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Abstract 

 Recent trends in energy have lead to an increased push for the efficient use of 

energy with a focus on improving the energy efficiency of household appliances. Electric 

resistance heating represents a highly inefficient technology that still sees regular use. 

Previous literature has paid relatively little attention to the heating systems of multi-

family homes.  This paper uses statistical analysis to examine the relationship between 

multi-family homes and the likelihood of a home using electric resistance heating. By 

applying a heuristic decision making approach that challenges traditional rational choice 

theory, this paper finds evidence that split incentives between landlord and tenants has 

resulted in an inefficient outcome. This research will has implications for how the use of 

energy-efficient and resource-efficient heating systems can be encouraged with regards to 

multi-family homes. 
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1. Introduction 

Energy efficiency represents a simple and effective way to reduce energy consumption in 

a way that can also reduce total resource costs. Despite this, a number of energy-efficient 

technologies are underutilized in the United States. With respect to residential energy use, 

the end-use that represents the largest proportion of energy consumption is space heating 

and cooling. According to the Energy Information Administration (EIA) (2009), space 

heating represents the largest proportion of household energy consumption in the  states 

of Oregon, Washington, Alaska, and Hawaii1 totaling 39% of end-use consumption (US 

Energy Information Administration, 2009)2. Residential heating is regulated by the states 

of Oregon and Washington in the form of building codes primarily designed to ensure 

residential housing have sufficiently powerful heating systems (Oregon State Building 

Codes Division, 2015; Washington State Building Code Council, 2010). However, these 

building codes allow for the use of electric resistance heating systems, such as baseboard 

heating and wall heaters, which are relatively cheap to install, but also extremely energy 

inefficient relative to alternatives. Over the life of the unit, the costs of electric resistance 

heating are typically much greater than alternative heating systems, but these systems 

remain common in spite of their long-term cost (US Energy Information Administration, 

2015). Through quantitative analysis of data provided by the Northwest Energy 

Efficiency Alliance (NEEA) as part of the 2011 Residential Building Stock Assessment, 

this research aims to determine what factors influence the likelihood that a residential 

home will use electric resistance heating as its primary heating system.  

                                                 
1 Alaska and Hawaii are included because of the way that the EIA separates regions. 
2 Table CE 3.1 
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 By evaluating the factors that increase the likelihood of homes using electric 

resistance heating, this research intends provide insight into whether the use of electric 

resistance heating is the result of a disconnect in the way heating costs are distributed 

between landlords and tenants. Previous research on space heating efficiency has 

primarily focused on heating systems for single-family residences. Multi-family housing 

(i.e. apartment complexes) represents an area where the short-term and long-term costs of 

a heating system are paid by different consumers. This research focuses on multi-family 

homes to better understand the relationship between rental housing and heating system 3 

efficiency. By 

addressing rental 

homes specifically this 

research hopes to 

provide insight into 

potential policy 

options designed to 

further discourage the 

use of electric resistance heating systems and encourage the use of alternatives.  

 Data from the EIA on residential energy use for Oregon, Washington, Hawaii, 

and Alaska shows that “space heating” represents the largest portion of household energy 

use. Furthermore, multi-family housing development has grown as a portion of the 

housing market in recent years with 2014 marking a record setting year for multi-family 

                                                 
3 US Energy Information Administration (EIA), Residential Energy Consumption Survey (RECS), 2009 
RECS Survey Data, http://www.eia.gov/consumption/residential/data/2009/index.cfm?view=microdata, 
Accessed 5/15/15. 

Figure 1: Percentage of Residential Energy by End-Use 
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housing development permits issued; and, 2015 is on track to surpass it (Terry, 2015). As 

a result, space heating for multi-family housing represents an area where energy 

efficiency is of growing importance.  

 This research applies an expectation of heuristic decision-making rooted in 

Bounded Rationality framework to better understand the theoretical basis for how 

developers choose heating systems. Heuristics is an aspect of behavioral economics 

which holds that when faced with complex decisions people simplify the decision-

making process using rules of thumb rather than the strict logic of utility maximization of 

rational choice theory (Simon, 1982). In this scenario it is expected that, when faced with 

the complex factors associated with renting housing, renters resort to a simplified 

estimation of the costs of renting. This simplification results in a "would-be renter" 

thinking of the cost of rent as the primary expense of renting an apartment to the 

exclusion of other factors. Specifically, factors that impact the monthly utility cost of an 

apartment will not be fully considered in the cost of renting. This is relevant to heating 

systems because heating systems such as natural gas heating and electric heat-pumps, 

which are often more affordable over the lifetime of the unit, typically have significantly 

higher up-front installation costs which will need to be recouped by landlords in the form 

of higher rent. If this is the case, we would see a market inefficiency where the cost of 

utilities is not being accounted for by renters, which translates to landlords installing 

inefficient heating systems to have competitive rent prices. This concept of split 

incentives between landlords and tenants represents this paper’s primary explanation for 

the use of electric resistance heating, and is supported by this paper's findings that multi-
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family homes are over five times as likely to use electric resistance heating as single 

family homes. 
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2. Literature Review 

