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Abstract 

Time-saving (time-efficient) goods and services are increasingly developed and diffused. 

Such goods and services increase the disposable time for households, and the time saved may 

be allocated to other activities consuming energy/electricity. The present study sets a simple 

theoretical model and shows a mechanism, called the time rebound effect, with which 

time-saving goods increase energy consumption through household behaviors. Furthermore, 

we reveal empirical evidence for this model by conducting a Japanese household survey. In 

particular, our analysis shows that the time rebound effect occurs on using the dishwasher, 

clothes dryer, or a net ordering/delivery service. However, its impact is very small: the extra 

electricity usage is about 1.4% of the daily usage at most. 
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1. Introduction 

 In recent years, many new electrical products have been developed and sold to households. For example, 

"Roomba," an automatic cleaner of the iRobot Corporation, was launched in 2002 in Japan. A decade later, 

over 8 million Roombas have been sold. Another example is the dishwasher. According to the National 

Survey of Family Income and Expenditure (2014), the penetration rate of dishwashers was 14.9% in 2004 

but increased to 24.7% in 2014. There is also widespread use of clothes dryers that save waiting time for 

drying clothes. The diffusion of these products obviously contributes to reducing the time spent on 

housework such as room cleaning, cooking, and washing clothes. Moreover, innovative services as well as 

these products may reduce housework time. For example, one can now purchase food, everyday items, 

books, etc., online (through Amazon.com, Rakuten.com, and other online supermarkets). According to the 

Consumer Confidence Survey (2018), the utilization rate of net ordering/delivery services by Japanese 

households has increased from only 5.3% in 2002 to 34.2% in 2017. Cooking can also be replaced by 

ordering online (Uber Eat, Deliveroo and other online delivery services).  

  The Survey of Time Use and Leisure Activities (2016), which presents average daily time spent for 

different household activities in Japan, reports that from 2006 to 2016, how households in Japan divide 

their time has changed. During this period, work and housework time decrease by 4.6% and 6.3%, 

respectively. Instead, households tend to spend more time on hobbies and relaxation. For example, there 

was a 6% increase in the time spent watching TV, listening to the radio, and reading newspapers or 

magazines, a 23.2% increase in time for rest, and a 3.2% increase in the time for other hobbies and 

amusements. Since time-saving products and services have spread rapidly during this period, these 

products and services may partly contribute to the change in household time allocation.  

  As the time-saving products tend to consume energy (or electricity), their diffusion may further 

accelerate energy consumption. This implies a trade-off between energy and time, through household 

behavior. A basic idea is as follows: On the one hand, a time-saving product newly introduced to a 

household helps in decreasing time spent on housework (if the amount of housework remains unchanged). 



On the other hand, the increase in disposable time for the household is reallocated to other energy-using 

activities. For example, a dishwasher will decrease time for washing dishes (if the number of dishes or cups 

used remains unchanged), and the time saved may be used for cooking more and washing more dishes, or 

spending more time on leisure, such as TV, internet, or playing video games. These household behaviors 

may result in additional energy consumption. This positive effect on energy use due to the new time-saving 

products is called “time rebound” by Sorrell and Dimitropoulos (2008). Although time and energy are 

fundamental and important factors in modern economies, there are still only few studies that have 

examined this effect. Our present study aims at simply showing mechanisms for time rebound by 

considering a theoretical model of household time allocation and using it to find empirical evidence from 

Japanese household data. 

There are many strands of literature investigating factors affecting energy use. Among them, our 

theoretical approach is closely related to studies on so-called the “Rebound” effect caused by 

energy-efficient products, an increase in energy use due to a behavioral response to improved energy 

efficiency of some products. Many studies refer to the generalized home production model of Becker 

(1975) to set econometric models, whereas Chan and Gillingham (2015) set a very simplified model of 

household decision-making with a linear home production. Our study follows Chan and Gillingham (2015) 

but integrates time as an input to a non-linear home production process. By assuming a production function 

in nested form, we clearly show the path to energy consumption from introducing time-saving goods 

through the household behavioral change on time allocation. 

While many empirical studies show the existence of the rebound effect and discuss its quantitative impact, 

there are only a few papers on the time rebound effect. Based on time-budget survey data from six 

countries (Austria, Israel, the Netherlands, Sweden, United States, and West Germany), Gronau and 

Hamermesh (2008) show that as time efficiency of household production increases, the household will 

spend more time on various activities. Aguiar and Hurst (2007) and Hamermesh (2007) show that 

time-saving technology affects the time allocated to housework and leisure time. However, these studies 



have not examined how introduction of time-saving technology affects energy consumption through time 

allocation changes such as the time rebound effect. 

The study of Brenčič and Young (2009) is the only exception; it examines the time allocation behavior of 

households by introducing time-saving products. They examine whether these products affect energy 

consumption by using the Canadian Survey of Household Energy Use data of 2003. Specifically, they 

present two distinct econometric models to estimate separately the coefficients of a dummy for time-saving 

goods [i] on time (hours per day) of housework and leisure and [ii] of a dummy for energy consumption. 

