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Overview
Price elasticity of energy demand is the key value when we evaluate the impacts of carbon prices on energy
conservation and the household expenditure. Some previous papers ( Frondel et.al (2019), Chindarkar et.al (2019))
suggest that it is important to consider the differences of price elasticities caused by the household heterogeneity. We
focus on income and city size difference as the household heterogeneities. We find that the lower the household income
or the larger the city size, the smaller the value of estimated price elasticity of demand. Our results show that energy
pricing policy should be carefully designed considering the heterogenous response of different types of households.

Methods
According to Kuroda(1989), the indirect utility function of representing household consumers takes the form:
𝑉 = (𝑝, 𝑌) and we get the following trans-log form:
𝑙𝑛𝑉 = 𝛼0 + ∑𝑖 𝛼𝑖 ln(𝑝𝑖 ⁄𝑌) + (1⁄2) ∑𝑖 ∑𝑗 𝛽𝑖𝑗 ln(𝑝𝑖 /𝑌)ln(𝑝𝑗 /𝑌) , 𝑌 = ∑𝑖 𝑝𝑖 𝑥𝑖
Where 𝑝𝑖 ，𝑝𝑗 are the 𝑖, 𝑗th prices, 𝑌 is total consumption value, 𝑥𝑖 is the 𝑖th consumption volume.
𝑖, 𝑗 = electricity, LPG, city gas, kerosene, gas oil, transporatation service, other consumption

(1)

The 𝑖th value share 𝑤𝑖 can be written as : 𝑤𝑖 = (𝛼𝑖 + ∑𝑗 𝛽𝑖𝑗 𝑙𝑛𝑞𝑗 )⁄(∑𝑖 𝛼𝑖 + ∑𝑗 ∑𝑘 𝛽𝑘𝑗 𝑙𝑛𝑞𝑗 )

(2)

Own-Price Elasticity and Cross-Price Elasticity are calculated as follows, respectively
𝜂𝑝𝑖𝑖 = −1 + (𝛽𝑖𝑖 ⁄𝑤𝑖 − ∑𝑗 𝛽𝑖𝑗 )/(∑𝑗 𝛼𝑗 + ∑𝑗 ∑𝑘 𝛽𝑗𝑘 𝑙𝑛(𝑝𝑘 /𝑌))
𝜂𝑝𝑖𝑗 = (𝛽𝑖𝑗 ⁄𝑤𝑖 − ∑𝑗 𝛽𝑖𝑗 )/(∑𝑘 𝛼𝑘 + ∑𝑘 ∑𝑙 𝛽𝑘𝑙 𝑙𝑛(𝑝𝑙 /𝑌)) , (𝑖 ≠ 𝑗)

(3)
(4)

Where ∑𝑖 𝑤𝑖 = 1, ∑𝑖 𝛼𝑖 = −1 , ∑𝑗 𝛽𝑖𝑗 = 0,𝛽𝑖𝑗 = 𝛽𝑗𝑖

Base on the above model, we estimate the price elasticity of energy demand using the aggregated data of
“Annual Report on the Family Income and Expenditure Survey” from the year 2001 to 2017. We model households’
whole consumption including non-energy expenditure.

Results
We estimate the model shown in the equation (2) for different types of households of five income classes, and
four city sizes. Table.1 shows the own-price elasticity and cross-price elasticity which are calculated by using the
estimated model parameters. In this table, bold numbers show the own-price elasticities which are derived from the
equation (3), and the non-bold numbers show cross-price elasticities derived from the equation (4). Most own price
elasticities are negative which is theoretically expected, except for the elasticity of transport expenditure in the lowincome households.
As for the income class effects on the price elasticities, we find that the own price elasticities are larger in the
high-income households than in the low-income households. And for the influence of city size differences on the price
elasticities, the own price elasticities of small cities are larger than those of large cities.

Conclusions
We find the price elasticities vary according to the household income and the size of the cities where households
live. The higher own-price elasticities in the high-income households means that energy conservation is easier in highincome households because they can afford to invest in energy efficient appliances. On the other hand, lower own-

price elasticities in the low-income households means that the rise of energy prices increases household energy
expenditure burdens more severely.
The price elasticities of households in a small city are bigger than those of households in a large city. This result
is consistent with the study for India presented by Chindarkar(2019). In the case of developed countries, Bernstein
and Griffin(2006) also found that the regional price elasticities of residential energy demand are diverse in the US.
In a small city, average house size is larger and transportation tends to depend more on automobiles. This implies
that the households in a small city have more energy appliances and automobiles. Therefore, they have more chance
to buy new appliances and cars ,which are usually energy efficient.
The results suggest that energy pricing policy should be carefully designed considering the heterogenous response
of different types of households.
Table 1. The Price Elasticities of Energy Demand in the Different Types of the Household
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