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Simulated Use Case 2022

Coordinated Management of Distributed Storage

LI

mm Point of

common

= System : = coupling
« A pool of N users with solar + storage systems. Coordinator

e A coordinator at the PCC level with no direct

control of end-users’ assets.
™
= Application : / / ™ house n

Optimal  scheduling  (operational  planning),

: S S house 1
arbitrage between system and individual objectives. e
= +
: |pn,t = pn,t - pn,t
= Assumptions : . . .
: _ a9 A= - ot
Grid not represented, active power management only, ‘In,t | =t Int =~ On § fn’t’sni;
deterministic forecast profiles. 4 Cdey |
* Implemented Solution : . Data:
Coordination/decentralized strategy based on Load - REFIT load measurements - London
exchanged « price/quantity » information. Solar - Radiation/Temperature from NASA



Model Equations
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Models and Objectives

= End Users:

« Controls : storage charge/discharge, curtailed solar.
- State variables : stored energy, grid power.
* Objective : minimize the electricity bill, subject to

operating constraints (linear).

obj: minf (x,) st g,(x,)<0

n

fo (X,) = Z( prT,t Xﬂf - pr:,t Xﬂ:_)th

teT * / !

)\ \
purchase  sell

= Billing scenarios :
* S1 : purchase + selling.
« S2 : purchase + selling + ability to curtail solar.

« S3 : purchase + ability to curtail solar.

. obj: fi(x,)
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Model Equations

Models and Objectives

= Coordinator :

« Controls : No asset control, compute the global
power based on users’ decisions.

* Objective :
peak values.

minimize energy import/export and

2
obj : x={mx1i,.r.],x }F(X) = Z(Pt)2 x dt :Z(Z pnﬁtj x dt

from users teT teT \ neN

= Motivations :

« Technical : penalize both import/export flows,
implicitly embeds grid losses.

« Mathematical : convex, continuous function.

« Economical : increasing marginal cost of generation.

LI

Point of Pn,t — Z pn,t

common neN
) . coupling
Coordinator
obj : F(P,,)
/ / house n
HouSe 1ﬂ ~ obj: f(X,) ‘=.
obj: f,(xy) o

Y (PP - - .+
Xn = {Sn,tl Sn,trentr In,t) Pnts pn,t}




Coordination Strategy G2€

Coordination Strategy

LI

=% point of P :Z
common | Mt pn,t

coupling

= Alternating Direction Method of Multipliers - ADMM:

* Iterative process with exchange of “price/quantity” Co_ordinator
information. obj : F(P,)

* Quantity : predicted grid power from the users py, . /
1 pl,t

reference power computed by the coordinator En’t. P house n
* Price : penalty coefficient, dual variables, lagrangian house 1m obj: f,(x,) :
multipliers An,t Obj f (X ) "
-\ S

! |pn,t = pn,t - pn,t

= User Preference Settings : I - T
i = - S .,S .|
Willingness to deviate from individual optimum in case of é”t n't o [jn; "
uncoordinated control — additional constraint with response - = nt_

coefficient a.

Y (PP - - .+
Xn = {Sn,tl Sn,trentr In,t) Pnts pn,t}

f(x)=fox ) <axf’(x)

N\

individual optimum




Coordination Strategy

Coordination Strategy C-ADMM

= Iterative Process successive updates of
individual £,®and global objectives F &,

1. User optimization : returns predicted grid

Power Pn ¢t

Obj: rr)](m fn(Xn) +ﬂ‘nT ( pn,t o ﬁn,t)

D R
+E pn,t_ pn,t 9

2. Coordination optimization : returns the best

reference grid powers power py, ¢.

obj: min F(X)+2 > 20" (Pos = Puy)

Jo, Y
+E pn,t - pn,t 2
V{n t} teT neN

e(N.T) \

convergence rate

3. Lagragians update :
2 t(|<+1) ) t(|<+1) +,o/2(p t(|<+1) —f) t(|<+1))

Individual optimization - uncoordinated
Optimal user objective m ™

m
C-ADMM Initialization

Iteration number,
lagangian, grid
reference profile

C-ADMM

IO Update
o lagrangians
k =k+1
[, Individual optimization — A
coordinated ™ ™
l (k) m
Po.

L C-ADMM Consensus

compute the global objective F®

v

K=K ?? K NO
FK_F&1) | [ FK < g 2?2
| VES | = ™Y individual level
coordination level
STOP L 6
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Preliminary Tests with 3 Houses _—
ry - Night peaks

for storage
charge

= Global objective optimum value can be computed
with all the assets centrally controlled.

» Need for coordination — global objective F' value:

No storage control — F = 163 kWh? |
Uncoordinated control — F = 123 kWh? Uncoordinated

. feed-in
mmm G|obal optimum — F = 58 kWh? . ‘ " 3 y
Time (h)
= Coordination reaches the global system optimum 105

Uncoordinated control
F =123 kwhz

with over 99 % accuracy.

» Impact of convergence-rate.

p=0.01

«

= Convergence in 4 iterations in the best case
scenario.

global optimum

0 4 8 12 16 20
iterations (-) 7
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Preliminary Tests with 3 Houses

= Aggregated power and house 3 power along
the iterations

» Global and user objectives along the
iterations.
= From uncoordinated control to global
optimum.

