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Abstract 

This thesis focus on the free rider problem, well known in the field of economics. It is an 

unwanted situation that gives rise to unnecessary deadweight costs. The aim of this thesis is to 

analyse the free rider problem that occur when rent include housing utilities and especially 

when electricity is billed collectively. A Difference-in-Differences design has been applied on 

two different sets of panel data covering tenants electricity consumption. The results show that 

tenants use 21.3 percent more electricity when not paying directly for their own electricity 

consumption. This thesis also shed some light on different components of this problem. The 

findings in this thesis contributes to the limited research in this field with new empirical 

evidence. 
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1 INTRODUCTION 
Global warming is one of the most debated topics in modern times. The constant rise in energy 

consumption is one of the contributing factors. While developed countries struggle to be more 

energy efficient, developing countries are getting more accustomed to western standards. Vast 

quantities of energy are used in inefficient ways such as transportation, consumption habits and 

in housing utilities. Since we spend much of our time indoors, the consumption behaviour in 

utilities such as heating, cooling and electrical appliances becomes a relevant field of study. 

This thesis focuses on a setting where certain living conditions, such as rent-included housing 

utilities, may lead to an excessive use of electricity. The problem that arises in this scenario is 

known as the “free rider problem”. This happens when individuals benefit from consumption 

without taking the full cost and consume excessively of that good.  

The aim of this thesis is to analyse the free rider problem in housing utilities by looking on how 

tenant’s electricity consumption change when they face the cost of their consumption. Results 

show that tenants use up to as much as 21.3 percent more electricity when not taking the cost 

of their energy demand. These results add to the scarce previous literature, by using a larger 

amount of data and a different methodology to analyse the effects of the free rider problem. I 

will also shed some light on three different components of the free rider problem and how they 

affect tenant’s electricity demand. These components are the anticipatory effect, information 

on consumption effect and the price effect.  

A common way of housing construction around the world is to build multi-family housing 

without individual metering and thus without individual costs on housing utilities. It is less 

expensive and requires much less effort from the landlord. It is not common in Sweden with 

electricity included in the rent, only 8.7 percent of multi-family dwellings consist of collectively 

charged electricity. These buildings have been built with bulk meters 1  and there are no 

individual meters2 installed. The electricity use in this group has not declined in the past 10 

years in Sweden (Statistics Sweden, u.d.), it seems as if policy makers and landlords have not 

yet realised the full extent of the free rider problem. 

1 Bulk meter – A system that allows for the measurement of the aggregated consumption on different housing 
utilities such as electricity, warm water, heating or gas usage. 
2 Individual meter – Allows for individual measurement of utilities. Submeter will be used as a synonym to 
individual meter. 
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Two panel datasets are used in this thesis, one contains daily electricity usage stretching 

between 01/04/06 and 04/03/13 for bulk meters. The other dataset consists of daily electricity 

usage stretching between 01/01/12 and 01/01/13 for submeters. The datasets cover 1,806 

apartments in two similar suburbs in one of Sweden’s larger city. One of the regions has had 

submetering since 2006 while the other region installed submeters in 2012. The advantages of 

using both datasets, is that the dataset on bulk meters have a better control for the seasonality 

since it covers a longer time period. The individual dataset lacks in this perspective since it only 

covers time from where the meters were installed. It does however contain individual electricity 

consumption and more control variables.  

The individual dataset is a merged dataset consisting of tenant’s daily electricity consumption 

and apartment characteristics attained from a private property management company. These 

tenants have been exposed to a change in their housing conditions, from having electricity 

included as a utility they now have to pay for their own electricity usage. When this happens 

one can analyse how the demand for electricity changes. The dataset used in this thesis covers 

1.6 percent 3  of the electricity used in all multi-family housing, using collectively billed 

electricity, in Sweden. This topic is a discussed subject in Swedish politics, enforcing individual 

meters for electricity and water are debated but not yet legislated, Swedish Government Official 

Reports (2008). The report does however claim that new houses rely on individual metering to 

a much greater extent than earlier.  

With the data available one can use a natural experimental design, Difference-in-Differences, 

henceforth DD, to estimate the average level of free riding amongst tenants. The methodology 

uses two different groups of tenants. The assumption is that they only differ in the sense that 

one group is affected by the treatment while the other is not. In this case the treatment is based 

on the change in rent conditions where consumption of electricity goes from being collectively 

paid to being individually paid. 

This thesis is organised as follows: In section 2 previous research is examined and related to 

this thesis. In section 3 the logic behind free riding is investigated and the deadweight loss that 

comes with it. In section 4 the data is described and the characteristics of both regions are 

examined more thoroughly. Section 5 consist of a methodology part, where the DD approach 

is examined and modelled for the available data. In section 6 the results are presented, the 

3 The electrical usage in all multi-family housing in Sweden was 6,635 GWh in 2011, (Statistics Sweden, u.d.). 
Housing with collective electricity used 577 GWh of that amount. The dataset used in this thesis covers apartments 
where the usage was 9.19 GWh.  
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plausibility of the results are further validated with sensitivity checks. A section with 

concluding remarks follows in section 7, here the author interprets the results. 

2 PREVIOUS RESEARCH  
To my knowledge only two papers investigate data on how tenant’s energy consumption 

behaviour changes when tenants face the cost of their consumption. None of the following 

papers address the problem as the free rider problem which this thesis do. 

Munley et al. (1990) examines what happens after the installation of submeters on tenant’s 

behaviour in multi-family dwellings. They have used data for a controlled experiment that a 

property management firm performed in Washington, D.C., in 1978. In this experiment the 

landlord installed submeters for 44 apartments in two separate buildings. The two buildings 

were similar regarding the aspects of number of apartments, home appliances, heating and 

cooling. Half of the apartments were randomly selected into a treatment group. This group was 

then charged for their electrical usage during one year. For this they received a grant of 30 

dollars on their monthly rent4. The other 22 apartments acted as a control group and continued 

using unlimited electricity during the same period. Results showed that bulk metering 

contributed to a 15 to 20 percent in deadweight welfare loss of the monthly payment. With this 

in mind they calculated social benefits from individual submeters over a 20 year period with 

different discount rates. They showed that submeters would contribute to a gain, far exceeding 

that of the costs of installing the submeters. In this context the question arises, why does bulk 

metering still exist? Munley et al (1990) reasons that even though wiring in houses was 

troublesome and could cost a lot, the benefits still exceeded the costs in the long run. They also 

showed that the price elasticity for the treatment group with 1978 electricity prices were 

between -.37 to -.57 with a household income of $23,000 and a price ranging between 3-4 cents 

per kWh. For the dependent variable kWh, income elasticities ranged from .24 to .28. The effect 

that Munley et al. show is different (from what is being analysed in this thesis) in the sense that 

they measure the effects of providing an electricity subsidy. 

Dewees and Tombe (2011) approaches the subject in a similar way as Munley et al, but for 

multi-family dwellings in the province Ontario, Canada. In Ontario, 75 to 90 percent of multi-

family buildings use bulk meters. The authors investigated the energy use in a building in 

4 30 dollars corresponds to 750-1,000 kWh per month, the mean usage in the control group is 1,086 kWh per 
month. 
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Toronto with 40 condominiums that choose to install sub-meters in 2008. The data they 

collected consisted of the monthly electrical usage over three separate time intervals, covering 

11 years of data. The condominiums in this building used electrical heating, air conditioning 

and water heaters besides normal housing appliances. To determine how submetering affected 

electricity consumption they used a monthly fixed effects model. Their results showed that 

conservation of electricity due to submetering is greater during the period May-October, 21 

percent and 11 percent in the period November-January. The reduction in used electricity was 

instantaneous, suggesting that the effect is solely due to human behaviour. 

The articles by Dewees & Tombe (2011) and Munley et al. (1990) show results on behavioural 

changes. They do however not possess variables of the same quality that is used in this paper. 

