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Abstract 
 
Although theoretically the individual 
decision of buying heating systems is 
expected to be an efficient choice, the 
problem of social sub-optimality must 
be considered. This article models and 
empirically investigates, from the point 
of view of game theory and rational 
choice perspective, the distinction 
between individual and collective 
action, how the former can cause the 
failure of the latter. Individuals still 
choose to buy individual heating 
systems without being aware that a 
better solution is the investment in the 
modernization of centralized heating 
systems. Although it has a lot of 
beneficial aspects, as comfort or 
efficiency, the choice of individual 
boilers has important social negative 
externalities, such as neighborhood 
pollution. Therefore, the main inquiry is 
how public authorities can contribute 
by setting incentives to transpose 
individual rationality to the social level. 
The formal and game theoretical results 
show that if enough people cooperate in 
order to modernize district heating 
systems, both individual and social 
costs can be lower than in the case of 
individual heating boilers. 
 
 

1. Introduction 
 
One of the main challenges of 
technological development in countries 
that use centralized heating systems is 
the increased number of individuals that 
decide to purchase individual heating 
systems. Thus, they have become 
responsible for the way common-pool 
resources, as gas, water, electricity and 
even clean air, are managed.  
 
This article focuses on the Romanian 
case. While in most Central and Eastern 
European countries, as for instance 
Hungary, disconnection from the 
central system is associated with high 
costs1, in Romania, over the last few 
years, there has been a steady increase 
in the number of individual purchases 
of heating systems due to low costs of 
disconnection. People have decided to 
give up the old and inefficient system 
and become independent in their 
heating, water and gas consumption. As 
the next table shows, the number of 
households connected to centralized 
heating systems decreases almost 
continually every year.  
 
Based on the above described situation, 
the main question that this article tries 
to explicitly answer is the following: 

                                                 
1 Katalin Pallai (ed.), The Budapest Model. 
A Liberal Urban Policy Experiment, World 
Bank Institute and Local Government and 
Public Service Reform Initiative, Budapest 
2003, 261. 
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which alternative – purchasing an 
individual heating system or investing 
 
Table 1: The number of households 
connected to the centralized heating 
systems in Romania in the last four 
years 

Year The number of 
households 

connected to the 
centralized heating 
systems at the end 

of the year 
2004 1,190,635 
2005 1,113,093 
2006 1,088,074 
2007 1,082,628 

Source: National Authority of Public 
Service Settlement for Communal 
Households2   
 
in the modernization of a district 
heating system, induces a more 
effective management of common-pool 
resources and thus provides greater 
benefit at both the individual and social 
level? The two problems present in this 
question – the management of common-
pool resources and the individual and 
social benefit, are interdependent and 
imply a single answer. The efficiency of 
the way common-pool resources are 
managed influences both the level of 

                                                 
2 National Authority of Public Service 
Settlement for Communal Households 
(Autoritatea Nationala de Reglementare 
pentru Serviciile Publice de Gospodarie 
Comunala), Available at 
http://www.anrsc.ro/index/servicii_energetic
e/ARHIVA/arhiva_2007.htm, (accessed 15 
May 2007). 

individual and social benefit. A 
secondary question this article 
addresses is: How can public or 
political institutions intervene in the 
problem of heating systems in order to 
effectively manage common-pool 
resources? Considering these questions, 
the hypothesis of the article is that the 
modernization of district heating system 
is a more beneficial alternative to 
individual boilers at both individual 
and social levels.  
 
From the methodological point of view, 
the article aims to apply a formal and a 
game theoretical perspective. I will 
develop formal functions and I will 
apply a game theoretical perspective in 
order to find the desired equilibrium of 
the game of heating systems.  
 
2. Conceptual framework 
 
This part of the article aims to offer the 
conceptual tools needed in order to 
better understand and to clearly 
describe the issue of heating systems. 
Therefore, the main concepts that are 
going to be used are management of 
common-pool resources and collective 
action. 
 
Development, broadly understand as 
demographic growth, growing demand 
for natural resources, integration of 
resources into the market, and 
technological innovations, increases the 
impact of human behavior on natural 
resources. Edwards and N. A. Steins 
argue that this development leads to 
“overexploitation, alienation of 
traditional users groups and conflict 
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among different stakeholders”.3 Before 
entering the issue of resources 
management, a definition of “the 
common-pool resource” concept is 
required. Contrary to private goods 
owned by a single person, common-
pool resources are those resources that 
do not exclude anyone from using them, 
but that do not permit multiple 
consumers to use the same good for 
unlimited time.4 In other words, as 
Heikkila claims, common-pool 
resources present the difficulty in 
excluding users and sub-tractability of 
supplies (which can lead to problems of 
free-riding or insufficient maintenance 
of supplies), where each resource user 
reduces the supply available to others 
(which can lead to problems of over-
appropriation or congestion).5 

                                                 
3 V. M Edwards and N. A. Steins, 
“Developing an Analytical Framework for 
Multiple-Use Commons”, Journal of 
Theoretical Politics, no.10 (3), 1998, pp. 
347-383, in Steins, Nathalie A and Victoria 
M. Edwards   “Synthesis: Platforms for 
Collective Action in Multiple-Use 
Common-Pool Resources”, Agriculture and 
Human Values no.16, 1999, Kluwer 
Academic Publishers, 309.  
4 Elinor Ostrom, Roy Gardner, and James 
Walker, “Rule, Games, and Common-Pool 
Resources”, (Michigan: The University of 
Michigan Press, 1994), 4. 
5 Tanya Heikkila , “Institutional Boundaries 
and Common-Pool Resources Management: 
A Comparative Analysis of Water 
Management Programs in California”, 
Journal of Policy Analysis and 
Management, Vol. 23, No.1, 2004, 
Published by Wiley Periodicals, 100. 

