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Integrated Grid Planning: The “Must-Haves”

Nodal, 8760 Load
Forecasting with
Powerflow

Batch-Driven ICA

Embedded DER

Penetration Impact

DER Avoided Cost
Project

Value/Optimization

Dynamic Data and
Network Topology
Refresh

Data transfer and
quality prohibitive

Too
computationally-
intensive

Hard to reconcile
corporate fcst to
feeder level

Locational value
measurement

System Integration
and Data
Management
Challenge

Commercially
delivered

Refining process at
scale

Commercially
delivered

2018 Delivery

Commercially
scaling

PG&E, CPS Energy,
SDG&E, Seattle City
Light, others

PG&E

PG&E, SCE, CPS,
Hawaiian Electric
(2018)

Hawaiian Electric,
PG&E, Seattle, CPS

Nashville Electric,

PG&E, FortisBC,

Hawaiian Electric
(2018)
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Attributes of Future-Proof Grid Planning

1. Scale Architecture: Expect “Billions of Rows”
2. It's an 8760, Meter-Level World
3. Scenario Engine at the Core
4. Must Support Many Stakeholders:
* Transmission/Distribution/Ops/Fuels
* (Corporate Forecasting
e Regulators
 Market Participants
5. Bottom-Up = Top-Down
6. Economic Meets Engineering Meets Social
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Scenario Engine: Adjustment Portfolios

2 LoadSEER-GIS

File Settings Reports About
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1 . Add Pol{gon
CUSTOMER CLASS User Confidence: 70

[pv

HORIZON TIME User Confidence: 70

[Short Term: 3 - 5 years

LOAD ESTIMATE User Confidence: 70

Load Per Connection (K'W)
10

CONMECTIONS User Confidence: 50

u

Mumber of New Connections
5

Parcel Size Per Connection (Acres)
0.3288206208326740

FEEDERS User Confidence: 50
() Each paoint its nearest feeder

@ All points the same feeder

GLO1

COMMENTS "] Validated

"] Known Adjustment|

s o B -

Map Coordinates Lat: -24.805018 , Long: 29.291634 Map Scale 1: 132874
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8760 Frequency and Duration of Load: Circuit Granularlty

. LoadSEER LoadShape8760 Viewer (Ver 1.4) [Copyright (C) Integral Analytics Inc] {License is valid till: 05/31/17)

LOADSEER - LoadShape87/60 Viewer

14.01

Select Fies ... Plot ...

TLY Month-Year (csv file): lER_Load&\mBm_\ﬁew_EXE_Vaﬂ .4_20]7021G\TLY_M_YW‘GSV‘ @ Series 1: | Baseline Percentile: 5(th Percentile  ~

Simulation Results (csv fie): [icE\OneDrive_2017-02-17\SimulationResuls csv files\GAD2_SimResuks csv| (1) Seies 2 [Baseine + Coporate Forecast Percertle: [50th Percentie

LoadGrowth And Adustments fcsv file):  [1GrowthAnd Adustments_From_Scott\LoadGrowthAndAdjustments_GA02csv| 1) Series 3: | Baseline + Comorate Forecast « Adustments Percentle: | 5(th Percentle

LoadShape from ScadaScrubber (csv file): [:8760_Viewer_EXE_Ver1.4_20170216\LoadShape_From_SS_For_GAO2csv| () Sedes4:  [None Percentie: | 10th Percentie

DayAhead Houry Forecasts (csvfile): [ 7\DayAhead_HourlyForecast_Resuts\DayAhead_HouryForecast_GAD2.csv| (i) Series 5: Percentie:

| Compute LoadShape876D or the Future Years | Zoom ko Selection Zoom Out Plot LoadShapes
= Series] == Series2 == Series3 ~— Seriesd Series5
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Nodal Value of DER...Integrated to Planning
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Batch Integration Capacity Analysis (grid-constrained)

2016 2016 2017 2017 2018 2018
Object Type Object Name ID Shape Name MW Limiting Hour MW Limiting Hour MW Limiting Hour

