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Elements of a carbon neutral electricity grid




PV Generation - How do we grid-integrate PV?
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Demand profile

Summer daily profile for 26 651 customers Summer daily profile for 26 651 customers with 52MW of rooftop solar PV
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https://www.ausgrid.com.au/~/media/Files/About%20Us/Newsroom/Discussions/Solar%20Effect%200n%20the%20Grid.pdf




Problem: Customer vs. Utility

Summer daily profile for 26 651 customers with 52MW of rooftop solar PV

Customers: maximize PV output to

1. $increase profit
2. decrease carbon footprint

Utility: minimize peak
demand to reduce
. $ network augmentation
periods to reduce 2. risk of network instability
PV voltage rise
$ standby generation
end of Tx line over-voltages
$ simplify protection design

Utility: increase demand during ‘no-load’ 1
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An Australian PV customer

Residential Load ~ 20 kWh/day 1.5 kW PV unit produces ~ 5 kWh/day
~ $5/day ~ $2/day
1.5 kW PV unit exports  ~ 2 kWh/day

What about excess generation?

https://www.energymadeeasy.gov.au/



What about the excess generation?

exXcess

O 1 !
12AM 6AM 12PM 6PM 12AM

What happens if we store it in a battery?
Is this cost effective?
What is the optimal use of this battery?




. “An optimization-based approach to scheduling residential battery storage with solar
PV: Assessing customer benefit,” Renewable Energy, 2015

. “Scheduling residential battery storage with solar PV: Assessing the benefits of net
metering,” Applied Energy, 2015

. “Central versus localized optimization-based approaches to power management in
distribution networks with residential battery storage,” International Journal of Electric
Power and Energy Systems, 2016

1. A single residential system

2. Coordinated residential systems

3. New Control Paradigms

4. "Distributed energy storage system scheduling considering
tariff structure, energy arbitrage and solar PV penetration,”
Applied Energy, 2017




An Australian PV + Battery Customer

Residential Load 1.5kW PV unit produces 10kWh battery

~ 20kWh/day ~ SkWh/day N
~ $5/day ~ $3/day ($2) -




Notation: A single residential system

zo(k) measured power flow (in kW) over the k*" interval of length A
x1(k) average power (kW) delivered from (or to) the battery

X(k) is the state of charge of the battery (in kWh) at time kA

Ej Battery
Residential Load

Solar PV lxl
Ot
8(k) (k)

[xz(k)

M
MM

(PCC)

b

Distribution Grid

X(k) = x(0) = Yo7, @1 (j)A
for all k € {1,...,s}

ng(k)_C

9(k)
average PV generation (kW) over the period ((k — 1)A, kA)

[(k)

average power delivered to the residential load (in kW)

b
(k) electricity billing (in $/kWH) at meter M
n°(k) electricity compensation (in $/kWH) at meter M

EL Ratnam, SR Weller, CM Kellett, “An optimization-based approach to scheduling residential battery storage with
solar PV: Assessing customer benefit,” Renewable Energy, 2015




Notation: Day-ahead profiles and energy savings

_—l—g

=
s is the number of time intervals of length A %
T = sA (in hours) is the time window of interest 2
R* denote s-dimensional vectors of real numbers | ©
0
12AM
g:=lg9(1),...,9(s)]" € R, generation profile over [0, T]
[ := [l(l) (s)]T € R, load profile over [0,T]
[ (1 ) x1(s)]T e R®  battery profile over [0,T]

T2 [5132(1) 7$2(8)]T e R® grid profile over [0,T]

6AM 12PM 6PM 12AM

state of charge profile  x = [x(0),...,x(s)]" € RsH!

n® = [n"(1),...,n°(s)]" € R, electricity billing profile over [0, T
n°:=m(1),...,n°s))* e Rg, electricity compensation profile over [0, T]

> energy bill without a batteryover the time window [0, 7]
Y. energy bill with a battery over time window [0, 7]

U:=3—-%
energy savings (in $/day)




Approach:

1. Consider the benefits of residential battery storage
2. In the context of financial policies (e.g., net metering and feed-in tariffs)

3. When customers are billed according to the time that they use electricity.

Midnight

exXcess

Off peak

*

Shoulder

Off Peak Shoulder Peak

1 day




Customer: Is this cost effective?

