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Abstract
“Getting the price right” is a goal of many market-oriented 
energy policies.  However, there are situations where the con-
sumer paying for the energy is separate from the owner of the 
energy-using device.  Economists call this a “principal agent 
problem”. A team organised by the International Energy Agency 
examined seven end uses and one sector where principal agent 
problems existed: refrigerators, water heating, space heating, 
vending machines, commercial HVAC, company cars, lighting, 
and fi rms.  Th ese investigations took place in  Australia,  Japan, 
the  Netherlands,  Norway, and the  United States. 

About 2 – 100% of the energy consumed in the end uses ex-
amined was aff ected by principal agent problems.  Th e size (and 
sometimes even the existence) varied greatly from one country 
to another but all countries had signifi cant amounts of energy 
aff ected by principal agent problems.   Th e presence of a market 
failure does not mean that energy use would fall substantially if 
the failure were eliminated; however it does suggest that raising 
energy prices—such as in the form of carbon taxes—will not 
necessarily increase effi  ciency investments. 

Introduction
Th e price of energy is a key factor infl uencing its effi  cient use. 
Governments have long recognized that raising the price of 
energy (or certain forms of energy) can be an eff ective tool 
in discouraging consumption and stimulating more effi  cient 
use of energy. “Getting the price right” is therefore the goal of 

many market-oriented energy policies. Economists argue that, 
when prices accurately refl ect full costs of supplying energy, 
consumers will make appropriate decisions regarding invest-
ments in more effi  cient equipment, purchases of energy, and 
use of energy-related services.  Several strategies have been 
proposed to minimize energy and environmental problems by 
placing additional charges on energy. Th e charges have many 
names—carbon taxes, emission charges, green taxes, externali-
ties charges, etc.—but all of them involve directly or indirectly 
raising the price of energy.

But how eff ective are higher prices in achieving the desired 
reductions?  And should higher prices be the primary policy 
used to limit energy consumption? Th is paper examines the 
extent to which consumers actually “see” energy prices and are 
therefore likely to respond to them.  Th is study quantifi es the 
amount of energy consumption that is “aff ected” by a market 
failure and “insulated” from price signals. Th is paper presents 
part of a larger IEA study that will be published later this year 
(International Energy Agency, 2007). 

Many researchers have identifi ed and catalogued market bar-
riers, such as Blumstein et al. (Blumstein et al., 1980) in the 
process of explaining why consumers ignore seemingly attrac-
tive investments in energy effi  ciency (sometimes referred to as 
the “effi  ciency gap”). Others, notably Jaff e and Stavins (Jaff e and 
Stavins, 1994a, Jaff e and Stavins, 1994b) and Sorrell  (Sorrell, 
2004) explored the distinctions between the broader concept of 
barriers and more precisely defi ned market failures.  Jaff e and 
Stavins categorised the distinctions and presented them in a 
matrix similar to that shown in Table 1. 

As Table 1 shows, there are many explanations for consum-
ers not investing to the expected levels in effi  ciency. Market 
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failures are an especially important category, however, because 
most economists agree that government policies are justifi ed 
when market failures exist (Australia Productivity Commis-
sion, 2005, Hinchy et al., 1991, Sanstad, 2006, Sorrell, 2004, 
Th e Stern Review, 2007). Other factors help determine how 
consumers respond to energy prices.  Some of these factors 
are described in studies of consumer perception of energy use 
(Kempton, 1981) and behaviour (see, for example, Wilhite et 
al., 2000).  An important fi rst step, regardless, is to confi rm that 
consumers actually see the price signal and are in a position to 
respond to it.

How Much Energy Consumption is Insulated from 
the Energy Price? Our Approach
In this paper (and the larger IEA study on which it is based) we 
focus on a single category of market failure: the principal agent 
problem (also called “split incentives”).  Th e “principal agent 
(PA) problem” occurs when one party, the “principal”, engages 
another party, the “agent” to make certain transactions on its 
behalf.  A familiar situation is the relationship between a land-
lord and a tenant.  A simplifi ed description of the obligations 
is shown in Figure 1. 

Th e tenant pays rent to the landlord in exchange for use of 
the building.  Th e tenant pays energy costs that are, to a great 
extent, determined by the infrastructure present in the build-
ing. Th e landlord makes (or declines to make) investments in 
the building so as to lower its energy consumption and has 

little incentive to make effi  ciency investments because these 
reduce costs are borne only by the tenant. If energy prices rise 
(from market fl uctuations or as a result of a deliberate policy), 
the landlord still lacks any short-run incentive to respond with 
additional investment in effi  ciency. In these ways, we say that 
the landlord’s decisions regarding energy effi  ciency and the 
consumers’ energy use are “insulated” from energy prices.  Th e 
tenant can sometimes conserve but her options are typically 
constrained to measures that mostly rely on strict conserva-
tion rather than effi  ciency improvements.  For certain end 
uses, such as refrigerators, the tenant has no eff ective means of 
adjusting consumption (beyond unplugging the unit) in cases 
where it is chosen or provided by the landlord.

