DPWG Meeting

Today’s Objective:

Discussion on how the LoadSEER tool will be utilized to generate circuit

level forecasts for use in the distribution planning process to identify
grid needs.

Next Meetings:

Soft Launch Debriefing Session and Next Steps, March 9, 2020
Review DPWG Deliverable Comments, End of March



Soft Launch Update and Next Steps

Next Meeting:

gawa_iian Electric Integrated Grid Planning (IGP) "Soft Launch"” RFP Debriefing
ession

Monday, March 9, 2 p.m. -4 p.m. HST

American Savings Bank — 8th floor (Conference Room - ASB 2)
1001 Bishop Street
Honolulu, HI 96813

Please contact Isaac Kawahara at isaac.kawahara@hawaiianelectric.com for
webex registration information.
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Presentation Outline

DPWG Meeting

Today's Objective:

Discussian an how the LoadSEER feal will be utilized to generate circuit
level forecasts for use in the distribution planning process to identify
grid needs.

Mext Meetings:

Soft Launch Debrigfing Session and Next Steps, March 9, 2020
Review DPWG Deliverable Comments, End of March
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Long-term Geospatial

Integrated &
Distribution
ResourcegPlan

Circuit Configurations &
Ihtegration Capacity Analysis

Selected & Optimal

Resource Portfoligs -
Portfolio ' Reports Data

‘Methods | Models

Cost/Benefit
Resource Tests

Combined Forecast
& Network Scenario

State Estimation
& Distribution
Marginal Cost

l? INTEGRAL
ANALYTICS
4 )

© 2020 - Confidential



DER Forecasting: A New Market Discipline

Blending Forecasting, Planning and Operations ...
. where wif/and where ouyght DERs show up ?

Real-time / Day-Ahead
& Short-term / 15-Day
~ Ldﬂg-term Geospatial

Integrated &
Distributiongg
ResourcedRian ™

P L A R 48

Customer Locations / Per Capita Change

e DSM / Load Control |
L -.y": ur' ﬂq Sh’&‘ &Lﬂ"'"’ Selected & Optarﬁ.al

w‘ d S ot Resource Portfoligs

. E“»"’.‘ Optlmal Solar/Storage Sites
-w' “gv”" ""
- "

Circuit Configurations &

: Integration Capacity Analysis
Portfolio 8

1 )

\ ‘Methods § Models |

Plug-in Electric Vehicle Penetration

Transportation Infrastructure

@ Combined Forecast

Costheneﬁt
V& Network Scenario

P Future Land Use/Econometric Growth — resource Tests S
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IA Product Suite Integrates Planning and Operations

LoaYfSEER.

IDRO?

.o
/> Operations/Port Ops
] [
DER Integration/DRP % 0 b (®
ADMS AMI/Historian Weather Service ::r:r:ats‘::‘:; CAISO Day Ahead
I (Loadseer) —1 EMEES
o L] L] L]
N
Distribution Planning/IRP I mosmis o] 7 amamn et e | e mmi
- — = S e RmE | R R
Growth Scenario: Weather Percentile: Extreme v Forecast t Year: 2027 v } *

cenario 3: With EE/PV/EV v e@e@
Reset zoom

Objective: Scenarios Cost Effectiveness
for DER & Capital Optimization

Year by Year 8760 Optimized DER
Portfolio

Objective: 20-Year Hourly Load and DER
Forecasts

Optimized on load profile and marker
parameters

Aggregate to Feeder / Substation /
Planning Area

OR granular down to Line Section
and Premise

DER Assets [ ;— -------- |
+ DERP,Q | Optimization Engine :
AS Bid —
Cap Bank Settings h IDRO P |
DERMS i :
£

Objective: Optimize DER Dispatch Schedules

Set of near-real time Distribution
Network Wide Optimizations

Optimized on economics and network
analysis

Add-on to ADMS/DERMS
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Forecast Modules Currently Available

B Dpom B commercial Industrial  [[] Agriculture
/‘/
//
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Vil r
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7 2019 2021 2023 2025 2027 2029 2031 2033

SCADAScrubber Monthly Energy Spatial Agent Adjustments
e Forecasts weather Forecasting Based Modelin e Adds specific known
sensitivity of existing e Forecasts economic e Forecasts social new spot loads to
load effect on growth behavior of adopting the model
* Analyzes historic e Analyzes new technology ¢ Add specific new
SCADA/AMI against consumption data e Analyzes customer known customers
weather station data against economic data against spatial and assign load
data data shapes to account
 Goes down to e A bottoms-up for how tt‘at _
customer Benefit / forecast, constrained customer’s behavior
Cost analysis for DER to not exceed user
; defined limit. l 7 INTEGRAL
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Planning Modules Currently Available

0 Il Final Il 1in10

Capacity

Create Transfers Capacity Projects

¢ Create capacity
additions in future
years that represent
new project work

e Adds capacity to
relieve flagged
conditions due to
abnormal /
overloaded states

¢ Transfers load across
grid elements such
as feeders and

switches

e Used to see impact
transfers have on
forecast shapes

] 1 1 A

p—
'T|| [irve
|

DER Optimization

e Simulate optimal mix
of DER on a node

e Mainly optimizes
cost effectiveness,
but can force

constraint

management to
ensure reliability

® Only available in v4

Contingency

Evaluate N-1/
Contingency event
impacts to forecast

* Analyze in different
scenario to not
disrupt base forecast

® Only available in v4
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Multiple

Methods
for Better
Forecasts

LoaSEER.

| Tom
Dashboard

Map

o B

Explorer

((

Data Manager

Message center

E »

Administration

FBEDER 523

cS

£ Toolbox Scenario Analysis

Base Load (KW): Max: 6,699.28KW Min: 1,087.18KW

Forecasted Load (kW): Max: 11,445.68KW Min: 2,496.68KW
Simulated Growth (kW): Max: 357.00KW Min: -17.16KW
Adjustments (kW): Max: 4,172.69KW Min: 1,292.55KW

KWhForecast (kW): Max: 294.81KW Min: 46.73KW A

Jan. 1

-& Base Load (kW)

Feb. 11 Mar. 25 May 6 Jun. 16 Jul. 28 Sep. 8 Oct. 19
TLY Year

Nov. 30

Forecasted Load (kw) -8 Simulated Growth (kW) -+ Adjustments (kW) - KWhForecast (kW)
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Multiple Method Approach for Convergent Validity

Land Use Simulation

Model/simulate customer growth based on land-use/urban planning concepts and
historical satellite imagery.