This thesis uses a much larger dataset, observing 1,806 apartments instead of the 40 or 44 

apartments used in the articles by Dewees & Tombe (2011) and Munley et al. (1990). This 

thesis also covers much longer time periods and uses daily data. The data used in this thesis is 

electronically gathered, and thus eliminates the possibility for errors when collecting data about 

electricity usage. Another contribution to the research field done by this thesis, is to differentiate 

the free rider effect into three components. The theory behind these components can be found 

in the next section. The two earlier papers are also more focused on the cost-effectiveness than 

that of the free rider problem which this thesis is limited to. 

3 THEORY 
This section brings up the relevant theory for the setting of this thesis. Initially a subsection 

called behavioural effects, it discusses how literature looks on human behaviour and that it is a 

relevant field to study when it comes to energy conservation. I also investigate the literature 

behind the three components of the free rider problem. Secondly in the subsection about welfare 

costs, literature is reviewed on how behavioural effects can lead to negative externalities and 

especially about the free riding problem within housing utilities. 

3.1 BEHAVIOURAL EFFECTS 
Pareto (1963) describes the logic with the free rider problem. Reasoning that if individuals 

would restrain themselves from doing a specific action, then every member in a community 

would obtain an advantage. If all but one refrains from doing this, the community loss is very 

small, whereas that one’s personal gain could be very large under the assumption that 

individuals gain more utility from consuming more.  

4 
 



Without price signals or any visible costs for the tenant’s consumption a market failure arises, 

where tenant’s demand leads to excessive usage, free riding. Tenant’s rent only include an 

indirect share of the housing costs which do not create any incentives to lower one’s electricity 

use. The collective interest in this case would not be to use more electricity than necessary, so 

that the landlord does not need to raise the rent. Olson (1971) and Esteban & Ray (2001) 

continues on the free rider problem and they claim that the free rider problem differs depending 

on the size of the group. Larger groups are less able to uphold common interest than that of 

smaller groups. Individuals’ self-perceived effect of free-riding is smaller in large groups. The 

perceived cost of free-riding is also smaller when the group size is larger. Olson says that there 

could exist altruistic or irrational individuals that act in the common interest but that his 

empirical work shows otherwise. 

Tenants demand for electricity in residential buildings is a function of physical factors (building 

technology, climate zone, weather, appliances) and socio-demographic factors (family size, 

income level, interests and behaviour), (Lutzenhiser 1993 & Sonderegger 1978). The article 

Social and behavioural aspects of energy use by Lutzenhiser (1993) includes a comprehensive 

literature overview on behavioural research around household consumption of electricity. The 

author start by a citation from Schipper5,  

“. . . those of us who call ourselves energy analysts have made a mistake . . . 
we have analyzed energy. We should have analyzed human behavior” 

The focus in literature have often been on the Physical-Technical-Economic Model (PTEM). 

This is an engineering perspective that relies heavily on technological progress as the key driver 

for efficiency. Even though technological progress such as more efficient light bulbs or flat 

screen televisions matter in terms of energy efficiency, energy usage is still heavily dependent 

on human behaviour. A technological investment in housing technology to decrease electricity 

use is easily quantifiable (Reiss & White, 2005). However, when it comes to the quantification 

of the results for behavioural changes the scenario becomes more complex since the cause is 

not as obvious. Individuals react different to incentives, information, public opinion and 

attitudes.  

 

5 The quote is presented in Cherfas (1991), p. 156. 
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This thesis analyses three different components of the free rider problem, which impacts the 

consumption behaviour amongst tenants. 

1. Anticipatory effect 

2. Information on consumption effect 

3. Price effect 

The first effect, the anticipatory effect, is that of the received information of a forthcoming new 

individual cost for each individual. Since tenants know about the installation of individual 

meters far in advance, they might change their behaviour before the new cost arises. This 

occurrence was first found by Ashenfelter (1978) and is commonly referred to as the 

“Ashenfelter’s dip”. Normally if this happens it violates the assumption of parallel trends of the 

DD model, which is discussed further in the methodology section. But since this thesis uses the 

period after the installation as a common ground for the two regions, the validity of the results 

hold. When observing figure 3 in subsection 4.4, there seems to happen something in the 

consumption of electricity for region 2, long before the actual cost of electric consumption starts 

on the 1st of March. This is the anticipation effect that has been analysed. 

The second effect is that of the information on consumption effect (IC-effect) that is achieved 

by the submeters themselves. Tenants can look at their meters to see their current usage. There 

is plenty of literature on how the feedback effect affects electricity demand. Newborough & 

Woods (2003) analyses how the feedback from digital meters affects the consumption 

behaviour amongst 44 households. They found that information can decrease the usage by 9 - 

15 percent. Darley & Seligman (1977) found similar results with a decrease between 7.5 - 10.5 

percent. They did not have digital meters but 15 of 29 tenants received daily feedback on their 

usage. Both of these experiments have a problem with the “Hawthorne effect”. Tenants know 

that they are being studied and they might change their behaviour because of this. Van 

Houwelingen & Van Raaij (1989) showed that the conservating effects from consumption 

feedback can be as much as 12.3 percent. The effect shown in their paper is however not 

persistant after the experiment had ended, which could be due to the Hawthorne effect described 

above. In contrast to these findings an effect that does not suffer from the same experimental 

settings is interesting to investigate.  

The third effect is the price effect. Tenants are now both aware of the fact that change will 

happen, the anticipatory effect, and how much electricity they use, the IC-effect. The price 

effect is the change in the tenant’s optimal electricity consumption, due to the change in price. 
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This effect is commonly known as the law of demand and simply states that the price of a good 

and the quantity demanded are normally inversely related, Morgan et al. (2009). 

3.2 WELFARE COSTS 
Cowan (2009) analyses how social benefits can arise with optional water metering in England 

and Wales. And more specific, on a policy change where individual water meters are offered 

for free, due to water shortages in several areas. Households can choose between a free 

installation of a water meter, or a lump-sum charge that depends on the value of the property. 

This leads to a sorting problem when it is not obligatory to install meters. Properties with 

swimming pools, sprinklers or buildings built after 1990 are obliged to have individual meters. 

This thesis uses the same economical reasoning Cowan uses, to understand how social 

deadweight costs are calculated. If a consumers utility function 𝑈𝑈(𝑄𝑄, 𝑡𝑡) is a function of quantity 

Q and the type of consumer is t. The utility function is increasing and concave up until a 

satiation level where further consumption does not lead to any more utility for the individual, 

this happens when 𝜕𝜕𝜕𝜕(𝑄𝑄,𝑡𝑡)
𝜕𝜕𝑄𝑄

= 0.  The author argues that the satiation level in the demand function 

is when the marginal price equals zero and when there is no meter installed. Clearly this scenario 

leads to an excessive use which is not socially efficient, in this case the consequences are that 

of a water drought. The social benefits from installing meters are defined in equation 1, where 

each individual’s utility minus their costs are included, Cowan (2009). 

∆(𝑡𝑡) ≡ 𝑈𝑈[𝑄𝑄(𝑐𝑐, 𝑡𝑡), 𝑡𝑡] − 𝑈𝑈[𝑄𝑄(0, 𝑡𝑡), 𝑡𝑡] + 𝑐𝑐[𝑄𝑄(0, 𝑡𝑡) − 𝑄𝑄(𝑐𝑐, 𝑡𝑡)]     (1) 

The deadweight cost from excessive consumption is given in ∆ for type t, the marginal cost of 

production is 𝑐𝑐. The utility part of the equation shows that if individuals get more utility from 

facing a zero marginal cost on consumption then this leads to a social gain, a negative output in 

∆(𝑡𝑡). The cost part of the equation shows that the total cost of providing water is bigger with a 

marginal price of zero, this leads to a social loss, or deadweight cost for society. The total effect 

depends on if the social gain is larger than the loss. If the marginal cost of production 𝑐𝑐 is high, 

for instance in countries with water shortages or other production obstacles, then the social 

welfare gain associated with individual metering is much higher. Cowan concludes that the 

more sensitive the demand of a household is, the higher is the social welfare gain. It is however 

still problematic to separate individuals types, when policy makers have asymmetric 

information of household preferences. The cost-effective way is to regulate that households, 

with a relatively high sensitivity towards demand and price, are required to have individual 
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meters. In the context of this thesis it is clear that there is a social deadweight loss from not 

having individual costs. It would also be valuable if information on tenant’s income was 

available. With that kind of information one could calculate elasticities and demands, to find 

out exactly what type of individual that needs to be metered. 

