
Political Studies Association Annual International Conference 2018
   

Nicolson, M. and Lotti, L. 1 

Democratising the energy market:  
applying behavioural game theory to peer-to-
peer electricity trading markets 
 

Moira Nicolson*, UCL Energy Institute and Ofgem1  

Lorenzo Lotti, UCL Energy Institute  

*Corresponding author. Email: Moira.Nicolson@ofgem.gov.uk.  

Abstract 
Peer-to-peer (P2P) electricity trading, whereby energy consumers and producers buy and sell electricity 

from each other (peers) rather than via centralised intermediaries such as energy suppliers, could lower 

electricity bills and facilitate the transition to a low carbon energy system. Government bodies, including 

Britain’s energy regulator, are therefore increasingly referencing P2P electricity trading in their energy 

strategy documents.2 3 However, aside from a small number of localised ‘demonstrator’ projects, there 

is little evidence on whether, and what type of consumers will chose to assume responsibility for a 

potentially complex activity that has historically been done for them by their energy supplier. Moreover, 

recent advances in behavioural public policy4 and economics5 6 suggest that rational decision making 

theories upon which government cost-benefit analyses are based could systematically under- or over-

estimate participation and prices in P2P energy markets. Classical approaches could even fail to predict 

some types of behaviour altogether, such as P2P participants selling electricity for a lower or near zero 

price to their neighbours, which could reduce inequalities arising from differences in purchasing power 

for solar panels or other distributed generation. 

Although behavioural science has predominantly focused on individual decision-making, behavioural 

game theory7 provides a framework for conceptualising how groups of consumers may respond in the 

context of national or international P2P electricity trading platforms. This paper applies behavioural 

game theory to generate testable hypotheses about whether, and on what terms, energy consumers 

will transact with each other in the context of a P2P electricity trading platform. P2P electricity trading 

is an ideal case study because it involves complex decisions (increasing the likelihood of deviations 

from rationality) and requires a theory that can explain individual choices nested within multiple groups 

(neighbourhoods, cities and countries). The paper then outlines different methods of testing the 

hypotheses presented in the real world, such as the existing P2P pilot projects in New York and London. 

The results of such studies could be used to design P2P electricity trading platforms that work with, 

rather than against, the grain of human behaviour.  

                                                
1 The content of this paper represents the personal views of the author(s) and not of Ofgem. 
2 Ofgem and BEIS (2017). “Upgrading our Energy System: Smart Systems and Flexibility Plan”, July 
2017.https://www.ofgem.gov.uk/publications-and-updates/upgrading-our-energy-system-smart-
systems-and-flexibility-plan. 
3 Ofgem (2017). State of the Energy Market Report 2017. 
https://www.ofgem.gov.uk/system/files/docs/2017/10/state_of_the_market_report_2017_web_1.pdf.  
4 For example, John P., Cotterill, S., Richardson, L., Moseley, A., Stoker, G., Wales, C. and Smith, G. 
(2013). “Nudge, nudge, think, think: using experiments to change civic behaviour”, Bloomsbury 
Academic.  
5 Camerer, C. et al. (1997) Labor Supply of New York City Cabdrivers: One Day at a Time. The Quarterly 
Journal of Economics. [Online] 112 (2), 407–441. 
6 Mullainathan, S. & Thaler, R. H. (2000) Behavioral Economics. [online]. Available from: 
http://www.nber.org/papers/w7948. [online]. 
7 Camerer, C. (2003). Behavioural Game Theory: experiment in strategic interaction. Princeton 
University Press, New Jersea.  

mailto:Moira.Nicolson@ofgem.gov.uk
https://www.ofgem.gov.uk/system/files/docs/2017/10/state_of_the_market_report_2017_web_1.pdf
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1. Introduction – trading music, lifts, apartments and 

soon electricity? 
 

1.1 Lessons learnt from the struggles of finding a taxi in the rain 
 

In the now seminal paper “Labor supply of New York City Cab Drivers: One Day at a Time”8, 

Camerer and colleagues proposed an innovative explanation for the challenge of finding a taxi 

in the rain. Traditional models of supply and demand predict that people respond to temporary 

increases in wage by working more when wages are high and less when wages are low9, 

meaning that taxi drivers would work longer hours when the weather is bad and more people 

are demanding taxis to avoid the inclement weather. In reality, this theory has proved difficult 

to verify, including for taxi drivers in the New York study who tended to work more on low wage 

days than high wage days. Camerer and his colleagues proposed that such behaviour is 

explicable if we assume that, rather than seeking to maximise their overall earnings, taxi 

drivers are aiming to hit a daily income target. The paper is one of the first studies to have 

demonstrated the existence of loss-aversion10 outside of laboratory settings. However, 

another explanation for this mismatch between the supply and demand of taxis is that drivers 

have no way of knowing which taxi rank or location across the vast city of New York contains 

the most prospective customers. This is the gap in the market exploited by the successful ride 

sharing app Uber – which matches people with vehicles to people needing lifts – and which 

authors11 of another study show eliminates the anomalous behaviour in Camerer’s original 

study.  

