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Optimal Strategy for Local Energy Trading Considering Network Charges and Renewable Uncertainties
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Abstract: With increasing penetration of distributed renewable
resources, local energy trading has emerged to encourage citizens
to use energy from local renewable sources, such as small-scale
photovoltaics and wind turbines. Although renewable energy
is clean and inexpensive, its uncertainty issue brings about a
potential risk to trading, which can eventually affect trading
strategies. This paper proposes a novel approach to determine
the optimal local energy trading strategy for customers using the
Hotelling game. Specifically, the risk cost is used to quantify the
uncertainty of renewables in energy transactions. In addition,
the network cost is established based on the MW-Mile method
to reflect the network usage in energy trading and to recover
the true cost of system investment. Considering the network
cost, risk cost of renewable uncertainties, and the energy cost
of generation, optimal trading strategies can be established for
a user in order to minimize their energy bill. A case study is
presented to demonstrate the proposed energy trading method
on a representative system, and the simulation results illustrate
the significance of network cost on the selection of local trading
strategies.

Keywords: local energy trading; Hotelling game; network
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Fig. 1 Structure of local electricity market"
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Table 1 Parameters of the 11-node network

BES ARTAE KEAkm BAIZEHA/ (TRkW!'-km')

001 1-2 4 0.03
002 1-2 3 0.04
003 2-3 3 0.03
004 1-4 1.2 0.03
005 1-5 1.8 0.02
006 4-3 2.4 0.04
007 5-6 0.3 0.08
008 6-3 1.8 0.02
009 1-7 1.2 0.02
010 1-8 0.8 0.03
011 7-9 1.8 0.04
012 8-9 1.2 0.06
013 9-10 0.3 0.02
014 2-11 0.6 0.02

x2 KBEUBARBHSHIRE

Table 2 Parameters of the generator cost function
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Fig. 6 Transmission costs under different trading scenarios
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Table 3 Powerflow data of the 11-node network

kW
SRR (0, 500) (100, 400) (200, 300) (300, 200) (400, 100) (500, 0)
HBERS
001 -124.3 -74.6 249 24.9 74.6 124.4
002 122.6 73.5 24.5 245 -73.6 -1226
003 246.9 248.1 2493 250.6 251.8 253.0
004 26.7 26.1 25.4 24.8 242 23.6
005 26.4 25.8 252 24.6 24.0 23.4
006 26.7 26.1 25.4 24.8 242 23.6
007 26.4 25.8 252 24.6 24.0 23.4
008 26.4 25.8 252 24.6 24.0 23.4
009 150.1 100.1 50.0 0.0 -50.0 -100.1
010 149.9 99.9 50.0 0.0 -50.0 -99.9
011 -150.1 -100.1 -50.0 0.0 50.0 100.1
012 -149.9 -99.9 -50.0 0.0 50.0 99.9
013 300.0 200.0 100.0 0.0 -100.0 -200.0
014 0.0 -100.0 -200.0 -300.0 -400.0 -500.0
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Table 4 Parameters of the 4 typical scenarios e R AR, BT A . LT,
LBAR GIRWBIWh GRWEIW R BB AR 7 RO Sl A 5, R T 24 T e
. o o . A, SRATEIET MIUH. B, 35 ot
. 300 200 354 ARB % AR T
d 500 0 431
5 #ig
s00 , , , : BTSSR, A SCHE R 1548 %0 A 2K
d KL SRR T R e R S8R T i i

4W&\\“\--L~;/////// el ey Ze Ak, nT S B R BR R A 2% . sl
300 /// BT, AT LR

A, FITETTLVA R MR X A 5 -
100

\\\\\\\\\__(//////; 2) MW-Mile ] 47 SR (LA LA, B RS

B ‘
= [T 1) A AR R ) kL T 5 B () B Ao
200 £ L Mk | T, IR I35 2% B8 T i A AR AN XU 2 A A
1 : —_—

0 : e : A LURAR, (BTS2 R 5 5 s B AL A5 3R, sl
0 100 200 300 400 500
GLR M E/kWh Grid Bt B AR .
BE7 SEREETHiEE 30 SR AU, OAS fi Ak m] P A BB I L ) O
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