Dpa Dpa_1 1 PV - Non-Tracking -  67.477 Apr, Weekend/Holiday, 1 PM 61.265 Apr, Weekend/Holiday, 1 PM 58.022 Apr, Weekend/Holiday, 1 PM
Bank Bank_2 2 PV - Non-Tracking - 3.972 May, Weekend/Holiday, 12 PM 2.136 May, Weekend/Holiday, 12 PM 1.164 May, Weekend/Holiday, 12 PM
Feeder Feeder_3 3 PV - Non-Tracking - 1.252 Sep, Weekday, 1 PM 1.136 Sep, Weekday, 1 PM 1.063 Sep, Weekday, 1 PM

Feeder Feeder_4 4 PV - Non-Tracking - 1.134 May, Weekday, 12 PM 1.07 May, Weekday, 12 PM 1.058 May, Weekday, 12 PM

Feeder Feeder_5 5 PV - Non-Tracking - 0.616 Sep, Weekend/Holiday, 1 PM 0.504 Sep, Weekend/Holiday, 1 PM 0.41 Apr, Weekend/Holiday, 1 PM
Feeder Feeder_6 6 PV - Non-Tracking - 0.365 Sep, Weekend/Holiday, 1 PM -0.155 Sep, Weekend/Holiday, 1 PM -0.576 Sep, Weekend/Holiday, 1 PM
Feeder Feeder_7 7 PV - Non-Tracking - -0.324 Apr, Weekend/Holiday, 1 PM -0.681 Apr, Weekend/Holiday, 1 PM -0.831 Apr, Weekend/Holiday, 1 PM
Feeder Feeder_8 8 PV - Non-Tracking - 0.613 May, Weekend/Holiday, 12 PM -0.054 May, Weekend/Holiday, 12 PM -0.261 May, Weekend/Holiday, 12 PM
Bank Bank_9 9 PV - Non-Tracking - 6.778 Apr, Weekday, 1 PM 5.735 Apr, Weekday, 1 PM 5.171 May, Weekday, 12 PM

Feeder Feeder_10 10 PV - Non-Tracking - -0.594 Jun, Weekday, 1 PM -0.819 Jun, Weekday, 1 PM -0.966 Jun, Weekday, 1 PM

Feeder Feeder_11 11 PV - Non-Tracking - 1.699 Apr, Weekday, 1 PM 1.48 Apr, Weekday, 1 PM 1.403 Apr, Weekday, 1 PM

Feeder Feeder_12 12 PV - Non-Tracking - 1.316 Apr, Weekend/Holiday, 1 PM 1.299 Apr, Weekend/Holiday, 1 PM 1.333 May, Weekend/Holiday, 1 PM
Feeder Feeder_13 13 PV - Non-Tracking - 1.626 May, Weekday, 12 PM 1.453 May, Weekday, 12 PM 1.397 May, Weekday, 12 PM

Shiectiyne [obiecttamm [ Stmpe Name Feeder Feeder_14 14 PV - Non-Tracking - 1.102 May, Weekday, 12 PM 1.003 May, Weekday, 12 PM 0.918 May, Weekday, 12 PM

o T Hov ey Feeder Feeder_15 15 PV - Non-Tracking - 0.12 Sep, Weekend/Holiday, 2 PM -0.127 Sep, Weekend/Holiday, 2 PM -0.244 Sep, Weekend/Holiday, 2 PM o
TR R | Feeder Feeder_16 16 PV - Non-Tracking - 1.079 May, Weekday, 1 PM 1.008 May, Weekday, 1 PM 0.899 May, Weekday, 1 PM

o o Lyr. il Bank Bank_17 17 PV - Non-Tracking - 7.44 May, Weekend/Holiday, 12 PM 6.866 May, Weekend/Holiday, 12 PM 6.428 May, Weekend/Holiday, 12 PM &Y,
e e o e A Feeder Feeder_18 18 PV - Non-Tracking - 1.414 Apr, Weekend/Holiday, 1 PM 1.364 Apr, Weekend/Holiday, 1 PM 1.289 Apr, Weekend/Holiday, 1 PM M
o o T ol Mo — ] Feeder Feeder_19 19 PV - Non-Tracking - 1.716 Apr, Weekend/Holiday, 1 PM 1.657 Apr, Weekend/Holiday, 1 PM 1.609 Apr, Weekend/Holiday, 1 PM