1 € RY, denotes the all-1s column vector of length s

Fix n > 0 and let the electricity billing and compensation profiles in the financial
policy satisfy the following

°(j) =n¢(k) =n for all j,k € {1,...,s
n” =n®=nl.

Then for all choices of battery capacity C' the energy savings are ¥(C') = 0.

EL Ratnam, SR Weller, CM Kellett, “Scheduling residential battery storage with solar PV: Assessing the benefits of
net metering,” Applied Energy, 2015




Net metering

Financial policy of net metering defined by a resident being billed at the same
rate as they are compensated for excess generation.

Ub(k) — nc(k) for all £ € {1, .. .,S}7 :':'lBattery

Residential Load

irrespective of the direction of x5 (k) Solar PV lxl (k)
O

b c S
n:=n"=n° wheren € R M
’ 20 NNt
Energy Bill with a battery ¥ := An? x5 (PCC) Point of Common Coupling

Distribution Grid

Financial policy of net metering




Customer: How to calculate the operational savings?

Consider a residential energy network employing a financial policy of net me-
tering, where n € R%, is assumed fixed and known.

Let x1 € R® represent the battery profile over [0,7T] where T' = sA.

Then the operational savings are given by ¥ = An’z;

O@’ |

(PCC) Point of Common Coupling

Distribution Grid

EL Ratnam, SR Weller, CM Kellett, “Scheduling residential battery storage with solar PV: Assessing the benefits of
net metering,” Applied Energy, 2015




Customer: Linear Program (LP) to maximise savings

. . . . Battery
Maximise operation savings |..._|

Residential Load

max An’x; pr ()

1 ERS O_, o — Eﬂ
B o ®
such that

M

]1TZE1 = 0.

C b
A1£U1 S b]_7 4 Battery Constraints ‘ i ?(IZZ) Point of Common Coupling

Distribution Grid

Net Metering

$0.3/kWh $0.06/kWh l(a)
$0.06/kWh ! $0.03/kWh

C=10kWh
$988/yr

)

$0.03/kWh

6AM 9AM 12PM 3PM 6PM 9PM 12AM
Time




Customer (maximise savings) vs Utility (Reverse power flow)

[ { e ] A =i

Average load

and generation e Mea)
profiles o —

0 - : 0 -
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EL Ratnam, SR Weller, CM Kellett, “Scheduling residential battery storage with solar PV: Assessing the benefits of
net metering,” Applied Energy, 2015




Utility (flatten the load curve)

Battery
To penalise large voltage swings stemming |+ —|
from reverse power flow and peak load

Residential Load
. . . . Solar PV
and to increase daily operational savings,

&
we minimise the following expression, g(k) ]

> hik)(@2(k))?
k=1

ik

(PcC) Point of Common Coupling

Distribution Grid
where h(k) > 1V Eke{l,...,s

and k is a time index

s is the number of time intervals of length A
Subject to Constraints

zo(k) =1(k) —g(k) —z1(k) V ke{l,...,s} % Power Balance Equation
Battery =3 |B1 < 1 < Bl 0<x<C l ] x(s) = x(0)

Zml JA forall ke {1,...,s}

EL Ratnam, SR Weller, CM Kellett, “An optimization-based approach to scheduling residential battery storage with
solar PV: Assessing customer benefit,”

,” Renewable Energy, 2015



Load and generation profiles

Utility: Quadratic Program

H = diag(h( )77h(3)) 3AMGAM  9AM 12PM 3PM  6PM  OPM  12AM
H := diag(1,...,1)

Battery and grid profiles (C =0kWh)

min 2T Hzx s !
95

z:=[ 2§]° € R®

3AM  6AM  9AM 12PM 3PM 6PM 9PM 12AM

2
0O o0 25X2s Time
H = 0 H = R Battery and grid proﬁlé (C :1kWh)>

¥ —*%—x
et it W
Alx S bl | |

2 L L L L L L L
A _ b 3AM 9AM 12PM 3PM 9PM 12AM
2 = 09 Time

Battery and grid profileg(C =10kWh)

battery constraints g, ——

— B

power balance equation + * M

battery constraints 3AM  GAM 9AM 12PM 3PM_ 6PM  9PM 12AM
0 denotes an all-zero matrix Time




QP: Balancing Customer and Distributor Benefits

Maximize

> — (k) (@2(R))°
k=1

SN

maximise savings (LP) flatten the load curve (QP)

where w is a distributor weighting.