The question of how tenants perceive costs is important when thinking about the free rider 

problem. On the one hand, tenants might perceive costs associated with their use as fixed. In 

this case their marginal cost would be zero, like discussed in the case from Cowans article. If 

tenants are rational they might understand, that the rent is set as a function of the price that the 

landlords face and the quantity that is consumed in those properties. Landlords face a price that 

equals the marginal cost of production, 𝑐𝑐, where all social costs are included such as tariffs on 

carbon emissions. The rent function that tenants face, 𝑟𝑟𝑟𝑟𝑟𝑟𝑡𝑡𝑖𝑖,𝑡𝑡+1(𝑐𝑐,𝑄𝑄𝑖𝑖,𝑟𝑟),  depends on the 

marginal cost of production, the quantity of electricity that tenants consume and the number of 

tenants, 𝑟𝑟, and is shown in equation (2). 

𝑟𝑟𝑟𝑟𝑟𝑟𝑡𝑡𝑖𝑖,𝑡𝑡+1 = 𝑐𝑐 ∗�
𝑄𝑄𝑖𝑖
𝑟𝑟

𝑛𝑛

𝑖𝑖

    (2) 

Equation (2) show that tenants consumption affects the rent set in the next period. It is however 

an average effect, giving incentives to use more than the average user would use. The marginal 

cost an anticipating tenant would face would be the derivative of equation (2). 

𝜕𝜕𝑟𝑟𝑟𝑟𝑟𝑟𝑡𝑡𝑖𝑖, 𝑡𝑡+1
𝜕𝜕𝑄𝑄𝑖𝑖

=
𝑐𝑐
𝑟𝑟

    (3) 

The marginal costs decreases with the number of participants that share the costs. This cost is 

smaller than the constant marginal cost of production, 𝑐𝑐
𝑛𝑛

< 𝑐𝑐. The marginal cost will go towards 

zero when 𝑟𝑟 goes towards infinity. Meaning that tenants perceive the marginal cost as smaller 

when many tenants share the costs of utilities. This theoretical outline is visualised in figure 1 

below. 

8 
 



 
 
 

Figure 1 – Deadweight cost. The shaded area represent 
the deadweight cost of free riders.  

The deadweight cost is represented in the shaded areas in the figure. The size of this welfare 

loss varies in size, depending on how informed and rational tenants are about the cost of their 

energy consumption. The normal assumption in previous literature is that the perceived 

marginal cost is zero. This is the level where deadweight costs are largest. 

The deadweight cost described above relates to a paper written by Hardin (2009). The author 

investigates the problem with “The tragedy of the commons”. The term originates from the 

overexploitation of a common resource where negative externalities arise. The utility of one 

individual varies depending on a positive and a negative outcome from an action. If the gained 

utility is larger than that of the lost utility, then the individual has incentives for performing that 

action.  In this thesis, it could be seen as each tenant’s electricity consumption. The rationality 

here is to pursue more consumption6 until the marginal utility equals zero, like the example 

presented from Cowan in the text above. When individuals do not bear the full cost then their 

excessive usage could lead to negative externalities for example, pollution. Such consequences 

can be hard to understand for a single individual. One example could be the climatic 

deterioration in the Arctic Ocean due to global warming. Such information can be attained and 

then valued and included in each utility function. It is however unlikely and very costly for each 

individual to obtain perfect information in order to make well informed choices.  

6 Levinson & Niemann (2004) found that tenants with heating included in the rent set their heating 1 to 3 degrees 
Fahrenheit higher than those bear the cost of their consumption.  

𝑐𝑐 

𝑐𝑐
𝑟𝑟 

𝑄𝑄(0) 0 𝑄𝑄 �
𝑐𝑐
𝑟𝑟� 𝑄𝑄(𝑐𝑐) 

Deadweight cost due to 
free riding. The size 
varies with the 
marginal cost. 

𝑄𝑄 

𝑃𝑃 
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4 DATA 
The data collected for this thesis have been provided by a Swedish private property management 

company. Because of the sensitive nature of the data neither the company nor its tenant’s 

identities are disclosed in this thesis. The collected data consists of bulk- and individual metered 

energy usage, for apartments in three different suburbs in one of the largest cities in Sweden. 

These groups of multi-family housing are, from here on, named region 1 and 2. Region 1 

underwent the installation of individual meters during 2006. In region 2 individual meters was 

installed during the winter of 2011/2012. Table 1 summarises where the individual and bulk 

meter dataset originates from, and which type of data that is available. Each dataset is described 

in further lengths in this section and in subsection 4.3 and 4.4. The conditions for sorting out 

invalid meters and observations are shown in subsection 4.6. 

Data for bulk meters in each region were gathered from the electricity providers. It covers 22 

bulk meters that each measure the daily kWh usage for an aggregated sum of apartments. The 

average observations per bulk meter is 2,526.9 days 8 , this amounts to a total of 55,591 

observations. 

The individual data was generated by the installed submeters for every apartment and gathered 

from the company that performed the installation. The data for individual meters cover 1,806 

apartments with information on the hourly used electricity. This thesis limits the use of data to 

daily consumption, the intraday effects could be interesting to analyse but it is the overall effect 

that is analysed in this thesis. A total of 638,728 observations made by 1,760 submeters is used 

after sorting. 

7 Meters with inconsistent data have been removed, see subsection 5.1 for further information. 
8 Observations with inconsistent data have been removed, see subsection 5.1 for further information. 

Table 1 – Available data for each region. 

Dataset 
 

 Region Total 
1 2  

Individual metering 

Number of submeters 1,111 695 1,806 
Number of used submeters7 1,069 691 1,760 
Panel data, daily Yes Yes  
Time period 01/01/12 – 01/01/13  

Bulk metering 
Number of bulk meters 8 14 22 
Panel data, daily Yes Yes  
Time period 01/04/06 – 04/03/13  
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4.1 DESCRIPTIVE STATISTICS OVER REGIONS 
This subsection aims to show the similarities between the different regions. In figure 2 the type 

of apartments are shown as percentages or fractions of that region’s total number of apartments. 

For example; in region 2 the amount of apartments with 3 rooms and kitchen are 34 percent of 

the total in that region, for region 1 the share of the same apartment type is 39 percent. The two 

regions have similar amounts of each type of apartment. 

 

Figure 2 – The ratio of one, two, three and four room apartments within each region. 

Table 2 below shows a regional description for the two regions. The rent per square meter in 

each region is within a close proximity of each other. The average size of apartments are also 

much alike in both regions and only differs with about two percent. 

Table 2 – Descriptive statistics over regions. 

Region 1 2 
Rent in SEK per square meter and year.  989.1 944.3 
Average size in square meters. 69.3 67.8  

4.2 REGION AND BUILDING CHARACTERISTICS 
To start off with, one can look at the regions characteristics like types of buildings, apartments 

and the electricity usage using bulk meters over the years. The buildings are mostly built 

between 1965 and 1974, during the “Million Programme”. This is the common name for a 

housing programme in Sweden. Constructors were heavily subsidised to solve the housing 

shortage that was current during that period. Buildings in region 1 consists of a mixture of two-
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, three- and seven-storey buildings. In region 2, buildings consists of three- and four-storey 

buildings.  

In each apartment there are appliances that are included in the rent. The standard home 

appliances that are included in all apartments are: refrigerator, freezer and a stove with an oven. 

Tenants are able to add more appliances through the landlord by paying a higher monthly rent; 

such appliances could be dishwasher, microwave, washing machine, drier, or glazed balconies. 