e ooty 12l N Feeder Feeder_20 20 PV - Non-Tracking - 1.948 May, Weekend/Holiday, 12 PM 1.968 May, Weekend/Holiday, 12 PM 1.997 May, Weekend/Holiday, 12 PM
Fescer—[resger ia |3y - NanTasling Feeder Feeder 21 21 PV - Non-Tracking -  1.382 Sep, Weekday, 12 PM 1.274 Sep, Weekday, 12 PM 1.181 Sep, Weekday, 12 PM

oot Trestria—1olov N ol Feeder Feeder 22 22 PV - Non-Tracking -  0.669 Apr, Weekend/Holiday, 1 PM 0.497 Apr, Weekend/Holiday, 1 PM 0.405 Apr, Weekend/Holiday, 1 PM

Bank 7 PV - n . n .
Pester—[Festir 13|10 - NonTacking A Feeder Feeder_23 23 PV - Non-Tracking - 0.055 Apr, Weekend/Holiday, 1 PM -0.171 Apr, Weekend/Holiday, 1 PM -0.319 Apr, Weekend/Holiday, 1 PM
Feed: Feeder_19 19 PV - Non-Tracking - . . . . .
Fecdn  Foodor 20 20PV-NonTcking L Bank Bank_24 24 PV - Non-Tracking - 7.19 May, Weekend/Holiday, 12 PM 7.058 May, Weekend/Holiday, 12 PM 7.666 May, Weekend/Holiday, 12 PM
Feed: 21 PV - Non-Tracking - 228
oader 22 bV _on e ;
Feeder PV~ Non-Tracking -
B Non Tracking - 7.10 My, WeekendiHoliday 12 058 May, WeekendHolde. 1 666 May, WeskendHoldey. 1 /655 May, WeekendHoliday, 12 /606 May, Wekend 584 May, WeekendHoliday, 12
- loliday, 12 PM 0.71 Apr, Weekend/Holiday, 12 PM 0.707 Apr, Weekend/Holiday, 12 PM 0.718 Apr, Weekend/Holiday, 12 PM 0.719 Apr, Weekend/Holiday, 12 PM 0.726 Apr, Weekend/Holiday, 12 PM 0.73 Apr, Weekend/Holiday, 12 PM
0.734 Apr, Weekday, 1 PM 0.702 Apr, Weekday, 1 PM 1.181 Apr, Weekday, 1 PM 1.147 Apr, Weekday, 1 PM 111
Feeder_27 - 0.989 Sep, Weekday, 12 PM 0.878 Sep, Weekday, 12 PM 0.802 Sep, Weekday, 12 PM 0.693 Sep, Weekday, 12 PM 0.61

0.43 Apr, Weekend/Holiday, 12 PM 0024 Apr, Weekend/Holiday, 12 PM
0.871 Apr, Weekday, 1 PM
0.131 Apr, Weekday, 12 PM

Feeder 28 5 - 2.214 Jun, Weekend/Holiday, 1L AM  2.271 Jun, Weekend/Holiday, 11 AM  2.468 Jun, Weekend/Holiday, 11 AM  2.599 Jun, Weekend/Holiday, 11 AM  2.65 1.455 Jun, Weekend/Holiday, 12 PM

Non-Tracking - 0.326 May, Weekend/Holiday, 1 PM 0.317 May, Weekend/Holiday, 1 PM 0.307 May, Weekend/Holiday, 1 PM 0.293 May, Weekend/Holiday, 1 PM 027 - 0.11 Jun, Weekend/Holiday, 12 PM
Non-Tracking - 1.836 Apr, Weekend/Holiday, 1 PM 1.812 Apr, Weekend/Holiday, 1 PM 1,807 Apr, Weekend/Holiday, 1 PM 1816 Apr, Weekend/Holiday, 1 PM 184 1.78 May, Weekday, 12 PM
Non-Tracking - 5545 May, Weekend/Holiday, 12 PM 5.2 May, Weekend/Holiday, 12PM  4.954 May, Weekend/Holiday, 12 PM 5.06 May, Weekend/Holiday, 1 PM 5.02 3.984 May, Weekend/Holiday, 1 PM