In the literature on adoption of energy efficiency there is a commonly discussed concept 

that describes a disconnect between the optimal usage level of energy-efficient 

technologies and the observed level of usage. This apparent market failure is commonly 

referred to in the literature as an “efficiency gap” (Backlund, Thollander, Palm, & 

Ottosson, 2012; Diaz-Rainey & Ashton, 2015; Jaffe & Stavins, 1994). A variety of 

explanations have been offered in an attempt to explain the observed gap in adoption of 

energy-efficient technologies. In the interest of clarity this paper will assign these 

explanations to three primary groups and discuss the underlying arguments involved in 

these explanations. Firstly, one explanation of the efficiency gap argues that the observed 

efficiency gap does not represent a market failure, but rather, a failure of previous 

research to accurately describe rational behavior of consumers. Second, other 

explanations argue that market barriers to efficient technologies have created a market 

failure. Lastly, is the argument that behavioral barriers to efficient technologies 

consumers have created a market failure. By examining the energy-efficiency of heating 

systems in multi-family homes specifically, this paper addresses an area previously 

ignored in the literature. 

 

2.1 Does a Market Failure Exist? 

A significant number of arguments have been made to dismiss the efficiency gap as a 

failure of econometric techniques rather than a true market failure. The basic argument of 

these papers tends to revolve around the idea that econometric techniques that have 
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observed an efficiency gap have failed to account for some factor which explains the 

efficiency gap without describing a market failure. A market failure is defined as when 

prices fail to provide proper signals to consumers (Pindyck & Rubinfeld, 2013). In this 

case, the efficiency gap represents a failure of energy prices to appropriately influence 

consumer behavior. However, a failure of econometric techniques could explain the gap 

in efficiency adoption without a market failure. For example Jaffe, Newell, & Stavins 

(2004) posit that certain aspects of energy-efficient technologies that are not easily 

accounted for by econometric techniques (e.g.: the quality of light produced by florescent 

lights) explain a significant portion of the efficiency gap. Another argument is that 

because of the way that consumers consider the risks associated with the larger upfront 

costs of energy-efficient technologies, consumers view efficient technologies as 

unnecessarily risky (Sutherland, 1991). In a similar manner it is argued that consumers 

may be predicting future energy prices in a way that is not accurately captured by 

econometric techniques (Jaffe & Stavins, 1994). Metcalf & Hasset put forward the 

argument that the effectiveness of energy-efficient technologies has been overestimated 

by engineers thus exaggerating the extent of the gap in efficiency adoption (Metcalf & 

Hassett, 1999). It is important to recognize that what is observed as an efficiency gap 

may not represent a market failure, and these explanations help to illustrate how 

econometric techniques may be overestimating the efficiency gap. However, there are a 

number of reasons to believe that the efficiency gap exists despite these explanations. 

 A number of counter arguments have been made to address the arguments that the 

efficiency gap is not a market failure. For example, Metcalf (1994) believes the argument 
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made by Sutherland (1991), that the uncertainty of energy prices makes efficient 

technologies a risky investment, should actually make efficient technologies a more 

desirable investment for risk adverse customers, as efficient technologies provide a safety 

net against the risk of high energy prices and other financial risks. Furthermore, the 

observed discount rates being used by consumers when evaluating the cost of energy-

efficient technologies have been as high as 25-100% (Sanstad, Blumstein, & Stoft, 1995). 

While the arguments against thinking of the efficiency gap as a market failure are 

important to be conscious of, they still do not present a compelling case that the market 

failure is nonexistent.  

 

2.2 Arguments for Market Barriers 

Market barriers are defined as disincentives to adoption of a technology (Jaffe et al., 

2004). These barriers do not necessarily reflect a market failure. For example, factors like 

low energy prices and high costs to install technologies would represent market barriers, 

but not necessarily a market failure. This paper is primarily concerned with potential 

market barriers that are causing a market failure in the adoption of energy-efficient 

technologies. A frequently mentioned example of this type of market barrier is the failure 

of energy markets to address the externalities involved with energy generation 

(Gillingham et al., 2009). Peak-energy pricing not being reflected in residential energy 

bills also represents a common example of a market barrier that results in 

overconsumption of energy during peak hours (Gillingham et al., 2009).  These two 

failures both result in a disconnect between the incentives and disincentives consumers 
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receive relative to the reality of the market. These barriers do not reflect a failure of 

consumers to behave rationally, but rather a failure of consumer incentives to match the 

market.  

