1 /A INTEGRAL
I J}\ ANALYTICS

What If EV Purchasers Design TOU
Rate?
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Overview

Disconnect of Utility Profit and Customer Needs

1. TOU alone is not sufficient to mitigate all the potential risk implied by EV
adoption

Dynamic dispatching

Fixed billing

Spatial forecasting

TLM (Transformer load management)

akowio

Methodology

Conjoint analysis
Market simulation
Cost/Benefits Analysis
Spatial forecasting
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Example Tradeff Question

If these were your only two charging options, which would you chocse?
Choose by cidiing one of the buttons Selow:
Charge starts anytime Charge Rarts anytime
between 2om to 4pm betwoen 12am to Sam
Cost $10 20 fully che Cost 43 to fully charge
' v Ve X 1 do not prefer ether
Takes 6 hours to fully Takes 4 hours to fully cption
charge your car Chape your car
Charge will last for 200 Charge will last for 100
miles miles
3 3 ~
 Next |
g Jo 00
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JIAESEER TOU and Charging Costs

Scenario Analysis: Low/Medium/High Rigkward TOU Rate

Let each charging
shape start at midnight,
lam, 2am, etc. for 5
hours.

Run 24 runs in batch.

Charging cost depends
on smart charginglOU
rate, voltage, speed,
battery size.

$8.0

$7.0

$6.0
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$0.0

Charging Cost: Low/Medium / High Riskard
Scenario

Price for a full
5 hour charge
starting at
hour X

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

e=| oW Risk Awarc e==Medium Risk Award === High Risk Awar¢ === Higher RistAward
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U 1 Ao Customer Attitude

FProbability to Adopt, Given Time of Day, For Full Charge

120

A Under current TOU
rate, 40% 80%
customers will continue
charging during peak
hours if needed;

A Even it costs $30, 50
there are 10%-+
customers who will
continue charging at
peak no matter what

A TOU is only effective
for half of our 40
customers

100 -

60

Probto Adopt

20

1Zam-6am 6Gam-11 11-2 2-4 4-6 Gpm- 12am
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Covariance And Electric Vehicles

Example Valuation of Loss vs. Gain

/| KINBS {dFNIAy3 14 - 2Q0t201 ,AS
In Region Z With Forward Prices Q
Let each charging 7yr NPV
shape start at midnight, Ltion 20 kWh Value Weighted By Parked Probability
lam, 2am, etc. for 5 $2,000
hours.
Run 24 runs in batch. $1,500
Earnings potential $1,000
depends on smart
charging, forward $500
curves, voltage, speed,
battery size. $
This ignores $(500)
T&D cost impact
Tariff Revenues not constant.
They are weighted by $(1,000)
probability of car being in the

——— Cost —— Revenue——— Delta

garage.
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Avoided Costs Vary By Customer

Average Costs (6 cents) vs Marginal Costs (3 to 10 cents)

Evenwith standard tariff
pricing, we can target
higher cost customers
with more uniqueenergy
efficiency programgo
lower costs for all

Average: $42/ MWH.
Range $30 to $120/MWH.

RED LINE shows a distribution
of COST OF SERVICE

University
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Newspaper/ v
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Office Tower
Smart Charged /

Peak
Charged
Electric

Manufacturer
With CeGen ]I

Street

SR
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0.03 0.1 0.1

Flat Loads (lower price) Peaky Loads (higher price)
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Load (kW)

e IDROP Levels Loads Dynamically

= Baseline kW —— PHEV kW —— Optimized kW
200 .'ll' :I".'ll"l'J I'l, .l|‘
R I
i | h
Generation Costs m ., All10% Smart Charge
| | tli
150 +— , |‘|‘ i
i il ‘ g
«JW.J\_'.(.‘_‘&_?YA—”“MMW ™ - - -
Dynamic Dispatching M
100 1 o B \d 1 1 i
VI
i Ll nm‘M
L Dynamic Dlsp_a'Fchlng May .L
Enable More Efficient Baseload
a : . : . : . : . : : : . : : : : : : . : : ‘
1 61 121 181 241 301 361 421 481 541 601 661 721 781 841 901 961 1021 1081 1141 1201 1260 \A

Time (minutes)
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IR  |DROP Protects Transformers

Viewed At The Transformer Level

Load by Transformer

30

Random Choreographed p Bumps intentional
AT to limit the extent
25 I { that AC units are
IDIo?OPoonly needs | I started/stopped,
25 /c_a4_0 /o_customer 20 and to optimize on
participation to ) N_’J\- —TRL2SKVA | cystomer marginal
levelize I_o_ad, which S —TREVA T costs, not just on
saves utility money | Z YR 0ad alone.
anddoes not force o ’ Fa) A T e
customers to T e
. e TRE-25KVA
participate.

0 e
a 10 20 30 40 50 0 10 20 30 40 50

Minute

Six transformers, 30 homes, displaying normal volatility in load
prior to IDROP vs. after optimizations are operational.
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JIAEEER  Adding EV, DSM, Micro Resources

LoaSEER

Spatial Electric  Expansion & Risk

S TEEsmee . - - Customer Locations / Per Capita Growth

A= e Demand Side Management / Load Control

Optimal Solar Power Sites

Plugin Electric Vehicle Penetration
Transportation

Future Land Use

- 3 ) 2013 A 2020
2006 : 2008 . 2010 : s

Hourly Peak kVA per acre
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LoadSEER Satellite Analytics
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JIAENEER  LoadSEER Satellite Analytics
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Land Use Forecast (2011)

Land Growth Classes

2 = Residential Rural

3 = Residential Suburban

4 = Residential Multi/Dense

5 = Residential High Rise

6 = Retail Commercial (Including Parking Lots)
8 = Business Parks

12 = Light and Medium Industrial

15 = Institutional (Schools, Churches)
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Land Use Forecast (2012)

Land Growth Classes

2 = Residential Rural

3 = Residential Suburban

4 = Residential Multi/Dense

5 = Residential High Rise

6 = Retail Commercial (Including Parking Lots)
8 = Business Parks

12 = Light and Medium Industrial

15 = Institutional (Schools, Churches)
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Land Use Forecast (2014)

Land Growth Classes

2 = Residential Rural

3 = Residential Suburban

4 = Residential Multi/Dense

5 = Residential High Rise

6 = Retail Commercial (Including Parking Lots)
8 = Business Parks

12 = Light and Medium Industrial

15 = Institutional (Schools, Churches)
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Land Use Forecast (2017)
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Land Growth Classes

2 = Residential Rural

3 = Residential Suburban

4 = Residential Multi/Dense

5 = Residential High Rise

6 = Retail Commercial (Including Parking Lots)
8 = Business Parks

12 = Light and Medium Industrial

15 = Institutional (Schools, Churches)