Therefore, the “tragedy of commons”6, 
as Hardin named it, may arise mainly 
because “human behavior is driven by 
the maximization of individual payoffs 
and not by the desire to achieve a 
socially optimal solution”.7  
 
The literature has tried to find the 
proper solution to the problem of 
common-pool resources and to give 
further public policy significance to the 
issue. The most viable solutions for the 
tragedy of commons, found in the 
literature, are central authority 
management, market or private property 
management, and self-management. 
However, due to the fact that the issue 
of heating systems is a large 
community’s issue, the only plausible 
solution seems to be the state 
intervention.  
 
This solution is related to the extent to 
which a central authority or public 
institutions can create incentives to 
induce rational behavior at the social 
level in order to maximize general 
welfare. Thus, in the case of common 
pool resources, the state may have an 
important role in shaping the ways in 
which users of such goods “coordinate 
their actions to solve supply and 
demand dilemmas”.8 Institutions are 

                                                 
6 Garrett Hardin, “The Tragedy of the 
Commons”, Science (162, 1968):1243-1248. 
7 Maria-Elisabeth Fischer, Bernd Irlenbusch 
and Abdolkarim Sadrieh, “An 
Intergenerational Common Pool Resource 
Experiment”, Journal of Environmental 
Economics and Management, No. 48 
(2004): 811. 
8 Tanya Heikkila, op. cit., pp. 97-117. 
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able to formulate norms, rules or laws 
to regulate behavior, in a formal or 
informal manner. Thus, coercion might 
be the instrument that regulates 
individuals’ behavior in such a manner 
that, through punishment, leads to 
social consciousness. Olson claims that 
in the absence of coercion, the 
collective action of the members in a 
group managing common pool 
resources will not lead to an efficient 
social outcome and rational self-
interested individuals will not maximize 
their common economic interests.9 In 
the same manner, Ophuls refers to the 
same solution of coercion, sustaining 
that only public control over common 
pool resources will efficiently align 
members’ behavior.10 However, Hardin 
recommends only “mutual coercion”, 
agreed by the majority of people.11 
 

Jeff Dayton-Johnson and Pranab 
Bardhan consider that the management 
of common-pool resources is a 
“collective-action dilemma: a situation 
in which mutual cooperation is 
collectively rational for the group as a 
whole, but individual cooperation is not 
necessarily rational for each member”.12 

                                                 
9 Antonio Nicita, “Incomplete Contracts and 
the Commons: Valuing the Strategic Role of 
Existing Costs”, Italian Antitrust Authority 
and University of Siena, 1999, 2. 
10 W. Ophuls, “Leviathan or Oblivion” 
quoted in Antonio Nicita, op. cit., p. 3. 
11 Garrett Hardin, Ibid, 1247. 
12 Jeff Dayton-Johnson and Pranab Bardhan, 
“Inequality and Conservation on the Local 
Commons: A Theoretical Exercise”, The 
Economic Journal, 112 July, pp.577-602, 

One of the multiple definitions of 
collective action presented in the 
literature is given by Holzinger. She 
claims that collective action refers to 
“the joint actions of a number of 
individuals that aim to achieve and 
distribute some gain through co-
ordination or co-operation”13. Thus, it is 
generally accepted that collective action 
implies cooperation and collaboration 
between the members of a community.  

Furthermore, the issue of cost within a 
collective decision must be considered. 
While first there are costs related to the 
fact that collective decision might not 
correspond to individual preferences, 
second there are costs related to the 
decision-making process, as time and 
effort of bargaining in order to reach a 
consensus.14 Collective action is not 
described as meaning that every single 
individual within a community is 
engaged in the process, but that enough 
people that have similar interests are 
connected.15   

                                                       
Royal Economic Society 2002, Published by 
Blackwell Publishers, p.577. 
13 Katharina Holzinger, “The Problems of 
Collective Action: A New Approach”, 
Gemeinschaftsgüter: Recht, Politik und 
Ökonomie, Bonn, (January 2003): 2. 
14 Mark Sproule-Jones, “Toward a Dynamic 
Analysis of Collective Action”, The Western 
Political Quarterly, Vol.26, No.3, 
(September. 1973): 414. 
15 E Schlager, and Bloomquist, V. M., “A 
Comparison of Three Emerging Theories of 
the Policy Process”, Political Research 
Quarterly, 49 (3), (September 1996):.651-
672 in  Naidu, C. Sirisha, “Heterogeneity 
and Common Pool Resources: Collective 
Management of Forest in Himachal 
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In sum, in order to avoid the issue of 
free riding, the state seems to be the 
best solution for properly managing 
common-pool resources at the social 
level. The main common-pool resources 
this article refers to are gas, water and 
clean air, all of them being goods used 
by heating systems. 
 