 These failures of consumers to be accurately incentivized against the costs of 

energy generation do present a market failure that would discourage the investment in 

efficient technologies. However, these disincentives would be reflected in the 

econometric techniques used by economists to measure the discount rates consumers are 

using when making decisions regarding efficiency technologies. These market failures 

still fail to explain the efficiency gap completely; rather, they indicate that the extent of 

the efficiency gap may be exaggerated due to the previous research failing to account for 

these market barriers. The behavioral barriers to adopting efficient technologies provide a 

more suitable explanation than market barriers for why we do not observe the adoption of 

efficient technologies at rates expected. 

 

2.3 Arguments for Behavioral Barriers 

In the context of energy efficiency and for the purpose of this paper, behavioral barriers 

are consumer behaviors that are inconsistent with energy cost minimization (Gillingham 

et al., 2009). There are multiple theories that posit behavioral barriers to the optimal 

adoption of energy-efficient technologies. These theories are grounded in the concept that 

consumers do not behave as purely rational utility maximizers, a concept that is 

supported by evidence (Conlisk, 2007; Lusardi & Mitchell, 2014; Simon, 1982). The two 

primary theories on this subject that are relevant to the area of energy efficiency are 
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Prospect Theory, and Bounded Rationality (specifically heuristic decision-making). The 

decision-making biases associated with these theories offer an explanation for the 

observed efficiency gap. 

 Prospect Theory is an economic theory associated with decision-making when 

risk is involved (Kahneman & Tversky, 1979). As there is risk associated with energy 

efficiency systems based on the long-term trends in energy prices, it is reasonable to 

apply Prospect Theory to the case given. The common themes seen in Prospect Theory 

are those of risk aversion, and status quo bias (Kahneman & Tversky, 1979; Samuelson 

& Zeckhauser, 1988). In Prospect Theory it is observed that people are risk averse with 

regard to gains and risk seeking with respect to losses (Gillingham et al., 2009). Status 

quo bias is a part of prospect theory where people are observed to select a status quo 

option more often than what would be expected under rational choice theory (Samuelson 

& Zeckhauser, 1988). In the case of energy efficiency we observe higher risk aversion to 

investing in efficient technologies than would be observed optimally; this can be 

explained by risk aversion to potential gains from switching. Furthermore as adopting 

energy-efficient technologies would be a deviation from the status quo, Prospect Theory 

would expect consumers to be biased against them. Prospect Theory's predictions seem to 

match what is observed with regard to adoption of energy-efficient technologies. 

 Similar to Prospect Theory, Bounded Rationality holds that consumers are not 

true utility maximizers and use biased decision-making processes. In particular relevance 

to the question of efficiency decisions as related to Bounded Rationality is the concept of 

heuristic decision-making (Simon, 1982; Wong, 2002). Heuristic decision-making is a 
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concept that argues when faced with complex decisions consumers simplify the decision 

by resorting to rules-of-thumb (Simon, 1982). The use of these time saving processes is 

made more likely given time constraints or decisions considered less important 

(Rajneesh Suri & Kent B. Monroe, 2003). There is evidence to indicate that consumers 

think about their energy consumption through a heuristic process. Kempton & 

Montgomery (1982) assessed how consumers quantify their energy costs and found that 

they typically used a heuristic process which underestimated the potential savings from 

efficiency upgrades. This failure to fully evaluate the costs associated with energy 

provides an important context for thinking about the efficiency gap. 

 In the context of this research on the use of inefficient heating systems, both 

Prospect Theory and Bounded Rationality provide useful potential explanations for the 

use of electric resistance heating. With Prospect Theory, it is expected that consumers 

would be reluctant to move away from older heating systems to more efficient heating 

systems as a result of status quo bias. If this holds one would expect to see under-

investment in efficient heating technologies across all housing types as consumers are 

reluctant to take the risk of changing to a new technology with higher upfront costs. 