This example, whilst unrelated to the energy field, is apt because it brings together the two 

major literatures from which this paper will draw, namely behavioural economics and peer-to-

peer (P2P) trading. A P2P trade is one in which a good, service or money is exchanged directly 

between two or more individuals or organisations (market participants) without the 

intermediation of another organisation such as a bank or energy supplier. To trade directly 

with other market participants, people need an accessible and secure information platform 

through which trades can be conducted. Although many of the first P2P trading platforms such 

as Napster12 (for audio files) and Pirate Bay (for video) have been closed due to copyright 

infringement13, numerous digital business now operate as digital platforms that enable 

consumers to trade a range of goods and services with one another, from apartments (Airbnb) 

to artwork (Etsy) and lifts (Uber, Lyft).  

                                                
8 Camerer, C., Babcock, L., Lowenstein, G. and Thaler, R (1997). “Labor supply of New York City Cab 
Drivers: One Day at a Time”, The Quarterly Journal of Economics, 112 (2), pp407–441. 
9 Lucas, Robert E., Jr., and Rapping, L.A. (1969). “Real Wages, Employment, and Inflation,” Journal 

of Political Economy, LXXVII, 721–54. 
10 Kahneman and Tversky (1979). “Prospecty theory: an analysis of decision making under risk”, 
Econometrica, 47 (2), pp 263-292. 
11 Brodeur, A and Nield, K. (2016). “Has Uber made it easier to get a ride in the rain?” IZA Discussion 
Paper, No 9986, pp 1-28. http://ftp.iza.org/dp9986.pdf  
12 Napster is credited as being the first P2P file sharing platform on the Wikipedia article, but a number 
of platforms emerged in its wake including Limewire in 2000 and Kazaa in 2006 (also for music). 
13 The most notable example is the closing of Pirate Bay in 2009 following a court case against the 
website’s founders, although many Pirate Bay proxy sites exist, demonstrating one of the potential 
downsides of distributed ledgers which is that they can be used for criminal activities. 

http://ftp.iza.org/dp9986.pdf
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1.2 The challenge of matching decentralised supply and demand 
The problem that Uber solves in the private transport sector and which Airbnb solves in the 

short-term rentals sector is the same problem that P2P could potentially solve in the energy 

domain, namely how to match decentralised supply with decentralised demand. Whereas now 

Britain’s homes are powered by around 150 licenced power plants14, in future it is hoped that 

the electricity we need to run our kettles and, eventually, to heat our homes and power our 

electric vehicles, will be generated by millions of solar panels and wind turbines all over this 

country and others. However, this vision of a cleaner, more distributed energy system faces 

considerable challenge. Electricity cannot currently be stored in large amounts so electricity 

supply and demand has to be matched at all times. This matching is predominantly achieved 

by turning off and on fossil fuelled power plants in line with predicted and actual demand for 

electricity from consumers.15 Maintaining security of supply in this way will become 

increasingly challenging once more of our electricity is sourced from renewable sources of 

energy which vary naturally over the course of the day, week and year16 and which will be 

distributed over much larger geographical spaces than traditional power plants.17 

P2P trading of electricity – whereby energy consumers and producers buy and sell electricity 

from each other (peers) rather than via centralised intermediaries such as energy suppliers – 

is viewed as one highly promising way of matching decentralised renewable supply with 

energy demand..18,19,20, 21, 22 Rather than supplying energy to a large number of customers via 

a centralised coordination mechanism (in GB, this is the National Grid), P2P markets could 

consist of small-scale generators (for example, households with solar panels on their rooves) 

that are “placed in the same location with an energy consumption point and…used by a small 

number of people”23. These small-scale generators (called prosumers because they both 

consume and produce energy) and consumers can be connected via a market platform that 

enables them to trade locally generated energy in their community in near real time. 

Alternatively, P2P platforms could enable consumers to trade energy across borders, to help 

balance out global peaks and troughs in demand and supply. When describing such a market, 

a recent paper concluded that local P2P markets represent “a viable option for integrating 

distributed [renewable energy sources] into the current energy system in an economic way” 

and that they will therefore “facilitate a sustainable, reliable, and local balance of generation 