3. A formal approach to heating 
systems 
 
In Romania, district heating constitutes 
approximately 31% of the supplies of 
the heating market.16 Although it is 
believed that individual heating systems 
offer a large number of advantages, the 
specialized literature claims that district 
heating systems are more reliable than 
individual boilers, at least in the case of 
Romania.17 Some cities in Romania 
have even experienced explosions 
caused by the improper use or 
construction of individual heating 
systems. While the costs of maintaining 
district heating are included in the 
monthly price, it is admitted that 

                                                       
Pradesh, India”, Department of Resource 
Economics, University of Massachusetts 
Amherst, 6. 
16 Madalina Anastasiu, Institute for Studies 
and Power Engineering, The case of 
Romania, in “District Heat in Europe. 
Country by Country/ 2003 Survey”, 
Published by EUROHEAT & POWER, The 
International Association for Combined 
Heat and Power, District Heating and 
District Cooling, Belgium 2003, 301-302. 
17 International Energy Agency, “Coming in 
from the Cold. Improving District Heating 
Policy in Transition Economies”, 
OECD/IEA, 2004, 39-40. 

individual heating systems need extra 
maintenance due to the risks coming 
from inadequate installing or lack of 
annual control.18 Furthermore, although 
there are measures in order to protect 
the environment and to save energy19, 
there is a large amount of pollution 
produced by individual boiler systems. 
Thus, the risk implied is believed to be 
even higher mainly because many 
people demand less and less services 
from the centralized heating offices, 
due to poor quality or high prices, and 
switch from district heating to other 
forms of heating, such as  the individual 
boiler.20  
 
Based on the theoretical framework and 
on the status quo description, this part 
of the article explicitly and formally 
makes the distinction between three 
types of heating systems - old district 
heating, individual heating system, and 
modernized district heating. The figure 
below graphically represents the main 
issue. 
 
The main argument is the following. 
Heating systems use gas and water in 
order to produce warmth. Therefore, the 
way these two common-pool resources 
are managed should not be indifferent, 
in terms of efficiency. Thus, reality 
shows that, in the present, there are at 
least two main possibilities of using gas 
and water within the 
                                                 
18 Ibid, pp.132-133. 
19 Madalina Anastasiu, ibid., 303. 
20 International Energy Agency, “Coming in 
from the Cold. Improving District Heating 
Policy in Transition Economies”, 
OECD/IEA, 2004, 51-52. 
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Figure  1: Summary of heating 
system issue 
 

 
 
heating systems framework: the old 
district heating systems and individual 
heating systems. However, the main 
focus of this article is on the third 
alternative, namely the modernization 
of district heating. Although sooner or 
later this alternative is going to be put 
in practice, the questions that can be 
raised are when and how, or under what 
conditions.  
 
In the case of Romania, the issue of 
disconnection from the district heating 
seems to become a very risky action, 
both from the point of view of heating 
agencies that cannot afford to survive 

with a small number of consumers and 
from the point of view of pollution 
generated by mechanisms of producing  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
heat (as, for instance, individual 
boilers). In addition, the modernization 
of district heating systems is not an 
inexpensive investment. On the 
contrary, it implies significant costs, 
which are almost entirely supported by 
heating agencies. However, based on 
the formal description that will be 
presented, this article offers a solution 
to the aforementioned issues, namely, 
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an individual heating system and for 
choosing to remain connected to and to 
invest in district heating systems.  
 
4. The functions of the game 
 
Considering the background, this part 
of the article aims to mathematically 
evaluate the hypothesis by constructing 
functions for each of the three analyzed 
heating situations: old district heating 
system (ODHS), individual heating 
system (IHS) and modernized district 
heating system (MDHS). The formal 
modeling aims both to simplify the 
heating system issue by putting it in a 
mathematical format and to 
comprehensively understand the 
differences between different types of 
heating systems.   
 
It can be logically deduced that if 
individuals have to choose among 
different types of heating systems and if 
they make rational decisions, they opt 
for the alternative that has the lowest 
cost and the highest quality. In the case 
of heating systems, although there is 
rational choice at the individual level, 
this article tries to test whether the 
aggregated decision is optimal at the 
social level. In this respect, I aim to 
formally test if individual heating 
systems are more costly than the 
modernization of old heating systems. 
The role of the state in all this game is 
that of becoming conscious of the 
heating system issue, of informing 
people about the alternatives and 
payoffs and of creating incentives to 
persuade individuals to opt for the 
socially optimal solution. 

As the heating system issue is a very 
complex one, the function for each case 
is going to contain variables, as comfort 
(Com), control of the temperature 
(Cont), the amount of externalities (E) 
and efficiency (Ef) of the system that 
cannot be quantified without 
specialized mechanisms. However, they 
are going to be part of the functions due 
to their importance and they are going 
to be interpreted only from the point of 
view of their formal sign (positive or 
negative) as a cost or a benefit. In 
addition, these variables will reach a 
meaning and a theoretical value based 
on specialized literature described 
above. 
 
Besides the four aforementioned 
parameters, the main quantifiable 
variables that are going to make an 
empirical difference between the three 
heating systems and that are going to be 
the main values within the game 
theoretical perspective are: the 
investment (I) in the heating system, if 
it is the case, and an average of a 
monthly maintenance costs (Mc). In the 
case of modernized heating system, 
another variable will be introduced, 
namely the number of the subjects (N) 
that are likely to invest in the 
modernization.  
 
It is important to note that all the 
variables will be considered at the 
household level. Furthermore, as it is 
not feasible to use information about 
the characteristics of all types of 
households, an average number will be 
considered for each variable. Thus, the 
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general function of heating systems (HS) looks as it follows: 

The following parts of this article are 
going to separately consider each case 
of heating system, by computing 
individual net benefits in all the three 
heating situations. Based on the formal 
modeling and on the available data, I 
try to give values for every heating 
system case in order to shape proper 
comparisons. 
 