Feeder X Non-Tracking - 1,644 May, Weekend/Holiday, 12 PM 1595 May, Weekend/Holiday, 12 PM  1.377 May, WeekendiHoliday, 12 P 1.454 May, Weekend/Holiday, 12PM 144 1.68 May, Weekend/Holiday, 12 PM

Feeder Feeder_33 Non-Tracking - 1.4 May, Weekend/Holiday, 1 PM 1.314 May, Weekend/Holiday, 1 PM 1.273 May, Weekend/Holiday, 1 PM 1.277 May, WeekendiHoliday, 1 PM 127 1.206 May, Weekend/Holiday, 1 PM

Feeder Feeder_34 Non-Tracking - 1.246 Apr, Weekday, 1 PM 1.07 Apr, Weekday, 1 PM 1.1 Apr, Weekday, 1 PM 1.13 May, Weekday, 12 PM 110 0.404 Jun, Weekday, 12 PM

Feeder Feeder_35 Non-Tracking - 1.023 Apr, Weekend/Holiday, 1 PM 0.984 Apr, Weekend/Holiday, 1 PM 0.967 Apr, Weekend/Holiday, 1 PM 0.975 Apr, Weekend/Holiday, 1 PM 096 0.337 May, Weekend/Holiday, 12 PM

Bank Bank_36 Non-Tracki 5.096 Apr, Weekend/Holiday, 1 PM 4.879 Apr, Weekend/Holiday, 1 PM 4313 Apr, Weekend/Holiday, 1 PM 4.242 Apr, Weekend/Holiday, 1 PM 404 3175 May, Weekday, 12 PM

Feeder Feeder 37 Non-Tracking - 1.861 May, Weekday, 12 PM 1.848 May, Weekday, 12 PM 1.862 May, Weekday, 12 PM 1.929 May, Weekday, 12 PM 197 - 1753 Jun, Weekday, 12 PM

Feeder Feeder 38 Non-Tracking - 1.478 May, Weekday, 12 PM 1.288 May, Weekday, 12 PM 1.188 May, Weekday, 12 PM 0.996 May, Weekday, 12 PM 08 F 0.073 May, Weekday, 12 PM

Feeder Feeder 39 Non-Tracking - 1.53 Apr, Weekend/Holiday, 1 PM 1.496 Apr, Weekend/Holiday, 1 PM 0.979 Apr, Weekend/Holiday, 1 PM 0.985 Apr, Weekend/Holiday, 1 PM 085 0.922 Apr, Weekend/Holiday, 1 PM

Bank Bank_40 Non-Tracking - 6.359 Apr, Weekend/Holiday, 1 PM 6.065 Apr, Weekend/Holiday, 1 PM 5.599 Apr, Weekend/Holiday, 1 PM 5.063 Apr, Weekend/Holiday, 1 PM 507 4.255 Apr, Weekend/Holiday, 1 PM

Feeder Feeder_41 Non-Tracking - 1.344 May, Weekend/Holiday, 12 PM 1297 May, Weekend/Holiday, 12 PM  1.262 May, Weekend/Holiday, 12 PM  1.227 May, Weekend/Holiday, 12PM 120 0.869 Apr, Weekday, 12 PM

Feeder Feeder_42 Non-Tracking - 0.648 Apr, Weekend/Holiday, 1 PM 0.587 Apr, Weekend/Holiday, 1 PM 0.274 Apr, WeekendiHoliday, 1 PM 0.249 Apr, Weekend/Holiday, 1 PM 020 0.021 Apr, Weekend/Holiday, 1 PM

Feeder Feeder 43 Non-Tracking - 0.923 Apr, Weekend/Holiday, 2 PM 0.867 Apr, Weekend/Holiday, 2 PM 0.636 Apr, Weekend/Holiday, 2 PM 0592 Apr, Weekend/Holiday, 2 PM 055 0.138 Apr, Weekend/Holiday, 2 PM

Feeder Feeder_44 Non-Tracking - 2.034 May, Weekend/Holiday, 12 PM 2.09 May, Weekend/Holiday, 12 PM  2.179 May, Weekend/Holiday, 12 PM 1.872 May, Weekend/Holiday, 12 PM 19 2.351 May, Weekend/Holiday, 12 PM