                                                
14 Ofgem State of the Market Report 
https://www.ofgem.gov.uk/system/files/docs/2017/10/state_of_the_market_report_2017_web_1.pdf  
15 Parliamentary Office of Science and Technology Note (2014), “Demand Side Response”, Number 
452, p1-4. http://researchbriefings.files.parliament.uk/documents/POST-PN-452/POST-PN-452.pdf.  
16 Ofgem and BEIS (2017). “Upgrading our Energy System: Smart Systems and Flexibility Plan”, July 
2017.https://www.ofgem.gov.uk/publications-and-updates/upgrading-our-energy-system-smart-
systems-and-flexibility-plan. 
17 Mengelkamp, E., Garttner, J., Rock, K., Kessler, S. Orsini, L. and Weinhardt, C. (2018). “Designing 
microgrid energy markets: A case study: The Brooklyn Microgrid”, Applied Energy, 201, pp 870-880. 
18 Ofgem and BEIS (2017). “Upgrading our Energy System: Smart Systems and Flexibility Plan”, July 
2017.https://www.ofgem.gov.uk/publications-and-updates/upgrading-our-energy-system-smart-
systems-and-flexibility-plan. 
19 Burger, C., Kauhlmann, A., Richard, P. and Weinmann, J. (2016), “Blockchain in the energy transition. 
A survey among decision-makers in the Germany energy industry”. Deutsche-Energie-Agentur GmbH 
(dena), Berlin, November 2016, pp 1-40. 
20 Government Office for Science (2016). “Distributed Ledger Technology: beyond block chain”, A report 
by the UK Government Chief Scientific Adviser, pp 1-87. 
21 PwC (2016). “Blockchain – an opportunity for energy producers and consumers?”, PwC Global 
FinTech Report, March 2016, pp1- 46. 
22 Siemens (2016), “Blockchain applications: fact sheet for innovation fields”, Unrestricted AG 2016, 
pp1-2. 
23 Alanne K, Saari A. (2006). Distributed energy generation and sustainable development. Renew 
Sustain Energy Rev 2006;10(6):539–58. 

https://www.ofgem.gov.uk/system/files/docs/2017/10/state_of_the_market_report_2017_web_1.pdf
http://researchbriefings.files.parliament.uk/documents/POST-PN-452/POST-PN-452.pdf
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and consumption”, “empower small scale energy consumers and prosumers” and “incentivize 

investments in local generation” within “self-sustainable microgrid communities”.24 

1.3 Helpful or hype? 
Aside from a small number of localised ‘demonstrator’ projects, there is little evidence on 

whether and what type of consumers will choose to participate in decentralised trading of 

energy. Indeed, a recent report by the US consultancy Gartner25 suggests that blockchain, the 

technology widely cited as being the facilitator of P2P trading, is at the peak of a “Hype Cycle”. 

Moreover, recent advances in behavioural public policy26 and economics suggest that rational 

decision-making theories upon which government cost-benefit analyses are based could 

systematically under- or over-estimate participation and prices in P2P energy markets. 

Classical approaches could even fail to predict some types of behaviour altogether, such as 

P2P participants selling electricity for a lower or near zero price to their neighbours, which 

could reduce inequalities arising from differences in purchasing power for solar panels or other 

distributed forms of generation and storage. 

The remainder of this article is structured as follows. Section 2 reviews the two key background 

literatures to this paper, namely behavioural game theory and then the history of P2P trading 

in other sectors and in energy. Although behavioural science has predominantly focused on 

individual decision-making, behavioural game theory27 provides a framework for 

conceptualising how groups of consumers may respond in the context of national or 

international P2P electricity trading platforms. Section 3 presents testable hypotheses about 

whether, and on what terms, energy consumers will transact with each other in the context of 

a P2P electricity trading platform by drawing on behavioural game theory. Section 4 presents 

different methods of testing these hypotheses in the real world. Section 5 concludes.  

 

2. Literature review 
 

2.1 What is Behavioural Game Theory? 
 

The book “The Theory of Games and Economic Behavior” by von Neumann and Morgenstern 

represented a turning point in the social sciences: in fact, this publication from 1944 is 

considered as the origin of a branch of research into human interactions called “game theory”. 

Von Neumann and Morgenstern set out a mathematical tool that would have been used until 

nowadays to describe and analyze situations of conflict, cooperation, and coordination28. 

Following the first book described above, the number of contributions in game theory 

                                                
24 Mengelkamp et al. (2018), p 2.  
25 Gartner (2017), “Top Trends in the Gartner Hype Cycle for Emerging Technologies”, 
https://www.gartner.com/smarterwithgartner/top-trends-in-the-gartner-hype-cycle-for-emerging-
technologies-2017/.  
26 John P., Cotterill, S., Richardson, L., Moseley, A., Stoker, G., Wales, C. and Smith, G. (2013). “Nudge, 
nudge, think, think: using experiments to change civic behaviour”, Bloomsbury Academic.  
27 Camerer, C. (2003). Behavioural Game Theory: experiment in strategic interaction. Princeton 
University Press, New Jersea.  
28 Gächter S, (2004) “Behavioral Game Theory” Blackwell Handbook of Judgment and Decision Making 

Edited by Derek J. Koehler, Nigel Harvey Copyright © 2004 by Blackwell Publishing Ltd 

https://www.gartner.com/smarterwithgartner/top-trends-in-the-gartner-hype-cycle-for-emerging-technologies-2017/
https://www.gartner.com/smarterwithgartner/top-trends-in-the-gartner-hype-cycle-for-emerging-technologies-2017/
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increased exponentially, and the value of the most famous concepts like the Nash 

equilibrium29 and strong equilibrium30 were recognized with a Nobel Prize (12 in total).  

Despite its impact on the social sciences, most of the traditional Game Theory literature is 

based on strong assumptions, which might not apply in the real world. For instance, it is often 

assumed common knowledge about players’ sets of strategies and payoffs, beliefs are 

considered correct and the utility that players aim to maximize is the only expression of their 

personal (and material) payoff. Given the inconsistency in the empirical evidence and the most 

common assumptions in game theory, a different approach was needed to describe actual 

behaviour.  