5. Old district heating system 
 
In the case of the Romanian old district 
heating system, the costs for the heating 
depends on the dimensions of house 
and not on personal characteristics as 
income or comfort needed. For 
instance, a certain dimension of 
dwelling or a certain number of rooms 
corresponds to a certain quantity of gas 
and water provided, regardless of the 
amount of warmth needed. Therefore, 
there might be cases in which, although 
the members of the household do not 
need it, the level of warmth is very high 
due to the lack of control over the 
consumption. As a consequence, a large 
number of people, at least in the case of 
Romania, might pay for certain amount 
of goods - gas and water - they do not 
need and that can create even physical 
discomfort.  
 
The function for the old heating system 
comprises all the above-mentioned 
variables. The exception is the 
investment cost, which is zero in this 

case. I will consider the value of 
“control” variable as null because 
individuals do not have instruments in 
order to control the amount of warmth 
they receive. There might be cases in 
which there is lack of comfort due to 
being too cold or too warm. The 
efficiency of consumption might be 
under question both due to the lack of 
comfort and to the wasted energy 
related to transportation, and thus, can 
be considered as a cost or as a null 
variable. In this case, specialized 
literature claims that the efficiency of 
centralized systems does not go beyond 
70% because both of the annual 
revisions – when there are accidental 
cuts in the water and warmth provision 
– and of the wastes in the system due to 
its age– more than 50 years of 
functioning without radical 
improvements.21 In addition, centralized 
system is characterized by a 
dependence on neighbors. Thus, if the 
payments that are not done on time 
might affect all the households in the 
building due to temporary breaking offs 
of the water and warmth provided.22 

                                                 
21APICT – The Association of Producer and 
Importers of Heating System (Asociatia 
producatorilor si importatorilor de centrale 
termice), Individual Heating System – Study 
Case, Available at:  
www.apict.info/statistici.htm, (accessed 6 
May 2007); 
22 Ibid. 
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This article only takes into account 
externalities as negative effects. The net 
benefit in the case of old district heating 
systems is the following: 

 
Due to the fact that there are no exact 
official data on the present monthly 
costs of a household that is connected to 
an old district heating, I will use 
estimates. Therefore, as unofficial data 
demonstrate, for an average number of 
family members and for an average 
household, a family connected to the 
centralized system paid in 2004 around 
1.200 RON per year, which means 
around 100 RON monthly.23 It means 
approximately 30.19 Euro.24 
 
The net benefit in the case of old 
district, although it is more of a cost, is 
the following:  

 
 
Although the monthly financial cost per 
household seems not to be that high, the 
benefit of the system is minimal due to 
the lack of comfort, control and 
efficiency. However, the situation of 
old district heating systems is not an 

                                                 
23 “Installations Technique” Magazine, 
(Revista “Tehnica Instalatiilor”), Available 
at 
http://www.tehnicainstalatiilor.ro/articole/im
ages/nr_13/82_84.pdf, (accessed 15 May 
2005). 
24 The currency used is from Romanian 
National Bank, from 7 May 2007, 1 Euro = 
3,3118 RON, Available at 
http://www.bnr.ro/,  (accessed 7 May, 
2007). 

alternative anymore due to further 
modernization plans that already exist 
at the Romanian level.  
 
6. Individual heating system 
 
The case of individual heating systems 
is the case in which the state allows 
individual boilers’ market to develop. 
This situation is a marginal propensity 
case in which people pay exactly the 
amount of resources they have 
consumed. In this case, there are no 
fixed costs involved beside the 
investment costs in the heating system. 
Unlike the above described case, 
individual characteristics, as the 
comfort needed in terms of temperature 
and control, are more valued. However, 
as with every heating mechanism, this 
system has its shortcoming: 
interdependence - due to the fact that 
within a building, common pipes are 
usually cut in the process of installing 
boilers, some householders might give 
in to the pressure of the neighbors and 
have to disconnect from the old system 
although they cannot afford to invest in 
an individual heating system, and 
pollution mainly due to an improper 
installation and lack of maintenance. 
 
In the case of individual heating, 
consumers have control over the system 
and are independent of the 
neighborhood energy losses. Therefore, 
comfort and efficiency may be 
quantified as positive variables. Thus, 
the net benefit for the case of individual 
heating system is described in the 
following equation: 
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(1) 

 
An estimated average of an investment 
on an individual heating system is 
around 766,36 Euros. In addition, if the 
monthly cost is computed only for the 
consumption, without the investment, 
the estimated costs are around 62,6 
RON251, which means 18,9 Euros265. 
Based on these data, the equation is the 
following (see 1) 

 
In contrast with the minimum comfort 
and maximum prices, the individual 
system provides the possibility of 
controlling the amount of gas and water 
consumed and of self-managing 
them.273  
 
However, although the two above 
described systems have their benefits, 
the main emphasis of this article is on 

                                                 
25 ASA Holding Romania – “Centralized 
Heating or Individual Heating System?”, 
Available at: 
www.euroheat.org/workgroup4/ASAPublic
Folder_rom.pdf, (accessed 6 May 2007); 
26 The currency used is from Romanian 
National Bank, from 7 May 2007, 1 Euro = 
3,3118 RON, available at 
http://www.bnr.ro/, (accessed 7 May, 2007); 
27 APICT – The Association of Producer 
and Importers of Heating Systems 
(Asociatia producatorilor si importatorilor 
de centrale termice), Individual Heating 
System – Study Case, Available at: 
www.apict.info/statistici.htm, (accessed 6 
May 2007). 

testing if a third system is more 
efficient. Thus, the next part of the 
chapter formally describes the 
modernized heating systems.  
 