Constraints
zo(k) = 1(k) — g(k) k) ,...,5} === Power Balance Equation
k

Battery =3 |B1 < 1 < Bl 0<x<C m xX(8) = x(0)  x(k):=x(0) =D #:(j)A forall ke {1

=1

EL Ratnam, SR Weller, CM Kellett, “Central versus localized optimization-based approaches to power management in
distribution networks with residential battery storage,” International Journal of Electric Power and Energy Systems, 2016




Operational Savings: 145 customers

Operational savings for Customer A Operational savings for Customer B

Not all
customers
benefit

Average
operational

savings .
6

Weight: w

EL Ratnam, SR Weller, CM Kellett, “Central versus localized optimization-based approaches to power management in
distribution networks with residential battery storage,” International Journal of Electric Power and Energy Systems, 2016




Assessing the utility benefit: 145 Customers

w =~ 2

N

Average load
and

generation

proflles 12AM 6AM 12PM 6PM 12AM 12AM 6AM 12PM 6PM 12AM
5 July 2010

Power (kW)
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e ()P ) v 1,P: 2

s (Y P o v, P 25

Average grid
profiles
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EL Ratnam, SR Weller, CM Kellett, “Scheduling residential battery storage with solar PV: Assessing the benefits of
net metering,” Applied Energy, 2015



An Australian PV + Battery Customer

Residential Load 1.5kW PV unit produces 10kWh battery

~ 20kWh/day ~ SkWh/day LP =~ -$1/day ($4)
~ $5/day ~ $3/day ($2) QP = $1/day ($2)




What about Electric Vehicle customers?

+

OO0

Residential Load 1.5 kKW PV unit produces ~ 5 kWh/day ~ 5 kWh/day
~ 20 kWh/day ~ $2/day ~ 40 km
~ $5/day 1.5 kKW PV unit exports  ~ 2 kWh/day
?
What about excess generation? -
ps://lwww.energymadeeasy.gov.au/

https://www.tesla.com/en_AU/support/range-calculator




EV Charging - How do we grid-integrate EVs?

Figure 10: Focus Group Participant Response to PEV Charging Time of Day
24 24+

Level 2, 32-Amp charger can del

ver 7 kW to the EV

9
6 6
| BN | | R
R - Level 2: 20 to 100 km Per Hour
e Charging: from 11pm-7pm

T T
7am-2pm 2pm-6pm

v
6pm-9pm

an-'llpm Vi\l’lf‘ﬁ
Charging Time of Day Varies
11pm-7am

https://ww2.energy.ca.gov/2020publications/CEC-500-2020-005/CEC-500-2020-005.pdf



Demand profile

Summer daily profile for 26 651 customers with 52MW of rooftop solar PV
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™ Lowd 4+ PV + PEV

11am 1pm 11am 1pm 7pm

1 day 1 day

Load + PV Load + PV + EV ?

https://www.ausgrid.com.au/~/media/Files/About%20Us/Newsroom/Discussions/Solar%20Effect%200n%20the%20Grid.pdf




“Central versus localized optimization-based approaches to power management in distribution networks with
residential battery storage,” International Journal of Electric Power and Energy Systems, 2016

“Receding horizon optimization-based approaches to manage supply voltages and power flows in a distribution
grid with battery storage,” EL Ratnam, SR Weller, Applied Energy, 2018

1. A single residential system

2. Coordinated residential systems

3. New Control Paradigms

1. N. I. Nimalsiri, E. L. Ratnam, D. B. Smith, C. P. Mediwaththe and S. K.
Halgamuge, "Coordinated Charge and Discharge Scheduling of Electric
Vehicles for Load Curve Shaping," in IEEE Transactions on Intelligent
Transportation Systems, doi: 10.1109/TITS.2021.3071686.

