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VEDECOM

A lead French ITE devoted to decarbonized mobility research.
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1. VEDECOM IN BRIEF :

VEhicule DEcarboné et COmmunicant et sa

Mobilité:

* Founded in 2014 ;

* French ITE
Energétique);

(Institut  pour la  Transition

* Public and private co-investment;
* Dedicated to individual, decarbonized and durable

mobility;

* Develop researches in disruptive technologies;
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INTRODUCTION

A reflection about the electricity rates actual context.
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2 - INTRODUCTION

2.1 — Context
Automotive Industry Electricity Industry
Increase of electric vehicles sales: Decarbonization of electricity sector:
« Decarbonization of transport sector (CO2 emission * Rapid development of wind and solar energy (PV).
restrictions). * Increasing flexibility needs to avoid duck curve.
« Supported by public policy (Subsidies) * Increasing adoption of stationary batteries (BESS).
Electric vehicle stock Are EVs a threat in this context?
New Policies Scenario EV30@30 Scenario o .
300 300 * Context of decrease of electricity consumption.
72 250 * But important contribution to peak consumption.
g 20 200 * Opportunity as new flexibility source with V2G.
< 10 150 * In the flexibility market, are EVs and batteries
% 100 L0 competing or complementary?
r
T so 50
0 0 What are the tariff roles?
2018 2020 2025 2030 2018 2020 2025 2030 , .
HEPLDVs - BEV EPLDVs- PHEV ELCVs -BEV  BWLCVs - PHEV M Buses - BEV M Buses - PHEV B Trucks - BEV B Trucks - PHEV ¢ ReﬂeCt users tOtaI Consumptlon (demand and energy)
Source: EV Outlook, 2019 * Recover utility costs due to previous investments.
R . * Avoid cost-shifting due to the spiral of death.
What are the existing tariff types? HNg pirat e -
* Push a specific type of DERs (PV with feed-in tariffs)
N
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2 - INTRODUCTION

2.2 — Electricity tariff decomposition

/ Distribution Part ( _
Format [ il =
Capacity — R
U
Network < Temporal p—
(T&D) Granularity ) Time of Use 5B X
L TOU —
Taxes and Locational | S
: - <
N levies \_ Granularity Locational
@ Marginal Pricing

Which are “the best” tariffs?
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2 - INTRODUCTION

2.2 - Electricity tariff decomposition (From South California Edison)

Capacity based (TOU-B and TOU-D)

TOU o _
Rate - Fixed g Capacity . Energy
Energy based (TOU-R and TOU-E)
TOU
Rat e = Fixed + Capacity + E ne rgy
10
e
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2 - INTRODUCTION

From (TOU-B and TOU-R)

Ancient Time Schedule
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2.2 - Electricity tariff decomposition (From South California Edison)

To (TOU-D and TOU-E)
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METHODOLOGY AND INPUT DATA
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3 - METHODOLOGY AND INPUT DATA

3.1 Model description*

DER-CAM Avoided cost model (ACM)

Coupling

model

-

A
cecer?]f| BERKELEY LAB
Bringing Science Solutions to the World

e Energy+Environmental Economics

Charge and
Discharge
strategies

Avoided EVs
cost Remuneration

Demand Net Present

reduction Value Cost-shifting

*Methodology proposed by Boampong, R. and Brown, D. ,2020.
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3 - METHODOLOGY AND INPUT DATA

3.2 Input data

DERCAM Mathematical modelling* (MILP) of the local microgrid:

Min Cioq1 = Celec + Cper + Cev — S“ S“ S“ GenSPV,m,d,h ) TExm,d,h
m d h

Main inputs parameters:
- Load profiles commercial and industrial (C&l) sites in Los Angeles area (Source: OpenEl)

Building Weekday Load Profiles Building Weekend Load Profiles
g |5 Office g |78 Office
~ |4 Restaurant ~ |~ Restaurant
—+— Warehouse —— Warehouse
—*— Retail —&— Retail
—— Mall —— Mall

100
I
100
I

Demand (kiAf)
Demand (kW)

Time (h)

R-squared = 0.86 R-squared =0.73

*See the annex to verify the constraints.
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Main inputs parameters:
- Exogenous DER (Distributed energy resources) sizing methodology:

- PV (Photovoltaic panels) : Amount needed to offset 50% of the annual
on-site consumption.

- BESS (Battery Energy System Storage): Amount needed to shave the
evening peak when there is low or no PV production.

- EV: Equivalent to the BESS method, but constrained to the charging
station maximum power and user’s battery range needs.

