
quadrillicn Britizh thermal units
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Mode: Includes both purchased electricity and onsite

generation for own use

Lighting shares by type
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2020
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Source: U.S. Energy Information Administration, Annual Energy Outlook 2021

Unlike residential lighting, where LED penetration is nearly complete, the commercial
sector still has room for large efficiency improvements.
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COMMERCIAL U.S. ENERGY INTENSITY
(2021 ANNUAL ENERGY OUTLOOK)

Total Intensity
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COMMERCIAL END-USE MODEL FRAMEWORK

1. Sales, = El, x SqFt, xUtilization,,

P kWh
2. et \SqFt "

3. SgFt = f (Employment,, Output,)

4  Utilization, = f (Output,, HrsLight,,CDD,)
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COMBINING END-USE AND STATISTICAL-BASED MODELS

- —
@ Share Share Share
E Efficiency Efficiency Efficiency
= ] Intensity Intensity Intensity
> Cooling Heating Water Heat
8 Refrigeration
w Lighting, etc.
Employment Employment Employment
< o GDP GDP GDP
X% Real Price Real Price Real Price
G
N X
52 CDD l HDD Days
- \ Y \ \ 2 \ Y
XCool XHeat XOther
Sales,, = a+ b, X XCool,, + by, X XHeat,, + b, X XOther,, + e,
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COMMERCIAL MODEL: XCOOL

Sales,, = by + by X|XCool,

{

+ b, X XHeat,, + bz X XOthery,

XCool,, = Coollndexy X CoolUse,,

Coollndex, = CoolkW hyg1, X (

CoolEI,
CoolEl,p12

0.60 ] -0.10
CDD Output Price
CoolUse,, :< m ) (ﬁ) y (_m>

CDD2012
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COMMERCIAL MODEL: XOTHER

Sales,, = by + by X XCool,,, + b, X XHeat,, + b3 X XOther,,

XOther,, = OtherIndex, X OtherUse,,

OtherEl,
OtherEl,412

OtherIndex, = OtherkW hyg1, X ( ) X (month_fraction,,)

-0.10
BDays Output Price

30.5 Output2012 Pr i032012
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MODEL VARIABLES

X Cool
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2021 U.S. COMMERCIAL SALES FORECAST
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2020 to 2030:

e  Sales growth 0.8% per year
%" Covid Impact and | (0.3% growth excluding Covid recovery)
RECOVETY oo » GDP growth 2.4% per year

— Actual — Predicted

Hron

Estimated model can be used
to breakout base, heating, and
cooling sales

L

1400000

1300000

With Cooling
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COVID19 IMPACT ON COMMERCIAL SALES
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CONSTRUCT COVID VARIABLE FROM GOOGLE

MOBILITY DATA
GOOGLE MOBILITY REPORT » Uses cell phone location data to

show how visits to places have
Google changed in reference to a pre-
Massachusetts March 12, 2021 COVID baseline

Mobility changes
This dataset is intended to help remediate the impact of COVID-19. It shouldn't be used for medical C t St t C t | I d t
diagnostic, prognostic, or treatment purposes. It also isn't intended to be used for guidance on personal » O U n ry, a e y O U n y eve a a

travel plans

The data shows how visits to places, such as grocery stores and parks, are changing in each geographic
region. Learn how you can use this report in your work by visiting Community Mobility Reports Help.

Location accuracy and the understanding of categorized places varies from region to region, so we don’t D H I d t f 6 [ | /l t' ”
recommend using this data to compare changes between countries, or between regions with different >) a-l y a- a- Or p a.Ce Oca IO n
characteristics (e.g. rural versus urban areas). .
We’'ll leave a region out of the report if we don't have statistically significant levels of data. To learn how Cate g 0 rl e S
we calculate these trends and preserve privacy, read About this data.

Retail & Recreation*

Moability trends for places like restaurants,

cafes, shopping centers, theme parks, G & P h
e s vl e rocer armac

Parks

Retail & recreation

~22%

campared to baseline

Grocery & pharmacy

e — * Transit Stations
_ lo) epeciaity food shops, drug storenand
12% e  Workplaces*
compared to baseline -80%
* Residential*
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GOOGLE MOBILITY DATA
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4an

% Deviation from Baseline

80
3/21/2020  3/21/2020  &/21/2020  5/21/2020  6/21/2020  7/21/2020  &21/2020  9/21/2020 10/24/2020 11/21/2020 13/21/2020 /22021 2/31/2071

——Residential ~=—=Smoothed Residential ——Retail ==—=Smoothed Retail Workplace Smoothed Workplace

» Generate indices from seven day moving average.