Behavioral Game Theory seeks to obtain empirical information about how human beings 

behave in strategic situations31. As Camerer32 states in his paper “Progress in Behavioural 

Game Theory”, “The recipe for behavioral game theory has three steps: start with a game or 

naturally occurring situation in which standard game theory makes a bold prediction based on 

one or two crucial principles; if behavior differs from the prediction, think of plausible 

explanations for what is observed; and extend formal game theory to incorporate these 

explanations”. 

A typical example is the prisoner’s dilemma (by Merrill Flood and Melvin Dresher of the RAND 

corporation in 195033): in this game, two rational (and self-interested) criminals are arrested, 

and each of them has the option to testify against the other prisoner or remain silent (hence, 

cooperating with the second criminal). The two prisoners are located into individual rooms and 

cannot communicate with each other; moreover, the choice of confessing or not is taken 

simultaneously. 

 

According to traditional game theory, even if it is optimal for both prisoners to remain silent 

(given the higher payoffs), the outcome (Nash Equilibrium) of this game is that both criminals 

                                                
29 Nash, J. (1950). The Bargaining Problem. Econometrica, 18(2), 155-162. doi:10.2307/1907266 
30 Aumann, R., (1959). Acceptable points in general cooperative n-person games. In: Tucker, A.W., 
Luce, R.D. (Eds.), Contributions to the Theory of Games, vol. 4. In: Ann. of Math. Stud., vol. 40. 
Princeton University Press, pp. 287–324. 
31 Gächter S, (2004) “Behavioral Game Theory” Blackwell Handbook of Judgment and Decision Making 
Edited by Derek J. Koehler, Nigel Harvey Copyright © 2004 by Blackwell Publishing Ltd 
32 Colin F. Camerer, C F (1997) “Progress in Behavioral Game Theory”  The Journal of Economic 
Perspectives, Vol. 11, No. 4, pp. 167-188 
33 Clements, Kevin C., and David W. Stephens. "Testing models of non-kin cooperation: mutualism and 
the Prisoner’s Dilemma." Animal Behaviour 50.2 (1995): 527-535. 
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will confess.  However, in experimental games players seem unexpectedly skillful at avoiding 

the dilemma and finding their way to cooperation34. An extensive behavioural game theory 

literature has investigated this, with different outcomes. For instance, Camerer states that for 

small stakes, cooperation would be an equilibrium because of its fairness (players coordinate 

because it is nice to do that and it is more socially acceptable). According to Ahn et al.35 the 

payoff linked to “fear” and “greed” are important as predictors of behavior in the prisoner’s 

dilemma games. Moreover, in repeated games “success in coordinating on the payoff 

dominant equilibrium in previous plays of coordination games also increases the probability of 

cooperative play in the PD games”. 

In general, we can divide behavioural game theory in two branches. The first one focuses on 

bounded rationality: in this case, the inconsistency between the predictions of game theory 

and the empirical evidence is explained by incomplete information of players, which leads 

players to deviate from the optimal strategy. 

The second branch of behavioural game theory focuses on preferences: social norms and 

altruism can be included in the maximizing problem (which is based on material self-interest 

otherwise), implying a different behaviour and hence an alternative optimal solution. In these 

cases according to Camerer36 players are showing concerns about fairness and the perceived 

intentions of other players, as discussed in the example above about the Prisoner’s Dilemma. 

These two branches often overlap in the existing literature, and it is not always possible to 

allocate one research in one of the two groups. 

Another interesting aspect of behavioural game theory is the focus and findings about 

behaviours in groups: for instance, in public good experiments aggregate contribution levels 

increase with the rate of return and with the population size.37 38 39 40 These type of experiments 

are known as n-games, where the immediate self-interest of decision makers is in usually 

conflict with the collective long-term wellbeing. Among the findings, according to Liebrand41 

“small face to face groups (5 to 13 members) which make choices without communication with 

one another, the majority of members select the alternative that serves to maximize their own 

short-term interests at the expense of the long-term interest of the group of which they are a 

member”.  

2.2 Peer to peer trading, distributed ledgers and peer to peer in electricity 
 

                                                
34 Colin F. Camerer, C F (1997) “Progress in Behavioral Game Theory”  The Journal of Economic 
Perspectives, Vol. 11, No. 4, pp. 167-188 
35 Ahn TK, Ostrom E, Schmidt D, Shupp R & Walker J (2001), “Cooperation in PD games: Fear, greed, 
and history of play” Public Choice 106: 137–155, 2001. 
36 Colin F. Camerer, C F (1997) “Progress in Behavioral Game Theory”  The Journal of Economic 
Perspectives, Vol. 11, No. 4, pp. 167-188 
37 Ledyard, JO (1995). “Public goods: A survey of experimental research". The Handbook of 
Experimental Economics. Princeton University Press, pp. 11-194. 
38 Chaudhuri, A. (2011). “Sustaining cooperation in laboratory public goods experiments: 
a selective survey of the literature". Experimental Economics 14, pp. 47-83. 
39 Anderson, Simon P, Jacob K Goeree, and Charles A Holt (1998). “A theoretical 
analysis of altruism and decision error in public goods games". In Journal of Public Economics 70.2, 
pp. 297-323. 
40 Laury, SK and Holt, CA (2008). “Voluntary provision of public goods: experimental results with 
interior Nash equilibria". Handbook of Experimental Economics Results 1, pp. 792-801. 
41 Liebrand, G. (1984), The effect of social motives, communication and group size on behaviour in an 
N-person multi-stage mixed-motive game European Journal of Social Psychology, Vol. 14, 239-264  
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In the introduction we defined P2P trading as the direct exchange of goods, services or money 