- Endogenous DER methodology:

- The amount of DER Installed Is chosen by the model to maximize the
private economic gains.

s
- )— Ao
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RESULTS

The results according to each type of investment.
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4 — RESULTS

Exogenous Investments

Average electricity cost changes:

- New tariffs (with later on peak periods) reduce
considerably the electricity savings.

- PV+BESS and PV+BESS+EV have similar electricity
costs reduction moving from the ancient tariffs
without DERs to all tariffs with DERs.

Net present value (Over 20 Years = PV lifetime):
- The new tariffs diminish the private economic gains.

- Energy tariffs have higher and positive NPV in most
of cases due to the high valuation of PV generation.

Cost-shifting (Private savings - system avoided
costs) :

- On the other hand, capacity tariffs decrease the cost
shifting value by increasing avoided system costs
and reducing private savings.

Endogenous investments

Net present value:

- The highest NPV possible is achieved under
TOUR (ancient energy tariff &> on peak
period synchronized with PV generation).

Cost-shifting :
- The lowest cost shifting is found under
TOUD (the new capacity tariff).

EVs:

- They are found in all facilities when
coincidental tariffs (capacity and energy)
are applied. Showing high NPV and low
cost shifting.

- The remuneration for bill management
services can be higher as well under these
type of tariffs.
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CONCLUSION
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5. CONCLUSION

Conclusion Future Research
EVs as a DER: Change the tariff power rate:
- EVs have helped in the mix to enhance private - Analyze buildings with power demand
economic gains in the majority of cases. higher than 200 kW (SCE ToU GS-3).
- 2 EVs _and l_Jatteries can work together to support
the facility grid. _ Simulate for more building load units:
- Cost shifting can be reduced with EVs. - Verify the result’s robustness.
- Check the mean, standard deviations and
EVs stack remuneration: percentiles.

- Varying between 380% — 1208$.

- The remuneration can attract more users, which can
reduce the gain via competition among EV owners.

Policy recommendations:

- Toincrease private gains > TOU-R (Energy Based)
- To reduce cost-shifting > TOU-D (Capacity Based)
- Increase EVs remuneration - Coincidental tariffs.
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Fixed cost

Variable cost

Lifetime

O&M

Subsidy

2100 $/kWac
(NREL)

20 years (Beck et
al)

0.66 $/kW
(McLaren et al.)

500% (Beck et al.)

465 $/kWh
(Doroudchi et al.)

10 years (Tesla
Powerwall)

O (Beck et al.)
Already included.

250%/kWh
(SCE incentive
program)

7 KW V2G DC
Charging Station:
3850 $/Station

10 years

10% of the variable
cost

50% of fixed costs
(workplace SCE
rebate)



Exogenous investment: The DERS sizing is chosen by an external method with a fixed amount.

Objective: Isolate the impact of changes in tariffs on the private and system value of the technologies.

Average percentage total electricity costs change
PV
Baseline TOUB TOUD TOUD Caoin TOUR TOUE TOUE Coin
TOUB -36.96 -29.73 -26.07 -51.32 -36.18 -31.14
TOUR -34.44 -27.69 -24.26 -47.79 -33.69 -29.00
PV+BESS
Baseline TOUB TOUD TOUD Coin TOUR TOUE TOUE Coin
TOUB -53.83 -46.07 -47.67 -64.59 -54.12 -52.11
TOUR -50.11 -42.88 -44.29 -60.12 -50.34 -48.45
PV+EV
Baseline TOUB TOUD TOUD Caoin TOUR TOUE TOUE Caoin
TOUB -44.19 -34.07 -41.00 -57.20 -44.27 -44.89
TOUR -41.17 -31.76 -38.10 -53.27 -41.21 -41.75
PV+EV+BESS
Baseline TOUB TOUD TOUD Coin TOUR TOUE TOUE Caoin
TOUB -50.93 -42.89 -43.71 -62.46 -50.62 -48.20
TOUR -47.42 -39.93 -40.62 -58.15 -47.10 -44.82
e
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Net present value of exogenous investment (NPV over 20 Years = PV Lifetime)

TOUB TOUD TOUD Coin TOUR TOUE TOUE Coin

PV -20640.59 -68789.06 -97049.76 -27052.80 -57748.64

48472.83 -17518.00 -11572.96 33772.43 22572.24
PV+BESS

-11580.23 -71684.12 -44290.0105 -17767.32 -20134.68
PV+EV

39320.49 -25651.27 -26989.87 19142.23 3589.77
PV+EV+BESS

P
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Cost-Shifting (Annual system avoided costs - Annual private savings)

PV 10950.47 6972.51 4637.12 18855.49 10420.74 7884.37
PV+BESS 14543.71 8003.65 8854.76 20838.97 12541.68 11662.50
PV+EV 13268.14 8936.15 9722.05 19201.95 9611.37 9532.17
PV+EV+BESS 14292.07 9381.03 8948.76 19837.43 11769.98 10402.64
—
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Endogenous investment: The DER optimal sizes are chosen by the model.
Objective: Find the optimum net private investment with the available DERs.