« For commercial sales, weighting the retail and workplace indices.
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COMMERCIAL SALES MODEL WITH COVID VARIABLE

[E==]|a [= =] =]
B | % 40 | b b= b | B B ) 1 Vear +
A B c | o [ E F G [ H — mSales.ComSales —— ComSales2Predicted ~
1 Variable Coefficient | StdEr | T-Stat | P-Value | Units | Definition | |
2 [mStructRevCom XHeat | 234924 910 16158 466 12937 0.00% 2020
3 |mStructRevCom XCool | 84927 188 4261996/ 19973  0.00% 150000
4 |mStructRevCom XOther | 12665.125  132.996 95252 0.00%
5 |mBin.Sep12Plus 7955048 1190618  6.681  0.00%
6 |DSM.Com 0333 0084 6237 0.00% 125000
7 |mBinFeb 2220557 780927 2843 053%
8 |mBinOct 3331176 800318 4162  0.01% 100000
9 |mBinAprid 16811810 2497543 6731 0.00%
10| mBinJul17 4369126 2402234 1819 7.16%
1 |MA[1) 0495 0086 5771 0.00% 75000
12
13 . .
0 L : 50000 Large residuals in 2020
15 No COVID Variable
16
17 25000
18
19
an 0
4| v |5 Data A DStat A Comr A Coef A MStat A Err A Elas A BX A YHat Jan Feb War Apr May Jun Jul Aug Sep Oct Mav Dec v
=== |a (o= =]
B | 4 B[ %0 408 | b b b2 o ) = 1 Vear -
A B | C ‘ D | E | F ‘ G | H —— mSales.Com8ales =—— ComSales.Predicted .
1 Variable Coefficient | StdErr | T-Stat | P-Value | Units | Definition |
2 |[mStructRevCom XHeat |230262 743 13416 619 17.163|  0.00% 2020
3 |mStuctRevCom XCool | 85837.627 3120058 27612 0.00% 150000
4 |mStructRevCom XOther | 12606804 95952 131386  0.00%
5 |mBin.Sepi2Plus 6495.744 865070 7512 0.00% 1925000
6 OS] Com 1 120 00q1 2 ATE 1 480,
7_||Covid NResIndex 4093053 449602 9104 n,n%
8 [mBinre Bo8.270 Bod.0Z5 T06d 001% 100000
9 |mBin.Oct 3170.819 666114 4746  0.00%
10| mBin Apri4 16214 557 2030776 7.984  0.00% i
11_|mBin.Jul17 4875689 1976133 2465  162% 75000 2020 predmted values
12 |MA() 0368 0092 3993  001%
: 50000 much closer to actuals
15
i 25000
17
18
19 0
4| » | Data A DStat A Corr A Coef A MStat A Em A Elas A BX A YHat Jan Feh  Mar Apr May  Jun Jul Aug  Sep Ot MNov  Dec v
Hron <2020 ro T 20




INTEGRATING COVID IMPACT THROUGH THE END-USE VARIABLES

Hron

>< -
= Share Share Share
- — Efficiency Efficiency Efficiency
5 Intensity Intensity Intensity
o) Cooling Heating Non-weather End-Uses
oo
Employment Employment Employment
GDP GDP GDP
= COVID Index COVID Index CVOID Index
= Real Price Real Price Real Price
N
= CDD HDD Days
- \ Y vy \ \7 N \
XCool XHeat XOther
Sales,, = a+ b, X XCool,, + by, X XHeat,, + b, X XOther,, + e,
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COMMERCIAL COOLING VARIABLE (XCOOL)

Sales,, = by + by|X XCool,,|+ b, X XHeat,, + bz X XOther,,
\Z

XCool,, = Coollndex, X CoolUse,,

CoolEI,
Coollndex,, = CoolkW hyg15 X

CoolEl,¢1>

CoolUse,,

_ (BPaysw\ ( CDDy \ ( Outputy, %0 1 coviDIndex, n, O'GX Price, \
B 30.5 CDD2012 0utput2012 COVIDIndexBaseyear Pri Céro12
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SAE MODEL WITHOUT COVID IMPACTS