2. Nanduni I. Nimalsiri, Elizabeth L. Ratnam, Chathurika P. Mediwaththe, David B.
Smith, Saman K. Halgamuge, Coordinated charging and discharging control of
electric vehicles to manage supply voltages in distribution networks: Assessing
the customer benefit, Applied Energy, Vol 291, 2021




Can we reduce the risk of critical failures?




Coordinate residential systems

1. Reduce peak load and reverse
power flow along a critical line or through a transformer

Battery Battéry Battery
Residential Load Residential Load

Solar PV lxl (k) /\ Solar PV ) /\ Solar PV lxl (k)

O 8(k) [l O 8(k) (k) [l O 8(k) [l
2. What about the supply - - =
” In“Nm’® In“Nm’” In“Nm®

vo Itag es H (PCC) Point of Common Coupling (PCC) Point of Common Coupling (PCC) Point of Common Coupling

Distribution Grid Distribution Grid Distribution Grid

Residential Load

[xz(k) !




Central QP energy-shifting

.. X
Maximize 2

©—0 ®

S " wAn(k) Xy (k) — n(k)(Xa(k))?
k=1

o o6 6 o6 ©),

w is a scalar weighting
n(k) is the net metering electricity price in $/kWh over the k** interval of length A

X1 (k) is combined power to or from microgrid batteries
Xo(k) is the power (in kW) to or from the microgrid

Subject to Constraints
@S X, <Pl
Ale SNbl, ]1TX1 =0 and XQ :Xl —I—L—G

EL Ratnam, SR Weller, “Receding horizon optimization-based approaches to manage supply voltages and power
flows in a distribution grid with battery storage,” Applied Energy, 2018




Newcastle: Elermore Vale Feeder Model
~ 50% PV Penetration

HS67603 HP7159

HP1 HP1348 DL HS21062
Ot> (o @ @

HS55514 HP4880 HP19403

HS38585 HP2126 @
132kV/11kV HS58270 HS23433
50MVA HP61210 HP16740
step size 1.25% M‘I—’ -

Line-drop Compensation

HP12447

- | @ l I‘@‘l 11kV/400V transformer with fixed taps
~V,,=1.14229 1, +6382.202

— 3 400V network servicing residential and commercial customers

V, (Volts)

—s 400V network servicing customers with battery storage in a residential system
I (Amps)
pn

EL Ratnam, SR Weller, “Receding horizon optimization-based approaches to manage supply voltages and power
flows in a distribution grid with battery storage,” Applied Energy, 2018



Peak load reduction of

Baseline: 7-11 January 2013

| 11kV Elemore Vale feeder| |

Power MW
o - N w L= ()] <D

1 1 1

07-Jan 12AM 08-Jan 12AM 09-Jan 12AM 10-Jan 12AM

11-Jan 12AM 12-Jan 12AM
time

Distributed energy-shifting: 7-11 January 2013
I I

[ 11kV Elemore Vale feeder| |

Baseline
(no battery)

-Approach 1

Power MW
(=] — N w = [3,] »

11-Jan 12AM 12-Jan 12AM

07-Jan 12AM 08-Jan 12AM 09-Jan 12AM 10-Jan 12AM
Time

Central QP energy-
shifting

EL Ratnam, SR Weller, “Receding horizon optimization-based approaches to manage supply voltages and power
flows in a distribution grid with battery storage,” Applied Energy, 2018



What about the supply voltages?
Supply voltages

HS67603 HP7159

HS55514

Lot~
Lot [

HP4880 HP19403 HP1940

HP18285 HP16304 HP13491 HP10431 HS21062

] <KD @l—»f@%»@—»

HS38585

[t~

HP2126 HP13420

132kV/11kV
S50MVA
27 taps
step size 1.25%

Line-drop Compensation

P 4
7 V,,=1.14229 |, +6382.202

V, (Volts)

Ipn (Amps)

HP61210 HP16740

[ fo-

HP2322  HP20473 HP8250 HS58270 HS23433

| ~to|~t®] | |t [t

HP12447
@+ ro
—
—

11kV/400V transformer with fixed taps
400V network servicing residential and commercial customers

