
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 

charge; renewable energy
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Fig. 2 Hotelling game model 
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Fig. 3 Balance point of Hotelling game model
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Fig. 1 Structure of local electricity market[18]
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Fig. 4 Flowchart of trading strategy optimization 
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Fig. 5 11-node power system
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Table 1 Parameters of the 11-node network

/km / kW-1 km-1

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

 2 

Table 2 Parameters of the generator cost function

G1 MPVMM =48 000 OPV=80 000 EaE =200 MWh

G2 =0.26 =500 =1260

G2 G1

G1 E1 G2

E2 (E1 E2)

2

  E E1 2 500 kWh         19
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E1 E1 MWh
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Fig. 6 Transmission costs under different trading scenarios

ï

øðô ëðð÷ øïððô ìðð÷ øîððô íðð÷ øíððô îðð÷ øìððô ïðð÷ øëððô ð÷

ñµÉ¸

î
ïðð

çð

èð

éð

êð

ëð

ìð

íð

îð

ïð

ð

í ì ë ê é è ç ïð ïï ïî ïí ïì

JGEI 

 
 

 
      J

GEI



Vol. 3 No. 5 467

d G1

b 250 250 kWh

 4 4

Table 4 Parameters of the 4 typical scenarios

G1 /kWh G2 /kWh /

a 0 500 388

b 250 250 347

c 300 200 354

d 500 0 431

G2

b

1

2 MW-Mile

3

 3 11

Table 3 Powerflow data of the 11-node network

kW

   
0 500 100 400 200 300 300 200 400 100 500 0

             

001 124.3 74.6 24.9 24.9 74.6 124.4

002 122.6 73.5 24.5 24.5 73.6 122.6

003 246.9 248.1 249.3 250.6 251.8 253.0

004 26.7 26.1 25.4 24.8 24.2 23.6

005 26.4 25.8 25.2 24.6 24.0 23.4

006 26.7 26.1 25.4 24.8 24.2 23.6

007 26.4 25.8 25.2 24.6 24.0 23.4

008 26.4 25.8 25.2 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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Fig. 7 Changing trend of actual electricity costs
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