Bounded Rationality would expect consumers to use a simplified-thought process to 

analyze the value of efficient heating systems.  These flawed heuristic-thought processes 

would also be more common when consumers considered the decision to be less 

important. As a result, it is expected that consumers would tend to under-value efficient 

heating systems more when the decision is less important to them. This would indicate 

that the expectation would be to see the use of inefficient heating systems become more 
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common in rental housing than resident owned housing where the resident will likely use 

the heating system longer. This effect should be further magnified by the fact that a 

landlord will only pay the installation cost of a heating system and is unlikely to enjoy 

any of the benefits of efficient heating. Split incentives such as these have been shown to 

have a significant impact on the way energy is consumed in rental housing (Backlund et 

al., 2012; Gillingham et al., 2009; Gillingham, Harding, & Rapson, 2011; Maruejols & 

Young, 2011). These split incentives mean that under Bounded Rationality, one should 

expect significantly greater use of electric resistance heating in multi-family housing. By 

looking at the importance of housing type on the likelihood of a home using electric 

resistance heating, we should be able to evaluate whether Prospect Theory or Bounded 

Rationality better explains the use of inefficient heating systems. 
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3. Data and Methods 

In order to test the idea that Bounded 

Rationality and heuristic-decision 

making highly influence the use of 

inefficient space heating technologies, 

this study seeks to identify the most 

significant factors that contribute to the 

likelihood that that a residential home 

will use electric resistance heating as 

its primary heating system. By 

comparing multi-family homes to 

single-family homes, using logistic 

regression analysis, this research 

attempts to isolate the effect of a 

residence being a multi-family home on the likelihood of a home using electric resistance 

heating.  Figures 2 and 3 illustrate the proportional differences in the use of electric 

resistance heating between Oregon and Washington prior to the inclusion of other 

controls. The dependent variable in this case is the probability that a housing unit uses of 

electric resistance heating (electric baseboard heating, or electric wall heating) as the 

primary source of residential heating at the time of data collection for the Residential 

Building Stock Assessment by The Northwest Energy Efficiency Alliance (2011). The 

unit of analysis is individual residential units.  

Electric 
Resistance

Heat-Pump, 
Natural Gas, 
Other

Figure 2: Proportional Use of Heating Systems in Washington 

Electric 
Resistance

Heat-Pump, 
Natural Gas, 
Other

Figure 3:Proportional Use of Heating Systems in Oregon 
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Homes with electric resistance heating as their primary heating system were coded as a 1 

and homes with alternative heating systems were coded as a 0. Units without reported 

heating systems were dropped from the regression due to inadequate information. 

 Independent variables were included based on a number of factors. Primarily, 

control variables were chosen based on the factors that previous literature indicated were 

significant factors in how heating systems are chosen. To establish the relationship 

between the dependant variable and the type of housing, variables for multi-family 

housing and manufactured housing were included. To address confounding factors that 

may affect the life-cycle cost of heating systems variables, such as climate, square 

footage and building age, were included in the model to account for the costs associated 

with heating systems (Glick & Guggemos, 2010).  Lastly, to account for factors such as 

regulatory differences and differences in type of utility, variables for state and type of 

utility were included. By including these variables, this study hopes to isolate the effect 

of multi-family housing on the likelihood of a home using electric resistance heating. 

 The analysis consists of a series of logistic regression models, employing robust 

standard errors, to assess the effect of a housing unit being used for multi-family housing 

on the probability of a unit using electric resistance heating as its primary heating system. 

The models use the logistic regression estimator:  

 

The series consists of a comparison of a baseline univariate model to a series of more 

complex models featuring an array of control variables. The complete model for this 

study is given as follows: 
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3.1 Independent Variable 

The primary independent variable of interest for this study is whether the housing unit is 

a multi-family or single-family unit. Multi-family housing will be coded as a 1 while 

single-family housing will be coded as a 0. This variable acts as a measurement of 

differences in heating choices between multi-family homes and single-family homes. The 

broader purpose of this variable is to gather whether there are substantial differences 

between the heating systems selected for rental housing and heating systems selected for 

single-family housing. It is hypothesized that multi-family homes will be more likely to 

use electric resistance heating as their primary heating system than manufactured single-

family homes because of the split incentives between owners and renters of multi-family 

housing.  

 

3.2 Control Variables 

The "manufactured" variable is a dummy variable much like the "multi-family" variable 

meant that measures the differences between single-family homes. It is expected that 

manufactured homes will be associated with an increased likelihood of using electric 

resistance heating. Manufactured homes are designed to be affordable and easily built, so 
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the additional upfront cost of superior heating systems will be paid less for manufactured 

homes than traditional single family homes. 

 "con_sqft" represents the square footage of the conditioned area for the housing 

unit. This control is meant to, at least partially, address the impact of housing size on 

primary heating system. It is expected that housing units with a larger conditioned area 

will be less likely to use electric resistance heating due to the increased costs associated 

with heating a large area with an inefficient heating system. The metric of square footage 

is not perfect as it doesn't address the larger question of the cubic footage that must be 

heated in a housing unit, but because that data is unavailable it was necessary to use 

square footage as the best available alternative. 