Hybrid Methods

Combines features of trending and simulation. In general, trending methods are
more accurate in the short-term whereas simulation methods are more accurate in
the long-term.

Trending

Extrapolate past trends in energy consumption (kwh) on a distribution circuit and
bank using economic and weather variable forecasts.

INTEGRAL
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Forecasting Positive and Negative Growth using Multiple Toolsets

PEAK ELECTRIC DEMAND

12

SCADA SCRUBBER
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Each Layer’s Load Shape is Stacked to Create a Final Forecast

LoaSEER.

| - Tom

ﬁ Dashboard

@ Map

.rz'i. Explorer

% Data Manager
‘ Message center

'U*;, Administration

Q Y

> % Node Viewer > %+ Workbench

FEEDER 123

£} Toolbox Scenario Analysis

\]'.“YH
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Bl bty
Pag

X P QA0 XD 0 © X D00 XD ® X DO D XD 0D XD DO XD A OO XD 6D
DRSS S W N SR ST W@ P TP R @ S Pt S A PO G S
TLY Year
Normal Capacity(kw) Emergency Capacity(kw)  -- Base Load (kW) -8 Forecasted Load (kW) -8~ Simulated Growth (kw)

-0~ Adjustments (kW) -o- KWhForecast (kw)

Each layer evaluated
for impact to base
shape

All layers exportable
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Strategies, Scenarios, and Runs

Default “strategy”
that most users will
start with is the
general "keep the
lights on" distribution
planning cycle.
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Forecast Scenario:

Freeze DER

Forecast Scenario:

Market DER

Plan Scenario: |
Normal

Plan Scenario:
Contingency

-]

Reports

Final Work
Plan

l? INTEGRAL
ANALYTICS
4 )

© 2020 - Confidential



Historic Hourly Loading
= Substation/Bus

= Bank/Circuit

= Line Device (intra-circuit)

= Service Transformer

= Customer

Dashboards / Maps /
Reports / API

= Aggregate and Line Section
Results
= |nternal / External Maps
F
I a m e W O I Corporate Forecast
DER

and Process

15

Load Analysis
= Load cleaning (faults,
transfers, PV, DR, etc.)
® Load Normalization
= Model 30 weather years
= Hourly load profiles

Asset / Resource

L ET T
= Peak Capacity
= Transfers and
Contingency
= DER Portfolio Solutions
= Hosting Capacity

= Transformer Load Mgmt.

= Demand Side Mgmt.
= DMC/DMP

Spatial Analysis
Entity participation from
utility
Econometrics
Demographics
Transportation
Environment
Probability of load growth and
DER penetration

(bottom-up)

Load & DER Scenarios
= PUC projections
= Utility internal projections as
global constraints
(top-down)

|

Load Flow Asset
Analysis Model (GIS)
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Integrated Planning LoadSEER-Enabled Flow

DER

Projects

= Aggregate and Line Section

Historic Hourly Loading
= Substation/Bus
= Bank/Circuit

Batch

= Line Device (intra circuit) Queue
= Service Transformer
= Customer

Dashboards / Maps /
Reports / API

= Internal / External Maps

T&D Planning

Corporate Forecast

T&D Deferral
>
Value

Load Analysis
= Load cleaning (faults,
transfers, PV, DR, etc.)
= Load Normalization
= Model 30 weather years
= Hourly load profiles

Asset / Resource

Planning
= Peak Capacity
= Transfers and
Contingency
= DER Portfolio Solutions
= Hosting Capacity
= Transformer Load Mgmt.
= Demand Side Mgmt.
= DMC/DMP

Spatial Analysis

Entity participation from
utility
Econometrics
Demographics
Transportation
Environment
Probability of load growth and
DER penetration
(bottom up)

Load & DER Scenarios
PUC projections
Utility internal projections as
global constraints

(top down)

Batch
Queue

Load Flow
Analysis

Asset

Model (GIS)
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Weather Normalize and Build Hourly Base Shapes

17

DER

Projects

Historic Hourly Loading Load Analysis
= Substation/Bus ® |oad cleaning (faults,

= Bank/Circuit transfers, PV, DR, etc.)

= Line Device (intra-circuit) = Load Normalization
* Service Transformer * Model 30 weather years

= Customer = Hourly load profiles

Asset / Resource
Planning

Spatial Analysis

Entity participation from
utility
Econometrics
Demographics
Transportation
Environment
Probability of load growth and
DER penetration
(bottom-up)

Forecast Analysis

Growth Scenario: Weather Percentile: Extreme v Forecast Year: 2027 v
Scenario 3: With EE/PV/EV v

£ O B ¥ o B
©

Jan. 1 Feb. 11 Mar. 25 May 6 Jun. 16 Jul. 28 Sep. 8 Oct. 19
TLY Year

-8 Base Year

jections
ternal projections as
onstraints

Batch
Queue

|

Nov. 30

Asset

oad Flow
Analysis Model (GIS)
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Forecast Scenarios of Growth (or lack there of) and DER Adoption

LoatSEER.