Although they address the presence of the time rebound effect and its significance, their findings are 

limited in the following points. First, since the dummy for time-saving goods is included in both models [i] 

and [ii], a path to energy consumption via household time allocation from introducing time-saving goods is 

not clear. Second, their result is qualitative but not quantitative because they are focusing only on the 

significance of the estimated coefficients of the time-saving goods dummy. In contrast, our econometric 

model explicitly considers the path from time-saving goods to energy consumption via household time 

allocation. Furthermore, through a calculation based on the estimated coefficients, we derive the 

quantitative impact of the time rebound effect as about 1.4%. The time rebound effect is thus not as large 

as the rebound effect in the literature1. However, time rebound is still significant because recent product 

innovations are directed to improving not only energy efficiencies but also time efficiency. Our calculated 

time rebound effect is not compared to the rebound effect but added to it. 

 The structure of our paper is as follows: In the next section, we develop a theoretical model for the time 

rebound effect to present a path from the introduction of time-saving technology to the change in energy 

consumption through household behaviors. Section 3 develops an empirical analysis of the time rebound 

effect. In particular, we consider a two-step econometric model: The first step is to verify the impact of 

time-saving goods/services on household time allocation; the second is to verify the influence of increased 

                                         
1 Sorrell et al. (2009) conclude that the size of the rebound effect of households in the OECD countries was less than 30%. Mizobuchi (2008) 

estimates the magnitude of the rebound effect in Japanese household sector to be about 27% 



times of in-home activities on energy consumption. Section 4 explains the estimation results and calculates 

the magnitude of the time rebound effect using the estimated parameters. Section 5 concludes the paper. 

 

 

2. Theoretical Model 

The objective of this section is to present the theoretical model and show how the energy use of 

households is affected by time-saving goods. We set the home-production model of Becker (1965), where 

households enjoy services made at home with inputs that include energy. Many studies have applied this 

model and shown how energy use is affected by the energy-saving performance of the inputs (e.g., 

Berkhout et al., 2000; Greening et al., 2000; Sorrell and Dimitropoulos, 2008; Brenčič and Young, 2009). 

We consider time as an essential input to produce the services as well as energy. In addition, we generalize 

the framework as well as Chan and Gillingham (2015) to clearly present a relationship between energy use 

and products’ time-saving performance. 

 

2.1. Settings 

A representative household has preferences over a numeraire good (𝐶) and two types of services (𝑋𝑖 

for 𝑖 = 1,2). Its utility function is written as 

𝑈 = 𝐶 + 𝑢(𝑋1, 𝑋2),        (1) 

where 
𝜕𝑢

𝜕𝑋𝑖
= 𝑢𝑖 ≥ 0 and 

𝜕2𝑢

𝜕𝑋𝑖
2 = 𝑢𝑖𝑖 ≤ 0. Service 𝑖 is a type of in-home housework, such as washing 

dishes and clothes, cleaning rooms, or cooking. The service can also be regarded as in-home leisure, such 

as reading, net surfing, or playing games. 

Service 𝑖 is completed using effective energy or electricity (𝐸𝑖) and effective time (𝑇𝑖) as inputs: 

𝑋𝑖 = 𝑓𝑖(𝐸𝑖, 𝑇𝑖).               (2) 

We assume that 𝑓𝑖 in (2) is increasing in each input and exhibits homogeneousness of degree one, i.e., 

𝜕𝑓𝑖

𝜕𝑍𝑖
= 𝑓𝑖,𝑍 ≥ 0 and 

𝜕2𝑓𝑖

𝜕𝑍𝑖
2 = 𝑓𝑖,𝑍𝑍 ≤ 0 for 𝑍 = {𝐸, 𝑇}. The effective inputs are processed through 



𝐸𝑖 = 𝑔𝑖(𝑒𝑖; 𝜖𝑖),              (3) 

𝑇𝑖 = ℎ𝑖(𝑡𝑖; 𝜃𝑖),              (4) 

where 𝑒𝑖 and 𝑡𝑖 are raw inputs for 𝐸𝑖 and 𝑇𝑖, respectively. 𝜖𝑖 and 𝜃𝑖 are the productivity parameters 

for service 𝑖. 𝑔𝑖 and ℎ𝑖 are increasing concave functions, that is, 
𝑑𝑔𝑖

𝑑𝑒𝑖
= 𝑔𝑖

′
≥ 0,

𝑑2𝑔𝑖

𝑑𝑒𝑖
2 = 𝑔𝑖

′′
≤ 0,

𝑑ℎ𝑖

𝑑𝑡𝑖
=

ℎ𝑖
′
≥ 0, and 

𝑑2ℎ𝑖

𝑑𝑡𝑖
2 = ℎ𝑖

′′
≤ 0. We assume that larger productivity parameters imply greater production 

ceteris paribus, that, 
𝜕𝑔𝑖

𝜕𝜖𝑖
|
𝑒𝑖=�̅�𝑖

≥ 0 and  
𝜕ℎ𝑖

𝜕𝜃𝑖
|
𝑡𝑖=�̅�𝑖

≥ 0. 