 The "HDD" variable is an estimation of the number of normalized heating degree 

days per year for homes in the provided zip code. This variable represents the reported 

number of degree days that heating is required for homes in the same zip code as the 

respondent homes. Degree days are defined as the number of degrees that a day's average 

temperature is below 65º over the course of a year. This information is provided by 

Melissa DATA Corp for the zip codes included in its study (Melissa DATA Corp., 2015). 

HDD is included to account for the effect of climate on the heating system selected for a 

housing unit. It is expected that homes in areas with higher numbers of heating degree 

days will be less likely to use electric resistance heating due to the increased costs that 

come with more intensive use. 

 The "oregon" variable represents a dummy variable for whether the home was 

located in Oregon or Washington. A unit in Oregon is coded as a 1 while a unit in 
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Washington is coded as a 0. Units in Idaho or Montana were dropped from the data set 

because there where an insufficient number of observations to draw meaningful 

conclusions. This variable is designed to reveal any significant differences between 

Oregon and Washington in the likelihood of a residential home using electric resistance 

heating as its primary heating system. It is not expected that the differences between 

Oregon and Washington will be substantial due to the similarities between Oregon and 

Washington's electric generation and climate, but the variable is included due to the 

potential for regulatory or cultural differences in heating systems between the two states.  

 The “pub_owned” variable is a dummy variable used to differentiate between 

homes that receive their electric power from municipally-owned utility and 

cooperatively-owned from investor-owned utilities. Municipally-owned and 

cooperatively-owned utilities are coded as a 1 and investor-owned utilities are coded as a 

0. This variable aims to determine if there is a meaningful difference between the 

likelihood that a home serviced by a municipally owned or cooperatively owned utility 

will use electric resistance heating as a primary heating system relative to investor-owned 

utilities. It is expected that because municipally-owned utilities typically have lower costs 

than investor-owned utilities they would be less likely to respond to the costs of 

electricity and would therefore be more likely to use electric resistance heating.  

 The variable "bild_age" represents the age of the building as reported by the 

interviewee. The variable is coded as 2011 (the year the data was gathered) minus the 

year the building was built as reported by the interviewee. This variable is designed to 

assess the effect of building age on the likelihood that a unit uses electric resistance 
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heating as its primary heating system. Units without a reported year that the building was 

built were removed from the dataset due to insufficient information. It is expected that 

units with a greater age will be more likely to use electric resistance heating due to the 

improvements in technology that have been made for other heating systems. Because of 

the likelihood of a non-linear relationship between building age and electric resistance 

heating due to retrofitting and improvement of older buildings a squared term for 

building age is also included. 
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4. Results  

The logistic regression model found a number of significant correlations between the 

dependant variable of electric resistance heating and the independent and control 

variables. This section will examine the results of the logistic model both in terms of the 

univariate model and the complete model featuring control variables. All models were 

conducted with the inclusion of robust standard errors in order to address concerns of 

heteroskedasticity. The results of the models and their theoretical implications are 

discussed below. 

 

4.1 Explanation of Regression Output 

This series of regressions is designed to explore the effect of a home being a multi-family 

unit on the likelihood that the home uses electric resistance heating as its primary heating 

source. It also provides interesting information regarding the effects of the included 

control variables. 

 For each model there is a strong positive correlation between a home being a 

multi-family housing unit and the use of electric resistance heating as the primary heating 

system. Multi-family homes are shown to be over 5 times as likely as single family 

homes to use electric resistance heating even when controlling for conditioned square 

feet. This effect remains statistically significant regardless of controls at the .001 

significance level. Furthermore, when standardized the effect of the multi-family dummy 

variable is especially strong, matching the hypothesized relationship. 
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 Manufactured homes are also found to be positively correlated with the use of 

electric resistance heating at a highly significant level. While not as strongly associated 

with the use of electric resistance heating as the multi-family housing dummy, 

manufactured homes were twice as likely as traditional single family homes to use 

electric resistance heating. This matches the hypothesized relationship between 

manufactured homes and electric resistance heating. 

 Unsurprisingly, the effect of square footage on the likelihood that a home will use 

electric resistance heating as its primary heating system was significant. As square 

footage increased the likelihood that a home would use electric resistance heating 

decreased. This result conforms with the hypothesized relationship between conditioned 

square footage and electric resistance heating. 

 While heated degree days did have a slight correlation with the likelihood that a 

home would use electric resistance heating, the effect was non-significant. This result is 

surprising because it does not conform to the expected hypothesis that heated degree days 

should be strongly correlated with a reduced likelihood of using electric resistance 

heating. 