Feeder Feeder_45 Non-Tracking - 0.895 May, Weekend/Holiday, 12 PM 3 3 0.645 May, Weekend/Holiday, 12 PM_0.594 May, Weekend/Holiday, 12 PM 0.313 May, Weekend/Holiday, 12 PM

Feeder Feeder_46 Non-Tracking - 1.198 Apr, Weekend/Holiday, 1 PM . 3 1.152 Apr, Weekend/Holiday, 1 PM 1.14 Apr, Weekend/Holiday, 1 PM 0.783 Apr, Weekend/Holiday, 1 PM

Bank Bank 47 Non-Tracking - 5.439 Apr, Weekend/Holiday, 1 PM 5.074 Apr, Weekend/Holiday, 1 PM 5.017 Apr, Weekend/Holiday, 1 PM 4.628 Apr, Weekend/Holiday, 1 PM 412 - 2.683 Apr, Weekend/Holiday, 1 PM

Feeder Feeder 48 Non-Tracking - 0.832 Apr, Weekday, 1 PM 0.793 Apr, Weekday, 1 PM 0.728 Apr, Weekday, 1 PM 0.582 Apr, Weekday, 1 PM X = . 0.04 Apr, Weekday, 1 PM

Feeder Feeder 49 49 PV - Non-Tracking - 1.678 Apr, Weekend/Holiday, 1 PM 1.674 Apr, Weekend/Holiday, 1 PM 1.718 Apr, Weekend/Holiday, 1 PM 1.743 Apr, Weekend/Holiday, 1 PM . 1,592 Apr, Weekend/Holiday, 1 PM

Feeder Feeder 50 50 PV - Non-Tracking - 0.828 Sep, Weekend/Holiday, 12PM  0.653 Sep, Weekend/Holiday, 12 PM 0575 Sep, Weekend/Holiday, 12PM  0.462 Sep, Weekend/Holiday, 12 PM -0.264 Sep, Weekend/Holiday, 12 PM

Feeder Feeder 51 51 PV -Non-Tracking - 0.89 May, Weekend/Holiday, 12 PM 0.82 May, Weekend/Holiday, 12 PM  0.784 May, Weekend/Holiday, 12 PM 0649 May, Weekend/Holiday, 12 PM 0.209 May, Weekend/Holiday, 12 PM

Feeder Feeder 52 52 PV -Non-Tracking - 1.2 Apr, Weekend/Holiday, 1 PM 1.132 Apr, Weekend/Holiday, 1 PM 1.215 Apr, Weekend/Holiday, 1 PM 1.197 Apr, Weekend/Holiday, 1 PM 1.046 Apr, Weekend/Holiday, 1 PM

Bank Bank 53 53 PV -Non-Tracking- 5529 Apr, Weekend/Holiday, 1 PM 5.101 Apr, Weekday, 1 PM 4.787 Apr, Weekday, 1 PM 4.448 Apr, Weekday, 1 PM 3111 Apr, Weekday, 1 PM

Feeder Feeder 54 54 PV - Non-Tracking - 1.287 Apr, Weekday, 12 PM 1,049 Apr, Weekday, 12 PM 1,016 Apr, Weekday, 12 PM 0.947 Apr, Weekday, 12 PM 0.282 Apr, Weekday, 1 PM

Feeder Feeder 55 55 PV - Non-Tracking - 2109 Apr, Weekend/Holiday, 1 PM 2,064 Apr, Weekend/Holiday, 1 PM 2,071 Apr, Weekend/Holiday, 1 PM 2,061 Apr, Weekend/Holiday, 1 PM 1.992 May, Weekend/Holiday, 1 PM

Feeder Feeder 56 56 PV - Non-Tracking - 0.794 Apr, Weekend/Holiday, 2 PM 0.778 Apr, Weekend/Holiday, 2 PM 0.767 Apr, Weekend/Holiday, 2 PM 0.583 Apr, Weekend/Holiday, 2 PM 0.477 Apr, Weekend/Holiday, 2 PM

Feeder Feeder 57 57 PV - Non-Tracking - 1.008 Apr, Weekday, 12 PM 0.869 Apr, Weekday, 12 PM 0.591 Apr, Weekday, 12 PM 0516 Apr, Weekday, 12 PM -0.078 Apr, Weekday, 12 PM