400V network servicing customers with battery storage in a residential system

+10%/-6% of 230V, AS 60038-1012 Standard Voltages




Voltage Violations - Inverters switch off
+10%/-6% of 230V

Baseline: 7-11 January 2013
>

23 of 37
Customers

‘_} /
07-dan 12AM 08-Jdan 12AM 09-dan 12AM 10-dan 12AM 11-dan 12AM 12-dan 12AM

Approach 1: Central Qnergy-shimﬁg : 7-11 January 2013
I - \ 1

—————

—o————

07-Jan 12AM 08-Jan 12AM 09-Jan 12AM 10-Jan 12AM 11-dan 12AM 12-Jan 12AM
Time

EL Ratnam, SR Weller, “Receding horizon optimization-based approaches to manage supply voltages and power
flows in a distribution grid with battery storage,” Applied Energy, 2018




Solution: local plus central QP energy-shifting
~ 50% PV Penetration

HS67603

HP7159

@D

HS55514 HP4880 HP19403

oA ot

HP18285 HP HP H$21062
@-i—> |-@-|—>
5 HP1431 HS$38585 HP2126 HP1§420

132kV/11kV

50MVA
27 taps
step size 1.25%

Line-drop Compensation

7

Vo (Volts)

Ipn (Amps)

HP12447

Vp,=1.14229 1, +6382.202 |

H558270 HSZ3433
HP61210 HP16740

l‘@‘i 11kV/400V transformer with fixed taps

— 5 400V network servicing residential and commercial customers

—s 400V network servicing customers with battery storage in a residential system

<Central <Local >




Supply voltages Ok

_~—Baseline: 7-11 January 2013
4 . ' . 23 of 37
Customers

.
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ime
Central QP ener -shiIItin : 7-11 January 2013
| 7. o gly g T y 14 Of 37
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Time

Local QP energy-shifting: 7-11 January 2013
I 1

260

0 of 37

240
Customers

S 220

07-Jan 12AM 08-dan 12AM 09-dan 12AM 10-Jan 12AM 11-Jdan 12AM 12-Jan 12AM
Time
EL Ratnam, SR Weller, “Receding horizon optimization-based approaches to manage supply voltages and power

flows in a distribution grid with battery storage,” Applied Energy, 2018




Coordinating EV Charging and Discharging

Load + PV + EV

=

e ¢ % * Energy markets

Weather forecast



Coordinating EV Charging and Discharging

Vehicle 2 Grid operation?

1. Reducé peak load through a transformer
2. What about the supply voltages?

N. I. Nimalsiri, E. L. Ratnam, D. B. Smith, C. P. Mediwaththe and S. K. Halgamuge, "Coordinated Charge and Discharge Scheduling of Electric Vehicles for Load

Curve Shaping," in IEEE Transactions on Intelligent Transportation Systems, doi: 10.1109/TITS.2021.3071686.



LP: Balancing Customer and Distributor Benefits

> maximise savings (LP)

such that
Az < by, > EV Battery constraints

I[Tﬂfl = 0.

) Linearised Power Flow Equations (LinDistFlow)
Plus : :
‘L with Voltage Constraints

1<V +3"_  Dpx, <7°1

Nanduni I. Nimalsiri, Elizabeth L. Ratnam, Chathurika P. Mediwaththe, David B. Smith, Saman K. Halgamuge, Coordinated charging
and discharging control of electric vehicles to manage supply voltages in distribution networks: Assessing the customer benefit,
Applied Energy, Vol 291, 2021




Coordinate EV Charging with V2G

What about the supply voltages?

) Price-based EV Charging and Discharging (P-EVCD)
97 - [==2n
: |~ Tn
== Un

-3

8pm 12am 4am 8am 12pm 12pm 4pm 8pm 12am 4am 8am 12pm
Time Time

Cost: $9.02 < Cost$072 O

Nanduni I. Nimalsiri, Elizabeth L. Ratnam, Chathurika P. Mediwaththe, David B. Smith, Saman K. Halgamuge, Coordinated charging and discharging control
of electric vehicles to manage supply voltages in distribution networks: Assessing the customer benefit, Applied Energy, Vol 291, 2021




Coordinate EV Charging with V2G

What about the supply voltages?
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Nanduni I. Nimalsiri, Elizabeth L. Ratnam, Chathurika P. Mediwaththe, David B. Smith, Saman K. Halgamuge, Coordinated
charging and discharging control of electric vehicles to manage supply voltages in distribution networks: Assessing the customer

benefit, Applied Energy, Vol 291, 2021




Coordinate EV Charging with V2G
What about the supply voltages?