Other relationships can also exist between the principal and 
agent regarding responsibility for investments in effi  ciency and 
payment of energy costs.  Table 2 depicts the four possibili-
ties.

In Case 1, the end user selects the energy-using technology 
(furnace, car, refrigerator, etc.) and pays for its energy con-
sumption.  In this case there is no PA problem because the 
principal and agent are the same entity. Th e party will be eco-
nomically motivated to make a reasonable investment in effi  -
ciency (but it does not ensure that it will happen because other 
barriers may be present).  

In Case 2, another entity – the agent—selects the energy-us-
ing technology, but the end user—the principal—pays for the 
energy use.  Th is is the situation depicted in Figure 1.  A PA 
problem exists here and is defi ned in Table 2 as an “effi  ciency 
problem”. Th is is the situation in many rented buildings, where 
the landlord selects the heating system, level of insulation, and 
other building characteristics but the tenant must pay the heat-
ing or cooling bill. Th e landlord’s decisions regarding invest-
ment in effi  ciency are insulated from the price signal, that is, 
an increase in energy prices are unlikely to quickly spur new 
effi  ciency investments.

Explains efficiency gap Does not explain efficiency gap

Barriers that

are market

failures

Examples:

Public good attributes of information

Positive externalities of technology adoption

Asymmetric information in energy service

markets – leading to problems of adverse

selection, moral hazard and split

incentives

Examples:

Distortions in energy pricing (e.g. departures

from marginal cost pricing, cross subsidies,

VAT differentials etc.)

Environmental externalities (e.g. air quality,

acid rain, climate change)

Barriers that

are not

market

failures

Examples:

Hidden costs (e.g. disruptions to production)

Reduced product performance (e.g. lower

reliability)

Option value of delaying investment

Table 1. Distinctions between market failures and market barriers

Figure 1. Energy-related transactions for landlord and tenant

Can choose

technology

Cannot choose

technology

Pays the energy bill Case 1: No PA

problem

Case 2: Efficiency problem

Does not pay the

energy bill

Case 3: Usage and

efficiency problem

Case 4: Usage problem

Table 2. Transactions from an end user’s perspective
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In Case 4, the end user neither selects the energy-using tech-
nology nor pays the energy bill.  We call this a “usage” problem 
because the end user faces no economic constraint on usage.  
Here the end users—who are shielded from the price of en-
ergy—consume more energy than is reasonable because they 
do not pay for it. Th is is the situation where the landlord selects 
the level of insulation and pays the heating bill determined by 
the behaviour of the tenants. It leads to the common situations 
in Eastern Europe (Dempsey, 2006) (and elsewhere) where ten-
ants open windows to regulate the inside temperature, even on 
the coldest days. Th is market failure is the reverse of Case 2.  
Here the landlord is the principal and the tenant is the agent.  In 
this case, the agent is not acting in the landlord’s interest.

In Case 3, the end user selects the technology but does not 
pay the utility bill.  In Case 3 both a usage and effi  ciency prob-
lem are present. Th is may seem like a bizarre situation but it 
does in fact exist.  For example, in some companies the employ-
ees are permitted to select their cars and the companies pay for 
fuel consumed on both company and personal trips.  

Th e IEA study focused on Cases 2–4 the “effi  ciency” and “us-
age” PA failures.  For each PA problem, the study estimated the 
amount of energy consumed by end users in those cases. In 
each case, the study sought to identify who is the principal and 
who is the agent?  Th e defi ning questions are:

Who selects, purchases, and owns the energy-using tech-
nology?

Who pays the energy bill?

Who controls operation of the energy-using technology?

A PA problem might exist if these parties are diff erent.  For ex-
ample, many landlords select the water heaters but their tenants 
must pay the energy bill for the hot water.  Th e landlord has 
little incentive to invest extra in a high effi  ciency water heater.  
Another example is in the provision of cable TV services.  Vir-
tually all cable TV service providers require subscribers to use 
the providers’ own decoder boxes to maintain security.  (New 
decoder boxes can consume as much electricity as a refrigera-
tor, so this is a signifi cant home appliance.).  Th e cable TV 
provider makes the decision regarding the box’s energy effi  -
ciency—if it is considered at all—while the subscriber pays for 
the box’s electricity consumption. In both of these cases the 
party making the energy effi  ciency decision is “insulated” or 
“shielded” from the energy price signal.