Indoor appliances can also be bought and installed by the tenant without the landlords 

knowledge. Tenants rent also include other utilities, the same for all the apartments. They 

received long-distance heating, warm and cold water and central ventilation. 

4.3 SCHEME FOR THE INSTALLATION OF INDIVIDUAL METERS 
To understand tenants behaviour it is important to understand the interaction and information 

between landlord and tenant. Region 1 had its submeters installed already in 2006, and they 

only act as a control group. The procedure for installing submeters in region 2, was conducted 

as following: 

1. Tenants were informed about the change in the beginning of June 2011. This was done 

by handing out printed information.  

2. The individual meters were installed successively in the apartments from the end of 

November to the beginning of December 2011. 

3. The date from when electricity usage would start to be charged, was from the 1st of 

March 2012. 

The events 1, 2 and 3 above are shown as vertical lines in figure 3 in the next subsection. These 

are used when estimating the free rider effect and when separating it into different components. 

4.4 BULK METERS 

A general overview of the bulk meters electricity use, can be found in figure 3 below. It shows 

the different regions electricity use. Figure 3 shows monthly electricity use in kWh for each 

region, normalized with the number of square meter that each region covers. The dummy 

variables 𝑑𝑑𝑡𝑡, 𝐼𝐼𝐼𝐼𝑡𝑡,𝐴𝐴𝑡𝑡 are discussed in subsection 6.1. 
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Figure 3 – Bulk meter kWh use per square meter and month.  

Observations in region 1 and 2 started in April 2006. After the 1st of March 2012 when tenants 

in region 2 starts paying for their own consumption, the electricity use per square meter was 

fairly equal. What is most important is that they after this date have parallel trends, contrary to 

before this date where the volatility in region 2 was much larger. Region 1 will be used as a 

control group when measuring the free riding that occurs in region 2, the treatment group, before 

the submeters were installed. The methodology will be furthered explained in section 5. 

The seasonal variation in figure 3 is clearly visible during the winter- and summer seasons for 

both regions. This could partly be explained by the length of days in Sweden. During the 

summer solstice it is light for almost 19 hours during the day, in the region where the apartments 

are situated. The summer solstice occurs between the 20th and the 23rd June. The winter solstice 

occurs between the 21st and the 23rd December, during this time it is light only just over 6 hours. 

This does not only affect the need for electrical light in an apartment, but also the time spent 

indoors, this time trend is incorporated in the methodology. There is clear drop in electricity 

consumption in region 2 during the winter of 2011/2012, compared to previous winters. The 

decrease seems to be persistent with the highest degree of electric conservation during the 

winter periods. This contradicts the findings made by Dewees and Tombe (2011). They found 

that conservation was highest during summers and lowest during winters. The time of 

conservation is of lower importance since electricity consumption differs, depending on climate 

and demographic characteristics. 
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4.5 INDIVIDUAL METERS 
The individual data includes data from each apartments kWh use per day for the year 2012. 

They have been merged with the landlords information about the different apartment’s 

characteristics. This data includes variables such as each apartment’s size in square meters and 

number of rooms. It also includes information about the yearly rent for each apartment and the 

address. 

Submeters were installed in the hallway of each apartment. Visible for the tenant to view his or 

hers daily usage of electricity and current usage. Tenants can therefore test to install and 

uninstall different electrical appliances to see how much electricity is used at that moment. 

The price of electricity was decided upon before the installations were made in both regions. It 

was negotiated with The Swedish Union of Tenants to be 1.5 SEK per kWh for region 1 and 

1.435 SEK per kWh for region 2. The price is constant over time, no further costs are added. 

This price difference could potentially underestimate the free rider effect and its components in 

this thesis. The price includes fees charged by the electrical company, fees for the electricity 

grid and taxes. Tenants in region 2 received a decrease in their rent in return for taking the cost 

of electricity. The decrease was 43.2 SEK per square meter and year. An average sized 

apartment in region 2 got a decreased rent equivalent for the cost of 2,041 kWh9 per year. The 

total cost for installing the 695 submeters in region 2 was 2,170,000 SEK. 

4.6 SORTING THE DATA 
Some adjustments were made to the original datasets. The bulk meter dataset includes 31 

observations where meters suddenly show zero in cumulative usage, these values were replaced 

with a missing value so that the meter still could be used in the model. One meter had a constant 

cumulative usage for 176 days, these observations were also replace. We are then left with 

55,591 observations made by 22 bulk meters. 

In the individual dataset there is one apartment in region 1 and three apartments in region 2 

where measurements exist but do not change over time, these apartments are therefore 

excluded.  Another 18 apartments are dropped since they did not receive any size in terms of 

square meters after different dataset were merged. A number of 24 apartments are also excluded 

9 Authors calculations: 43.2 × 67.8  1.435⁄ ≈ 2,041 
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since they do not contain any observations at all. We are then left with observations for 1,760 

apartments, this is also shown in Table 1. 

5 METHOD 
The empirical approach in this thesis is to use a Difference-in-Differences design in order to 

analyse if there exists a free riding problem among tenants in multi-family dwellings. The 

methodology is described below and will be used on both the individual dataset and the bulk 

meter dataset. 

5.1 RESEARCH DESIGN 
For documented natural experiments, like the policy change that tenants should pay for their 

own electricity, it is possible to use the DD-design. The conditions needed for the design to 

work, is that there should exist two comparable groups. One group experience a change while 

the other does not. The design takes the difference in an outcome variable within the treatment 

group minus the difference in the control group in order to estimate the treatment effect. The 

identifying assumption for the DD to hold, is that the two groups only differ in treatment and 

nothing else, Wooldridge (2010). For the identifying assumption to hold the impact of time 

must be constant across groups and the impact of groups over time, Meyer (1995).  

In an article by Jordahl & Liang (2010) the DD is applied to analyse the effect of the free rider 

problem. The authors explain that a key assumption for an unbiased estimation of the causal 

effect is that of the parallel trend assumption. This is to assure that there is no time-varying 

heterogeneity between the groups in the model. The assumption can be verified from observing 

the period after the 1st of March in figure 3 where the two regions appear to have parallel trends. 

It can also be argued from the previous chapter that the two regions apartments are similar in 

size, rent and ratio of different sizes of apartments. They also have an almost equal consumption 

of electricity after the installation of submeters. Angrist & Pischke (2009) includes a 

comprehensive section in their book about the DD-design. They add that a possible pitfall is if 

the group’s composition changes as a result of the treatment.  

5.2 THE FREE RIDER EFFECT 
When estimating the free rider problem I use the above discussed DD-design with cluster-robust 

standard errors that account for both heteroscedasticity and serial correlation. The design makes 

use of the parallel trends in the period after the 1st of March and use this period as the pre-

15 
 



treatment period, reversed to what an ordinary DD-design would use. The only difference is in 

how the results are interpreted and the value the dummy variable 𝑑𝑑𝑡𝑡 takes, shown in equation 

(5). The dummy variable that separates the control group from the treatment group is shown in 

equation (6). 

The dummy variable 𝑑𝑑𝑡𝑡 gets the value one for all regions if the date is before the 1st of March 

2012, meaning that dates equal to or before the 29th of February. 

𝑑𝑑𝑡𝑡 = � = 0 𝑖𝑖𝑖𝑖 𝑖𝑖𝑟𝑟 𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡 𝑝𝑝𝑟𝑟𝑟𝑟𝑖𝑖𝑝𝑝𝑑𝑑
= 1 𝑖𝑖𝑖𝑖 𝑖𝑖𝑟𝑟 𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝑟𝑟𝑟𝑟𝑖𝑖𝑝𝑝𝑑𝑑 �      (5) 

The dummy variable 𝑇𝑇𝑖𝑖 gets a value one if the tenant is represented within the treatment group, 

and zero if the tenant belongs to the control group. 