between market participants without the intermediation of another organisation such as a bank 

or energy supplier. The success of P2P electricity markets will therefore rely crucially on their 

security.42 The first P2P trading platforms such as Napster and Limewire emerged in the late 

1990s to provide a means of sharing digital audio and video files but were not necessarily 

secure as files could be shared that contained viruses and other malware. Distributed ledgers 

can offer this much-needed security.  

Ledgers are used to record the transaction of goods, such as property and money, to keep a 

record of who owes who what. Central banks use ledgers to keep a record of transactions 

between countries. Each bank will own and maintain its own ledger. A distributed ledger, on 

the other hand, is “an asset database that can be shared across a network of multiple sites, 

geographies or institutions. All participants within a network can have their own identical copy 

of the ledger. Any changes to the ledger are reflected in all copies in minutes, or in some 

cases, seconds.”43 Distributed ledgers can be permissioned (only a pre-selected list of 

individuals or organisations can access and edit the ledger) or unpermissioned (anyone can 

access and edit the ledger database). 44 

P2P electricity trading, facilitated by distributed ledger technologies such as blockchain45, is 

widely predicted to revolutionise the energy sector. .46,47,48,49,50,51,52 In the same way that the 

crypto-currency Bitcoin took off in the wake of the widespread distrust in financial institutions 

that ensued from the 2007-8 financial crisis, it is argued by some that P2P electricity trading 

will terminate the role of the centralised utility company.53 Currently people who generate their 

own electricity, such as people with solar panels, do not have ready access to the energy 

market which is a privileged playing field for the established retail energy suppliers. This 

significantly reduces the economic payoffs of micro-generation for those who decide to invest. 

Distributed ledgers, along with smart meters (which record electricity use in near real time) 

                                                
42 Mengelkamp et al. (2018). 
43 Government Office for Science (2016). “Distributed Ledger Technology: beyond block chain”, A 

report by the UK Government Chief Scientific Adviser, p 5. 
44 Government Office for Science (2016). “Distributed Ledger Technology: beyond block chain”, A report 
by the UK Government Chief Scientific Adviser, p 5. 
45  Blockchain was invented to create the peer-to-peer digital cash Bitcoin in 2008 and is one type of 

technology that could be used to create distributed ledgers, however according to Burger (2016), 
“wherever a peer-to-peer trading network that does not rely on an intermediary – a trusted institution – 
has not yet been established on a large scale, Blockchain has the chance to become the dominant 
design (p23).  
46 Ofgem and BEIS (2017). “Upgrading our Energy System: Smart Systems and Flexibility Plan”, July 
2017.https://www.ofgem.gov.uk/publications-and-updates/upgrading-our-energy-system-smart-
systems-and-flexibility-plan. 
47 Burger, C., Kauhlmann, A., Richard, P. and Weinmann, J. (2016), “Blockchain in the energy transition. 
A survey among decision-makers in the Germany energy industry”. Deutsche-Energie-Agentur GmbH 
(dena), Berlin, November 2016, pp 1-40. 
48 Government Office for Science (2016). “Distributed Ledger Technology: beyond block chain”, A report 
by the UK Government Chief Scientific Adviser, pp 1-87. 
49 PwC (2016). “Blockchain – an opportunity for energy producers and consumers?”, PwC Global 
FinTech Report, March 2016, pp1- 46. 
50 Siemens (2016), “Blockchain applications: fact sheet for innovation fields”, Unrestricted AG 2016, 
pp1-2. 
51 Kang, J. et al. (2017). IEEE Trans. Ind. Informatics http://doi.org/b87p. 

52 Mihaylov, M. et al. (2014). NRGcoin: virtual currency for trading of renewable energy in smart 
grids. In 11th Int. Conf. Eur. Energy Market http://doi.org/b88q. 
53 Government Office for Science (2016). “Distributed Ledger Technology: beyond block chain”, A report 
by the UK Government Chief Scientific Adviser, p 5. 

http://doi.org/b88q
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would make it possible for prosumers to sell their surplus electricity through the ledger to 

others, either in this country or elsewhere. 54 Since the ledgers are distributed and potentially 

accessible to anybody in the market, it makes it very easy for buyers to see the energy sources 

they are financing (buying), be it renewables or traditional fossil fuel sources.  