7. Modernized district heating system 
 
Given the above discussion, although, 
at least in the case of Romania, heating 
agencies are the ones investing in the 
modernization of their equipment, this 
paper, proposes a hypothetical 
perspective in which the consumers 
who are connected to the centralized 
system are the ones that must invest in 
the improvement of the district heating 
systems. This approach might serve as a 
policy application in the future that 
refers to both cost reduction of heating 
agencies and, thus, increased efficiency 
in the entire improvement of the 
system, and to a minimum investment 
of individuals in the renovation process.  
The main debate of this article is related 
to the difference between individual 
and modernized district heating 
systems. I claim that, in the long run, 
the latter is more beneficial than the 
former. Although it seems to be more 
effective to have an individual boiler, in 
most of the cases, this is because the 
real costs and benefits are 
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not actually quantified. The main 
arguments that people might think 
about in favor of the individual heating 
system are the following: the negative 
experience with the old and inefficient 
centralized system, a better comfort and 
control of the temperature, and the 
belief that boilers are a cheaper option. 
Therefore, a wider analysis that 
involves all possible important factors 
is needed. The modernized district 
heating system resembles the old 
district heating system in terms of the 
centralized idea of functioning. 
However, the former can differ in a 
large number of respects from the latter, 
as for instance, the efficiency it 
provides, comfort and control 
individuals can have within this system. 

One of the most important variables 
that comes into discussion and that is 
different from the above two mentioned 
cases is the number of people investing 
in the modernization.   
In this case, total cost, including the 
investment and the total monthly 
payments, depends on the number of 
people that contribute to the 
modernization. Thus, the more people 
cooperate in the game of 
modernization, the less money each of 
the individual has to pay. Furthermore, 
it is more likely to have social 
optimality and not under-investment. 
The net benefit in the case of 
modernized district heating is described 
by the following equation:  

 

Although the transition from the old 
heating systems to the modernized ones 
seems to be the initiative of the heating 
agencies, and although the cost of 
modernization is part of their 
contribution, a different perspective can 
be raised. As mentioned before, I argue 
that the individual monthly cost, 
including the investment in the 
modernization of the district heating, is 
lower than in the case of individual 
boilers. Since the net benefit in the 
modernization case depends on the 
number of households that invest, the 
previous statement seems to be valid in 
the situation in which a large number of 
people contribute to the renovation 

process.281  The perspective of 
individual contribution is a rational 
alternative from at least two points of 
view. First, each individual pays a 
minimum amount of money for a 
maximum efficiency and comfort. 
Second, heating agencies can afford to 
offer best quality in a shorter period of 
time and to a larger number of 
consumers. 
 

                                                 
28The International Association for District 
Heating, District Cooling and Combined 
Heat and Power, “The Case for District 
Heating: 1000 Cities Can’t be Wrong! A 
Guide for Policy and Decision Makers”, 
p.17, Available at: 
www.euroheat.org/ecoheatcool/project_3.ht
m, (accessed 7 May, 2007). 
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Within this framework, the aspect of 
who is going to invest must be further 
discussed. Specifically, it is the issue of 
those consumers that have already 
invested in individual boilers or of 
those that have never been connected to 
a centralized system. The former ones 
are highly unlikely to give up on this 
investment and on the comfort they 
have and invest again in a system that 
did not provide them any benefit in the 
past and that is uncertain for them. 
They are even less likely to reconnect 
themselves to the modernized district 
heating system due to the fact that 
negative externalities of individual 
boilers not necessarily have a direct 
effect on them. In the latter situation, 
there are people connected to other 
types of heating systems, as, for 
instance, stoves with solid or liquid fuel 
or electric systems29, who might be 
skeptical in approaching a new and 
unsure type of investment that implies 
interdependence on the system. 
However, although these situations are 
improbable, they are not impossible and 
some people that are not connected to 
the centralized systems might decide to 
invest in its modernization. Although it 
would be easy from the point of view of 
rational choice to predict individuals’ 
action, it is not feasible to say that all 
consumers are going to choose the 
highest utility at the lowest price. Thus, 
                                                 
29 APICT – The Association of Producer 
and Importers of Heating System (Asociatia 
producatorilor si importatorilor de centrale 
termice), Individual Heating System – Study 
Case, Available at: 
www.apict.info/statistici.htm, (accessed 6 
May 2007). 

the number of people that is expected to 
invest represents mainly the individuals 
that are still connected to the old district 
system.  
 
In 2007, considering that the number of 
households connected to the centralized 
systems in 1992 was 2,921,36830, and 
that the number of households 
connected in 2007 is 1,082,628314, we 
may estimate the percentage of 
households that are still connected to 
the centralized systems. Based on 
formal computation, 37% of the total 
number of households is nowadays still 
connected to district heating systems.  
 
Due to the fact that data regarding the 
number of district heating systems is 
officially available only for Cluj county 
case – 107 systems325, we need to 
estimate the number of district heating 
at the national level. Thus, if 107 
systems function for approximately 60 
000633 of connected household in Cluj, 

                                                 
30 Census Report 1992, Romania, Available 
at http://www.recensamant.ro/, (accessed 15 
May 2007). 
31 National Authority of Public Service 
Settlement for Communal Households and 
Public Utility (Autoritatea Nationala de 
Reglementare pentru Serviciile Comunitare 
de Utilitate Publica), Available at 
http://www.anrsc.ro/index/servicii_energetic
e/starea_servicii_energetice_interes_local.ht
m, (accessed 15 May 2007). 
32 “Termoficare Heating Agency”, Cluj-
Napoca, Romania, information provided by 
the Manager Director of the company, 2006. 
33 “Termoficare Heating Agency”, Cluj-
Napoca, Romania, Available at 
www.ratcj.ro, (accessed 12 May 2007). 
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and considering that the number of 
connected households at the national 
level is 1,082,628, we may say that the 
number of district heating systems at 
the national level is approximately 
1930. Thus, while the investment in the 
modernization in one district heating 
system is estimated to be around 
750,000 Euro, the value of the total 
investment in modernization is 
estimated to be around 1,447,500,000 
Euro. 
 