𝑇𝑇 = � = 1 𝑖𝑖𝑖𝑖 𝑖𝑖𝑟𝑟 𝑡𝑡𝑟𝑟𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑟𝑟𝑟𝑟𝑡𝑡 𝑔𝑔𝑟𝑟𝑝𝑝𝑔𝑔𝑝𝑝
= 0 𝑖𝑖𝑖𝑖 𝑖𝑖𝑟𝑟 𝑐𝑐𝑝𝑝𝑟𝑟𝑡𝑡𝑟𝑟𝑝𝑝𝑟𝑟 𝑔𝑔𝑟𝑟𝑝𝑝𝑔𝑔𝑝𝑝 �      (6) 

The DD-estimate that measure the free rider problem is shown below in equation (6) and is also 

shown in the main model in equation (7).  

�𝑅𝑅𝑟𝑟𝑔𝑔𝑖𝑖𝑝𝑝𝑟𝑟𝑇𝑇=1,𝑃𝑃𝑃𝑃𝑃𝑃 − 𝑅𝑅𝑟𝑟𝑔𝑔𝑖𝑖𝑝𝑝𝑟𝑟𝑇𝑇=1,𝑃𝑃𝑃𝑃𝑃𝑃𝑡𝑡� − �𝑅𝑅𝑟𝑟𝑔𝑔𝑖𝑖𝑝𝑝𝑟𝑟𝑇𝑇=0,𝑃𝑃𝑃𝑃𝑃𝑃 − 𝑅𝑅𝑟𝑟𝑔𝑔𝑖𝑖𝑝𝑝𝑟𝑟𝑇𝑇=0,𝑃𝑃𝑃𝑃𝑃𝑃𝑡𝑡� = 𝛿𝛿     (7) 

The DD regression model looks as following: 

𝑟𝑟𝑟𝑟 𝑘𝑘𝑘𝑘ℎ𝑖𝑖,𝑡𝑡 = 𝛼𝛼 + � 𝛽𝛽𝑚𝑚𝑀𝑀𝑚𝑚
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𝑚𝑚=1

+ 𝜓𝜓𝑆𝑆𝑖𝑖 + 𝛾𝛾𝑇𝑇𝑖𝑖 + 𝜆𝜆𝑑𝑑𝑡𝑡 + 𝛿𝛿(𝑇𝑇𝑖𝑖 ∗ 𝑑𝑑𝑡𝑡) + 𝜀𝜀𝑖𝑖,𝑡𝑡     (8) 

The dependent variable 𝑟𝑟𝑟𝑟 𝑘𝑘𝑘𝑘ℎ𝑖𝑖,𝑡𝑡 is the logarithm of used electricity for a meter denoted 𝑖𝑖, at 

time t. The main reason for taking the logarithm of the electricity usage is to get the marginal 

changes in the independent variables to be interpreted as a percentage change in the dependent 

variable. The variable 𝑀𝑀𝑚𝑚 is a set of dummy variables for different months,  𝛽𝛽𝑚𝑚 captures the 

seasonality in the dataset. The variable 𝑆𝑆𝑖𝑖 stands for the amount of square meters that the meter 

covers.  

If there is any time-invariant heterogeneity this is shown in the estimate 𝛾𝛾. Group invariant 

heterogeneity is shown in 𝜆𝜆. The treatment effect is 𝛿𝛿. The error term 𝜀𝜀𝑖𝑖,𝑡𝑡  is assumed to be 

uncorrelated with the treatment effect 𝑇𝑇𝑖𝑖 ∗ 𝑑𝑑𝑡𝑡, conditional on the other dependent variables. For 

example 𝐸𝐸�𝜀𝜀𝑖𝑖,𝑡𝑡 �𝑇𝑇𝑖𝑖 ∗ 𝑑𝑑𝑡𝑡 ,𝑇𝑇𝑖𝑖,𝑑𝑑𝑡𝑡, 𝑆𝑆𝑖𝑖,𝑀𝑀𝑡𝑡� = 𝐸𝐸�𝜀𝜀𝑖𝑖,𝑡𝑡 � 𝑇𝑇𝑖𝑖,𝑑𝑑𝑡𝑡 , 𝑆𝑆𝑖𝑖,𝑀𝑀𝑡𝑡�, Jordahl & Liang (2010).  
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Since the different datasets differ in variables and in time dimension, the model is modified in 

order to suit both individual and bulk meter data, for intervals of electricity use per day and per 

month. As discussed in the data section, the individual data consists of observations over a 

period of one year, meanwhile the bulk meter data stretches over seven years. The bulk meter 

data allows for a better control of seasonality. It is possible to incorporate more variables in the 

individual dataset, those that are of interest. All models use cluster-robust standard errors since 

observations for each individual can be correlated in some unknown way. The model in 

equation (8) will be referred to as model (1) for the bulk meter dataset and model (2) for the 

individual dataset. A third model is also presented in the results,  model (3) in equation (9) 

includes the estimator 𝜗𝜗 for measuring the winter holiday effect that is controlled for in the 

dummy variable 𝐻𝐻. Model (3) also controls for the quality aspect of apartments by using the 

rent per square meter as a variable (R), the estimator for this is 𝜃𝜃. 

𝑟𝑟𝑟𝑟 𝑘𝑘𝑘𝑘ℎ𝑖𝑖,𝑡𝑡 = 𝛼𝛼 + � 𝛽𝛽𝑚𝑚𝑀𝑀𝑚𝑚

12

𝑚𝑚=1

+ 𝜓𝜓𝑆𝑆𝑖𝑖 + 𝜗𝜗𝐻𝐻𝑡𝑡 + 𝜃𝜃𝑅𝑅𝑖𝑖 + 𝛾𝛾𝑇𝑇𝑖𝑖 + 𝜆𝜆𝑑𝑑𝑡𝑡 + 𝛿𝛿(𝑇𝑇𝑖𝑖 ∗ 𝑑𝑑𝑡𝑡) + 𝜀𝜀𝑖𝑖,𝑡𝑡     (9) 

5.3 COMPONENTS 
The free rider effect can be separated into three different effects with the available data, see 

subsection 4.3 for the events that are used. The effects of interest are the anticipation effect, the 

consumption information effect and the price effect. These effects are assigned dummies with 

values that correspond to figure 3 on page 12 and used in the same way as in the DD-design in 

the previous subsections. There is however some minor problems with the precision of the date 

when the binary dummies change from zero to one. The date for the consumption effect dummy 

is an approximate date because all meters cannot be installed on exactly the same time, therefor 

1st of December 2011 will be used when setting the dummy. Also the information on the exact 

weekday of handing out the information is missing. The assumption will be that information 

was received and understood the 1th of June 2011.  The new model looks as following. 

𝑟𝑟𝑟𝑟 𝑘𝑘𝑘𝑘ℎ𝑖𝑖,𝑡𝑡 = 𝛼𝛼 + � 𝛽𝛽𝑚𝑚𝑀𝑀𝑚𝑚

12

𝑚𝑚=1

+ 𝜓𝜓𝑆𝑆𝑖𝑖 + 𝛾𝛾𝑇𝑇𝑖𝑖 + 𝜆𝜆𝑑𝑑𝑡𝑡 + 𝜋𝜋𝐴𝐴𝑡𝑡 + 𝜎𝜎𝐼𝐼𝐼𝐼𝑡𝑡 + 𝛿𝛿1(𝑇𝑇𝑖𝑖 ∗ 𝑑𝑑𝑡𝑡) + 𝛿𝛿2(𝑇𝑇𝑖𝑖 ∗ 𝐴𝐴𝑡𝑡)

+ 𝛿𝛿3(𝑇𝑇𝑖𝑖 ∗ 𝐼𝐼𝐼𝐼𝑡𝑡) + 𝜀𝜀𝑖𝑖,𝑡𝑡     (10) 

The exogenous variation is explained by three dummy variables in the model above. The 

anticipation effect for region 2 is captured in the estimator 𝛿𝛿2. The consumption information 
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effect is captured in the estimator 𝛿𝛿3. The remaining effect from the free riding effect is the 

price effect that is captured in the estimator 𝛿𝛿1. 