In the absence of micro-grids or private wires, it would still only be possible to identify the 

energy mix of the network as a whole, including energy traded on a P2P basis, because all 

electricity demand would still be satisfied through the regional electricity network operators. In 

other words, P2P trading merely represents a financial (contractual) arrangement between 

market participants. Nevertheless, by buying distributed energy resources via P2P, each 

buyer contributes in reducing the fraction of electricity that is exchanged via the traditional 

utilities model. Depending on people’s preferences over green versus grey power, P2P could 

result in greater demand for renewables than under the existing model in which choices over 

energy sources are confined to energy companies who are perceived as the “preservers of 

the centralized fossil and nuclear age”55. Blockchain is therefore cited as being linked to an 

“ideology of dismantling established hierarchies, diverting societal influence from 

organizations to individuals, using democratic instead of autocratic decision processes, and 

empowering consumers, based on the claim of following the high ethical standards of the new, 

decentralized world order”.56  

P2P electricity trading could also create a number of efficiency savings.57 Just like Uber and 

Airbnb do not need to invest in vehicles or apartments, P2P trading of electricity would allow 

everyone to benefit from the micro-generation assets and batteries (e.g. in electric vehicles) 

in which the community has already invested.58 Although there are limitations to the efficiency 

savings that can be gained through P2P trading59, it has been argued that P2P will become 

the default mode of exchanging all types of goods and services.60 

Nevertheless, examples of P2P in energy are scarce, confined mostly to pilot projects such 

as the Brooklyn Microgrid (in the US), PowerLedger in Perth (Australia) and more recently a 

project with the British energy supplier EDF in collaboration with University College London in 

Brixton, London through Ofgem’s ‘Regulatory Sandbox’.61 The existence of these small 

networks of people trading electricity between each other does not in itself demonstrate that 

a large enough number of people will want to take over the responsibility of buying and selling 

electricity from their energy supplier for P2P electricity trading to radically overhaul the market. 

Moreover, there is ample evidence to suggest that market participants may not have the 

cognitive capacity to optimally trade electricity between each other unless the platforms 

themselves are designed with these factors in mind. What these pilot projects present is an 

opportunity to test the predictions made by commentators and advocates of P2P electricity 

trading in a real-world context.  

                                                
54 Ibid, p 5. 
55 Burger, C., Kauhlmann, A., Richard, P. and Weinmann, J. (2016), “Blockchain in the energy transition. 
A survey among decision-makers in the Germany energy industry”. Deutsche-Energie-Agentur GmbH 
(dena), Berlin, November 2016, p 12. 
56 Ibid, p 12. 
57 Ibid, p 12. 
58 Ibid, p 12. 
59 Ibid, p 12. 
60 https://www.amazon.com/Whats-Mine-Yours-Collaborative-Consumption/dp/0061963542 
61 This project is the first one mentioned in an update letter to Ofgem’s Regulatory Sandbox: 
https://www.ofgem.gov.uk/system/files/docs/2017/07/update_on_regulatory_sandbox.pdf. The project 
in London aims to test whether a blockchain-based P2P trading platform could increase self-
consumption of local renewable energy by enabling residents to trade surplus energy from their 
community solar panels with their neighbours. 

https://www.ofgem.gov.uk/system/files/docs/2017/07/update_on_regulatory_sandbox.pdf
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3. Applying behavioural game theory to peer to peer 

trading 
 

3.1 A structure for our hypothesis generation 
 

In this section, we will present testable hypotheses about whether, and on what terms, energy 

consumers will transact with each other in P2P electricity trading platform by drawing on 

behavioural game theory. Looking at the literature cited in the previous section (Cramerer and 

Ahn et al. for example), one of the most interesting aspects of behavioural game theory is its 

focus not only on individual interactions, but also on those between groups.  

Looking at the P2P electricity trading sector, we can identify two overarching questions. The 

first is, will such a market ever develop on any large scale? The second is, will such a market 

deliver optimal outcomes for participants? Starting from these initial questions we will apply 

behavioural game theory to develop our hypotheses. Following the two branches of 

behavioural game theory described in Section 2.1, we can divide the potential hypotheses in 

two different groups: one which focuses on bounded rationality, the other on individual 

preferences.  

3.2 Bounded rationality 
 

According to bounded rationality, the inconsistency between the predictions of game theory 

and the empirical evidence is explained by incomplete information of players, leading players 

to deviate from the optimal strategy. In a P2P electricity trading market, one of the most likely 

examples of bounded rationality would be inertia, defined as the endurance of a stable state 

associated with inaction and the concept of status quo bias62. Inertia plays a key role in the 

energy sector, with the majority of domestic consumers never having switched energy tariff or 

supplier despite the savings from switching being large63 (average potential saving in 2018 is 

£280 per year64) and the costs of switching being relatively modest65; switching to a different 

energy tariff or supplier on a price comparison website in a few minutes using information 

provided on their monthly or quarterly energy bills.  

In a P2P electricity trading market inertia could result in even less efficient outcomes. Checking 

for best prices across multiple sellers and trading could be time demanding, and energy bill 

payers may find it challenging to fulfil this role unless the P2P platform is designed in a way 

which lowers the cognitive costs of participation. This could potentially be achieved by 

designing a platform which is pre-programmed with a set of default preferences over the 

minimum price required to sell and the maximum price required to purchase, which could vary 

depending on the source of the electricity e.g. local versus international, green versus grey. 

