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Overview
Household consumption is responsible for considerable amount of UK emissions. This emphasises the need to develop the ‘carbon footprint’ concept from a consumption perspective in order to understand ‘sustainable consumption’.  Within this, however, the major contribution to emissions comes from ‘direct’ energy use in transportation and housing (as opposed to the estimated ‘indirect’ energy included in the above).  Therefore, a better and clearer understanding of household energy expenditure demand structure is required in order to understand ‘sustainable consumption’ and carbon emissions. 
To do this there is arguably a need to try to quantify, not only the key economic drivers of income and price, but also non-economic factors such as technical progress, consumer taste and preferences, socio-demographic and geographic factors, lifestyle and value changes, etc.  Previous econometric work on energy demand has tended to concentrate on only the economic factors whereas a separate strand of literature has focussed on the non-economic factors, but there has not been an attempt, as far as is known, to bring these together and try to quantify their relative contributions to driving consumer energy expenditure.  This is therefore one of the aims of this paper.

To do this the Structural Time Series Model (STSM) is used since it allows for the examination of the relationship between household energy expenditure, income and prices and a stochastic underlying trend.  The trend captures the systematic non-price and non-income effects discussed above that are not easily measured, and therefore difficult to obtain any suitable data. In other words, the trend shows the average effect of other (non-price and non-income) variables affecting demand. 
In this paper, STSM is therefore employed to estimate UK household energy expenditure demand for four different categories of energy consumption: a) vehicle fuels and lubricants, b) electricity, c) gas and d) other fuels. From this, the contributions of price, income and Exogenous Non-Economic Factors (ExNEF) on household energy expenditure for each of these four categories are estimated and compared in order to determine the main drivers of demand in each group. 
The paper is organised as follows.  After the introduction, the second section introduces the empirical methodology that is used to estimate household energy expenditure demand and the contributions of independent variables with the data description in the third section. The estimation results are given in section four and a summary and conclusion in section five.
Methods
The STSM is applied for estimation purpose. This allows for the estimation of a stochastic rather than a deterministic underlying trend. Hence the inclusion of the stochastic trend in the following (long run) demand (expenditure) model:
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where 
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 is energy expenditure, 
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 is seasonality, pt  is the real price, yt is real disposable income, 
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 is an error term.  All variables are in natural logarithms. The trend component
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  is assumed to have the following stochastic process:
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The trend includes a level (equation 2) and a slope (equation 3). At the extreme, if the variances 
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are both equal to zero, the model will collapse to the conventional model with a deterministic linear trend.  
The seasonal component 
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 has the following stochastic process:
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where
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, S(L) = 1 + L + L2 + L3 and L = the lag operator. The conventional case is a restricted version of this when
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, reducing to the familiar deterministic seasonal dummy variable model. 
The ML procedure in conjunction with the Kalman filter is used to estimate an ARDL form of equation (1) in conjunction with equations (2), (3) and (4) using the STAMP 6.3 software. From this, the contributions of price, income, ExNEF and seasonality to changes in energy expenditure are estimated.
Results
Results find that the estimated short-run and long-run price elasticities for vehicle fuels and lubricants expenditure are -0.21 and -0.25, for ‘electricity’ expenditure -0.06 and -0.24, for ‘gas’ -0.15 and -0.98 and for ‘other fuels’ -0.42 and -0.13  respectively. Results for the estimated short-run and long-run income elasticities for ‘vehicle fuels and lubricants’ expenditure are 0 and 0.18, for ‘electricity’ expenditure 0.17 and 0.63 and for ‘other fuels’ 0 and 0.52 and respectively, indicating a greater elasticity in the long run (in absolute terms).  This suggests that the elasticities with respect to the price and income are inelastic in both the short and the long run.  Furthermore, the results suggest that the restriction of a deterministic trend and fixed seasonality for household ‘electricity’ and ‘gas’ expenditure cannot be rejected whereas for ‘vehicle fuels and lubricants’ and ‘other fuels’ expenditure there is a stochastic trend and seasonality.  
Conclusions

Furthermore, this work suggests that ExNEF are also important in forming UK household expenditure and hence CO2 emissions in some of the energy categories. Therefore, the message for policy makers is that in addition to an economic incentive such as taxes other policies that attempt to influence lifestyles etc. could also be used and hence might be considered if they wish to restrain future expenditure and emissions.  
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