The household divides its total time (𝑇 > 0) between labor (𝐿) and two types of activities (𝑡𝑖 for 𝑖 =

1,2), which produce service 𝑖. 

𝑇 = 𝐿 +∑ 𝑡𝑖
2

𝑖=1
.             (5) 

The budget of the household is given as 

𝑤𝐿 + 𝑁 = 𝐶 + 𝑝𝑒 +∑ 𝑤𝑖𝑡𝑖
2

𝑖=1
,         (6) 

where 𝑒 is the total amount of energy use: 

𝑒 =∑ 𝑒𝑖
2

𝑖=1
.           (7) 

𝑁,𝑤,𝑤𝑖, and 𝑝 are the non-wage income, wage rate, specific opportunity cost of activity time for service 

𝑖 (if any), and energy price, respectively. 

 

2.2 Utility Maximization 

We divide the household’s utility maximization problem in two steps to clarify the effects of 

productivity parameters later. First, we consider an expenditure minimization problem related to home 

production under given demand for 𝑥𝑖: min
𝑒𝑖,𝑡𝑖

𝑝𝑒𝑖 + 𝑣𝑖𝑡𝑖 ,    s. t. , 𝑋𝑖 = 𝑓𝑖(𝑔𝑖(𝑒𝑖; 𝜖𝑖), ℎ𝑖(𝑡𝑖; 𝜃𝑖)) and 𝑣𝑖 ≡ 𝑤 +

𝑤𝑖. The first-order conditions are 

𝑝 − 𝜆𝑖 ⋅ 𝑓𝑖,𝐸 ⋅ 𝑔𝑖
′
= 0,             (8) 



𝑣𝑖 − 𝜆𝑖 ⋅ 𝑓𝑖,𝑇 ⋅ ℎ𝑖
′
= 0,          (9) 

where 𝜆𝑖 is the Lagrangean multiplier of this problem. The factor demands are given as 𝑒𝑖
∗ =

𝐷𝑖
𝑒(𝑣𝑖, 𝑝, 𝑋𝑖; 𝜃𝑖 , 𝜖𝑖) and 𝑡𝑖

∗ = 𝐷𝑖
𝑡(𝑣𝑖 , 𝑝, 𝑋𝑖; 𝜃𝑖 , 𝜖𝑖). By substituting these demand functions into the object 

function, the minimized expenditure is derived as 𝜔𝑖
∗𝑋𝑖 where 

𝜔𝑖
∗ = 𝜔𝑖(𝑣𝑖 , 𝑝; 𝜃𝑖 , 𝜖𝑖)        (10) 

is the unit cost to produce one unit of service 𝑖. As 𝑓𝑖 in (2) exhibits homogeneousness of degree one, we 

have the following from Shepard’s lemma: 

𝑒𝑖
∗ = 𝐷𝑖

𝑒(𝑣𝑖, 𝑝, 𝑋𝑖; 𝜃𝑖 , 𝜖𝑖) =
𝜕𝜔𝑖(𝑣𝑖 , 𝑝; 𝜃𝑖 , 𝜖𝑖)

𝜕𝑝
𝑋𝑖,          (11) 

𝑡𝑖
∗ = 𝐷𝑖

𝑡(𝑣𝑖 , 𝑝, 𝑋𝑖; 𝜃𝑖 , 𝜖𝑖) =
𝜕𝜔𝑖(𝑣𝑖, 𝑝; 𝜃𝑖 , 𝜖𝑖)

𝜕𝑤𝑖
𝑋𝑖.           (12) 

Secondly, we consider the utility maximization with respect to the services produced at home: 

max
𝐶,𝑋1,𝑋2

(1),  s. t. , 𝐼 = 𝐶 + ∑ 𝜔𝑖𝑋𝑖
2
𝑖=1 , where 𝐼 is disposable income (𝐼 ≡ 𝑁 + 𝑤𝑇). By setting 𝜇 as a 

Lagrangean multiplier of this problem, the first-order conditions are derived as follows: 

𝜇 = 1,                           (13) 

𝑢𝑖 − 𝜇𝜔𝑖 = 0.              (14) 

The demand for service 𝑖 is 

𝑋𝑖
∗ = 𝑥𝑖(𝜔1, 𝜔2, 𝐼).         (15) 

 

2.3 Energy use 

We assume that the time-saving efficiency parameter for service 1 is increased by 𝜃1. This section then 

examines how energy use is affected by 𝜃1. Following the literature on rebound effect, we show the 

change in energy use in elasticity form. 