Having 1,082,628 households 
connected to the centralized system in 
2007 and 1930 district heating systems, 

each system’s modernization costing 
around 750,000 Euro, the estimated 
investment cost per household in the 
modernization of district heating is 
around 1337.02 Euro. The monthly 
maintenance bill is estimated to be the 
same as in the case of old district 
heating system, namely 30,19 Euro. 
However, although there are no data 
available yet, this cost can significantly 
decrease after the modernization 
process and after the heating systems 
become more efficient. The net benefit 
in 2007 situation is described in the 
following equations: 

Although the modernized heating 
systems seem to offer higher benefits 
for a larger number of people, in 
contrast with individual systems, the 
main shortcoming that still remains is 
the interdependence on the entire 
system.341 By using meters, an 
important part of this problem seems to 
be solved. However, a centralized 
system, although offering the efficiency 
and comfort needed, is very likely to 
remain a system that confronts itself 
with permanent technical problems 
related to the dimensions of the system. 
   

                                                 
34 “Termoficare Heating Agency”, Cluj-
Napoca, Romania, information provided by 
the Manager Director of the company, 2006. 

8. A game theoretical approach to 
heating systems 
 
Considering the above formal approach, 
this part of the article transposes the 
households’ results, computed by using 
a cost-benefit formula, into an 
aggregate situation or a game in order 
to find the social equilibrium. If the 
transition from old district heating and 
maybe from individual heating systems 
to the modernized systems seems to be 
a desirable situation, the issues of 
collective action and of management of 
commons come into the picture. Thus, 
state or local authorities may be the 
main actors that can intervene in order 
to inform about the new heating option, 
to establish the communication network 
between consumers and between 
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consumers and heating agencies, and to 
regulate the market by adopting a 
specialized legal framework. 
Although collective action is mainly 
associated with moral rather than 
logical concept, as Rapoport352 claims, 
this article analyzes the issue of 
collective action from the latter point of 
view. By using a game theoretical 
perspective of heating systems the 
analysis is going to focus on the way 
people from large communities can be 
determined to cooperate and to 
collectively act in order to improve both 
individual and social living conditions, 
from both financial and non-financial 
points of view.  
 
It is claimed that the biggest payoffs 
come not from maintaining a game that 
is not proper anymore, but from 
changing the game and the rules of the 
game in a more beneficial way.36 The 
present real game of heating system is a 
non-cooperative one, in which each 
individual aims to satisfy his/her own 
needs without taking into account 
his/her actions’ effects on the entire 
society. As the case of Romania is 
emphasizing, there are both individual 
and social issues that need to be solved 

                                                 
35 Anatol Rapoport, “Prisoner’s Dilemma – 
Recollections and Observations” in Brian 
Barry and Russell Hardin (Eds.), Rational 
Man and Irrational Society? An 
Introduction and Sourcebook, (Beverly 
Hills/ London/ New Delhi: Sage 
Publications, 1982), 72-73. 
36 Adam M. Brandenburger and Barry J. 
Nalebuff, Co-opetition, (New York: 
Currency and Doubleday Publishing Group, 
1996), 69. 

by adopting a new game. Thus, the 
modernization of heating system can be 
a beneficial alternative both at 
individual and social levels. At the 
individual level, the amount of money 
paid monthly per household in the case 
of modernization can be lower than the 
in the case of the old district heating 
system and than in the case of 
individual boilers, mainly if enough 
individuals contribute to the investment. 
At the social level, besides the fact that 
there is social equality, meaning that all 
those that invest need to pay exactly the 
amount of money associated to the 
amount of resources consumed, the 
system seems to promise a higher 
degree of efficiency in terms of the 
rapidity of the modernization process - 
if enough people invest, and a lower 
quantity of pollution. 
 
Thus, the elements that can make the 
difference between an old district 
heating system or an individual boiler 
and a modernized heating system, if the 
above condition is fulfilled, are the 
lower monthly costs in general, a higher 
efficiency for everybody regardless of 
the level of income, and a reduced 
amount of pollution. Furthermore, one 
of the possible civic benefits of the 
modernized alternative is the lesson of 
cooperation, of collective involvement 
for the case of the entire society. 
Although the state or local authorities 
are the main constraining actors in 
order to make people play the new 
game of cooperation, the main players 
that can decide the further development 
of the game are individuals.  
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9. The game of heating systems 
 
The entire perspective on heating 
systems described above will be 
developed within this part of the 
chapter as a Prisoner’s Dilemma game, 
in which the equilibrium of the game if 
defection-defection. Prisoner’s 
Dilemma shows that individually 
rational strategies do not necessarily 
lead to social optimality. A one shot 
game will be developed, in which a 

decision already taken cannot be 
changed. Once one has invested in the 
modernization of district heating, one 
cannot disconnect oneself during the 
 game. It is the same situation regarding 
the choice of purchasing individual 
boilers. The table bellow represents the 
game of heating systems with the 
payoffs included. 
 