1.05 1.05
— RHO-based N-EVC(D)

: Day-ahead N-EVC(D)
1.00- \/.__\ ‘ ,/L
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=
o
>
T
g
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12pm 4pm 8pm 12am 4am 8am 12pm 12pm 4pm 8pm 12am 4am 8am 12pm
Time Time

(@) (b)
Day-ahead EV arrival times Day-ahead non-EV load is

are different from actual EV different from actual non-EV
arrival times load

Nanduni I. Nimalsiri, Elizabeth L. Ratnam, Chathurika P. Mediwaththe, David B. Smith, Saman K. Halgamuge, Coordinated
charging and discharging control of electric vehicles to manage supply voltages in distribution networks: Assessing the customer
benefit, Applied Energy, Vol 291, 2021




What about Electric Vehicle customers?

+

OO0

Residential Load 1.5 kW PV unit produces =~ 5 kWh/day  ~ 14 kWh/day
~ 20 kWh/day ~ $2/day ~ 110 km
~ $5/day 1.5 kW PV unit exports  ~ 2 kWh/day ~ $9.0/day
LP = $0.7/day ($8.3)

What about excess generation? |
https://www.energymadeeasy.gov.au/

https://www.tesla.com/en_AU/support/range-calculator




1. A single residential system

2. Coordinated residential systems

3. New Control Paradigms

DOE EERE ENERGISE:
s OPAL-RT Phasor-Based Control for
——

=mml TECHNOLOGIES Gealable Solar

GRIDBRIGHT

Photovoltaic Integration,
FEAA Doosan GridTech™ 2 573 million
2017-2020




New Control Paradigm

Synchrophasors compare the voltage phase angle at different locations

8

ViV

Reactance

The small phase angle § between different
locations on the grid drives a.c. power flow

voltage phase
armature stronger angle
(magnetic) armature reaction
reaction 3
Unit 1

reference ,"' \
_ Ks Voltage
> 3 8 O o

X t Unit 2
stronger
\ turbine push VOItage

turbine
push

Unit 2 Unit 1
Power injection to the grid is greater where voltage phase angle is farther advanced. Power flows from Unit 1 toward Unit 2




Phasor-Based Control

Vil26; = Vi) = [Vo(k), VE(K), V()T

)

P,Q1 P,Qq
Local Layer —»

DOE EERE ENERGISE: Phasor-Based Control for Scalable Solar Photovoltaic Integration, $2.573 million

Phasor-Based Control for Scalable Integration of Variable Energy Resources, A von Meier, EL Ratnam, K Brady, K Moffat, J Swartz,
Energies 13 (1), 190




Supervisory Layer: Quadratic Program

1. Phasor Alignment to operate a switch / adaptive islanding

min Y[V i (k) - Vs(k)|
k=1

2. A-B-C phase balancing
P1,Q1 P,Q: P3,Q3

min ) _(Vg'(k) — Vg (k)2 + (V' (k) — V5 (k))? + (Vg (k
k=1

Subject to constraints

Power flow constraints + voltage constraints
A1 Xy < Nbi, 1"X; =0 — battery constraints

Michael Sankur, K. Brady, E.L. Ratham, A. von Meier - ENERGISE, and ANU PhD Wilhiam de Carvalho extending the work



Local Layer: Phasor Tracking

S-PBC Reference =

1. Follow S-PBC reference
2. Disturbance rejection
3. Model free

Approach Pr,Q1 P,Q2  P5Q3

* Pl control - with offline tuning
 Retrospective Cost Adaptive Control (RCAC)

1. Local Phasor-Based Control of DER Inverters for Voltage Regulation on Distribution Feeders, J Swartz, E Ratnam, TG Roberts, A

von Meier, IEEE Green Technologies Conference (GreenTech)
2. Visual Tool for Assessing Stability of DER Configurations on Three-Phase Radial Networks, J. Swartz, B. Wais, E. Ratham and