 Interestingly, the effect of the Oregon dummy variable was highly significant and 

correlated with a reduced likelihood of a home using electric resistance heating. This 

seems to indicate that there are substantial differences between Oregon and Washington 

that discourage and encourage electric resistance heating respectively. This result does 

not match the expected hypothesis that the differences would be minimal between 

Oregon and Washington. 
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 The “Publicly-Owned” Utility dummy was associated with an increased 

likelihood of a home using electric resistance heating depending on the other controls 

included in the regression. The causal mechanism of this effect is unclear, but it could be 

the result of lower energy costs with publicly-owned utilities.  

 The effect of reported building age was a statistically significant increase in 

likelihood as age increases, and the squared term of building age were statistically 

significant at the .01 level. The shape of this relationship is shaped like an upside-down 

U, which is in keeping with the expected relationship that newer buildings would be less 

likely to use electric resistance heating and very old buildings would also be less likely to 

use electric resistance heating due to upgrades and retrofitting. 
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Table 1: Logistic Regression Results for Independent Variable and Controls for Electric 
Resistance Heating 

Independent 
Variables 

Housing 
Dummies 

Model 

Conditioned 
Sqft Model 

Heated 
Degree Days 

Model 

Oregon 
Dummy 
Model 

Publicly 
Owned 
Utility 

Dummy 
Model 

Complete 
Model 

Featuring 
Building Age 

Multi-Family 
dummy 

3.006*** 
(20.63) 

1.941*** 
(11.04) 

1.955*** 
(11.10) 

1.852*** 
(10.40) 

1.891*** 
(10.45) 

1.782*** 
(9.26) 

Control Variables  
Manufactured 

dummy 
1.493*** 
(10.43) 

1.002*** 
(6.60) 

0.991*** 
(6.41) 

1.142*** 
(7.11) 

1.179*** 
(7.35) 

0.987*** 
(5.76) 

con_sqft  -0.00106*** 
(-8.72) 

-0.00106*** 
(-8.70) 

-0.00111*** 
(-8.91) 

-0.00111*** 
(-8.91) 

-0.00112*** 
(-8.45) 

HDD   0.0000406 
(0.51) 

0.000019 
(0.23) 

0.0000319 
(0.39) 

0.0000266 
(0.33) 

oregon dummy    -0.704*** 
(-5.26) 

-0.635*** 
(-4.61) 

-0.684*** 
(-5.01) 

pub_owned 
dummy     0.335* 

(2.59) 
0.447** 
(3.43) 

bild_age      0.029*** 
(3.46) 

bild_age^2      -0.00042*** 
(-4.46) 

 

Constant Term -1.219*** 
(-16.51) 

0.673*** 
(3.19) 

0.461 
(1.02) 

0.856 
(1.83) 

0.524 
(1.09) 

0.301 
(0.56) 

       
N 1827 1827 1827 1827 1827 1827 

 

 

 

 

 

 

Note: Estimation Method is logistic regression with robust standard errors, listed in coeficients (z-scores). Multi-family 
and Manufactured dummies relative to Single-Family homes. "oregon" dummy relative to Washington. "pub_owned" 
dummy relative to investor owned utilities. *, **, and *** indicate significance on a 95%, 99% and 99.9% confidence 
interval. 
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Table 2: Detailed Logistic Regression Results of Final Model for Electric Resistance Heating 

Independent 
Variables 

Beta 
Coefficient Z-score P-value e^b Standardized 

e^b 
Standard 
Deviation 

Multi-Family 
dummy 1.78204 9.391 0.000 5.9420 2.2310 0.4503 

Manufactured 
dummy 0.98668 5.803 0.000 2.6823 1.4202 0.3555 

con_sqft -0.00112 -9.326 0.000 0.9989 0.3926 836.8611 

HDD 0.00003 0.321 0.748 1.0000 1.0195 726.2864 

oregon 
dummy -0.68445 -5.049 0.000 0.5044 0.7319 0.4559 

pub_owned 
dummy 0.44705 3.278 0.001 1.5637 1.2262 0.4562 

bild_age 0.02929 3.487 0.000 1.0297 2.1502 26.1383 

bild_age^2 -0.00042 -4.955 0.000 0.9996 0.3128 2781.8329 

 

 

 

 

 

 

 

 

Note: Estimation Method is logistic regression with robust standard errors. Multi-family and Manufactured dummies 
relative to Single-Family homes. "oregon" dummy relative to Washington. "pub_owned" dummy relative to investor 
owned utilities. 
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5. Discussion 

This analysis provides strong evidence of a robust positive relationship between multi-

family housing and the use of electric resistance heating as the primary home heating 

system. This result provides evidence that the hypothesized effect of multi-family homes 

on electric resistance heating. The primary take away from this should be that the heating 

systems of rental homes are much less likely to be energy and cost efficient than those of 

single-family housing. Surprisingly, there is also a strong relationship between the state 

that a home is located in and the likelihood that home will use electric resistance heating 

for its primary heating system. The building codes between Washington and Oregon do 

not seem to be substantially different, so the causal mechanism for this effect is not 

readily apparent. As greater focus has been placed on energy efficiency as a tool to 

combat climate change, these results present an interesting question of what policies are 

responsible for this difference, and how policy can be used to encourage efficient heating. 