Hence, with regards to this branch we have developed two hypotheses: 

                                                
62 Madrian, B., Shea, D. (2001) “The power of suggestion: Inertia in 401(k) participation and savings 
behaviour”, Quarterly Journal of Economics, 116, 1149-1187. 
63 CMA (2016). Energy market investigation final report. 24 June 2016.  
64 This is the difference in price between the average standard variable tariff (the default tariff upon 
which the majority of British energy bill payers are enrolled) and the cheapest tariff baset based on 
Ofgem’s tariff monitoring data: https://www.ofgem.gov.uk/data-portal/retail-market-indicators.  
65 Wilson, C., & Price, C. (2010). Do consumers switch to the best supplier? Oxford Economic Papers, 
62(4), new series, 647-668. Retrieved from http://www.jstor.org/stable/40856525.  

https://www.ofgem.gov.uk/data-portal/retail-market-indicators
http://www.jstor.org/stable/40856525
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H1.1 Demand for a P2P trading platform will be lower amongst boundedly 

rational consumers than fully rational consumers 

H1.2 The difference in demand between boundedly rational and fully 

rational consumers will be lower when the P2P platform can act as a 

delegated agent that is preprogrammed with a set of default trading 

preferences  

3.3 Non-standard preferences 
 

With regards to the other part of behavioural game theory (preferences), according to Blount66 

players were more willing to accept uneven offers generated by a chance device than the 

same offer generated by a human proposer who benefits from the unevenness. However, 

Blount’s study, like most of the literature in behavioural game theory which seek to measure 

other-regarding preferences (e.g. Ultimatum Game, Trust Game, Gift Exchange Game), are 

conducted in face to face laboratory settings; yet it is well known that results from the 

laboratory may not always be extrapolated to the real world, especially when it comes to 

measuring altruistic behaviour.67  Given that P2P trading of electricity will never occur in a face 

to face situation, a P2P trading market presents an interesting opportunity to test the 

robustness of other-regarding preferences in the field: to what extent will altruistic behaviour 

(e.g. charging of lower prices to friends or neighbours) vary depending on whether the 

interaction occurs via a device instead of face to face? Will the owners of the energy exploit 

their bargaining power by charging higher prices at times of peak electricity demand than 

would be optimal based on the actual ratio of supply to demand (in particular in a case in which 

all energy is provided locally instead of centrally, since in these scenarios buyers do not have 

reserve options, raising the bargaining power of local sellers)? 

Finally, another key finding from the behavioural economics literature is that people do not just 

make decisions based on their own preferences but also take into consideration the 

preferences of others, particularly preferences which are seen to be held by a majority of 

people (social norms). 

In the case of preferences, the effect of channels through which people trade and eventual 

market barriers on altruism will be investigated through the following hypotheses: 

H2.1 People will set a lower price for electricity when they are selling to 

people who are geographically close to them (neighbours) relative to people 

who are geographically far from them, no matter the trading technology 

adopted 

H2.2 People will set a lower price for electricity when they are selling to 

friends relative to people outside of their friendship network, no matter the 

trading technology adopted 

H2.3 The ‘neighbour’ and ‘friend’ discount will be lower when trading occurs 

via a digital platform rather than face to face 

                                                
66 Blount, S. (1995), "When Social Outcomes aren't Fair: The Effect of Causal Attributions on 
Preferences," Organizational Behavior and Human De- cision Processes, August 1995, 63:2, 131-44. 
67 Levitt and List (2007). “What do Laboratory Experiments Measuring Social Preferences Reveal about 
the Real World?”, The Journal of Economic Perspectives, 21 (2), pp. 153-174. 
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H2.4 People will set a lower price for electricity when they are selling to 

neighbours, no matter the market concentration 

H2.5 People will set a lower price for electricity when they are selling to 

friends, no matter the market concentration 

H2.6 People will set a lower price for electricity when they are selling face to 

face than when they are selling remotely  

H2.7 Each individual’s likelihood of participation will be affected by the 

participation status of individuals in their social network 

 

4. Methods for testing the model 
 

4.1  Randomised control trial 
 

Hypothesis 1.1 cannot be tested using a randomised control trial because it is not possible to 

randomly assign cognitive capacity to individuals. It will therefore be tested using a non 

experimental design outlined in section 4.2. Hypothesis 1.2 would be tested by randomly 

assigning participants to two groups, a manual group and an automated group with pre-

defined preferences. The manual group would be presented with a P2P platform (e.g. a mobile 

phone app) that permits users to trade electricity between one another in near real-time but 

where each trade must be performed manually by market participants. The automated group 

would be presented with the same platform but also be told that the platform comes with a set 

of default trading preferences (e.g. over price points and electricity source) that they can 

choose to adjust if they wish.68  

Hypothesis 2.1 and 2.2 cannot be tested using a randomised control trial in a field experiment 

because it is not possible to randomly assign people to different regions or to become friends 

with people. A quasi-experimental design is therefore outlined in the subsequent section.  