Our principal criteria for selecting case studies were: 

a clear procedure to identify the amount of energy in each 
of the four cases;

suffi  cient data for a credible estimate;

examples from diff erent sectors; and

a possibility of duplicating the study in more than one 
country.

In general, we sought examples that could be examined within 
a structure of an international collaboration.  Th e “stories” be-
hind each case study needed to be easily understood by a di-
verse group of researchers.

•

•

•

•

•

•

•

Results
Eight situations where principal agent problems existed were 
examined.  Th ese are listed in Table 3, along with the countries 
where analyses were undertaken.

Below, we briefl y describe the principal agent problems iden-
tifi ed in Table 3.

Refrigerators. Refrigerators are sometimes purchased by 
landlords for their tenants and by home-builders for homes 
to be sold.  In most cases, these landlords and home-builders 
will not pay the refrigerators’ electricity costs. Th is creates an 
effi  ciency problem—Case 2.

Water heating in buildings. Th e occupants of a typical sin-
gle family home select the water heater and pay for the water 
heating energy use so no PA problem exists—Case 1.  How-
ever, contractors or other agents make purchasing decisions 
in a signifi cant fraction of homes, which creates an effi  ciency 
problem—Case 2. In rental units, the landlord typically pur-
chases water heaters but the tenant pays for the energy used to 
heat the water. Th is creates an effi  ciency problem – Case 2.  In 
larger buildings the landlord heats water in a central boiler and 
typically includes energy costs as part of the rent. Th is creates 
a usage problem – Case 4.

Space heating in buildings. Th e occupants of a typical single 
family home make the decisions regarding heating system in-
vestments and pay for the space heating energy use so no PA 
problem exists—Case 1. However, contractors or other agents 
make purchasing decisions in a signifi cant fraction of homes, 
which creates an effi  ciency problem—Case 2. In rental units, 
the landlord typically purchases heating equipment and main-
tains the building’s energy-related infrastructure. In some cases 
the tenant is responsible for paying heating costs; thus the land-
lord has no incentive to invest in effi  ciency improvements be-
cause the tenant gains all the benefi ts.  Th is creates an effi  ciency 
problem—Case 2—but many variations are possible.

Television set-top boxes. Th ese boxes receive and de-code tel-
evision signals for televisions connected to cable and satellite 
networks.  Th e service provider typically requires the custom-
ers to use its box so as to maintain security and compatible 
technology.  Th e customer pays for the box’s electricity use and 
has no discretion about selecting a more effi  cient model. Th e 
service provider is generally a monopoly and therefore has no 
competitive reason to off er high-effi  ciency boxes. Th is creates 
an effi  ciency problem – Case 2—for the whole set-top box 
market.

Residential lighting.  Tenants or owners can install effi  cient 
lights in homes.  In many cases, the occupants—regardless of 

Case Study Countries

Refrigerators USA

Water heating USA, Norway

Space heating Netherlands, USA, Norway

Vending machines Japan, Australia

Commercial HVAC Japan, Netherlands, Norway

Company cars Netherlands

Lighting USA

Firms Australia, Norway

Table 3. Principal agent problems examined in this study
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ownership—can replace incandescent lights with more effi  -
cient compact fl uorescent (CFL) lamps without changing the 
fi xtures.  Th is situation corresponds to Case 1 where no PA 
problem exists. On the other hand, electricity costs for some 
tenants are included in the monthly rent. In these cases tenants 
have no incentive to buy effi  cient or switch them off  when not 
required.  Th is creates a usage problem—Case 4—and also ap-
plies to all other uses of electricity in the building.

Vending machines and refrigerated display cabinets. Th e bev-
erage (and food) distributor pays a property owner to locate 
a vending machine on the property.  In return the property 
owner receives a share of revenues. Food distributors oft en give 
grocery stores and other retail outlets free refrigerated display 
cabinets to store and showcase their products. In both cases, 
the property owner has little or no information regarding the 
machine’s electricity consumption and no discretion to select 
a more effi  cient machine.  Th e property owner must pay for 
the machine’s electricity consumption. In Japan, however, the 
beverage distributor pays the property owner a second fee—a 
kind of reimbursement—to cover the vending machine’s en-
ergy costs.  Th e type of PA problem depends on the specifi c 
circumstances of the fi nancial arrangements.