Differentiating (7) with respect to 𝜃1 yields (See Appendix A for derivation): 

𝜂𝜃1
𝑒 ≡

𝜃1
𝑒∗
⋅
𝜕𝑒∗

𝜕𝜃1
= 𝑠1 �̅�𝜃1

𝑒1
⏟  

Direct effect

+ 𝑠1𝜂𝜔1
𝑋1𝜂𝜃1

𝜔1
⏟      

Direct time rebound

+ 𝑠2𝜂𝜔1
𝑋2𝜂𝜃1

𝜔1
⏟      

Indirect time rebound

⏞                        
Time rebound effect

.          (16) 



The change in energy use is divided into three effects. Each of them is weighted by its portion of energy 

use by service (𝑠𝑖 = 𝑒𝑖/𝑒 and 𝑠1 + 𝑠2 = 1). The first term of RHS is the “direct effect,” the primary effect 

of time-saving efficiency on energy use when the household demand for service 1 does not change. As an 

example, let us suppose that service 1 is cooking. Direct effect then implies that a microwave oven instead 

of a traditional oven may contribute to saving not only cooking time but also energy use in home cooking if 

the household does not change its frequency of home cooking.2 

The last two terms in (16) are effects on energy use through a change in household behavior. The 

second term is the “direct time rebound effect,” a change in energy use via self-price substitution. The 

self-price substitution occurs because the increased efficiency of the time-saving goods decreases the unit 

cost, 𝜔1, which is the unit cost of producing service 1, that is, 𝜂𝜃1
𝜔1 ≤ 0. As the self-price substitution is 

typically negative in standard demand theory, that is, 𝜂𝜔1
𝑋1 ≤ 0, the direct time rebound effect tends to 

increase energy use. Let us suppose service 1 is washing clothes. Then, this path can be interpreted to mean 

that a household with a clothes dryer washes clothes more frequently than a household without it. 

Finally, the third term is the “indirect time rebound effect,” a change in energy use via the cross-price 

substitution effect between services 1 and 2. Time-saving goods with a higher efficiency decrease the unit 

cost of service 1 and increase the relative price of service 2, which yields the cross-price substitution. The 

energy use decreases if service 1 and 2 are gross complements, whereas it increases if they are gross 

substitutes. If services 1 and 2 are cleaning a room and watching a video, respectively, a household with an 

automatic vacuum cleaner may save time on cleaning rooms and its inhabitants may enjoy watching more 

videos. This is an example in which the two services are gross substitutes. Cooking and dish washing may 

be an example of gross complements. Comparing households with and without a dishwasher, the one with 

the dishwasher may cook more frequently than the one without it and increase energy use. 

                                         
2 Direct effect is straightforward when the energy efficiency is improved as much as is stated in the literature on rebound effect. Direct effect is 

a decrease in energy use when households do not change their way of using the products. However, as the present study examines the impact of 

the time-saving efficiency on energy consumption, this term does not necessarily imply a decrease in energy used. 



The standard rebound effect from an increase in the energy efficiency of goods has been repeatedly 

examined in the literature. Eq. (16) shows that energy consumption is affected not only from the energy 

efficiency of the goods but also from the time-saving efficiency through household behavior. In the next 

section, we will verify this time rebound effect by using Japanese household data.  

 

 

3. Empirical Analysis 

3.1.Empirical Model 

The theoretical model presents the path to a change in energy consumption stemming from improved 

time-saving efficiency via direct effect, direct time rebound, and indirect time rebound. Although the 

qualitative and quantitative impact of these effects is not clear, the theoretical model shows that energy 

consumption may increase if the time saved by the time-saving goods is reallocated to energy-using 

activities. This section empirically determines the existence of the time rebound effect and its magnitude. 

  Our empirical analysis assesses whether the time rebound effect occurs or not by considering a two-step 

empirical model. Although we follow Brenčič and Young (2009) in setting two empirical models, our 

model allows for the path to a change in the energy consumption from introducing the time-saving goods 

by setting the two models in a stepwise fashion. In the first step, the following econometric model verifies 

whether the introduction of the time-saving technology causes a reallocation of time use at home: 

 

𝑡𝑖𝑚𝑒 𝑢𝑠𝑒𝑖 = 𝛽0 + ∑ 𝛽𝑗  𝑡𝑖𝑚𝑒𝑠𝑎𝑣𝑖𝑛𝑔 𝑔𝑜𝑜𝑑𝑠𝑗 + 𝛽
′𝑋 + 𝑢.𝑗             (i) 

 

Here, “time use” is the time used for housework and leisure, such as cleaning, laundry, and TV viewing; 

"time-saving goods" represents a dishwasher, clothes dryer, vacuum cleaner, net ordering/delivery service, 

and the like. 𝑋 is an explanatory variable vector of household attributes, and 𝑢 is the error term. If the 



introduction of the time shortening technology affects housework or leisure time, the estimated parameter 

of 𝛽𝑗 becomes significant.  