A. von Meier, 2021 IEEE Madrid PowerTech, 2021, pp. 1-6
3. Phasor-Based Adaptive Control of a Test-Feeder Distribution Network: Application of Retrospective Cost Adaptive Control to
the IEEE 13-Node Test Feeder, SAU Islam, EL Ratman, A Goel, DS Bernstein, IEEE Control Systems Magazine 39 (4), 56 - 74




RCAC controller

650 E
632‘ 633 §§ 634

Disturbance 2

> Gc,k

611 692 675
. {7 8 —8

Disturbance 1 Performance Actuation

Retrospective Cost Adaptive Controller G j
652 680 “Model Free,” reference following,
disturbance rejection

Phasor-Based Adaptive Control of a Test-Feeder Distribution Network: Application of Retrospective Cost Adaptive Control to the
IEEE 13-Node Test Feeder, SAU Islam, EL Ratman, A Goel, DS Bernstein, IEEE Control Systems Magazine 39 (4), 56 - 74
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SOCIAL SHAPING OF LINEAR QUADRATIC
MULTI-AGENT SYSTEMS

Australian and New Zealand Control Conference - ANZCC 2021 [ ANzccoo21

ooooooooooooooooo

Authors: Zeinab Salehi?, Yijun Chen?, Elizabeth Ratnam?, lan R. Petersen?,
and Guodong Shi?

Australl 1Research School of Engineering, The °The Australian Center for Field
uStralan - australian National University, Robotics, The University of Sydney,

National
University Canberra, Australia. NSW, Australia.



Texas: February 2021

An extreme cold weather event resulted in power a power outage
disaster throughout the state. Consequently,

- Some Texans received bills of $USD 5000,
or more for 5 days of power

February 17, after



Motivated by Texas: February 2021

We propose a transactive energy system to guarantee that the price for
electricity at a competitive equilibrium is always socially acceptable.
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Fig. 1: Centralized (left) and distributed (right) implementations of competitive equilibriums for the proposed transactive energy
systems. Each dark blue circle represents an agent in the system; the brown circle represents a central coordinator agent; each
red line represent a communication link. The implementations take place in three sequential phases.



Motivated by Texas: February 2021

We propose a transactive energy system to guarantee that the price for
electricity at a competitive equilibrium is always socially acceptable.

 Aim to reduce customer bills (when
customers are prosumers)

- Satisfy thermal comfort of users
- Guarantee the price for electricity never

exceeds an affordable price threshold,
even during extreme weather events
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Thank you!



Coordinate EV Charging with V2G
2. What about the supply voltages?

- NN

o o O
— N
(S o

—

o
[ay
o

&\‘1
»
>
wl
(-
(=}
=
Q
el
£
=
Z

(o))

Number of EVs (%)
($)}

o
o

O O VDD WO D ) Q D D OO DD NP
N ‘1» g G i AN g g Q ’1» I I = I AR AR I
(Departure time SoC / Target SoC) * 100 % (Departure time SoC / Target SoC) * 100 %

(a) (b)
Without RHO: Departure time SOC is not met in all cases,
With RHO: All EVs attain their target SoC ahead of the departure time

Nanduni I. Nimalsiri, Elizabeth L. Ratnam, Chathurika P. Mediwaththe, David B. Smith, Saman K. Halgamuge, Coordinated

charging and discharging control of electric vehicles to manage supply voltages in distribution networks: Assessing the customer
benefit, Applied Energy, Vol 291, 2021




Coordinate EV Charging with V2G
2. What about the supply voltages?

Case 1| Uncoordinated
B Case 2| Price-based Charge
[ Case 3| Price-based V2G
mmm Case 4| Network-based Charge
B Case 5| Network-based V2G

V2G Profits: Price-based higher
than network-aware
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Fast AC Chargers (Level 2)

+ A dedicated 32 amp AC
charger up to 7kw on single
phase power and 22kw on
three phase power

Dedicated circuit installed in
homes, apartment complexes,
workplaces, shopping centres
and hotels

Will add about 50-100km range
per hour

Will deliver a full charge from
empty overnight for all EVs

JACT | actsmart