Table 2: The Prisoner’s Dilemma 
Game - the case of heating system issue 
(2007 data) 

 
Due to the fact that the modernization 
of district heating seems to be an 
irreversible issue, which will happen in 
any circumstances sooner or later, the 
game is only taking into account the 
perspectives of modernized heating and 
of individual boilers. As the graphical 
form of a game does not permit a more 
than two players game, I have reduced 
the entire society to the above game. 
However, after discussing the 
implications of this game, a discussion 
for the case of the entire community is 
needed.  
 
There are two players that usually find 
themselves in the situation of not 
knowing what the other one is doing. 
However, this is not a classical 
Prisoner’s dilemma situation in which 
the players cannot communicate. 

Individuals who know each other or 
who live in neighborhood might have  
 
the chance to communicate among 
themselves. The main possible 
strategies are either investing in 
individual heating systems or investing 
in the modernization of old district 
heating. As the players can 
communicate, the decision is not 
necessarily a simultaneous one, but a 
decision that must be taken in a limited 
time. 
 
As it can be observed in the above table 
and as the idea of game stresses, three 
situations can be illustrated. First, if 
none of the players invest in the 
modernization of the district heating but 
in the individual boilers, both players 
and the entire society have negative 
benefits from that. The aim of the game 
is that of establishing Nash equilibrium, 
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a situation in which nobody has any 
incentive to change their state or the 
chosen strategy. Thus, as long as the 
state does not provide incentives in 
order to induce the decision of choosing 
the alternative that is both individually 
and socially desirable, this equilibrium 
cannot be reached.  
 
Second, if one of the players chooses to 
purchase an individual boiler and the 
other one chooses to invest in the 
modernization of district heating, which 
is the most probable situation that can 
happen in the real life, the costs of the 
latter individual depends on the 
decision of the former. In an n-player 
game, the amount of the investment in 
the modernization of the district system 
constantly depends on the number of 
the people who choose the individual 
alternative. As stated before, as the 
number of people investing in the 
modernization increases, the individual 
cost decreases. 
 
Finally, in a two-person game, if both 
actors choose to invest in the 
modernization of the system, they can 
reach a Nash equilibrium that is Pareto 
optimal as well. Although in large 
communities this is not a possible 
situation, a desirable situation is that the 
majority of people play the modernized 
alternative.  
 
Regarding the efficiency of the systems, 
for which we have statistical data, the 
following comparison can be made. On 
the one hand, based on the specialized 
literature, while an old centralized 
heating system has efficiency close to 

35% but not higher than 70%371, a 
modernized one can increase its 
efficiency up to 80-90%.382 On the 
other hand, in the case of high 
technology that can be reached in the 
case of developed countries, the 
efficiency of individual boilers is 
evaluated to be around 86-90%.39 
However, studies that compare different 
types of individual boilers conclude that 
the level of efficiency may vary 
between 55% and 88%, depending on 
the technological characteristics.40 
 
Thus, the game shows that at almost 
equal comfort, control and efficiency, 
the optimal solution for both players is 
choosing not to cooperate, meaning to 

                                                 
37 APICT – The Association of Producer 
and Importers of Heating System (Asociatia 
producatorilor si importatorilor de centrale 
termice), Individual Heating System – Study 
Case, Available at: 
www.apict.info/statistici.htm, (accessed 6 
May 2007). 
38 Dimtcho Gueorguiev Linkov, “Energy 
Efficiency of Space Heating in District 
Heated Buildings in Bulgaria”, MA Thesis 
submitted to the Department of 
Environmental Studies, Central European 
University, Budapest, August 1998, 7. 
39 The A to Z of Building, “Boiler 
Efficiency – The Legislation and 
Compliance”, 29 September 2005, Available 
at: 
www.azobuild.com/news.asp?newsID=1627
(accessed 30 May, 2007). 
40 DEFRA – Department  for Environmental 
Food and Rural Affaires – Boiler Efficiency 
Database, Available at: 
www.sedbuk.com/cgi-
local/dynamicv.cgi?page=boiler8, (accessed 
30 May 2007). 
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invest in individual heating systems. 
The financial payoffs seem to be much 
lower in the case of modernization. 
However, based on specialized studies, 
a modernized district heating seems to 
offer at least the same benefits as 
household systems at the individual 
level, but much higher benefits at the 
social level in terms of pollution and 
efficiency.  
 
Considering this situation, and knowing 
that in an n-player game the 
spontaneous collective decision is 
unlikely to appear, the state seems to be 
needed to intervene at the level of the 
game to change rules and design new 
regulations. Put it in a different way, if 
the alternative of modernization of 
heating systems is really the best 
individual and social solution, the main 
condition for the modernization of 
heating systems to be less expensive 
than the investment in individual boilers 
is to have a high enough number of 
households investing in the former as 
the monthly costs to be the lowest 
possible. The following equations are 
formally explaining this statement and 
computing the minimal number of 
households needed. 
 
As described before, the net benefit (nb) 
per household within individual system 
case can be noted as  
 

222)( EcbIHSnb −−= , 
 

where 2222 EfContComb ++=  is 

the benefit implied, 2E  refers to 
externalities (pollution)415, and 

222 MCIc +=  is the quantifiable 
cost composed of investment and 
monthly bill. If this equation is 
considered for the entire community, 
with N households, we have the 
following form: 
 

xNEcbNIHSnbN ⋅=−−⋅=⋅ )()( 222  
 
where x is the net benefit from the 
individual system. 
 