5.4 SAMPLING 
The final model analyses the free riding effect for subgroups of apartments within the dataset. 

The model divides the effect depending on the size of the apartment to provide information on 

what types of tenants that free ride the most. The model in equation (8) is used and results are 

shown in subsection 6.3. 

6 RESULTS 

The results for the free rider effect shown below, is between 19.8 and 16 percent, meaning that 

individuals use that much more electricity when not taking the cost of their consumption. When 

adding further information to the model the effect sums up to 21.3 percent. The three 

subsections in the methodology section 5.2 to 5.4 links over to the three subsections below. 

6.1 THE FREE RIDER EFFECT  
Results for model (1) to (3) are shown in this section. The reason for choosing these three 

models are that they account for different time periods and variables. The main results for the 

free rider effect is shown in bold text in table 3 below. This shows how much more electricity 

tenants demand when not taking the costs, the free rider problem. The estimates for all 

independent variables can be found in Table 6 in the appendix.  

Table 3 – Results for the free rider effect. 

VARIABLES Model (1) Model (2)  Model (3) 

    

The free rider effect (𝜹𝜹) 
 

0.198*** 
(0.023) 

0.160*** 
(0.019) 

0.160*** 
(0.019) 

Individual data No Yes Yes 

Time period 01/04/06 – 04/03/13 01/01/12 – 01/01/13 01/01/12-01/01/13 

Months 
Square meters 
Winter holiday 
Rent per square meter 

Yes 
Yes 
No 
No 

Yes 
Yes 
No 
No 

Yes 
Yes 
Yes 
Yes 

Notes: Difference-in-Differences design. 
Dependent variable is the logarithm of the consumed electricity. 
Cluster-robust standard errors in parentheses. 
Significance levels: *** p<0.001, ** p<0.01, * p<0.05. 
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The results in table 3 shows that the free rider problem leads to 19.8 percentage increase in 

electricity consumption when using the bulk meter data and 16 percent with the individual 

dataset. All of the models show highly significant results where the significance levels are 

different than in standard research papers. The used significance levels reject estimates with p-

values that are higher than 5 percent. The estimate for the free rider effect in table 3 above is 

significant on the 0.1 percent level. 

The complete results from table 6 in the appendix are discussed below. The estimates for model 

(1) are discussed first. The model is based on daily data during the period 2006 – 2013, with 

bulk meters from region 1 and 2. The intercept describes the electricity usage without respect 

to anything else, it’s the average consumption for one bulk meter. The intercept of 6.104 

translates into a mean usage of 447.6 kWh per bulk meter and day. The DD-estimator 𝛿𝛿 for the 

free rider effect, shows the increase in the dependent variable, 𝑟𝑟𝑟𝑟 𝑘𝑘𝑘𝑘ℎ𝑖𝑖,𝑡𝑡, if the group is both 

treated and in the post period. The estimate 𝛾𝛾 for the variable 𝑇𝑇𝑖𝑖 describes if a meter belongs to 

the treatment- or control group and is not statistically significant. This strengthens the belief 

that groups are similar, since the type of region should not matter. The estimate 𝜆𝜆 is also not 

significant, thus the impact of time is similar between the two regions. The estimate 𝜓𝜓 for the 

variable 𝑆𝑆𝑖𝑖, looks as if it has nearly no impact but is still significant. Bulk meters can cover 

apartments with square meter areas between 2,479 to 13,863 m2, the small but significant effect 

of 𝜓𝜓 does indeed have a large effect on electricity used. It is perhaps the most intuitive effect 

in the specification of the model, where the size of multi-family housing affects the amount of 

electricity used. The estimate 𝛽𝛽𝑚𝑚 for the month variable 𝑀𝑀𝑚𝑚, catches the variation that stems 

from seasonal effects on electricity use. The month of December is not unsurprisingly the month 

where tenants have the highest seasonal usage. December is the darkest month of the year in 

Sweden and it also includes many Christmas traditions that could affect usage. Table 6 also 

shows that summer months like June – August, results in a 30 – 37 percent decrease in 

electricity usage only due to the month effect in respect to the base month, December. The 

goodness of fit, the adjusted R-square for model (1) is 0.821, suggesting that the model explains 

82.1 percent of the variation in the data. Dewees & Tombe (2011) also receives high R-square 

values, they interpret it with the explanation that the time of year and the climatic variation are 

the major predictors of their model. 

I continue by using the same methodology on a different dataset with individual data and with 

more control variables, this is done in model (2) and (3). The intercept for model (2) is 0.655 

and translates into a base usage of 1.93 kWh per day, for model (3) the base usage is 0.424 kWh 
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per day. The fit of the model that is shown in the adjusted R-square (0.18) is much lower than 

in model (1), unobservable individual characteristics probably play a bigger role in electricity 

demand than in model (1). Model (3) adds control variables such as the rent per square meter 

and the winter holiday effect. In the regression output in Table 6, the DD-estimator has a lower 

value than that of model (1), implying that tenants without submetering use 16 percent more 

electricity than those who have submetering. This effect is highly significant on the 0.1 percent 

level. Winter holiday that occurs at the end of February and beginning of March have a -1.6 

percent effect on the dependent variable suggesting that tenants use less electricity whilst their 

children have school holiday. The number of rooms in each apartment was at first implemented 

in model (2) and (3). However, a correlation matrix showed that the number of rooms and 

square meters correlated with a factor of 0.96. To avoid multicollinearity in the models the 

variable for the number of rooms was excluded. 

The seasonal variation shown in figure 3 is interesting in several ways. It is clearly a variation 

that needs to be taken into account in the regression models used. However, it is also interesting 

when understanding the free rider effect. That tenants with individual metering are much more 

sensitive to volatile changes in the seasonality than those living in region 2 before the change. 

6.2 COMPONENTS 
The separation of the free rider effect into three different components show that that the price 

effect is the component that contributes the most to the free rider effect. The anticipation effect 

is large and highly significant, however the IC-effect did not show any significant results. With 

added variables the complete effect sums up to 21.3 percent higher consumption caused by the 

free rider problem. 

Table 4 – Results for the components of the free rider effect. 

Anticipatory effect 𝜹𝜹𝟏𝟏 0.065** 

(0.022) 

Information on consumption effect 𝜹𝜹𝟐𝟐 -0.008 

(0.015) 

Price effect 𝜹𝜹𝟑𝟑 0.148*** 

(0.016) 

Notes: Difference-in-Differences design. 
Dependent variable is the logarithm of the consumed electricity. 
Cluster-robust standard errors in parentheses. 
Significance levels: *** p<0.001, ** p<0.01, * p<0.05. 
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The results are shown in table 4 above and show that the anticipatory effect does indeed 

contribute to the original model (1). We can capture an effect that tenants consume 6.5 percent 

more electricity if they are unaware about any information of the treatment. This effect is highly 

significant on the one percent level. The IC-effect is close to zero and insignificant. The estimate 

of the price effect show that tenants consumed 14.8 percent more electricity before the 1st of 

March. All results are shown in table 7 in appendix. 

6.3 SAMPLING 
The possibility of subsampling in the individual dataset makes it possible to look closer on the 

free rider effect for different sizes of apartments. The free rider effect for the different 

subsamples are gathered in table 5 below. The effect is the largest for 1 room apartments and 

smallest for apartments with three rooms and kitchen. All the DD-estimates found are 

significant on the five percent level. 

Table 5 - Free rider effect for different sizes of apartments.  

               Rooms 

Variable 

1 2 3 4 

Free rider effect (𝛿𝛿) 0.183* 

(0.077) 

0.148*** 

(0. 030) 

0.138*** 

(0.029) 

0.166* 

(0.076) 

Notes: Difference-in-Differences design. 
Dependent variable is the logarithm of the consumed electricity. 
Cluster-robust standard errors in parentheses. 
Significance levels: *** p<0.001, ** p<0.01, * p<0.05. 