[£ Tom

@ Dashboard

@ Map

ita Explorer

£ Data Manager
‘ Message Center

L8 sdminisiration
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Historic Hourly Loading Load Analysis Spatial Analysis

= Substation/Bus ® Load cleaning (faults, Entity participation from
R n L /Circyi ers, PV, DR, etc.) utility
ormalization Econometrics
Demographics
L weathgr years Transportation
load profiles Environment
Probability of load growth and
DER penetration
(bottom-up)

L Toolbox Scenario Analysis
Scenario Agent Results
Demo Forecast Scenario 1

-

Run

Demo Forecast Scenario 1 Spatal Allocation 3

—— - 5 Load & DER Scenarios

Foom— < R 44t 5 2R v PUC projections

: : . Utility internal projections as

global constraints
(top-down)

Actions
5 Edit Configurations

% Configure Agent Set
@ Configure Agent Set From DB

ga‘ "
NS 1.;;“.,..“ 2 l

T&D Deferral
Value

Asset

Load Flow
Analysis Model (GIS)
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Export Feeder or Line Section Forecasts into Power Flow Tools

LoafSEER Q

| Tom
n Daahbxoard
9

w* Generate Reports

5B Inlegralon

.‘. hosnagoe cordor
Of Aaminstration

19

Synid -

ITSET44

3786124

IT90292

5137580

5137662

5137911

5137924

6492447

6492448

1MTI4575

17181046

17181047

SynYear

2018

2018

2018

2018

2018

2018

2018

2018

2018

2018

2018

2018

i Roport Generation

09

0.9

0.9

09

09

09

0.9

0.9

Load Analysis

bad cleaning (faults,
ansfers, PV, DR, etc.)
pad Normalization
odel 30 weather years
ourly load profiles

sset / Resource

Planning
ak Capacity
ansfers and

emand Side Mgm
C/DMP

Spatial Analysis
Entity participation from
utility
Econometrics
Demographics
Transportation
Environment
Probability of load growth and
DER penetration

(bottom-up)

Load & DER Scenarios

PUC projections

Utility internal projections as

global constraints
(top-down)

Batch
Queue

|

Asset

l |Load Flow| B
Analysis

Model (GIS)
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Plan and Optimize for Forecast’s Impact to System

LoafSEER. Q

Standard Reports v

Forecast Analysis

Growth Scenario:
Scenario 3: With EE/PV/EV v

Weather Percentile: Extreme v

Historic Hourly Loading
Substation/Bus
Bank/Circuit

Line Device (intra-circuit)
Service Transformer
Customer

-l

Forecast Year: 2027 v

== English (US)v | & A&

Load Analysis
® |oad cleaning (faults,
transfers, PV, DR, etc.)

Batch
Queue = | oad Normalization
= Model 30 weather years

load profiles

|y

Asset / Resource

Planning
Peak Capacity
Transfers and
Contingency

DER Portfolio Solutions
Hosting Capacity

-
<

Reset zoom

Transformer Load Mgmt.
Demand Side Mgmt.

DMC/DMP

B @B 3 o8
(O]

Jul. 27 Jul. 27 Jul. 28 Jul. 28 Jul. 29 Jul. 29 Jul. 30 Jul. 30
TLY Year
-8 Base Year -+~ Forecast kW Post DER kWPV @ kwWBESS Supply @ KW BESS Charge @ kW Curtailment

20

Jul. 31

£+ Toolbox

Scenario Analysis

15,000 kW

10,000 kW

£ 5,000 kW

Hourly
Normal Capacity(kW): Max: 8,642.00KW Min: 8,642.00KW
Emergency Capacity(kW): Max: 12,346.00KW Min: 12,346.00KW
Base Load (kW): Max: 6,738.00KW Min: 1,293.10KW
Forecasted Load (kW): Max: 8,410.00KW Min: -1,000.61KW
Adjustments (kW): Max: 1,800.28KW Min: -3,283.34KW

Reset zoom

A A AT A

TV -
B sk MMVVV\
\/W\W\/\;\/\/\/\j\/\/ 0 KW
0 Kw

Kkw

S5k KW
2020 2022 2024 2026 2028 2020 2022

0 kw
5,000 kW
Jul. 1 Jul. 2 Jul. 3 Jul. 4 Jul. 5 Jul. 6 Jul. 7
Monthly Peaks Yearly
15k KW 10k KW

2024 2026 2028

® Kkw from EE

Load Flow
Analysis

Batch
wueue

Asset
Model (GIS)

[/
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£+ Tool

Scenarios and Multiple Forecast Methods for Better Confidence

Scenario Engine allows for easier management of multiple forecasts and plan

Ibox

General Growth and Adjustments + 4MW PV Forecast

Scenario Analysis

+ 4MW EV Forecast

£* Toolbox Scenario Analysis

kw

Hourly

Hourly Hourly
Normal Capacity(kW): Max: 8,642.00KW Min: 8,642.00KW Normal Capacity(kW): Max: 8,642.00KW Min: 8,642.00KW Normal Capacity(kW): Max: 8,642.00KW Min: 8,642.00KW.
15,000 kW | Emergency Capacity(kW): Max: 12,346.00KW Min: 12,346.00KW 15,000 kW | Emergency Capacity(kW): Max: 12,346.00KW Min: 12,346.00KW 15,000 kW | Emergency Capac y(kW) Max: 12,346.00KW Min: 12,346.00KW
Base Load (kW): Max: 6,738.00KW Min: 1,293.10KW Base Load (kW): Max: 6,738.00KW Min 1,293.10KW Base Load (kW): Max: 6,738.00KW Min: 1,293.10KW.
Forecas' ted Load (kW): Max: 8,539.21KW Min: 1,807.50KW Reset zoom Forecasted Load (kW): Max: 8,410.00KW Min: ~1,000.61KW Reset zoof o Fo ted Load 1kW) Max: 10,832.28KW Min: ~693.06KW Reset zoom
Adjustments (kW): Max: 2,025.72KW Min: 22.66KW 10,000 kw | Adjustments (kW): Max: 1,800.28KW Min: -3,283.34KW
10,000 kw

