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1. Introduction

In September 2006 the Irish Department of Communications, Energy and Natural Resources
started a campaign to boost energy-efficient behaviour. The campaign aimed to increase
awareness of energy efficiency issues and push towards a more efficient behaviour. The
campaign targeted energy consumption including use of natural gas, electricity and transport fuel
(petrol and diesel) both at home and at work.

In this paper we analyse the impact of the campaign on residential natural gas consumption the
bulk of which is used for heating. We are interested in determining if a broad advertising and
awareness campaign is an effective tool in reaching the energy savings advocated by the
European Union in its climate change strategy.! We have access to daily consumption of natural
gas between 2004 and 2008 and information gathered from three surveys that were conducted
between September 2006 (prior to the beginning of the campaign) and November 2007. We find
that the campaign greatly enhances general interest in energy efficiency and increases awareness
of behaviours that lead to lower heating bills. This does not translate into clear changes in
behaviour within the time frame of our study. We find no clear effect on daily or weekly natural
gas consumption, nor any evidence that the campaign changed self-reported heating habits.
Section 2 surveys existing literature. Section 3 gives details of the advertising campaign. Section
4 introduces the data. Section 5 describes the estimation strategy and the regression results for
daily and weekly natural gas demand, whereas section 6 concentrates on the estimation strategy

and the results of the survey analysis. Section 7 offers concluding comments.

! See http://ec.europa.eu/environment/climat/climate_action.htm for an overview of the European Union’s climate
action strategy.
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2. Literature

This paper relates both to studies of the effect of advertising and studies of energy efficiency
campaigns.

The effect of advertising on consumers has been analysed from a marketing, economic, social
and psychological point of view (for a useful overview see Vakratsas and Ambler, 1999).
Bagwell (2001) reviews economic studies of advertising, classifying them as following the
persuasive view, the informative view or the complementary view. In the persuasive view
advertising is assumed to change preferences, make customers more loyal and thus decrease the
price elasticity of demand for the advertised product. The informative view assumes that
advertising provides information either directly or by signalling the high quality of the product
through the firm’s willingness to spend money on its promotion. In this view advertising lowers
barriers to entry and increases the price elasticity of demand. The complementary view assumes
that preferences are fixed, but the act of acquiring advertised goods increases utility (for example
because of their effect on perceived social status).

The empirical literature applies models based on these different views mostly to assess the effect
on firm profitability. While these findings are not directly relevant to our study, changes in
customers’ purchasing choices are. Most empirical research of advertising finds that it does not
affect aggregate product demand, but changes the market shares of individual companies (see
studies cited in Jung and Seldon, 1995, and in Bagwell, 2001). This is true not only when
advertising targets a specific brand (and is therefore expected to benefit that brand’s market
share) but also for broader forms of advertising (Chakravarti and Janiszewski, 2004). Nelson
(2001) reports that broadcast advertising for alcohol in the US changes the market share of each

type of alcohol (beer, spirits, wine), but does not increase alcohol use as a whole. Conversely,



past bans on alcohol advertising have affected market shares, but did not decrease total alcohol
consumption.

Studies that specifically focus on energy efficiency campaigns can be classified as either
Demand Side Management (DSM) or as Market Transformation (MT) studies, although the two
groups overlap. The MT studies focus on permanent (or long-run) market changes due to higher
energy efficiency behaviour that does not require continued intervention in the marketplace. The
policies studied tend (or are expected) to have some sort of ‘step’ effect in energy consumption
(Blumstein et al., 2000). As such they typically emphasise supply side policies and address
changes in building regulations or appliance efficiency ratings more than (possibly temporary)
changes in personal behaviour.

Gillingham, Newell and Palmer (2006) review DSM programs in the United States and conclude
that the most effective policies are the ones that offer incentives to buy energy-efficient durable
goods. The authors point out that advertising campaigns promoting energy efficiency account for
a very small part of the overall spend on demand-side management and are therefore likely to be
responsible for small savings. Disaggregating the savings of overall campaigns is very difficult.
Starting in the 1980s DSM programs have been used as an alternative to supply-side intervention
and considered a cheap way to decrease the cost of energy. Typically DSM programs have been
run by the utilities themselves, who then publish DSM costs and their associated energy savings.
The utilities have access to very detailed data, allowing them to obtain precise estimates. On the
other hand Loughran and Kulick (2004) have questioned the methodology of these studies and
their implied energy savings. Wirl (2000) has suggested that overall these programs do not have
much of an impact and this is at least partly because utilities have the incentive to keep demand

high and therefore run campaigns that are not effective. Auffhammer et al. (2008) review DSM



programs enacted in the 1990s and find that they cannot statistically reject the amount of saving
cited by the utilities, on average 1.8 per cent. The average cost of reducing consumption, which
the utilities declare to be between $0.02 and $0.03 per kilowatt-hour, is also statistically within
the boundaries calculated by the authors. Typically larger programs create more savings at lower
costs. Such programs focus on changing lifetime consumption by giving incentives to buy
appliances that are more efficient (especially refrigerators) and improving insulation in buildings.
Woods (2008) analyses households’ reaction to the high electricity prices in California in 2001.
He finds that households do react at times of high electricity prices by reducing consumption.
Some of the behaviours adopted are transient and easily reversible, such as turning off lights, and
as such benefit from continued policy intervention. On the other hand continued prompting of
widespread behaviours, such as turning down the thermostat, are unlikely to have a significant
effect. Reiss and White (2008) show that households in San Diego reduced their electricity
consumption by 7 percent over a six month period in response to public appeals. Whereas no
monetary incentive was offered, appeals came on the heels of the California electricity crisis in
2000, in the midst of limited rolling blackouts and with the threat of much larger ones. This
occurred during the summer, suggesting that changes in air conditioning use were a major factor
in the reduction. Finally, the authors find that different households respond differently, with
larger consumers decreasing their use at a higher rate than smaller consumers.