F&WhY) f,(©) f6) f(€)
Uncoord. 123.72 -0.34 0.35 1.73
Iter. 1
Iter. 2
Iter. 3
Iter. 4

Power (kW)

L5

Power (kW)
[e)

—
(9]

************************************** PCC profile
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Time (h)

H.2 profile
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Time (h)



Obtained Results

G2€

’

Grenoble Géni
Grenoble Efectrical

Preliminary Tests with 3 Houses

= Aggregated power and house 3 power along
the iterations

» Global and user objectives along the
iterations.

= From uncoordinated control to global
optimum.

F(kWh?) f,(€) fA€) f:©

Uncoord. 123.72 -0.34 0.35 1.73
Iter. 1 64.97 -0.00 0.73 1.96
Iter. 2
Iter. 3
Iter. 4

Power (kW)

L5

Power (kW)
[e)

—
(9]

Time (h)

************************************** PCC profile
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Obtained Results
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Preliminary Tests with 3 Houses

= Aggregated power and house 3 power along
the iterations

» Global and user objectives along the
iterations.

= From uncoordinated control to global
optimum.

F(kWh?) f,(€) fA€) f:©

Uncoord. 123.72 -0.34 0.35 1.73
Iter. 1 64.97 -0.00 0.73 1.96
Iter. 2 59.77 -0.07 0.70 1.99
Iter. 3
Iter. 4

Power (kW)

L5

Power (kW)
[e)

—
(9]

************************************** PCC profile
0 6 12 18 24
Time (h)
H.2 profile
0 6 12 18 24
Time (h) 10
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Preliminary Tests with 3 Houses 6 PCC profile ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
» Aggregated power and house 3 power along ; A VN D A
the iterations S
iy
= Global and user objectives along the 50N
iterations. &
= From uncoordinated control to global N
optimum.
©y 6 12 18 24
Time (h)
3
F&Wh?) f,(€) f(6) f3(6)
Uncoord. 12372 -034 035 173 15 | VoA
= |
Iter. 1 64.97 -0.00 0.73 1.96 'j'f* - — A\ |
=
Iter. 2 59.77 -0.07 0.70 1.99 &
Tter. 3 58.56 -0.08  0.68  2.02 1 / H.2 profile
Iter. 4 3
() 6 12 18 24

Time (h) 11
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Preliminary Tests with 3 Houses 6
» Aggregated power and house 3 power along ;
the iterations S
<
= Global and user objectives along the 50
iterations. ~
= From uncoordinated control to global N
optimum.
©y 6 12 18 24
Time (h)
3
F(&Wh?) f,(€) f6) f;(6)
Uncoord. 123.72 -0.34 0.35 1.73 _
=
Iter. 1 64.97 -0.00 0.73 1.96 =t
=
Iter. 2 59.77 -0.07 0.70 1.99 &
Iter. 3 5856  -0.08  0.68 | 2.02 t H.2 profile
Iter. 4 58.20 -0.08 0.68 2.04 3
0 6 12 18 24

Time (h) 12
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Preliminary Tests with 3 Houses

= Arbitrage between users loss of revenue
and global objective improvements.

= Improvement from uncoordinated control still
possible without degrading user performances

(a=0).
Uncoordinated control — F = 123 kWh?2
105 ] 08 HZ2
o=1
95 /
| 0=0 F=99kWh 07 | of
~ global house

g |

= 8 optimum 06  opimam a=0 a=025 =05
< S oa=1 L 1

=75 -/ "~ / -

iterations (-) iterations (-)



Obtained Results

Scalability to 100 Houses global optimum F = 33.4 MWh?
objective F (MWh?2) === l0ss of revenue ZAf (€)
45 ; 24
S1
= System of 100 users with solar and 42 M— 18
storage- one day simulation.
" [ncrease the numbers of wusers in
coordination - the others remain
controlled at the individual level.
= System optimum improved with 3 11 ﬁt\[ S 24
greater numbers of coordinated 47 ]\(]—F g
houses but with greater loss of revenue. f{ {— Wc
F 39 | 12 9
= Ability to curtail the solar generation f
(S2) improves the system optimum
with greater loss of revenue. 1 | | )

10 20 30 40 50 60 70 80 90 100
number of houses coordinated houses (-) 14
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Scalability to 100 Houses

uncoordinated control ‘free’ coordination

» Arbitrage between the number of
coordinated users and their
preferences.

* Improvement of the system objective still
possible  without decreasing users'
performances (a = 0).

, . global
= Global optimum _reached with every 35 optimum
house fully responsive (a=1). /
32 20 40 60 80 100

number of coordinated houses (-)
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Conclusions

= Successful implementation of coordination
strategy with up to 100 houses with DERs S %AI4DG

'‘behind the meter’. Feeder
100/ 1" Corirler
. . . . Control Predicted  Control| | Predicted
» Coordination reaches global objective @ signals| |grid profile  signals| |grid profile
optimum with fully responsive houses — some **“J—:
improvements still possible without degrading ; N e . Coi‘ff’;f.er7
users objectives. _I_ I _I_
salv® e EvE
= The more users, the less they need to degrade User Cel User Cel
their objective to reach the same global target .
values.
UGA .. N ”"
= Furthers Works: o e fa GZE Lab
Grenoble Alpes
= [nvestigation of pricing schemes or tailored .
. : S : UNIVERSITAT
user objectives to avoid iterations. BIELEFELD
» Include a decentralized real time control to At‘gs WW
comply with look-ahead scheduling. Worldgrid ‘”'
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