Endogenous case

TOUD Coin TOUE Coin
TOUB (4)  TOUD (3) (5) TOUR(2)  TOUE (3) (5)

PV (KW) 68.60 32.20 0.00 92.20 77.20 67.40
BESS (kWh) |  168.40 83.20 2.20 134.80 235,20 192.80
EV (KWh) 69.60 69.80 475.40 46.40 164.20 162.40
NPV ($) 732285 30717.6 902333 1256227  55558.0 64107.6
COSt'é;“f“”g 13287.19  6312.19 6513.09  20543.06  7704.44 8388.03

EV
Remuneration

($/EV) 380.24 752,25 1208.05 775.72 641.17 939.70
e
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ANNEX

"  Final EV Profit:

* The EV remuneration is formed by the energy payment, battery degradation and the EV
standalone gains for the facility (Energy costs without EV — Energy costs with EV).

EV payments breakdown in $
TOUD Coin TOUE Coin
TOUB (4) TOUD (3) (5) TOUR (2) TOUE (3) (5)
EV energy 276.82 415.03 1936.76 845.71 1513.45 932.00
Bat Deg 146.78 224.82 1076.53 508.73 875.80 542.29
EV Remun 214.25 787.00 7392.20 197.00 391.33 1087.80
Total P EV 380.24 752.25 1208.05 775.72 641.18 939.70
e
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Bill Management
Network Deferral
Resource Adequacy
DR Utility

Frequency Regulation
DR Wholesala

React. Power Support

V22X Value Streams

Site RES Firming
Energy Arbitrage

Spinning Reserve

V2X Annual Value Stream Ranges
(Ordered by Median Value)

i

|
et
-

UG SO (- o~ NN

~EF
i
g3
RHEE
H—

. . Market

=

100 200

300 400 500 600 700 800 900

Annual Value ($/kW-year)

Data Sources: Lazards LCOS 3 & 4,
RMI: Economics of Battery Storage

Source: Thompson, A. and Perez Y., 2019
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ANNEX: MODEL DESCRIPTION

DERCAM Mathematical modelling (MILP) of the local microgrid:

Min Cioq1 = Celec + Cper + Cev — S“ S“ S“ GenSPV,m,d,h ) TExm,d,h
m d h

Where:

Coloc = ZTF + ZZZULmdh TEman +ZZZTPSP max(ULy, anyep)

S mMEs p

+ z TPNCy, - maX(ULm,d,(h)e NonCoin) + z TPCy - ULy a,(n)e coin

Cpgr = Z(CFixcosti - Pur; + CVarcost; - Cap;) - An; + Cap; - DEROMFix;

T—>C

ZZ PEV ( — C_)T SDEffk {EV}) +ZZ EVCL - EVFRC - (Slnk ={EV} +50utk ={EV} + E +EC_)r
SCEffk =(EV}

*See the annex to verify the constraints.
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ANNEX: MODEL CONSTRAINTS

Microgrids energy balance:

SNy man
lO(ldmdh +Z SCEffk

= Z SOutk’m’d,h . SDEffk + GenUPV'm'd’h + ULm,d,h VY m, d, h.

PV output constraint:
GenUPVm an T GenSpy man

Cap;
- ScE .SIL_ ., Vm,dh:i€{PV
< ScheakEffry SCEffevmn - Shman V' m, d hi i€ {PV)
CAPpy
< ScA
ScPeakEf fpy cAreapy

Storage constraints:

Capyc- S0C, < ) (STigman = SOutiman) - (1= i)
— n=0
< Capy, -SOC, ¥k m,d h.

SIngman < Capy - SCEf fi Vk,m,d, h.

SOUutyman < Capy - SDEff, ¥ k,m,d,h.

General constraints:

ULpan <psb-M ¥V m,d,h.

GenSpyman < (1 —psb)-MVm,d,h
Cap; < Pur;-MVi

IR _
An; = Vi

(@)

C
< BAUCost + Z(CFixcosti - Pur; + CVarcost; - Cap;) - (An;

1

B PBPeriod)

//..—-——-.\

I' NS T 1 T U T

VEDECOM



