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When measured from the consumption
perspective, UK households are
responsible around three quarters of total
UK GHG emissions. This emphasises theg
need to develop the carbon footprint o
concept from a consumption perspective g
In order to understand sustainable
household consumption. RESOLVE is
therefore attempting to model both direct
and indirect energy consumption in order

to analyse future consumption and
associated envwonmental |mpact




Following the EU framework two
sets of budgets are proposed by
the Committee on Climate
Change: ‘Intended’ budgets and
‘Interim’ budgets. These require
an emissions reduction of 42%
and 34% in 2020 relative to 1990
respectively.

‘Direct’ energy use is responsible
for 38% of UK household emissions.
Al "t Therefore as a starting point for the
{F_ = analysis future household energy
&= =88 demand and associated GHG
| emissions until 2020 are estimated.




There is arguably a need to try to quantify, not only the key
economic drivers of income and price, but also non-
economic factors. In previous works we have estimated
various demand models with a stochastic trend (via the
STSM) which we have termed the Underlying Energy
Demand Trend (UEDT). This includes technical progress,
consumer taste and preferences, socio-demographic and
geographic factors, lifestyle and value changes (Hunt &
Ninomiya, 2003 and Ahmadian, Chitnis & Hunt 2007).
Therefore, the underlying trend captures the impact of
Exogenous Non-Economic Factors (EXNEF).

However, no previous attempt, as far as is known, has
been made to quantify these exogenous effects in ‘driving’,
household demand and expenditure as undertaken here.



Structural Time Series Model (STSM):

exp=n +/ +pp, +ty, +gemp+y, u, ~NID(0,s7)
n=n,+r_+h h, ~NID(O,s;)
ro=ro X x, ~ NID (0,s ?)
(L), =u, S(L)y=1+L+L2+L3 w, ~NID(0,s},)

exp;: real household expenditure for each category i.e. electricity, gas, vehicle fuels

and lubricants (in logs),

p,: real price (in logs),

y;: real household disposable income (in logs),
temp,: temperature

(1)
(2)

(3)
(4)

/M:trend (includes technological advance, tastes, consumer preferences, socio-
demographic and geographic factors, lifestyles and values which are not easily

measured, and therefore difficult to obtain any suitable data)
/ .- seasonality



Model is estimated by maximum likelihood (ML) in conjunction
with the Kalman filter for Autoregressive Distributed Lag
(ARDL) form of expenditure equation with eight quarters lag:

A(L)exg=n+/ +B(L)p, +C(L)y, + D(L)temp+u, (5)

Using the software STAMP

Similar method is used to estimate future GHG coefficients
(and temperature):

F(L)ghge =a, +y, y.~NID(@O,s;) (6)

where ghgg Is the GHG coefficient and g, is the trend.



In order to estimate the contributions of priceome and
EXNEF effects the first difference of the estimatedsion
of the model Iis constructed as follows

&, = g+ 1 +B(L)p, +C(L )y, + AL L )exp+ gemp 5)

A¢L)exp is continually substituted by equation 5 uAdlL )
IS sufficiently close to zero in order to ignore; |

exp, =G¢L)m+ K(QL)/At+|A3f(L)pt +CA:f(L)yt +I5QL)temp (6)



Estimated STSM energy expenditure functions for the UK
196491-2006:91

Variables Electricity Gas Vehicle fuels
and lubricants
y 0.17 - 0.15
p -0.06 -0.15 -0.21
exp(-4) 0.74 0.51 -
exp(-5) - - 0.15
exp(-8) - 0.33 -
temp -0.02 -0.05 -
Nature of trend Conventional Conventional model Local trend
model (flxed level & fixed (Stochastic level
(fixed level & fixed slope) & stochastic
slope) slope)

Data source: UK Office for National Statistics (ONS) online database, UK
Department for Business, Enterprise and Regulatory Reform (BERR)




Estimated underlying expenditure trend for 'electri city’
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Estimated underlying expenditure trend for 'gas’
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Estimated underlying expenditure trend for ‘'vehicle fuels and lubricants'
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Million £

Contribution of income, price, trend and seasonalit y to changes in electricity
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Million £

Contribution of income, price, trend and seasonalit

y to changes in gas expenditure
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Million £

Contribution of income, price, trend and seasonalit y to changes in vehicle fuels and
lubricants expenditure
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Expenditure

High, reference and low assumptions for price based on
DECC forecasts for 2010, 2015 and 2020.

Income reference assumption based on HMT
Independent forecasts until 2013.

Estimated trend component obtained from estimated
expenditure equation as reference scenario for trend.

STSM is used to predict future temperature.

Predicted prices, income, trend and temperature are
used to generate future household energy expenditure:



Million £

‘Electricity’ expenditure 1964-2020
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Million £

'‘Gas' expenditure 1964-2020

8000

7000

6000 -

5000 -

4000

3000 -

2000

1000 T T T T T T T T T T T T T T T T T T

Y AN VR N S S S, P SR O S I MK M R R N
S A L S e SC LG e S RN SN LR
S SESE SRS A NS 2 I S A M R S S S

>

S
>

o




Million £

'Vehicle fuels and lubricants' expenditure 1964-202 0
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GHG emissions

Data source from 1992 to 2004 for ‘vehicle fuels and
lubricants’ is ONS. Data for ‘electricity’ and ‘gas’ are
generated by RESOLVE.

Estimated future underlying trend from STSM is
considered as the reference assumption for future
GHG coefficient.

The trend is stochastic for ‘electricity’ and ‘vehicle fuels and
lubricants’ but deterministic for ‘ gas’.

GHG emission=GHG coefficient*expenditure



GHG for household 'electricity’ expenditure 1992-20 20

mtco2




GHG for household 'gas’ expenditure 1992-2020
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GHG for household ‘vehicle fuels and lubricants' ex penditure 1992-2020
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PRELIMINARY predictions of the % change in
GHG emissions attributable to household
energy expenditure compared to 1990 level (%)

Category Electricity Gas Vehicle fuels
and
lubricants
Year 2020 2020 2020
Low -56.18 4.53 23.85
Reference -53.92 13.26 27.41
High -51.84 20.14 31.57

This results show that the UK target for GHG reduction in 2020 could
not be met by ‘gas’ and ‘vehicle fuels and lubricants’ categories.



The results suggest that in general EXNEF is
more important in the case of ‘vehicle fuels and
lubricants’. However, EXNEF still exists in the
case of ‘electricity’ and ‘gas’ but temperature
does, at times, have a relatively larger impact
compared to the key economic factors of price
and income.

The temperature is not under the control of policy

makers and assuming they do not wish to reduce the
rate of economic growth as a way to curtail the growth in
energy expenditure the message for policy makers is
clear. In addition to an economic incentive, such as
taxes, other policies that attempt to influence lifestyles
might need to be used and hence might be considered if
they wish to restrain future expenditure and emissions.
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