- {z,"/WMZW:
ul. 3 ul. 4 jul. 5 ul. 7

0 kw AdJ Ime its (kW): Max: 5, 059 17KW Min: -2,975.79KW

Kw
z

kw '»' A%
N N J
" N i - W -5,000 kW
Jul Jul Jul Jul Jul Jul. Jul Jul Jul.2 Jul.3 Jul. 4 Jul. 5 Jul. 6 Jul.7 Jul. 1 Jul. 2 Jul. 3 Jul. 4 Jul. 5 Jul. 6 Jul. 7
Monthly Peaks Yearly Monthly Peaks Yearly Monthly Peaks Yearly
kKW k KW kKW k KW 3 Sk KW k KW
Ky = 10k KW TV 10k KW [\ [\ [\ 10k KW w
K KW N S5k KW r\\/\/‘{\\l\,‘r \\/J‘[\W' W \\/J' \ e
MMM N
B g skkw g skkw g g skkw g sk
K KW O Kkw wv-\:_'/r_'_—.—.—/
K KW } _ 0 KW S o
KW KW “Skkw B’ -5k Kw -5k Kw
77777777777777777777 2020 2022 2024 2026 2028 2020 2022 2024 2026 2028 2020 2022 2024 2026 2028 2020 2022 2024 2026 2028

21

Z 4
4MW PV forecast does not change peak, AMW EV add to peak and have
while drastically changing minimum load little effect on PV minimum load

. Spatial Forecast Plan Export
Load Analysis : : :
Analysis Scenarios Scenarios Forecasts

l] INTEGRAL
ANALYTICS
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Plan Transfers, Capacity, or Build DER Portfolios ... LoaBSEER.

W

[OA\Lﬁ‘EER Q| Standard Reports =R e .
. | * Analyze Transfer and Capacity
) Forecast Analysis = . .
Growth Scenario: Weather Percentile:| Typical v Forecast Year: 2023 v S Ce n a rI O AdJ u St m e nts
9 Scenario 1: No DERs v e@e@
AL W . .
B * Build DER Portfolios
= I Add DER capacity limitations
@ kw

Forecast constrained to
6MW (Hosting Capacity)

Jul. 11 Jul. 12 Jul. 12

-8- Base Year -+~ Forecas t  -& kW Post DER

e——— PV constrained to 1MW

Optimization Settings Summary

St Ch Disch
© General Settings Type Hosting Capacity Forecas t ¥ Optimal Cost O ra ge a rg e/ I S C a rge
2% 1,883 kW N/A 1,000 kW $90,000.00
Planning Capacity P 6000 ‘ Kw re S p O n d S
hd BESS 3,109 kw N/A 2,964 kW $444,656.00
Avoided Substation F] $35.00 KW DR N/A N/A 856 kW $148,261.28
Capacity EE N/A N/A 617 KW $34,200.00 . . .
- Bl o |- N Optimizes on single asset
oo Total 5,436 kW $747,207.00
Supply Capacity Cost | $75.52 ‘ I d h p
Month 4 Pre-DER Post-DER Savings O a S a e
o 12:00 AM
Supply Coincident H
upply Fomeident Flours ] January $109,347.89 $62,180.37 $47,167.52
e

Load Analvsis Spatial Forecast Plan Export 7 INTEGRAL
2 y Analysis Scenarios Scenarios Forecasts A &ANALYTICS
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LoadSEER -> Synergi

n BN Pefmance  Belabisy  Weiwwkn Tk | Paepr | Mmzor  Vewn  Gwpoed  Duply  Weemie  Buld

_L.'_B/t)n

£ % q
%[ %™ B iR

CAP_10N - Cag switched me
DER_101 - Generator values
DER_N02 - Customer geners @ Map
DER_103 - Sesandany custol
DER_106 - Generstorstiedt 3. |
LOD_101 - Distributed oad:

k = Spot Ioads
i 7l | 2 L0103 - Customer foads. T Libwary
. MTR_107 - Metered by-pha
MTR_102 - Metered by-pha|
MITR_ 108 - Meter howurly del ! Data Manager
MTR_107 - Metered amps
MTR_120 - Meter demand ¢
MTH_121 - Meter load cural . Bateh Procoessing
PRI_ION - Project loads
PROT_101 - Rechoser curvee § ol Feemcasting
PROT_102 - Breaker cunves
REG_101 - Requisor by-ph
SRC_107 - Sounce impedan: €5 Wilegralicn
WCST_HDI - Customer class
W01 - Weatherprof @
WWEN_102 - Solar iradianc bl

Export LoadSEER forecast and growth =
data to Synergi

|+ Generate Reports

Synced to Synergi connectivity model

Aggregated to feeder or exported
directly per line section

B voce s casy  Puneg  Pretemien

i Reoport Ganaration

5 -

Export
Forecasts

aragi2d

ara02a2

5137580

5137662

513ran

5137924

6492447

6482448

1TIETS

17181048

17181047

2018

2018

2018

2018

2018

2018

2018

2018

2018

2018

2018

[/
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Data Sources



Hawaiian Electric LoadSEER 2020 Overview — Bottom-up Map Layers

* |Infrastructure

T LoadSEER - Map X “ LoadSEER - Run Scenario X ‘ +

Tra nspo rtation < C' @® Notsecure | hecodevlsn.integralanalytics.com/loadseernext/navigation/map Y e :
I.OA\D/S‘EERm Q =
Land use and zoning & soot @ Desnboard > 9 Map
. @ Dashboard Future Services (,DE; Existing Services (,DE(‘ Nodes (,DE‘
Electric T&D model (HECO) - B :
Map