  The second step is for verifying the effect on energy consumption through the time reallocation to each 

activity. If households spend more time on energy-consuming activities, the total energy consumption 

increases. This will be verified by estimating the following econometric model: 

 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑎𝑔𝑒/𝑑𝑎𝑦 = 𝛾0 + ∑ 𝛾𝑖 𝑡𝑖𝑚𝑒 𝑢𝑠𝑒𝑖 + 𝛾
′𝑌 + 𝜖.𝑖                   (ii) 

 

Here, "energy usage/day" is the electricity consumption per day; "time use" is the dependent variable of the 

estimated model in (i). The explanatory variable vector 𝑌 includes air temperature, home appliance 

holding status, and the like; 𝜖 is the error term. This stepwise empirical model can provide an important 

insight on the effect on energy consumption by capturing a household’s decision-making with regard to 

time allocation. Alternatively, significant results in both models provide an estimation of the time rebound 

effect. Here, time use in model (ii) must be an exogenous variable, but it is actually determined 

endogenously by model (i). Therefore, if both models are estimated separately, the problem of endogeneity 

occurs in γi in model (ii). For this reason, we simultaneously estimate both empirical models of (i) and (ii).  

 

3.2.Data 

   We surveyed households in the Kansai area3 about their electricity usage on-line.4 Almost all 

households in the Kansai area purchased electricity from Kansai Electric Power Co., Inc. (KEPCO) in 

February 2016 according to our survey. KEPCO provides their customers with online-accessible data on 

their monthly electricity consumption for the previous two-year period. We requested the household 

                                         
3 The Kansai area comprises the Osaka, Kyoto, Hyogo, Nara, Shiga, and Wakayama prefectures. 
4 The data was collected by an online survey company. This company has its own registered households and asked those situated in the Kansai 

area to participate in the survey. The participating households were selected on a first-come, first-served basis, until their total number reached 

715. 



residents to download and submit these data to us.5 Out of 715 households, 646 provided both their 

monthly electricity consumption data and the questionnaire data. Although the electricity consumption 

data are monthly, we built seasonal data and used them for the empirical analysis. This was done because 

the dates of reading meters for electricity usage vary by households, that is, important factors affecting 

electricity usage, such as weather, outside temperature, number of holidays, and other conditions vary by 

households.  

In this article, we take into account dishwashers, automatic vacuum cleaners (Roomba), and clothes 

dryers as time-saving technology; and net order delivery services of food, daily necessities, clothing, 

books, and home appliances (e.g., Amazon.com and Rakuten.com) as time-saving services. The survey 

collected household behavioral information, including whether a household possesses time-saving goods, 

and the frequency of using time-saving services. The time spent on activities was also surveyed by type of 

activity, such as cooking, washing, and cleaning as housework, and watching television (including internet 

TV), surfing the internet (PC, mobile phone and tablet, etc.), playing games, reading, and other hobbies at 

home as leisure. Finally, we collected meteorological data, such as temperature from the Japan 

Meteorological Agency6, and socioeconomic data related to households, such as the household’s appliance 

ownership situation, and household attributes, from our questionnaire survey. Table 1 summarizes the 

descriptive statistics of the data. 

  

                                         
5 These data are provided in Microsoft Excel file format and include not only the monthly electricity consumption, but also the date of meter 

reading, number of days of utilization, and the monthly electricity bill.  
6 http://www.jma.go.jp/jma/indexe.html 



  Table 1. Descriptive statistics 

 

*1 frequency of use (5: very often, 4: often, 3: sometimes, 2: seldom, 1: never) 

*2 1: under 1 million yen, 2: 1-2 million yen, 3: 2-3 million yen, 4: 3-4 million yen, 5: 4-5 million yen, 6: 5-6 million yen, 7: 6-7 million yen, 8: 7-8 million yen, 

 9: 8-9 million yen, 10: 9-10 million yen, 11: 10-15 million yen, 12: over 15 million yen 

*3 1: under 30㎡, 2: 31-60㎡, 3: 61-90㎡, 4: 91-120㎡, 5: 121-150㎡, 6: over 151㎡ 

*4 0: never, 1: under 1 hour, 2: 1-2 hours, 3: 2-3 hours, 4: 3-4 hours, 5: 4-5 hours, 6: over 5 hours (per day), 

*5 0: never, 1: one time/week, 2: two times/week, 3: three times/week, 4: four times/week, 5: five times/week, 6: six times/week, 7: everyday 

*6 0: never, 1: under 1 hour, 2: 1-2 hours, 3: 2-3 hours, 4: 3-4 hours, 5: 4-5 hours, 6: 5-6 hours, 7: 6-7 hours, 8: 7-8 hours, 9: 8-9 hours, 10: 9-10 hours,  

11: 10-11 hours, 12: 11-12 hours, 13: 12-13 hours, 14: 13-14 hours, 15: 14-15 hours, 16: 15-16 hours, 17: 16-17 hours, 18: over 17 hours (per day) 