6.4 SENSITIVITY ANALYSIS 
This subsection tests the result in order to strengthen the validity of the free rider effect. The 

placebo treatment method tests if the parallel trend assumption hold for the DD design used in 

this paper. It is also a good method to see how much the serial correlation affects the treatment 

effect. The results show that only placebo treatments for the 1st of April and the 1st of May show 

significant effects on the 5 percent level, effects are in general close to zero and insignificant 

for the rest of the year.  

Serial correlation 

Serial correlation occur when standard errors in adjacent time periods are correlated. Serial 

correlation is also present if let’s say the standard errors correlate for data for observations on 

the 1st of May in 2006 and at the same date the following years. The consequence of serially 
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correlated standard errors in a DD regression is that the perceived standard errors are smaller 

than the true standard errors. The unbiasedness or the consistency of the estimates are not 

affected (Bertrand, et al., 2004, Rabe-Hesketh & Skrondal., 2008 and Pindyck & Rubinfield, 

1998). 

The estimates in the DD-regression output could therefore be perceived as more precise than 

they actually are. The fit of the model, the R2-value will also be perceived as higher than that 

of the true value. Bertrand et al (2004) suggests different methods when assessing the problem 

and how to handle it. The authors apply placebo treatments for DD methods used in several 

published papers for the CPS data (Current Population Survey). They show that the treatment 

effects would be rejected at a five percent level in 45 percent of the simulations. The authors 

suggests that block bootstrapping is a good technique to counter the serial correlation problem. 

Placebo treatment 

The placebo treatment robustness check is implemented for the model (2) on the individual 

dataset, to ensure the plausibility of the parallel trend assumption and that the serial correlation 

problem is not present. Let’s say for example that we drop data for dates before or equal to the 

treatment date, the 29th of February. We are then left with observations covering the period 

between 01/03/12 and 01/01/13. If we then pretend that the treatment occurred at the start of 

every month after this date then for the parallel trend assumption to hold we need the DD 

estimate, 𝛿𝛿, to only give insignificant values or as close to zero as possible. Figure 3 below 

shows what happens if we use the placebo test during the period of parallel trends for both 

regions.  

 
Figure 3 – The treatment effect for placebo treatments in the beginning of each month. 
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The placebo treatment is only significant on the five percent level for treatments on the 1st of 

April and the 1st of May. A possible cause for the placebo test to fail the two closest months 

after the real treatment could be that there exists a learning period. Tenants might not react 

instantaneous to the new cost but they react after the two first bills. The placebo test shows that 

the placebo effect converges towards zero during the rest of the year. This strengthens the 

validity of the DD-design and the inference drawn shows that the free riding problem occurs 

when not taking the individual cost of consumption. 

7 CONCLUDING REMARKS 

The results found in this thesis show that there is a free rider problem among tenants that have 

housing utilities included in the rent. The effect is large, depending on what model is used, it 

amounts to 16 – 21.3 percent higher consumption of electric energy. This thesis has also been 

able to separate the free rider effect into three different components. The three components 

investigated are the anticipatory effect, the information on consumption effect and the price 

effect. The results on these components show that the price effect is the main contributing 

component to the free rider problem, a 14.8 percent increase when tenants do not take the cost 

of their own consumption. This is in line with the free rider problem theory. When individuals 

do not take the cost of their own consumption a market failure arises with an excessive 

consumption of that good. The second effect that was estimated was the information on 

consumption effect. The results from this thesis finds no evidence that feedback on individual 

consumption has any effect. Individuals have the opportunity to evaluate their energy 

conservation efforts but do not appear to reduce consumption. The last effect that was estimated 

was the anticipatory effect, individuals can react on information before an upcoming treatment, 

this is called the Ashenfelters dip in the literature. Due to the reversed methodology, the 

estimate of this effect is somewhat hard to interpret, but shows a 6.5 percent increase in 

electricity consumption when tenants go from awareness to not knowing anything about the 

treatment. This thesis contributes to the scarce research with new data of better quality. The 

dataset allows for three different components of the free rider effect to be analysed 

simultaneously, something that is otherwise done separately in the literature. 

The results in this thesis suggest a more effective energy policy that could reduce energy 

consumption in multi-family dwellings. The subject is overlooked both in the literature but also 

in energy statistics from different countries. Statistics Sweden do however have data on the 
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extent of bulk and individual metering in Sweden. Most of the findings on energy conservation 

due to individual metering originates from Ontario, Canada. However in other countries like 

the US, legislation 10  exists and regulates so that new built apartment buildings include 

individual meters. There still exist many tenants who have electricity as an included utility in 

the US. In surveys like the American Housing Survey (AHS) or the Housing Discrimination 

Survey (HDS) the amount of tenants with electricity included in their rent varies between 7.5 

and 8.75 percent, Seok & Sangsin (2012). Even in developed countries like the US, which has 

legislated against the sole use of bulk meters in new buildings, there is a possibility to impose 

on submeters in older housing. In this thesis the installation of individual meters is paid off after 

only 194 days for the landlord, this might not be the case everywhere but points out a fact that 

should motivate property owners to install individual metering.   

It could also be a potentially important aid program for creating a sustainable environment in 

developing countries by increasing the use of individual meters and individual charging. The 

problem of free riding is noticeable in countries like India where 13.3 percent of electricity 

customers are not metered at all, Soma et al. (2011). The authors suggests that individual 

metering in developing countries is an effective way of preventing theft from the electricity 

grid. Furthermore the idea of creating aid programs on the individual level in the electricity 

infrastructure is an interesting topic, and perhaps the understanding of the free rider problem in 

this thesis could contribute. 

Future research could be done on the free rider problem within other utilities such as warm and 

cold water where only one percent of Swedish multi-family dwellings pay for the individual 

consumption, Boverket (2008). Human behaviour could also be furthered investigated more on 

the micro-level regarding the socio-economic factors contributing to the free rider problem; for 

example if we were able to understand the relationship between the free rider problem and 

education, income and other individual characteristics. 

  

10 Public Utility Regulatory Policies Act of 1978 
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APPENDIX 
Table 6 – Results for the free rider effect. 

VARIABLES Model (1) Model (2) Model (3) 
The free rider effect (𝜹𝜹) 0.198*** 

(0.023) 
0.160*** 
(0.019) 

0.160*** 
(0.019) 

Treatmentgroup (𝜸𝜸) 0.012 
(0.200) 

-0.011 
(0.022) 

0.051 
(0.029) 

Post (𝝀𝝀) 0.033 
(0.019) 

-0.019 
(0.018) 

-0.019 
(0.018) 

January (𝜷𝜷𝟏𝟏) -0.013*** 
(0.002) 

0.006 
(0.012) 

0.006 
(0.012) 

February (𝜷𝜷𝟐𝟐) -0.042*** 
(0.004) 

-0.023 
(0.013) 

-0.022 
(0.013) 

March (𝜷𝜷𝟑𝟑) -0.084*** 
(0.004) 

-0.087*** 
(0.011) 

-0.085*** 
(0.011) 

April (𝜷𝜷𝟒𝟒) -0.157*** 
(0.010) 

-0.120*** 
(0.011) 

-0.120*** 
(0.011) 

May (𝜷𝜷𝟓𝟓) -0.244*** 
(0.018) 

-0.202*** 
(0.011) 

-0.202*** 
(0.011) 

June (𝜷𝜷𝟔𝟔) -0.316*** 
(0.025) 

-0.230*** 
(0.012) 

-0.230*** 
(0.012) 

July (𝜷𝜷𝟕𝟕) -0.377*** 
(0.030) 

-0.298*** 
(0.013) 

-0.298*** 
(0.013) 

August (𝜷𝜷𝟖𝟖) -0.308*** 
(0.026) 

-0.242*** 
(0.012) 

-0.242*** 
(0.012) 

September (𝜷𝜷𝟗𝟗) -0.195*** 
(0.014) 

-0.167*** 
(0.011) 

-0.167*** 
(0.011) 

October (𝜷𝜷𝟏𝟏𝟏𝟏) -0.105*** 
(0.006) 