. . . . f:'i Explorer
* Existing Service Points

-
= Data Manager

‘ Message Center

0: Administration

Monthly consumption history

DER adoption / participation

Hourly load shapes (MV90, Pl, AMI, Grid 2020)
* Future Service Points

Satellite Imagery (NASA, USGS)

Parcel metadata (Oahu)

Google Solar Roof Project

HECO forecasting group Census Tract Models

LoadSEER 4.0.0.0 - Integral Analytics, Inc. © 2020

Continuous map updates by user

DER interconnection queue l ] INTEGRAL
v

25 \ANALYTICS
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LEGEND
User Import - Utility, consultant, PUC, stakeholder supplied
/ Zip Codes H Machine Learning } inputs. There are many experts in forecasting that may
l provide forecast or adoption probabilities at various levels of
[ X ) ® [~ Score Model, Feader spatial and temporal granularity.
H awa I I a n E I e ct rl C / Censusfatn ) 7 lleedes / | set Feeder Hori I 7 Foreas  / DER Data — Historical DER Adoption
Census Data — Demographic variables
° Customers — Utility customer locations
Lo a d S E E R AI I 0 ca t I 0 n Premise Data — data about utility customer locations
Machine Learning — Prediction modeling
F k f User Import ,"' 7 Fﬁ?ﬂ :::::Ir; — HECO circuits with spatially joined demographic
ra m ewo r Score Model — Applying trained prediction models to
customers and or groups of customers
. . s : Agent Simulation = Spatial customer DER adoption scenario
* HECO'’s allocation methodology supports various / Cum;m«s H Machine Learning l— i
sources of micro and macro level forecasts. Feeder Forecast — 10 year forecast of incremental DER KW
/ Premise Data // // C 5 // I si?;' “Od'f" $-Curve Fitting/Smoothing - fits an S-curve for each feeder,
) i rogers using historical annual kW and the 10 year forecast horizon
* New methods will emerge over time User Import - upload .csv into LoadSEER
Macro Forecast — Regional forecast to be allocated
. . . . _ k _ Top-Down Allocations — Proportional allocation of regional
* Different DER teCh nOIOgIeS may require different { User Import ,_" I ""s“e';‘;m"“‘_"“’- SA;T;?:T.IIamnn forecast, down to feeders, such that user defined circuit
forecast allocation methods 0pen: SrHonzo minimums and maximums are not violated. This step help
users avoid type Il error, for Distribution Planning risk.
. Adjustment Portfolio - resulting set of feeder level forecasts
* Asingle DER technology can be forecasted and with load shape assignments.
allocated with mu |t|p|e methods | T&D Connectivity H :“dﬁ Local Planner Feedback — Distribution Planners review each
orecast feeder's load and DER forecast, and add local corrections to
. . improve the next cycle.
* Internal and external experts build multiple
propensity and forecast models for a single DER { Userimport [ 15 Froseadd
* Management may want to include multiple
forecasts and allocation methods, from both o
internal and external experts J_ssrimpon ; 7 Forecast 7—
» Different internal and external stakeholders have
different objectives and use cases SCurve | I Top-Down Allocation, |
Fitti moothiny Min and Max Constraints

Different objectives and use cases may justify
different forecast allocation methods

LoadSEER

f User iImport ;
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HECO LoadSEER Constrained Bottom-up Example (stylized)

* Stepl (blue box) — Unconstrained Horizon forecast * Step3 (yellow box) — Curve fitting
This is a forecast using customer and or census level This is an s-curve fitting process that connects the historical penetration (red) up to the
variables and predictive adoption modeling unconstrained horizon forecast (blue)

* Step2 (red box) — Historical DER penetration These curves get transformed into incremental values, as preparation for a

top-down allocation.
This is a data collection step, that is automated in loadseer

* Step4 (green box) — Allocation

The macro forecasts (mw) are transformed into incremental annual values, and allocated
proportionally to the feeders in that climate zone, respectively.

27
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Hourly Shape Normalization and Covariance Analysis

LoadSEER’s normalization and covariance analysis helps build load shape
library. Customers evolve from purple line into dotted black line.
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Customer Class/Rate R

Load Shape Manager

% Load Shapes

LallUtility Default RES
Name:
all

all Utility Default 1_CO_OWNED TLY 8760 shape

.allUtility Default 1_DS Click and drag in the plot area to zoom in

.allUtility Default 1_F
.allUtility Default 1_G_TS
.allUtility Default 1_G

.l Utility Default 1_J_T

KW
o

.allUtility Default 1_P

LallUtility Default 1_R_TOU_3A
.allUtility Default 1_R_TOU_EV
.allUtility Default 1_R
.allDefault PV Adjustment Shape 1.Jan 1. Apr

.IlARCHER 1 TLY 8760 Shape v

1. Jul 1. Oct 1.Jan
Date

-8 Load

Cancel

Load Shape Manager

% Load Shapes
allUtility Default RES

il

.all Utility Default 1_CO_OWNED
il Utility Default 1_DS

.l Utility Default 1_F

.alUtility Default 1_G_TS

il Utility Default 1_G

.allUtility Default 1_J_T

.all Utility Default 1_P

.l Utility Default 1_R_TOU_3A
.l Utility Default 1_R_TOU_EV
.l Utility Default 1_R

.all Default PV Adjustment Shape

.llARCHER 1 TLY 8760 Shape

Name:

KW

TLY 8760 shape

Click and drag in the plot area to zoom in

12. Jun

14. Jun
Date

-o- Load

16. Jun

Reset zoom

18. Jun

Cancel
7 INTEGRAL
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Customer Class/Rate R_TOU_EV

Load Shape Manager

% Load Shapes
.allUtility Default RES

all

.all Utility Default 1_CO_OWNED
.allUtility Default 1_DS

.l Utility Default 1_F

.l Utility Default 1_G_TS

.l Utility Default 1_G

.all Utility Default 1_J_T

.l Utility Default 1_P

.l Utility Default 1_R_TOU_3A
il Utility Default 1_R_TOU_EV
.llUtility Default 1_R

il Default PV Adjustment Shape

WlARCHER 1 TLY 8760 Shape

Name:

KW
S}

TLY 8760 shape

Click and drag in the plot area to zoom in

1. Apr 1. Jul 1. Oct
Date

-@- Load

1. Jan

Cance] m

Load Shape Manager

% Load Shapes
allUtility Default RES

all

il Utility Default 1_CO_OWNED
.allUtility Default 1_DS

.all Utility Default 1_F

.llUtility Default 1_G_TS

Ll Utility Default 1_G

.l Utility Default 1_J_T

.all Utility Default 1_P

Ll Utility Default 1_R_TOU_3A
.l Utility Default 1_R_TOU_EV
.llUtility Default 1_R

.all Default PV Adjustment Shape

.lARCHER 1 TLY 8760 Shape

Name:

TLY 8760 shape

Click and drag in the plot area to zoom in

12.Jun 14. Jun
Date

-8 Load

16. Jun

Reset zoom

18.Jun

Cancel
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Customer Class/Rate G

Load Shape Manager

%+ Load Shapes
LallUtility Detault RES

Name:
il
.allUtility Default 1_CO_OWNED
.l Utility Default 1_DS
_allUtility Default 1_F 10
.all Utility Default 1_G_TS
alUtility Default 1_G 75
.allUtility Default 1_J_T 5 i
.all Utility Default 1_P
allUtility Default 1_R_TOU_3A .
.allUtility Default 1_R_TOU_EV .
.all Utility Default 1_R )

.all Default PV Adjustment Shape

.llARCHER 1 TLY 8760 Shape -

TLY 8760 shape

Click and drag in the plot area to zoom in

1.Jan 1. Apr 1. Jul 1. Oct 1.Jan
Date

-®- Load

Cancel

Load Shape Manager

% Load Shapes
Ll Utility Detault RES

il

.all Utility Default 1_CO_OWNED
.all Utility Default 1_DS

.l Utility Default 1_F

.l Utility Default 1_G_TS

.l Utility Default 1_G

.all Utility Default 1_J_T

.all Utility Default 1_P

.l Utility Default 1_R_TOU_3A
.l Utility Default 1_R_TOU_EV
.all Utility Default 1_R

.ll Default PV Adjustment Shape

WlARCHER 1 TLY 8760 Shape

Name:

7.5

KW
v

TLY 8760 shape

Click and drag in the plot area to zoom in

20. Mar 22. Mar 24. Mar 26. Mar 28. Mar 30. Mar

Date

-8~ Load

Reset zoom

Cancel m
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Customer Class/Rate G_TS

Load Shape Manager

I+ Load Shapes
LallUtility Detfault RES

all

.allUtility Default 1_CO_OWNED
.allUtility Default 1_DS

.all Utility Default 1_F

_allUtility Default 1_G_TS
.allUtility Default 1_G

.l Utility Default 1_J_T

.allUtility Default 1_P

.allUtility Default 1_R_TOU_3A
.allUtility Default 1_R_TOU_EV
.all Utility Default 1_R

.all Default PV Adjustment Shape

.lARCHER 1 TLY 8760 Shape

Name:

0.2

0.15

TLY 8760 shape

Click and drag in the plot area to zoom in

1. Jan

1. Apr

1. Jul
Date

-8~ Load

1. Oct 1. Jan

Cancel m

Load Shape Manager

% Load Shapes
llUtility Detault RES

all

.allUtility Default 1_CO_OWNED
.l Utility Default 1_DS

.allUtility Default 1_F

.all Utility Default 1_G_TS
.allUtility Default 1_G

.llUtility Default 1_J_T

.l Utility Default 1_P

LallUtility Default 1_R_TOU_3A
.allUtility Default 1_R_TOU_EV
.l Utility Default 1_R

.all Default PV Adjustment Shape

.llARCHER 1 TLY 8760 Shape

Name:

TLY 8760 shape =
Click and drag in the plot area to zoom in

0.175

Reset zoom
0.15
0.125
2 o1
0.075
0.05
0.025

20. Mar 22. Mar 24. Mar 26. Mar 28. Mar 30. Mar

Date
-8 Load

Cancel
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Default PV

Load Shape Manager

%+ Load Shapes
.allUtility Default RES

all

.all Utility Default 1_CO_OWNED
.allUtility Default 1_DS

.l Utility Default 1_F

.l Utility Default 1_G_TS

.all Utility Default 1_G

.llUtility Default 1_J_T

.all Utility Default 1_P

.l Utility Default 1_R_TOU_3A
.all Utility Default 1_R_TOU_EV
.l Utility Default 1_R

.ill Default PV Adjustment Shape

.lARCHER 1 TLY 8760 Shape

Name:

KW

0.25

0.25

-0.5

-0.75

-1.25

TLY 8760 shape

Click and drag in the plot area to zoom in

1.Jan

1. Apr 1. Jul 1. Oct 1.Jan

Date

-@- Load

Cancel

Load Shape Manager

% Load Shapes
il Utility Default RES

all

.all Utility Default 1_CO_OWNED
.all Utility Default 1_DS

.all Utility Default 1_F

.allUtility Default 1_G_TS

.all Utility Default 1_G

.l Utility Default 1_J_T

.allUtility Default 1_P

.l Utility Default 1_R_TOU_3A
alUtility Default 1_R_TOU_EV
.allUtility Default 1_R

.ill Default PV Adjustment Shape

WIARCHER 1 TLY 8760 Shape

Name:

KW

0.25

-0.25

-0.5

-0.75

-1.25

TLY 8760 shape

Click and drag in the plot area to zoom in

Date

-®- Load

Reset zoom

20. Mar 22. Mar 24. Mar 26. Mar 28. Mar 30. Mar

Cancel m
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EV Charging Options

These charts show the first 48 hours of an
8760 aggregate charging profile (white line).