In the same perspective, the net benefit 
equation for the modernized district 
heating is the following: 
 

333)( EcbMDHSnb −−= , 
 
where, 3333 EfContComb ++=  is 

the benefit implied, 3E is the 
externality produced by the system, and 

3
3

3 MC
N
I

c +=  is the quantifiable 

cost which includes in the investment 
the number of households that 
contribute to the modernization process. 
In the case of N-player game, the 
equation is the following: 

                                                 
41 In this part of the paper, externalities, for 
both heating systems analyzed, are being 
treated separately from the total cost, due to 
the fact that only the investment and the 
monthly maintenance costs can be 
quantified. 
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3333 )()( IyNEcbNMDHSnbN −⋅=−−⋅=⋅

 
where y is the net benefit from the 
modernization and 3I  is the value of 
investment in the modernization. 
When talking about collective action 
the question is not only if an alternative 
or a decision is rational, but when or in 
what conditions this decision is rational. 
Thus, having the two equations for the 
two heating cases, the main condition 
for the consumers to choose the 
modernization strategy is 

3IyNxN −⋅<⋅ , which means that 
the social benefit in the case of 
individual heating systems is lower than 
the social benefit in the case of 

modernized district heating systems. 
Considering this instance and the fact 
that collective action must be 
coordinated by an external actor, the 
state needs to create that condition 
under which the number of the 
individuals that invest in the 

modernization is higher than
xy

I
−
3 . 

 In numerical terms, it means 
that if the total investment in the system 
is around, 1,447,500,000 Euro, as stated 
before, and using the data from the 
2007 case, the equation becomes the 
following: 
 

  
It means that, at an average of three421 
persons per household, the number of 
households that must invest in the 
modernization in order to have a 
socially optimal situation is 746,198. 
This number shows that less than the 
number of households that are still 
connected to the centralized system 
need to invest in modernization in order 
to have social optimality. Only the 
households that are connected to the 

                                                 
42 Gerald Marwell and Pamela Oliver, The 
Critical Mass in Collective Action. A Micro-
Social Theory, (Cambridge: Cambridge 
University Press, 1993), 9. 

centralized systems have been included 
in the computations. However, since 
one of the main aims in the case of 
modernization is that households pay 
the smallest amount of money possible, 
the number of investors needs to be as 
high as possible. 
 
The above described situation is the 
problem of “critical mass”432 that must 
contribute to collective action, in this 
case, the investment in the 
modernization of the district heating 
systems, in order to accomplish the 

                                                 
43 Gerald Marwell and Pamela Oliver, ibid., 
1. 
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state of social optimality. As voluntary 
participation in collective action is not 
necessarily a very likely situation, the 
state is supposed to intervene in order to 
establish social optimality. By first 
informing people about their options, 
about the costs and benefits for each 
case and, second, by constraining 
enough people to choose the best social 
situation, state needs to change the 
Prisoner’s Dilemma into a cooperation 
game. 
 
10. Conclusions 
 
Heating systems in Romania have 
caused heavy problems due to high 
rates of disconnection from centralized 
systems and to the level of pollution 
generated by individual heating boilers. 
This article has analyzed, from a formal 
perspective, if purchasing individual 
heating systems or investing in the 
modernization of district systems 
induces a more effective management 
of common-pool resources and provides 
greater benefits at both the individual 
and social level.  
 
As the specialized literature 
emphasizes, the modernization of 
district heating in general seems to be 
desirable due to numerous 
disadvantages of the old systems, for 
instance, lack of efficiency, high prices, 
and wasted energy. Thus, by the 
renovation of old systems, common-
pool resources, as water and gas, can be 
better managed at both the individual 
and social level. Due to the fact that 
heating agencies may not be able to 
afford to invest in the modernization of 

all district heating systems at the same 
time, this article proposes a more 
efficient alternative that can improve 
both agencies’ and individuals’ 
conditions: collective contribution in 
the modernization investment process.  
In the case of large communities and 
limited resources, as the situation of 
heating systems, the most appropriate 
incentive seems to be that of developing 
regulations. Although it is believed that 
by purchasing individual heating 
systems people make a rational 
decision, at the social level these 
decisions are likely to be sub-optimal. 
At least three aspects can be mentioned 
in order to sustain this statement. First, 
there is the issue of pollution generated 
by improper installation of the 
individual systems’ smokestacks, by the 
lack of technical revisions or by the 
poor quality of second hand 
mechanisms. Second, although both 
individual boilers and modernized 
district systems are characterized by 
high degrees of comfort and control, in 
the long run, and at the social level, the 
two systems are very likely to 
differentiate themselves in terms of 
efficiency. Third, as the empirical part 
of the article shows, if the number of 
households investing in the 
modernization of district heating 
systems is high enough, financial 
monthly costs per family decrease 
significantly. By using a cost-benefit 
model and by developing a Prisoner’s 
Dilemma situation, I have shown that, 
in the case of Romania, individuals’ 
investments in the modernization of 
district heating is an efficient alternative 
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both for consumers and for heating 
agencies.  
 
In sum, as the data show, the hypothesis 
of this article is sustained by the 
empirical evidence. The investment in 
the modernization of district heating 
systems seems to be a more efficient 
solution than purchasing individual 
boilers. At least two conditions must be 
accomplished in this case: the state 
must create incentives for better 
management of common-pool resources 
and design regulations, and enough 
households must play the collective 
game of modernization in order to 
increase optimality at both individual 
and social level.  
 
Although Romania has started the 
program of modernization, the total 
improvement by using cogeneration in 
the district heating sector seems to be 
the most appropriate alternative for 
guaranteeing climate protection. Due to 
the fact that modernization requires 
energy saving, a demand driven policy 
is needed. Thus, as part of the 
modernization process, the installation 
of meters in the households connected 
to the centralized systems is a solution 
for improving the temperature control 
issue. 
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