*7 0: never, 1: under 0.5 hours, 2: 0.5-1 hours, 3: 1-1.5 hours, 4: 1.5-2 hours, 5: 2-2.5 hours, 6: 2.5-3 hours, 7: 3-3.5 hours, 8: 3.5-4 hours, 9: 4-4.5 hours, 10: 4.5-5 hours, 11: 5-5.5 hours,  

12: 5.5-6 hours, 13: 6-6.5 hours, 14: 6.5-7 hours, 15: 7-7.5 hours, 16: 7.5-8 hours, 17: 8-8.5 hours, 18: 8.5-9 hours, 19: 9-9.5 hours, 20: 9.5-10 hours, 21: 10-10.5 hours, 22: over 10.5 hours (per day) 

*8 0: never, 1: under 0.5 hours, 2: 0.5-1 hours, 3: 1-1.5 hours, 4: 1.5-2 hours, 5: 2-2.5 hours, 6: 2.5-3 hours, 7: 3-3.5 hours, 8: 3.5-4 hours, 9: 4-4.5 hours, 10: 4.5-5 hours, 11: over 5 hours (per day)  



 

We look at the relationship between the various household activities. Table 2 shows the correlation 

coefficient matrix of 8 in-home activities (three housework activities and five leisure ones) from the survey. 

A positive correlation can be confirmed for three pairs of housework activities (0.322 for cooking and 

laundry, 0.225 for cooking and cleaning, and 0.437 for washing and cleaning). This result implies that the 

households spending much time on certain housework activities also tend to spend much time on other 

housework activities. On the other hand, the correlation between the three housework and five leisure 

activities is not that high. Further, a negative correlation can be seen between two housework activities and 

Internet browsing, which shows that internet browsing may interfere with housework. Positive correlations 

between the five leisure activities may represent a tendency that one leisure encourages households to do 

other leisure activities. For example, this tendency seems strong between watching TV and browsing 

internet, or between browsing internet and playing video games. From Table 2, our empirical analysis 

assumes that the time saved by the introduction of time-saving goods will be allocated to these five 

in-home activities. 

 

Table 2. Correlation matrix of in-home behavior activities 

 

 

 

4. Results and Discussion 

We verify the time rebound effect by using the two-step empirical model presented in (i) and (ii). These 

models are used to derive (i) the effect of introducing the time-saving technology on the time spent on the 



various household activities and (ii) the effects of time spent on the various household activities on energy 

(electricity) consumption. The two empirical models are estimated simultaneously by iterated Seemingly 

Unrelated Regressions (SUR). The dependent variable of model (ii) deals with five cases, which are the 

values of “e_annual,” “e_spring,” “e_summer,” “e_fall,” and “e_winter” in Table 1. Table 3 and Table 4, to 

be described later, present the results using “e_annual” as the dependent variable for the model (ii). Results 

using seasonal electricity usage are listed in Table A. 

 

4.1.Impact on housework 

  Table 3 shows the estimated coefficients of model (i), which exhibit the impacts of introducing 

time-saving goods and services on the time spent on three housework activities: as cooking, clothes 

washing, and cleaning. For comparison, the results obtained by estimating each model separately by OLS 

are also shown in this table. Model (i) shows that the simultaneously estimated values are close to the OLS 

estimated values. Based on the results, the households that own a dishwasher significantly increase their 

washing time compared to the households that do not. Likewise, the households using net ordering/delivery 

services significantly increase their room-cleaning time. That is, the time saved by the time-saving goods 

and services has been reallocated to the other activities at home. Although our result is consistent with that 

in Brenčič and Young (2009), they have not verified the impact of this time allocation change on energy 

consumption. Our paper examines it in section 4.3. The number of family members significantly increases 

all housework activities. It may be obvious for households with many members that much time has to be 

devoted to housework such as cooking, laundry, and room cleaning.7  

 

4.2.Impact on leisure time 

                                         
7 In Japan, hiring housekeepers at individual levels to outsource housework is not common. If the survey were conducted in countries where 

there are competitive supplies of housekeepers and households are habituated to this service, the results will be different. In this case, 

household income will have to be carefully examined. 



  Next, we examine the time reallocation to leisure in light of the results from model (i). Table 4 shows the 

influence of the time-saving goods and services on the time spent on five leisure activities: watching 

television, surfing the internet, playing games, reading, and doing other leisure activities at home. From the 

estimation results, there exists a significant effect of time reallocation to many leisure activities. Clothes 

dryers increase reading time. The use of a net ordering/delivery service has a large positive impact on the 

time for the five aforementioned leisure activities. These results imply that shopping time is shortened 

using a net ordering/delivery service; instead, the time saved is spent on hobbies and leisure at home. 

Regarding household attributes, the age of the respondent significantly decreases the time for video 

games. The number of family members and children are also significantly affect leisure time. Specifically, 

the more children a household has, the less is the time allocated to leisure. 

 

Table 3. Estimation results (time allocation to housework activities)  

 

The dependent variable in model (ii) is “e_annual” (see Table A for seasonal results).  