Home = Home charging

Station-Opp = Shorter opportunity charging at a station
Station-Bulk = Longer bulk charging at a station
Morning = generic diversified morning charge profile
Day = generic diversified day charge profile

Evening = generic diversified evening charge profile

Night = generic diversified night charge profile

7 INTEGRAL
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Island Chargin

- OOTEZATE + Home a— Station-0Opp = Station-Bulk - [Viorning +— Day Evening +— Might

This is the first 48 hour of the 8760 shape. Equal parts of all charging profile types.
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Island Chargin

Home a— Station-0pp = Station-Bulk = [iorning Evening

Other...
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Hawaiian Electric circuit level forecast example 1 — KAMOKILA 1
Landuse + Freeze DER

4" LoadsSEER - Workench X ¥ LoadSEER - Workench x| + =Rk 2% " LosdSEER - WorkBench X | LosdSEER - WorBench x|+ = 8 X
< C @ Notsecure | hecodevisn 0 h/81828¢51-4967-40b8-abba-f8b1d71827b4?scenariosetid=128&runid=15 * @ : & C  ©® Notsecure | hecodevisn integralanalytics.com/loadseemext/nodemanager/node/workbench/B1828¢5(-4967-40b8-abba-{8b 1474627 b47scenariosetid=1 2Brunid =15 « @
Q . \[/\ :
LoADSEER. Q g LoAISEER.. Q g
| & scott @ d > % Node Viewer > % Workbench | & seon Bl & Cosnboard > 3 Nade Viewsr > % Workbench
@ Dashboard KAMOKILAG @ Dasnzoara MAMOKR
L3 Toolbox | Scenario Analysis < ¥ Toolbox | Scenaric Analysis <
Q Wap 9 wep
& B Baseline 6 - Reference Case (Landuse Growth) (o] & Baseline 6 - Reference Case (Landuse Growth) (<]
Explorer Explorer
S Data Masager @ & Deta Maneger ® TLYBT60  Indexed  PercentHistogram  ForecastOveroad  Forecast Qverioad Percent  Hourly et
Hourly
B Vessage Genter 20,000 kW B Message Conter Reset zoom |
L8 Administration @ TERRhY G Adminisiation
10,000 kw
0 |: C]
5,000 kw
okw
5,000 kW
Jan1 Jan21 Febll M4 Mar25  Apr15  May6  May26  jun.16  Jul.7  Jul28  Aug.18  Sep.8  Sep.28  OcL19  Nov.9  Nov.30  Dec.2l
Monthly Peaks Yearly May 22 May 31 un. & un. 16 i, 25 1 Au 3
Ty v
Sep.. 2021 15k kW
Normal Capacity(#) — Emergeney CapacilylkW) 8 Base Loac (W) =i Forecasted Load (W) 8= Simutated Growth (W)
 Max Monthly Peak’ 7,711.45
15k KW 10k kw
: z e
2 rokkw 2 sexw
sk kw okw i
okw Skckw
2018 2020 2022 2024 2026 2028 2010 2015 2020 2025
» »
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Hawaiian Electric circuit level forecast example 1 — KAMOKILA 4
Landuse + EV + PV Market ... increasing peak, decreasing min

" LoadSEER - Map X " LoadSEER - Map X \ + = X

& C  ® Notsecure | hecodevlsn.integralanalytics.com/loadseernext/navigation/map > e

KAMOKILA 4

£¥ Data Compute MicrolRP

" Baseline 6 - Reference Case (EV + PV )v
E Baseline 6 - Reference Case (EV + PV) I

Hourly
10,000 kW
7,500 kw
5,000 kW
z
= 3265.14 kW
2,500 kW
oKW 95.06_kW, . £42250-k
2,500 kW
Jan.1 Jan. 21 Feb. 11 Mar. 4 Mar. 25 Apr. 15 May 6 May 26 Jun. 16 Jul. 7 Jul. 28 Aug. 18 Sep. 8 Sep. 28 Oct. 19 Nov. 9 Nov. 30 Dec. 21
Monthly Peaks Yearly
20k KW 20k KW
10k KW
10k KW
W, . . . Ce .
g _MJ\F 2 okw
0 Kw
10k KW
10k KW 20k KW
2018 2020 2022 2024 2026 2028 2010 2015 2020 2025
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HECO circuit level forecast example 1 - KAMOKILA 4
Landuse + EV + PV Market ... increasing peak, decreasing min

Bottom-up 8760 Forecast for 2030 Overload Frequency and Duration

" LoadSEER - Map X % LoadSEER - Map x| + - a X “ LoadSEER - N X LosdSEER - Map. x| + - o x

< C @ Notsecure | hecodevisn. i * @ : “ C (@ Notsecure | hecodevisn.integralanalytics com/loadseemext/navigation/map * @

KAMOKILA 4 KAMOKILA 4

£ Data Compute MicrolRP £ Data Compute MicrolRP

B Bascline 6 - Reference Case (EV + PV) |

TLY8760 Indexed PercentHistogram  Forecast Overioad  Forecast Overload Percent  Hourly Detail