-0.107*** 
(0.009) 

-0.107*** 
(0.009) 

November (𝜷𝜷𝟏𝟏𝟏𝟏) -0.044*** 
(0.005) 

-0.058*** 
(0.007) 

-0.058*** 
(0.007) 

December  (𝜷𝜷𝟏𝟏𝟐𝟐) (Intercept for months) 0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Squaremeters (𝝍𝝍) 0.000144*** 
(0.000) 

0.020*** 
(0.001) 

0.024*** 
(0.001) 

Winter holiday (𝝑𝝑)   -0.016** 
(0.005) 

Rent per square meter (𝜽𝜽)   0.00124*** 
(0.000) 

Constant  (𝜶𝜶) 6.104*** 
(0.281) 

0.655*** 
(0.061) 

-0.859* 
(0.426) 

    
Observations 55 591 638 728 638 728 
Number of newid 22 1,760 1,760 
Adj. R-squared 0.821 0.180 0.180 
Notes: Difference-in-Differences design. 
Dependent variable is the logarithm of the consumed electricity. 
Cluster-robust standard errors in parentheses. 
Significance levels: *** p<0.001, ** p<0.01, * p<0.05. 
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Table 7 – Results for the components of the free rider effect using bulk meter data. 
VARIABLES Model (4) Model (5) 
The free rider effect (𝜹𝜹𝟏𝟏) 0.148*** 

(0.016) 
0.148*** 
(0.016) 

Information on consumption effect (𝜹𝜹𝟐𝟐) -0.008 
(0.015) 

-0.008 
(0.015) 

Anticipation effect (𝜹𝜹𝟑𝟑) 0.065** 
(0.022) 

0.065** 
(0.022) 

Treatmentgroup (𝜸𝜸) 0.012 
(0.200) 

0.081 
(0.199) 

Post (𝝀𝝀) -0.033* 
(0.013) 

-0.033* 
(0.013) 

Electronic Feedback  (𝜎𝜎) 0.060** 
(0.019) 

0.059** 
(0.019) 

Information  (𝜋𝜋) 0.010 
(0.021) 

0.010 
(0.021) 

January (𝜷𝜷𝟏𝟏) -0.013*** 
(0.002) 

-0.013*** 
(0.002) 

February (𝜷𝜷𝟐𝟐) -0.042*** 
(0.004) 

-0.041*** 
(0.004) 

March (𝜷𝜷𝟑𝟑) -0.099*** 
(0.005) 

-0.098*** 
(0.005) 

April (𝜷𝜷𝟒𝟒) -0.172*** 
(0.013) 

-0.172*** 
(0.013) 

May (𝜷𝜷𝟓𝟓) -0.259*** 
(0.020) 

-0.259*** 
(0.020) 

June (𝜷𝜷𝟔𝟔) -0.331*** 
(0.028) 

-0.331*** 
(0.028) 

July (𝜷𝜷𝟕𝟕) -0.385*** 
(0.032) 

-0.385*** 
(0.032) 

August (𝜷𝜷𝟖𝟖) -0.316*** 
(0.028) 

-0.316*** 
(0.028) 

September (𝜷𝜷𝟗𝟗) -0.203*** 
(0.016) 

-0.203*** 
(0.016) 

October (𝜷𝜷𝟏𝟏𝟏𝟏) -0.113*** 
(0.007) 

-0.112*** 
(0.007) 

November (𝜷𝜷𝟏𝟏𝟏𝟏) -0.052*** 
(0.005) 

-0.052*** 
(0.005) 

December  (𝜷𝜷𝟏𝟏𝟐𝟐) (Intercept for months) 0.000 
(0.000) 

0.000 
(0.000) 

Square meters (𝝍𝝍) 0.000144*** 
(0.000) 

0.0001425*** 
(0.000) 

Winter holiday (𝝑𝝑)  -0.028** 
(0.010) 

Rent per square meter (𝜽𝜽)  0.002 
(0.001) 

Constant (𝜶𝜶) 6.112*** 
(0.281) 

4.667*** 
(1.150) 

   
Observations 55,591 55,591 
Number of id 22 22 
Adj. R-squared 0.823 0.830 
Notes: Difference-in-Differences design. 
Dependent variable is the logarithm of the consumed electricity. 
Cluster-robust standard errors in parentheses. 
Significance levels: *** p<0.001, ** p<0.01, * p<0.05. 

28 
 



Table 8 – Results for the free rider effect for different sizes of apartments. 
VARIABLES 1 room 2 room 3 room 4 room 
The free rider effect (𝜹𝜹) 0.183* 

(0.077) 
0.148*** 
(0.030) 

0.138*** 
(0.029) 

0.166* 
(0.076) 

Treatmentgroup (𝜸𝜸) -0.892 
(6.135) 

-0.065 
(0.034) 

-0.068 
(0.060) 

0.027 
(0.116) 

Post (𝝀𝝀) -0.051 
(0.050) 

-0.025 
(0.018) 

-0.031 
(0.017) 

-0.047 
(0.064) 

January (𝜷𝜷𝟏𝟏) -0.010 
(0.042) 

0.003 
(0.014) 

0.032* 
(0.013) 

0.118*** 
(0.031) 

February (𝜷𝜷𝟐𝟐) -0.049 
(0.047) 

-0.021 
(0.014) 

0.003 
(0.014) 

0.056 
(0.031) 

March (𝜷𝜷𝟑𝟑) -0.117* 
(0.052) 

-0.099*** 
(0.016) 

-0.071*** 
(0.016) 

-0.083** 
(0.027) 

April (𝜷𝜷𝟒𝟒) -0.156** 
(0.052) 

-0.137*** 
(0.017) 

-0.090*** 
(0.016) 

-0.130*** 
(0.028) 

May (𝜷𝜷𝟓𝟓) -0.213*** 
(0.056) 

-0.210*** 
(0.018) 

-0.178*** 
(0.016) 

-0.259*** 
(0.025) 

June (𝜷𝜷𝟔𝟔) -0.232*** 
(0.057) 

-0.219*** 
(0.019) 

-0.225*** 
(0.017) 

-0.335*** 
(0.035) 

July (𝜷𝜷𝟕𝟕) -0.262*** 
(0.057) 

-0.270*** 
(0.019) 

-0.308*** 
(0.020) 

-0.465*** 
(0.047) 

August (𝜷𝜷𝟖𝟖) -0.248*** 
(0.059) 

-0.235*** 
(0.018) 

-0.236*** 
(0.018) 

-0.311*** 
(0.038) 

September (𝜷𝜷𝟗𝟗) -0.168** 
(0.058) 

-0.175*** 
(0.017) 

-0.158*** 
(0.015) 

-0.164*** 
(0.022) 

October (𝜷𝜷𝟏𝟏𝟏𝟏) -0.095* 
(0.043) 

-0.113*** 
(0.015) 

-0.101*** 
(0.012) 

-0.110*** 
(0.022) 

November (𝜷𝜷𝟏𝟏𝟏𝟏) -0.071* 
(0.035) 

-0.051*** 
(0.010) 

-0.062*** 
(0.010) 

-0.068*** 
(0.018) 

December  (𝜷𝜷𝟏𝟏𝟐𝟐) (Intercept for months) 0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

0.000 
(0.000) 

Square meters (𝝍𝝍) -0.069 
(0.463) 

0.019*** 
(0.004) 

-0.003 
(0.016) 

0.023 
(0.021) 

Constant (𝜶𝜶) 4.634 
(21.400) 

0.724** 
(0.244) 

2.544* 
(1.249) 

0.332 
(2.004) 

     
Observations 37,058 311,156 243,800 46,714 
Number of id 103 858 671 128 
Adj. R-squared 0.021 0.040 0.032 0.098 
Notes: Difference-in-Differences design. 
Dependent variable is the logarithm of the consumed electricity. 
Cluster-robust standard errors in parentheses. 
Significance levels: *** p<0.001, ** p<0.01, * p<0.05. 
Rooms are counted excluding kitchen. 
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