Commercial building HVAC expenses.  Heating and cooling 
costs in commercial buildings are oft en rolled into the rent or 
charged according to the fl oor area rented.  Tenants have little 
incentive to control energy consumption.  Similarly, the build-
ing owner has little incentive to invest to improve the building’s 
effi  ciency because all energy expenses are passed to the tenants.  
Th is creates a usage problem—Case 4—but may be constrained 
by certain operating restrictions; for example, the landlord may 
reduce ventilation rates outside of operating hours.

Company cars. Many countries off er preferential taxes or 
benefi ts for cars used for business.  As a result, company cars 
account for nearly half of new car sales in Australia and Bel-
gium. Company cars are typically larger, less effi  cient, and are 
driven further than private vehicles. Some fi rms allow their 
employees to select their cars and even provide free fuel.  Th is 
creates a combined usage and effi  ciency problem—Case 3.  

Principal agent problems inside fi rms.  Organisational con-
straints inside fi rms and organisations sometimes create inter-
nal PA problems.  Th is would appear to defy logic because the 
principal and the agent are the same entity; however, organi-
zation arrangements that are designed to promote growth or 
other goals can coincidentally create PA problems. Early in-

vestigations by DeCanio (DeCanio, 1993, DeCanio, 1994) in 
the United States, followed by Sorrell in the UK (Sorrell, 2004), 
Sæle ( Sæle et al., 2005) in Norway, and Schleich and Gruber 
(Schleich and Gruber, 2006) in Germany have described this 
phenomenon.  Many fi rms maintain separate budgets for capi-
tal investment and operations and are administered by two dif-
ferent—and distant—divisions.  Managers in charge of opera-
tions cannot easily obtain approval for investments that will 
reduce energy costs because those investments fail to rise to 
the top of queue. Th ese PA problems create nationally signifi -
cant amounts of energy use that are eff ectively insulated from 
energy price signals (at least in the short term).   Th e IEA study 
addressed this topic but the analysis is not presented in this 
paper.

Matrixes with estimates of energy use in each of the four cat-
egories of PA problems were developed.  An example for resi-
dential water heating in the United States adapted from Murt-
ishaw and Sathaye (Murtishaw and Sathaye, 2006) is shown in 
Table 4.  Th e Table shows the fraction of homes in each of the 
four cases, which is an intermediate step in the process of esti-
mation. Th e notes in the Table illustrate some of the assump-
tions and data requirements needed to make this estimate.

Only 21% of US homes had water heaters that were selected 
by the same person that paid the energy bills. In the remaining 
78% of US homes, the end user did not select the water heater 
or did not pay the energy bills (or both).  Th us, a PA prob-
lem—either an effi  ciency or usage problem—exists in roughly 
3/4 of the homes.  Th is corresponds to approximately 78% of 
the energy consumed for residential water heating in the US 
residential sector. A similar approach was used in all of the 
other cases and the results are summarised in Table 5.

Multiple values are presented when similar analyses were 
undertaken in more than one country. Th e Table shows the 
fraction of energy use within that end use aff ected by the prin-
cipal-agent problem ranges from 2% (in residential lighting) 
to 100% (for set-top boxes).  Th e fraction for residential light-
ing is low because most users can gain access to the lighting 
fi xtures and change lights to more effi  cient models (so no PA 
problem exists).  Diff erences in business practices are refl ected 
in the ranges of energy use aff ected by the PA problem.  For ex-
ample, nearly all Norwegian commercial leased space includes 
HVAC expenses in the rent, while in Japan the fraction is much 
smaller.

Household Can Choose Technology Household Cannot Choose

Technology

Household

Pays Energy

Bills

21% of homes
40% of occupant-owned single-family homes

older than 13 years

40% of occupant-owned multifamily homes,

older than 13 years, with individual water

heaters, utilities not included

68% of homes
Most rental units

Newer occupant-owned units

60% of occupant-owned units, older than

13 years, w/ individual water heaters

Household

Does Not Pay

Utility Bill

Negligible
Possibly a small number of condos older than

13 years with individual water heaters

10% of homes
Significant number of rental units

Condos with central boilers

Newer condos with utilities included

Table 4. Shares of water heaters in different market situations in the United States (adapted from (Murtishaw and Sathaye, 2006))
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Policies towards company cars vary greatly among countries.  
Th ese policies were sometimes created to support a domestic 
automobile industry. Nearly a third of vehicle fuel consumption 
is aff ected by this market failure in the Netherlands. Th e prob-
lem was once equally prevalent in the United Kingdom; how-
ever, tax policies were changed so that many of the PA problems 
were minimized (Inland Revenue, 2004).