[El Baseline 6 - Reference Case (EV + PV)

TLYB760 Indexed  PercentHistogram  ForecastOverload  Forecast Overioad Percent  Heurly Detail

Overload Instances Per Month-Hour

10,512.72 kW

Noverber

Jan. 1 Jan. 21 Feb. 11 Mar. 4 Mar.25  Apr.1s May 6 May 26 Jun. 16 Jul. 7 Jul. 28 Aug. 18 Sep. 8 Sep.28  Oct.19 Nov. 9 Nov.30  Dec.21
TLY Year

Normal Capacity(kW) Emergency Capacity(kW) - Base Load (kW) - Forecasted Load (kW) =¥ Simulated Growth (kW) ® Toral
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HECO circuit level forecast example 1 - KAMOKILA 4
Load duration by percent capacity

" LoadSEER - Map x

<«

“ LoadSEER - Map x| + = a X

C @ Notsecure | hecodevisn.

KAMOKILA 4

¥ Data Compute MicrolRP

Baseline 6 - Reference Case (EV + PV )~
©

[El Baseline 6 - Reference Case (EV + PV)

TLY8760 Indexed  Percent Histogram

s 125 225 30 425 45 az5

Percent of Capacity

Forecast Overload ~ Forecast Overload Percent  Hourly Detail

® Percent of Capacity

2020

' LoadSEER - Map X % LosdSEER - Map. x| +

€ C @ Notsecure | hecodevisn, i jrap
KAMOKILA 4
fiData  Compute = MicralRP

Bl Bascline 6 - Reference Case (EV + PV)

TLY8760 indexed  PercentHistogram  ForecastOverioad  Forecast Overioad Percent

Perce

Hourly Datail

® Percent of Capacity

2030
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LoadSEER Graph Database and Dynamic Aggregations

e Connectivity from system down to customer
e Caninclude Tx/Dx models
* Hierarchy is flexible

 Tailored to the customer

(] S e
N \bi “ 2

.s
B
a0
20008 >
asz0s000m
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Step 1 — Search map for a specific bank ...

Search/Select Nodes

PIC|

Find Nodes

Type

m Substation

BA Bank

BA Bank

Feeder
Feeder
Feeder

o=l Feeder

Name

PICARD

PICARD 1

PICARD 2

PICARD 122

PICARD 114

PICARD 123

PICARD 125
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Step 2 — Click the returned map point, then ‘N-1 Analysis’ icon =

l? INTEGRAL
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Step 3 — Select Forecast and Planning Scenario, and transfer level...

= | 1

Forecast Scenario

Planning Scenario

Saved Events

Transfer Level

Transfers

M-1 Forecast Scenario 1

Foothill Resource Planning 1 (Run1)

--Select Events—-

Feeder

EiSave | Cancel
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Step 4 — Create the transfer list for this N-1 event. The user clicks on each
switching zone (source) in the map, then a chooses feeder or bank (destination)
in the map...

[

+ ‘ i fugineay Forecast Scenario N-1 Forecast Scenario 1 v
Planning Scenario Foothill Resource Planning 1 (RunT) v
Saved Events --Select Events— v
Transfer Level Feeder T
Transfers

# Source: 126 @ Destination: FOOTHILL 123 lﬁ! 2
¥ Source: 3656 @ Destination: FOOTHILL 124 i}
[« Source: 8931 @ Destination: FOOTHILL 124 lﬁ
¥ Source: 8930 @ Destination: FOOTHILL 124 i}
# Source: 16272 @ Destination: FOOTHILL 123 lﬂl
¥ Source: 128 @ Destination: FOOTHILL 125 i
[« Source: 997 @ Destination: FOOTHILL 125 ﬁl
| Source: 125 @ Destination: FOOTHILL 125 i
# Source: 10762 (-_'») Destination: FOOTHILL 125 lﬁ!
| Source: 40603 @ Destination: FOOTHILL 125 m -~
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Step 5 — Click the analysis button ... ... resulting chart of impact on
destination feeders over 10 year forecast.

2020
e FOOTHILL 125: 844 %

® FOOTHILL 123: 76.6 %
@ FOOTHILL 124: B3.0%
e FOOTHILL 122: 81.7 % |
2020 2021 2022 2023 2024 2025 2026 2027 2028 20259 2030

@ FOOTHILL125 @ FOOTHILL123 @ FOOTHILL 124 @ FOOTHILL 122
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Step 5 — Click the analysis button ... ... resulting chart of impact on
destination feeders over 10 year forecast.

Jil Overview BH Details

Search:

Destination 4 FOOTHILL 123 FOOTHILL 125 FOOTHILL 122 FOOTHILL 124

FOOTHILL 122 NIA N/A 1,675.38 kW N/A
FOOTHILL 122 NiA N/A 894.66 kW NIA.
FOOTHILL 122 NIA N/A 863.11 kW NiA.
FOOTHILL 122 NIA N/A 480.75 kW N/A.
126 FOOTHILL 123 1.826.36 kW I NIA
16272 FOOTHILL 123 783.75 kW ! NIA NIA.
5666 FOOTHILL 124 NIA [ 2,018.68 kw
8930 FOOTHILL 124 599.14 kW
8931 FOOTHILL 124 / / 388.27 kW
3932 FOOTHILL 124 / | NIA NIA

10253 FOOTHILL 124 N/A | N/A N/A.

annna [ = Tiin g ana nisa Bisn nisn arrC as jaas

Total 9,926.01 kW 10,933.33 kW 10,989.77 kW 10,753.62 kW

Emergency Capacity 12,959.00 kW 12,959.00 kW 12,959.00 kW 12,959.00 kW

% Loaded 76.60 % 84.37 % 81.72 % 82.98 %
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