Standard errors are given within parentheses. 

***, **, ** represent statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

 



 Table 4. Estimation results (time allocation to leisure at home) 

 

The dependent variable in model (ii) is “e_annual” from Table 1 (see Table A for seasonal results). 

Standard errors are given within parentheses. 

***, **, ** represent statistical significance at the 1%, 5%, and 10% levels, respectively. 

 

 

4.3.Impact on electricity usage 

  From the results in Tables 3 and 4, time-saving goods and services clearly change households’ behavior 

related to time use. If the time saved results in an increase in energy consumption, this implies a time 

rebound effect. To determine its existence, this section considers the results of model (ii) and shows how 

much a household’s behavioral change regarding time use affects energy consumption. 

  Table 5 shows the estimation results of empirical model (ii). Since electricity consumption varies greatly 

by season, we include the respective estimation results. Empirical model (ii) includes the household 

attributes explanatory variables (age, income, and family size) and house attributes (size of house, whether 

it is owned or not, all-electric, installation of solar panels), the number of household appliances 

(air-conditioner, TV, refrigerator), and the average temperature. The results for these variables in our 

model are consistent with those in previous studies. 



  Based on the estimation results, we can confirm that the time spent on washing, television, and video 

game significantly increases electricity usage. Considering Table 5 along with Table 4, which presents a 

significant change in these three in-home activities,8 the time rebound effect does occur with respect to 

washing clothes, viewing television, and playing video games.  

The time rebound effect of washing clothes is evaluated by the availability of a dishwasher, whereas the 

time rebound effect of watching television and playing video games stems from a net order/delivery service. 

From Table 5, the direct change in energy consumption (i.e., the direct effect in equation (16)) can also be 

identified separately from the time rebound effect. Since the estimation coefficient of dishwasher (dish_w) 

is positive and significant, separate from the time rebound effect, a direct effect in equation (16) can be 

confirmed from the use of this time-saving good.  

Brenčič and Young (2009) verify the existence of the time rebound effect by directly introducing a 

dummy variable for time-saving goods as an explanatory variable for electricity consumption. Their 

approach, however, does not exclude the direct effect of time-saving goods and services themselves 

consuming electricity. As shown in (16), the time rebound effect occurs via the household behavior on time 

allocation. Therefore, the time rebound effect should be separately estimated from the direct effect by 

identifying the reallocation effect of time. Our present study successfully reveals such an effect from the 

time redistribution to some home behaviors by adopting the two-step empirical model.  

Furthermore, we can interpret the estimation results by dividing the time rebound effect into direct and 

indirect effects as shown in (16). The time rebound effect on home laundry service contains the indirect 

path. When a dishwasher is introduced, although it is directly related to home cooking, the time spent on 

laundry indirectly increases (see Table 3). Consequently, this leads to an increase in electricity use (see 

Table 5). Likewise, the time rebound effect on television and games is the indirect rebound effect from the 

use of a net ordering/delivery service. On the other hand, the direct time rebound effect is not observed as a 

significant estimator in our analysis. 

                                         
8 Television viewing is also significant in the seasonal estimation, shown in Table A. 



 

Table 5. Estimation results (impact on electricity usage) 

 

Standard errors are given within parentheses. 

***, **, ** represent statistical significance at the 1%, 5%, and 10% levels, respectively. 

We also include age, income and family size, size of house, whether it is owned or not, all electrification, installation of solar panels, number of household appliances (air-conditioner, TV, and 

refrigerator), and average temperature as the explanatory variables. The presentation of their estimated coefficients is omitted. 

 

 

4.4.Magnitude of the time rebound effect 

The discussion so far clearly shows the time rebound effect in two time-saving products/services (i.e., 

dishwasher and net ordering/delivery). This section estimates the magnitude of the time rebound effect 

generated from each time-saving good by using the parameters estimated in Tables 3, 4, 5, and A. 

  First, we calculate the increase in the time spent on in-home activities stemming from introducing each 

time-saving good (i.e., dishwasher and net ordering/delivery) by using the estimated parameters in Tables 3, 



4, and A. Next, by multiplying the calculated values with the estimated parameters of in-home activity time 

in Table 5, we derive how much the energy consumption has increases.9 

  Table 6 shows the results for each time-saving product/service. In the upper half of the table, the 

magnitude of the “direct effect,” “direct time rebound effect,” and “indirect time rebound effect” of 

equation (16) is given as electricity usage (kWh / day). The lower half of the table are the values of the 

“direct time rebound effect” and “indirect time rebound effect” from the upper half of the table divided 

by the average electricity usage of the day. From our calculations, the magnitude of the time rebound effect 

for all time-saving products/services appears to be small. Specifically, it is 0.80% - 1.43% for dishwasher 

and 0.10% - 0.26% for net ordering/delivery, and even when two sets are summed up, it is 0.12% - 

1.43%.10 Further, the “direct effect” occurs only in the dishwasher, and if this influence is included, 

consumption will rise by approximately 8% - 11%, depending on the season. 