@
DER SN ek r 282 [
Flar WP

e ®

HeatUse = (Realfrice ~ 5T _Hr)}

(HES_CMALZ"HSize Ht) " (Emp _Capite CMALZ"EmpHM M) *
Coa. = (KealPzice = 3T _Cl) * (HHS CMALI“HSize Cl) * (Emp Capita CMAll EmpHH Cl)
OtherUse = (RealPrice * ST_Oth) * (HHS_CMAl2°HSize_Oth) * (Emp_Capita_CHALD"EmgHH_

GoogleMonilityRes ~ Neat)
{ GoogleMobilityRes

Utilization Equations

Hron
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[ M=
IR M = o e -d A vear -
- Variable Coefficient| StdEr | T-Stat | P-Value —chatl e Prodiciod
E Bin.Jan 0388 0275 1413 15.97T%
3 Bin.Feb 0373 0.234) 1594 11.29%
~|Bin.Mar 0457 0241 1895  5.99%
| Bin.Apr <0135 0298 0452 65.17% ||
|_5_|Bin.May 0.299 0332 0762 4470% | §
S| Bin Jun 1037 0489 2077 3%4% || X
E Bin.Jul 3386 0733 4621  000% | 8
2 Bin Aug 4731 0768 6157  0.00% §
|14 |Bin Sep 3228 0630 5120 000% | g
% Bin.Oct 0476/ 0454 1.050 29.54% | B
2| Bin.Nov <0462 0346  -1.334  18.43% | B
i 7.73% || 3
RSAE_T.XOther 0.00%
CycWthrT.ResXHeat 0.00%
1, Mol Cycie CycWthrT.ResXCool 0.00%
52, Calandse 1
= &3 53 Mormal Calendar ia . " v ¥




SAE MODEL WITH COVID IMPACTS

@
DER SN ek r 282 [
Flar WP

|
|
a

* B

HeatUse = (Realfrice ~ 5T _Hr) = (MHS_CMAL2"HSize M) *
ST_C1) * (HHS _CMALI“HSize C1) *
* (HHS_CMAl2°HSize_Oth) *

GoogleMonilityRes ~ Neat)
{ GoogleMobilityRes ~ Cool)
| GoogleMcbilityRes * Cthex

(Emp Capita CMALZ"EmpiM Mz) *
(E=mp Capita CHALI EmpHH Cl)
(Eng_Capita_CHAL2"EmpHH

Coo. = (RealPzice ~

OtherUse = (RealPrice " 5T_Oth) 1]

Utilization Equations

B oect g AT @&
mEEh vIRE oo 1 Year =
Variable Cosfficient] StdEm | T-Stat | P-Value | — sl Predicted
Bin.Jan 0.444] 0.222 2002 470%
Bin.Feb -0.416 0.18% -2.203 2.91%
» || Bin.Mar -0.573 0.195 -2.935 0.38% a5
Bin_Apr -0.416 0.242 -1.722 8.7% | = .
Bin.May -0.015 0.318 -0.047  96.25% s I
Bin_Jun 0.873 0.401 2181 3.07% || £
1| Bin.Jul 3492 0.579% 6.030 0.00% ||8 4
11 || Bin.Aug 4.623 0.607 7.940 0.00% § ”
Bin.Sep 3221 0.501 6.430 0.00% || &
e || Bin.Oct 0.251 0.366° 0.685 49.46% % \\
2 _||Bin_MNov 0.735 0.281 -2.619] 097% (|2
io Cuoono 14.22% ﬁ
RSAE T XOther 0.00%
CycWthrT ResXHeat 0.00%
CycWthrT .ResXCool 0.00%
2 :"“':::: = T - | Jan Feb Mar apt sy an T ) Sep Oat [ Dec
Frnt ihe aciwe decument W T
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THE BIG UNKNOWN
WHAT DOES THE FUTURE LOOK LIKE ?

Hron
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» Are there long-term structural changes?
» How close to pre-COVID trend do we get?
» When do we get there?
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Questions?

Hron

©2020 ITRON CONFIDENTIAL PROPRIETARY

26



Thank You

iﬁf@;ﬁ WWW.itron.com
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