Hypothesis 2.4 and 2.5 will be tested by comparing prices across a number of groups, in which 

the number of market participants is randomly varied using a quota system in combination 

with the quasi-experimental method proposed for testing hypotheses 2.1 and 2.2.  

Hypothesis 2.6 will be tested in a laboratory setting in which participants are randomly 

assigned to two fictional electricity trading conditions, one in which they are trading face to 

face with a partner who has been assigned to them and another in which they are trading with 

an anonymous partner to whom they are not physically introduced.  

Hypothesis 2.7 would be tested by randomly assigning participants to two versions of the same 

P2P platform, one which is integrated with the social networking website Facebook (which 

enables participants to see which of their friends, if any, are also market participants) and 

another which is not integrated with any social network website. 

4.2  Quasi- or non experimental methods 
 

                                                
68 In this paper we do not consider the additional complication of how to determine the market 
equilibrium in a market in which some users adjust the default settings but others do not.  
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Hypothesis 1.1 will be tested by measuring the cognitive capabilities of trial participants and 

then testing whether participation in the P2P market is correlated with cognitive capacity.  

Hypothesis 2.1 would be tested by measuring the geographic location of each app user (via 

GPS) and testing whether there is a statistically significant correlation between price and the 

geographical distance in kilometres between buyers and sellers.  

Hypothesis 2.2 would be tested by integrating the app with the social networking website 

Facebook and testing whether there is a statistically significant correlation between price and 

the friendship status of buyers and sellers. 

An alternative way of testing hypothesis 2.2 may be to run a field experiment in a university 

halls of residence, where people are randomly assigned to their accommodation and where 

there is also likely to be a strong correlation between who one is living with and who one 

eventually becomes friends with. In other words, friendships in undergraduate halls of 

residence in the UK can be treated as if they were randomly assigned. Facebook will be used 

to validate friendships. 

5. Conclusion 
 

P2P trading of electricity is being increasingly cited as a potential solution to the challenge 

presented by balancing an increasingly decentralised electricity supply with decentralised 

electricity demand.69,70,71, 72, 73 However, whilst P2P markets have existed in music and film for 

decades, P2P trading of electricity is relatively untested amongst consumers and little is known 

about whether, and to what extent, consumers would be willing to take responsibility for a 

service that is currently managed for them by their energy supplier. In addition, whilst a range 

of articles cited in this paper have discussed the potential of P2P electricity trading in a future 

energy market, to our knowledge none have explicitly considered how a range of factors 

known to influence consumer decision making from the behavioural science literature might 

affect efficiency of outcomes in P2P electricity trading markets.  

To fill this gap, this paper briefly reviewed the literature on P2P electricity trading and 

behavioural game theory to generate a set of testable hypotheses about the likely extent and 

type of consumer participation in P2P electricity trading markets. The literature from 

behavioural economics would suggest that boundedly rational consumers, who are time poor 

and prone to procrastination74, will participate in much lower numbers than would be expected 

by the default model of consumer decision-making used by policymakers to conduct cost-

benefit analyses. The literature on social norms would suggest that the popularity of P2P 

electricity trading is likely to depend crucially on whether platform creators plug into existing 

                                                
69 Ofgem and BEIS (2017). “Upgrading our Energy System: Smart Systems and Flexibility Plan”, July 
2017.https://www.ofgem.gov.uk/publications-and-updates/upgrading-our-energy-system-smart-
systems-and-flexibility-plan. 
70 Burger, C., Kauhlmann, A., Richard, P. and Weinmann, J. (2016), “Blockchain in the energy transition. 
A survey among decision-makers in the Germany energy industry”. Deutsche-Energie-Agentur GmbH 
(dena), Berlin, November 2016, pp 1-40. 
71 Government Office for Science (2016). “Distributed Ledger Technology: beyond block chain”, A report 
by the UK Government Chief Scientific Adviser, pp 1-87. 
72 PwC (2016). “Blockchain – an opportunity for energy producers and consumers?”, PwC Global 
FinTech Report, March 2016, pp1- 46. 
73 Siemens (2016), “Blockchain applications: fact sheet for innovation fields”, Unrestricted AG 2016, 
pp1-2. 
74 O’Donaghue and Rabin (1999). “Doing it now or later”, American Economic Review, 89 (1), pp. 103-
124. 
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social networking platforms such as Facebook. In addition, behavioural game theory suggests 

a range of factors will affect the extent to which P2P electricity markets deliver efficient 

outcomes, including whether trading is done with neighbours or strangers and the market 

concentration. The paper then presented a series of research designs to test these 

hypotheses empirically. If these studies were run, the results could then be used to design 

P2P electricity trading platforms that work with, rather than against, the grain of human 

behaviour.  

Whilst it is not possible at this stage to say how P2P networks should be designed to achieve 

this, ample research from behavioural science shows that P2P electricity trading will only 

address the challenges presented by decarbonising electricity supply if trading platforms are 

designed for real humans, not their idealised counterparts in classical economic models.  