Bank Bank 58 58 PV-Non-Tracking- 6.6 Apr, Weekend/Holiday, 1 PM 6.173 Apr, Weekend/Holiday, 1 PM 6.108 Apr, Weekend/Holiday, 1 PM 5.676 Apr, Weekend/Holiday, 1 PM 4.396 May, Weekend/Holiday, 1 PM

Feeder Feeder 59 59 PV -Non-Tracking - 152 Sep, Weekend/Holiday, 12PM 1443 Sep, Weekend/Holiday, 12PM  1.406 Sep, Weekend/Holiday, 12 PM 1.33 Sep, Weekend/Holiday, 12 PM 0.774 Sep, Weekend/Holiday, 12 PM

Feeder Feeder 60 60 PV - Non-Tracking - 1.422 Apr, Weekend/Holiday, 1 PM 1.326 Apr, Weekend/Holiday, 1 PM 1.31 Apr, Weekend/Holiday, 1 PM 1,014 Apr, Weekend/Holiday, 1 PM 1.062 May, Weekend/Holiday, 12 PM

Feeder Feeder 61 61 PV -Non-Tracking - 1.508 May, Weekday, 12 PM 1.326 May, Weekday, 12 PM 1.317 May, Weekday, 12 PM 1.302 May, Weekday, 12 PM

Feeder Feeder 62 62 PV - Non-Tracking - 1.648 Apr, Weekend/Holiday, 1 PM 1.558 Apr, Weekend/Holiday, 1 PM 1.543 Apr, Weekend/Holiday, 1 PM 1.482 Apr, Weekend/Holiday, 1 PM

Bank Bank 63 63 PV -Non-Tracking - 6.151 May, Weekend/Holiday, 12 PM  5.384 May, Weekend/Holiday, 12 PM 5.002 May, Weekend/Holiday, 12 PM  4.737 May, Weekend/Holiday, 12 PM 2.942 May, Weekend/Holiday, 12 PM

Feeder Feeder 64 64 PV - Non-Tracking - 1.698 Apr, Weekend/Holiday, 1 PM 1.525 Apr, Weekend/Holiday, 1 PM 1.309 Apr, Weekend/Holiday, 1 PM 1.289 Apr, Weekend/Holiday, 1 PM 1151 Apr, Weekend/Holiday, 1 PM

Feeder Feeder 65 65 PV - Non-Tracking - 1.578 Apr, Weekend/Holiday, 1 PM 1.387 Apr, Weekend/Holiday, 1 PM 1.414 Apr, Weekend/Holiday, 1 PM 1.382 May, Weekend/Holiday, 12 PM . . 1.127 May, Weekend/Holiday, 12 PM

Feeder Feeder 66 66 PV - Non-Tracking - 1.654 Jun, Weekday, 12 PM 1.454 Jun, Weekday, 12 PM 1.337 Jun, Weekday, 12 PM 1.208 Jun, Weekday, 12 PM R S O T O e iy 0.539 Jun, Weekday, 12 PM

Feeder Feeder 67 67 PV - Non-Tracking - 1.174 Jun, Weekend/Holiday, 12 PM 0,962 Jun, Weekend! 0.678 Jun, Weekend/Holiday, 12 PM 0775 Jun, Weekend/Holiday, 12 PM : -0.18 Sep, Weekday, 1 PM

T T
270 32804 62908 93012 123116 15322 183324 22848 258584 30374
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Least Cost Meets Grid Needs

DER Optimization Results for Scenario
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Electric Vehicles on Oahu: Agent-Based Modeling
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Electric Vehicles on Oahu: Agent-Based Modeling (Year 5)
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Electric Vehicles on Oahu: Agent-Based Modeling (Year 8)
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Agent-Based Modeling: DER Propensity to Feeder Integrity

PV/EV Agent Forecast
Linked to Feeder via Synergi
Load/Production Shape Impact

Avoided Cost/CAPEX substitute
Incentive/TOU Program Mgt
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Takeaways

e “State of the Art” is underestimated
e Scale computing is removing barriers

* Vendors are collaborating
* The days of static studies and Excel are limited
e Stakeholders: Seek, embrace and de-risk innovation
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