 The results of the series of models included in this study indicate that there is a 

strong relationship between multi-family housing and electric resistance heating. The 

causal mechanism for this relationship is not entirely clear from the data. The inclusion of 

controls for conditioned area and building age attempt to address some of the potential 

mechanisms for this effect. However, with the inclusion of these controls, the effect of 

the multi-family dummy remains strong to the point that multi-family homes are twice as 

likely to use electric resistance heating. This indicates that the cause of this effect is likely 

due to the split incentives created by landlords paying the upfront costs of heating 
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systems, while tenants are most commonly expected to the pay the long term month to 

month costs.  

 The effect of multi-family homes on the likelihood of electric resistance heating 

being used fits well with the split incentives hypothesis previously. The observed 

relationship between the use of electric resistance heating in multi-family homes relative 

to single-family homes when controlling for other factors such as square footage provides 

support for the split incentives hypothesis. Landlords are concerned primarily with the 

upfront costs of heating systems, while tenants are concerned only with rent and unclear 

utility costs. The result of these split incentives is observed in this research as multi-

family homes are strongly associated with an increased likelihood of using electric 

resistance heating. Conversely, the status quo bias described by Prospect Theory would 

expect fairly little effect from the multi-family housing dummy as the status quo should 

be consistent across all housing types. This effect doesn't rule out a status quo bias as 

described in Prospect Theory, but it does indicate that the heuristic bias described under 

Bounded Rationality is likely having an effect. 

 As was hypothesized, the effect of conditioned square feet on the likelihood that a 

home will use electric resistance heating was highly significant. As the area that must be 

heated increases we see a major reduction in the likelihood that a home will use electric 

resistance heating as its primary heating system. Once standardized, conditioned square 

footage was the variable with the strongest effect, reducing the likelihood that a home 

would use electric resistance heating. This likely reflects rapidly growing heating costs as 

the square footage of a living space increases. Furthermore, this effect is also likely 
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amplified by the fact that people with lower socioeconomic status are less likely to have 

the money available for the higher initial prices associated with more efficient home 

heating systems. 

  It was surprising to see that the Oregon dummy variable was highly significant 

while the heated degree day variable was non-significant. This seems to indicate that the 

effect of climate on heating choices is negligible, while geography is a major factor. This 

may indicate that culture, or differences in efficiency encouraging policies such as the 

Energy Trust of Oregon, have a major impact on the use of efficient heating systems. 

Without further study it is not possible to make a more substantial explanation for this 

effect. 

 The effect of being served by a publicly owned utility was not a significant factor 

in the type of heating system used. Because of the wide range of factors associated with 

this variable such as differences in energy prices and efficiency incentives offered by 

states, it is difficult to fully interpret this result. There may be no real impact on heating 

choices from being served by a publicly owned utility or it is possible that there is an 

effect but this sample is to limited to capture the effect. A larger study comparing a 

smaller number of utilities would provide a better idea of what effect public utilities have 

on heating choices. 

 Building age proved to be a major factor in the type of heating system used for 

primary heating. The expected relationship was observed with very old and very new 

buildings being less likely to use electric resistance heating. This is attributed to the fact 

that older buildings are more likely to have had improvements made and the heating 
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system replaced since they were initially built. Newer buildings, meanwhile, are more 

likely to use the best available technologies. It would be preferable to have used the age 

of the heating system to measure this as it would have likely shown a more linear 

relationship with less ambiguity, but unfortunately that data was not available for this 

study. Using building age does seem to indicate that newer heating systems are less likely 

to be electric resistance than older heating systems. 

 The strong effect of the multi-family housing dummy provides evidence to 

support the split incentives hypothesis and Bounded Rationality. This provides support 

for the argument that behavioral barriers bear significant responsibility for the efficiency 

gap observed described previously. This implies that failure to adopt energy efficient 

heating systems is the result of irrational behavior on the part of consumers. As a result, a 

policy intervention could provide a number of benefits. 