No country or economic system is immune from market 
failures. Th is is demonstrated in the cases of HVAC in com-
mercial buildings, water heating, and residential space heat-
ing.   However, the size of the market failure diff ered markedly 
in some countries.  Compared to Australia, Japanese vending 
machine operators have developed a mechanism to minimize 
PA problems, that is, a reimbursement to the operator to cover 
energy costs.  Th e same solution could be applied to the PA 
problem in set-top boxes, that is, to require the service provider 
to reimburse customers for the boxes’ electricity use.  In this 

way, most set-top boxes shift  from being in Case 2 to Case 1 
where no PA problem exists. Th e service provider is more likely 
to consider energy effi  ciency when establishing specifi cations 
for new boxes because it is now responsible for paying energy 
costs.

Th e amount of aff ected energy use caused by each PA prob-
lem may appear small but the impact can be signifi cant when 
the combined PA problems in a whole sector are considered. 
Th e combined impact of identifi ed market failures in the US 
residential sector equals roughly 24% of total primary energy 
use in that sector (see Table 6).

Roughly a quarter of the residential energy use is therefore 
insulated from the price signal. In some cases, the persons pay-
ing the energy bills are unable to invest in effi  ciency improve-
ments while, in other cases, they are unable to eff ectively man-
age operations and behaviour. 

End Use Countries

Examined

Fraction of Energy Use

Affected by Principal-

Agent Problem

Residential refrigerators USA 25%

Residential water heating Norway, USA 38 – 77%

Residential space heating Netherlands,

USA
46 – 48%

Residential lighting USA 2%

Television set-top boxes USA 100%

Company cars NL 32%

HVAC in commercial leased space Japan,

Netherlands,

Norway

17 – 44 – 90%

Vending machines Japan,

Australia
44 – 80%

Table 5. Fraction of energy use affected by principal agent problems in various countries examined in this paper

Energy Use Affected by Principal Agent Problems

Case Primary Energy

Use (PJ)

Fraction of End

Use

Fraction of All

Residential

Refrigerators 390 25% 2%

Water Heating 1060 42% 6%

Space Heating 2500 48% 15%

Lighting 23 2% 0.1%

Set-Top Boxes 160 100% 1%

Total 4130 – 24%

Table 6. Residential energy use in the United States affected by principal agent problems in this study
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Conclusions
Market failures oft en prevent what appear to be cost-eff ective 
investments in energy effi  ciency from taking place.  Economists 
generally agree that governments may intervene in markets 
where these failures occur.  To date, most research has focused 
on cataloguing these market failures and barriers and not the 
size of the failures.  Th ere will be more urgency to implement 
policies if the amount of energy aff ected by market failures is 
large.  

Th is paper—and the larger, IEA study on which it is based—
for the fi rst time sought to estimate the amount of energy con-
sumption that is aff ected by a single class of market failures, the 
principal agent problem. Th e shielding from the price signal 
varies depending on the relationship between the person re-
sponsible for energy investments and the end user who controls 
energy use.  In one case the person paying for the energy is 
unable to invest in effi  ciency improvements—an “effi  ciency” 
problem—and, in the other case, the person paying for the 
energy is unable to manage operating behaviour—a “usage” 
problem.

Principal agent problems appear in many parts of the econ-
omy and range widely in the amount of energy use impacted. 
Th e examples presented here found aff ected energy use to be 
as small as 2% of the end use (in residential lighting) to as large 
as 100% (for set-top boxes). In one case it was possible to es-
timate the size of the principal agent problem for a whole sec-
tor—24% for the US residential sector. Other principal agent 
problems exist but we lacked the resources to identify and 
quantify them.

Th e same type of principal agent problem appears in many 
countries although their size varies with the institutional ar-
rangements.  Some countries have developed mechanisms to 
minimise the impact of the market failures, such as novel ener-
gy reimbursement schemes (like that used for Japanese vending 
machines), revised tax arrangements (for UK company cars), 
and minimum energy effi  ciency standards for appliances.

Th e presence of a principal agent problem does not auto-
matically infer that energy is being used in an uneconomic 
fashion or that removal of the failure will lead to energy sav-
ings. Removing PA problem in the U.S. residential sector may 
not necessarily lead to large energy savings because minimum 
energy effi  ciency standards and building codes constrain the 
range in purchasing decisions.  For example, a landlord may 
buy the cheapest refrigerator or water heater on the market but 
their effi  ciencies will not be so much lower than the most effi  -
cient on the market. But the four cases depicted in Table 2 sug-
gest that the demand for energy, even within a single end use, 
is composed of groups facing starkly diff erent market condi-
tions. Each of these groups is likely to respond very diff erently 
to higher energy prices. Th e results also suggest that a unique 
policy directed towards each group may be more eff ective than 
the blunt tool of higher prices.
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