 

Table 6. Time rebound effect 

 

 

                                         
9 The size of the time rebound effect is calculated as Eadd / Etotal×100, where Eadd is an additional electricity usage (kWh/day) from the 

introduction of the time-saving good, and Etotal is the average electricity usage (kWh/day).  
10 The time rebound of net ordering/delivery is evaluated by assuming that usage frequency is increased by 1. 



5. Conclusion 

  In recent years, people have been able to benefit from the development and spread of time-saving 

technology. However, this may increase energy consumption through household behaviors as a time 

rebound effect. This study examines the time rebound effect from both a theoretical and empirical 

perspective. 

Our theoretical approach sets a model where a household spends time and energy as inputs on 

producing services to be consumed. The time-saving goods are adopted to save the household’s time for 

the production. By assuming a productivity increase from a time-saving goods, we present three effects on 

energy consumption as a direct effect, a direct time rebound effect, and an indirect time rebound effect. The 

direct effect is the change in energy consumption when the household does not change its behavior. In 

contrast, both time rebound effects are the changes in energy consumption when the household changes its 

behavior. The direct time rebound effect is a change in energy use when the household changes its behavior 

in adopting the time-saving good and its productivity increases. The indirect rebound effect is a change in 

energy use when the household changes its behavior in adopting other time-saving goods even if its 

productivity remains unchanged. 

Moreover, our empirical model clearly verifies the existence of the time rebound effect while 

identifying its path by using the survey data from approximately 700 Japanese households. More 

specifically, we estimate the direct increase in energy consumption by introducing time-saving technology 

via a change of household behaviors in time allocation. We target three home appliances (dishwasher, 

clothes dryer, and automatic vacuum cleaner) and one service (net ordering/delivery) as time-saving goods 

and services. In addition, as household behavior, we target three household chores (cooking, laundry, and 

cleaning) and five leisure activities (television, internet, games, reading, and other home hobbies). Hence, 

we reveal that the introduction and utilization of time-saving goods and services cause significant changes 

in the time spent on household behaviors. Furthermore, the time-saving technology significantly increases 

the amount of electricity use, partly due to the significant change in household behaviors, namely the time 



rebound effect. According to our calculations, the magnitude of the time rebound effect is not substantially 

large, at about 1.4% of the daily electricity use. However, we can deduce that time-saving goods and 

services will be increasingly diffused and diversified. Because the calculated result is only the tip of the 

iceberg in the short term, the time rebound effect must become much more important in the long term. 

Finally, the result in our study implies that time-saving goods and services do not necessarily increase 

household electricity consumption. For example, on the one hand, a dishwasher increases the electricity 

consumption by its usage, but on the other hand, it helps in reducing the water used compared to that for 

the conventional hand washing method. The use of a net ordering/delivery service may imply smaller 

transportation energy use than the individual level (e.g., gasoline when using a car) because of efficient 

logistic networks, which is not studied in our estimation of electricity consumption11.  
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11 Reduction of the transportation energy of each household implies an increase in the transport energy of the delivery 

company. In general, however, it is considered that the energy efficiency of delivery is higher for bulk delivery by shippers 

than that of the total extra energy that would otherwise have been expended by individual households. 



Table A. Estimation results of simultaneous equation model for each season (time allocation to 

housework and leisure in home) with iterated SUR. 

 

standard errors within parentheses 

***, **, ** represent statistical significance at the 1%, 5%, and 10% levels, respectively. 

We also include age, income, family size, and number of children as explanatory variables. The presentation of their estimated coefficients 

is omitted. 

 



 

 

Appendix A: Derivation of (16) 

We derive the change in energy use induced by a discrete increase in the time-saving parameter, 𝜃1. As 

total energy demand is 𝑒∗ = ∑ 𝐷𝑖
𝑒(𝑣𝑖, 𝑝, 𝑋𝑖; 𝜃𝑖 , 𝜖𝑖)

2
𝑖=1  from (11), we differentiate this expression with 

respect to the time-saving parameter for service 1, 𝜃1: 

𝜕𝑒∗
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=
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.             (A. 1) 

We rearrange (A.1) in elasticity forms by multiplying both sides with 𝜃1/𝑒
∗. 
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From (11), the elasticity of energy demand for service 𝑖, with respect to the given demand for service 𝑖, 

𝜂𝑋𝑖
𝑒𝑖 =

𝑋𝑖

𝑒𝑖
∗

𝜕𝑒𝑖
∗

𝜕𝑋𝑖
, is 1. Letting the portion of energy demand by service i be 𝑠𝑖 = 𝑒𝑖/𝑒 and the elasticities be 

𝜂𝑍𝑗
𝑌𝑖 =

𝑍𝑗

𝑌𝑖
∗

𝜕𝑌𝑖
∗

𝜕𝑍𝑗
, we obtain (16). 
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