 

5.1 Policy Implications 

Reducing carbon-dioxide emissions is a significant task that requires a broad range of 

strategies to address. One of the easiest ways to reduce emissions is to reduce 

consumption. This can be done with little impact on the everyday behavior of individuals 

by improving the efficiency of things that are commonly used. As a portion of Oregon 

and Washington's household energy use, heating represents over a third of yearly energy 

consumption. The process of selecting an efficient heating system is case by case by 

necessity, but there are still some harder conclusions to be made regarding heating 

efficiency. Relative to the alternatives electric resistance heating is highly inefficient but 
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it still sees common usage in rental housing. The results of this study show that relative to 

manufactured single-family homes and traditional single family homes, multi-family 

homes are more than twice as likely to use electric resistance heating as their primary 

heating system. Understanding the reason for this relationship offers a significant 

opportunity to improve the efficiency of household heating. 

 If the theoretical causal mechanism described by this study is in fact the primary 

cause of the difference in heating systems used for multi-family housing relative to 

single-family homes, then addressing this could potentially create greater market 

efficiency. The problem of split incentives and renter's inability to make utility 

maximizing housing choices is potentially creating a significant market inefficiency as 

renters pay unaccounted for costs over the term of rental. By addressing this failure to 

respond to prices, market efficiency could be improved as less money is spent on 

inefficient heating allowing for a more efficient allocation of resources by renters. 

 This relationship gains further relevance to policy when the problem of social 

inequality are considered. On average, people living in multi-family housing are 

significantly more likely to be of lower socioeconomic status (Fothergill & Peek, 2004). 

This means that the costs of less efficient heating systems are largely being paid by the 

members of society least able to afford them. By addressing the issue of inefficient 

heating in multi-family housing, the burden of energy costs on those with low 

socioeconomic status could be alleviated. 
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5.2 Study Limitations 

This study is limited in that it is not directly able to measure the causal mechanism by 

which multi-family homes differ from single-family homes. Through the inclusion of 

numerous controls, this study attempts to narrow the number of potential causal 

mechanisms and lays out a theoretical case for a problem of split incentives. However, it 

isn't possible to confirm this case with only the data analyzed. A qualitative study on this 

subject would provide a better indication of what causal mechanisms are at work. 

 Furthermore, while this study attempted to be exhaustive there were a number of 

factors that could not be fully accounted for. Foremost among these was that time and 

informational constraints limited the study's ability to directly measure the situation. 

Given a greater sample size it would be possible to make a more thorough analysis, 

creating a study that would be better able to determine whether the number of heated 

degree days in an area have an impact on heating choices. 

 The study was also unable to account for whether a home is rural or urban and the 

effect of rurality on heating system selection. The effect of differences in energy prices 

between homes was also unaccounted for by this study.  These factors likely impact the 

use of electric resistance heating and given the limitations of the data set they could not 

be accounted for. The data was also unable to account for behavioral differences between 

tenants or residents which may affect the use of electric resistance heating. Further 

research on the subject would benefit from the inclusion of these factors. 

 The study was unable to account for the value of the housing units it assessed. We 

would expect to see a reduced likelihood of a home using electric resistance heating as 
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home value increased, as more valuable homes would be more likely to use the best 

available technology for heating. This data was not available for the used data set and as 

such could not be accounted for by this study. It is not expected that this data would have 

a significant effect on this study due to the value being partially addressed by the 

conditioned square footage variable included in the study. 

 As previously mentioned, the age of the heating primary heating system for each 

housing unit was unavailable. The study attempted to address this by including variables 

for the age of the home as an indirect proxy, but this was not able to fully address the 

impact of heating system age. It is not expected that this variable would have a significant 

impact on this study because it is partially addressed by the building age variable and we 

wouldn't expect the age of the heating unit to be closely associated with whether or not a 

home is multi-family or single-family. 
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6. Conclusion 

 Improving energy efficiency offers a multitude of economic and environmental 

benefits. This study shows that significant improvements can be made in energy 

efficiency in the area of heating systems for multi-family housing. Addressing these 

issues provides an opportunity to improve both energy efficiency and economic 

efficiency by implementing more effective heating systems. To first accomplish this it is 

important to understand the causal relationship between multi-family housing and 

inefficient heating systems. This relationship is potentially explained by Bounded 

Rationality as an interaction between heuristic decision-making and split incentives 

between renters and landlords. Further qualitative research on this subject could better 

elucidate the factors at work in this case. While very little research has been done in this 

area, this study estimates a baseline theoretical reason for the differences between heating 

system in single-family homes and multi-family homes. By addressing the split 

incentives between renters and landlords with regards to heating systems, adoption of 

energy efficiency measures can be improved while also improving the living standards of 

those with low income. 
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