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Figure 1: Power grid (Traditional transactions)
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Figure 1: Power grid (Slot ahead pricing scheme)
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Figure 1: Power grid (Batteries to prevent exposure to real time market)
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Figure 1: Power grid (Batteries to prevent exposure to real time market)
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Figure 1: Power grid (Shared battery storage)
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Game theory

Simultaneous games

(N, (Strategyi)ien, (Utility;)ienr) (1)

where,
N : Set of players

Strategy; : Strategy set available to player i
X ien Strategy; : Strategy profile
Utility; : Utility function for player i


mailto:anuragg@iitb.ac.in

Game theory

Example: simultaneous game

Modeling of strategic interaction amongst multiple players.

Prisoner’s dilemma

P1

D C

D (2,2) (0,3)
P2

C| (30) (1,1)

Table 1: Matrix form representation of prisoner’s dilemma game
Remarks: Utilities represent reduction in jail term
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Game theory

Example: simultaneous game

Modeling of strategic interaction amongst multiple players.

Prisoner’s dilemma

P1

D C

D (2,2) (0,3)
P2

C (3,0) (1,1)*

Table 1: Matrix form representation of prisoner’s dilemma game
Remarks: Utilities represent reduction in jail term

* Equilibrium (Security strategy)
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Game theory

Example: simultaneous game

Modeling of strategic interaction amongst multiple players.

Prisoner’s dilemma

P1

D C

D| (22)* (0,3)
P2

C (3,0) (1,1)*

Table 1: Matrix form representation of prisoner’s dilemma game
Remarks: Utilities represent reduction in jail term

* Equilibrium (Security strategy), © Welfare maximization
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Game theory

Cooperative/Coalition game theory

Cooperative/Coalition games with transferrable utility

A cooperative game with transferrable utility is defined by a tuple
(N, v), where v : 2V — R, with v(¢) = 0.

Set of all allocation which are feasible and stable.
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Game theory

Example: Core of a coalition game

Welfare
maximization

157

Security

05! value

0 L
0 1 2 3

Figure 2: Core of Prisoner’s dilemma game
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B Shared economy for battery storage
m Risk avoidance
m Expected cost minimization
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Risk avoidance [1]

N ={1,2,...,N} : Consumers
T ={1,2,..., T} : Partition of time slots each of duration AT

xi(t) = Xi(t) + x;(t) : Average + deviated electricity consumption
where x;(t)’s are i.i.d. random variable Vi, t
si(t) : Battery state of charge at time t Vi € N/
s; = s/ . Capacity of battery storage Vi € N

E[x(t)] =0; Vie N, Vt
L = Exi(t)x(t)] = pjoioj
Y = {Xj}1<ij<n : Covariance matrix
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Risk avoidance [1]

Pricing scheme
Existence of slot ahead market to purchase X; amount of electricity
at nominal cost 7r;. Excess real time purchase is at higher cost 7.
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Risk avoidance [1]

Normalized state of charge [s(t)]

-0.5
0

time [t]

Figure 3: No exposure to real time
market
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Risk avoidance [1]

1.5 " " 1.5

Normalized state of charge [s(t)]

Normalized state of charge [s(t)]

0 ____________________________ -
-0.5
0 1 2 3 4
time [f] time [t]
Figure 3: No exposure to real time Figure 4: Exposure to real time
market market
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Risk avoidance [1]
Optimization model (Single player)

Battery storage sizing (Single player)

min(ks + cp)
S

s.t. p¢ =P max||s(t — 1) — x(t) — s(0)]| >
o< = P (maxls(e — 1) = x(6) — s(0) >
where,
sM% . Battery storage size

k : Unit price for storage capacity

¢o : Cost of installation of inverter

Bound on battery size

2ﬁa
73 (3)

Smax 2
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Risk avoidance [1]

Optimization model (N-players)

Battery storage sizing (N-players)

min(ksy + cp)
Sy

s.t.pf <OVi

where,
max

: Shared battery storage size
k : Unit price for storage capacity

¢o : Cost of installation of inverter

Bound on battery size

e 2 L (5)
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Risk avoidance [1]

Results

Benefits of shared storage

Sharing of storage minimizes overall cost.

Cost allocation

; ATTHT
(i) = ZJG{IV,ZPI]JLIJ x Total cost (6)

Fair division

Cost allocation scheme given by (6) is in the core of the game.
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Expected cost minimization [2][3]

Pricing scheme
Each day is divided into two periods - peak (rate mp,) and off-peak
(rate 7). Availability of fully charged battery at the start of day.
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Expected cost minimization [2][3]

Optimization model

Cost function

J(xs, Cs) = msCs + m/E [min {Cs, xs}] + mhE [(Xg = C3)+] (7)

where,
NDOS:

Zie& Xj = X§
TS -

Th, T|

Subset of participants

: Aggregated peak consumption of &

Daily cost of storage

: Peak/Off-peak period price of electricity
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Expected cost minimization [2][3]

Results

Optimal battery size

CDF of xg at optimum battery size satisfies

Fs(Cs) =

Th — T — TS

(8)

Th — T
Cost allocation
Existence of a stable cost allocation scheme given by,

wn (i) == mE [xi] + 7 E [xi|xn > Cil (9)
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B Solar energy aggregation and coalition formation
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Solar energy aggregation and coalition formation [4]

Problem statement

S
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Figure 3: Solar energy aggregation
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Solar energy aggregation and coalition formation [4]

Problem statement
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Figure 3: Solar energy aggregation

anuraggQ@iitb.ac.in 31/36


mailto:anuragg@iitb.ac.in

Solar energy aggregation and coalition formation [4]

Pricing mechanisms

[ ]Generation

Feed-in-tariff (FiT) 1r
scheme = ogl
MA2 +A3) — (A1 +A2) S

B 06
Net metering (NM) L% 0.4
scheme
A(Az— A1) " — (A1 —As) ™ o2

0
0 0.2 0.4 0.6 0.8 1
time

Figure 3: Energy profile
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Solar energy aggregation and coalition formation [4]

Results on coalition formation

Feed-in-tariff

Cost function for FiT is coperation neutral.

Y i—y)=) x> v

ieN ieN JEN

Reason:

Net metering
Cost function for NM is subadditive and has a non-empty core iff
A2 p.

Reason:

+
Z(Xi -yt = (Z(Xi - )ﬁ))

ieN ieN
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B Future works
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» Dynamic peak pricing
— Best strategy to minimize cost
» Self-utilization of renewable energy
— Shared battery economy and freeloaders

» Technology, distributed ledger and smart contracts
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