Nolan et al. (2008) survey a group of consumers in California and find that the most effective
campaigns exploit peer pressure. In their study the authors show that electricity consumption
decreases more when consumers are told that their neighbours are also saving electricity than
when they are informed that saving energy will save them money and be good for the

environment. Some utilities have adopted ‘comparative billing’, where customers are told how



much energy they consume with respect to their peers in an effort to increase energy efficiency.
Kaufman (New York Times, 2009) reports that in Sacramento, California, this approach
decreased energy use by about 2 percent.

There are a few articles that study energy use in Ireland. Dulleck and Kaufmann (2004) study a
previous energy-efficiency campaign run by the main electricity utility in Ireland in 1990. They
find that households responded to the campaign by decreasing consumption in the medium run
by 7 per cent but there was no short-run effect. The authors conclude that the effect is most likely
driven by the adoption of energy efficient appliances in the long run. Their data set runs from
1976 to 1993 and is based on households’ bimonthly bills. Their campaign variable increases
gradually from 0 in January 1990 to 1 in December 1990 and stays at 1 thereafter. It is difficult
to separate the effect of the campaign from other time-varying influences.

Finally, there are studies that specifically address natural gas consumption. Baker and Blundell
(1991) report an average (across households) own-price elasticity of demand for natural gas of -
0.50 for the United Kingdom. They rely on household-level data from 1972 to 1988. Asche,
Nilsen and Tveteras (2008) find that in the short run, consumption of natural gas is inelastic to
changes of the price of alternative fuels, such as oil and coal. This is most likely due to the large
fixed costs associated with the change from one heating source to another. Elasticity of natural
gas to its own price is also quite low, although it differs significantly by country. For Ireland the
authors find a statistically price inelastic demand in both the short and in the long run.

Natural gas use in Ireland has been growing rapidly, although from low levels. Conniffe (2000)
analyses the Household Budget Survey (HBS) of 1994-1995 and finds that only 26.3 of urban
and 17.9 percent of all houses were connected to a gas line. In the same survey the ‘higher’

social groups were most likely to have a natural gas connection and income elasticity of natural



gas was high by international standards at 0.75. The author explains that this is likely due to the
fact that all households aspire to a clean heating system as income increases. In fact Conniffe
also finds that income elasticity of less convenient fuels (turf, LPG and coal) is negative. Scott et
al (2008) use the 2004-2005 Household Budget Survey for Ireland and find that gas line
connections have increased to 31 percent of all houses. The difference in connection to gas lines
between income groups persists. Only 19 percent of households in the poorest decile are
connected to natural gas, as opposed to 46 percent of the wealthiest decile. Income elasticity of

natural gas has declined to 0.39 but is still the highest income elasticity across all fuels.

3. Power of One campaign — description

The Power of One campaign is an energy efficiency information campaign funded by the Irish
Department of Communications, Energy and Natural Resources. It started in September 2006
and lasted until March 2008. It was then followed by another campaign focussing on climate
change, where many of the original messages continued to be addressed. The campaign aimed to
inform consumers of energy-saving behaviours. It used television ads, radio ads, billboards,
internet ads, ads in movie theatres, ads in the press and also partnered with utilities to include
leaflets in bills. Typically the television campaign targeted a specific topic each month. After the
general launch at the end of September 2006, ads in November explained the advantages of not
consuming electricity during peak time (5-7 p.m.). In early December the ads suggested
investing in energy-efficient Christmas lights. The late December and January campaign focused
on home heating habits. February aimed to decrease electricity use for lighting, March targeted
appliance use, April was dedicated to suggestions for efficient appliance purchases, and May
concentrated on how to improve automobile mileage. During July and August a ‘reminder’

campaign was aired. At the end of September 2007 the campaign entered its second year with a



month dedicated to reducing energy use in the office, followed by a focus on lighting use in
November and heating habits again around Christmas. Radio ads reinforced the television
message, although they typically ran for two weeks while the television campaign ran for 4
weeks at a time. The total cost of the Power of One campaign over the two years was about €3
million.

This study sets out to identify if changes in behaviour are driven by the advertising campaign.
We focus on the effects of the campaign on the consumption of natural gas. The main use of
natural gas in households is for heating. We therefore limit our attention to the elements of the
campaign that targeted heating habits. One module addressed heating specifically and ran on
both radio and TV around Christmas in 2006 and again in 2007. This module cost about €109
thousand in the first year, including the cost of about 1220 television spots, and €257 thousand in
the second year when about 1700 television ads and 280 radio ads were aired. It was
complemented by leaflets enclosed in consumers’ February or March natural gas bills
(consumers are billed every other month) in both 2007 and 2008. Nearly 90 percent of all natural

gas and electricity consumers received the leaflets.

4. Data description

The advertising data variable is based on weekly information of the reach of advertising, that is
the percentage of the population reached by the campaign, provided by Cawley Nea/TBWA, the
advertising agency that undertook the campaign. The data also specifies the average number of
times each person is exposed to the campaign each week. We build an advertising time series

that varies between 0 and 1 and is equal to the share of the population that was reached at least



three times by the television campaign during the weeks the campaign on heating is active.? It
depreciates over time at a constant rate. The stock of advertising at time t is calculated as the
stock of advertising at (t-1), appropriately depreciated, plus any new advertising within the
campaign of interest that takes place at time t. More formally:

A=A 1-0)+AF Q)

where A represents the stock of advertisement, §is the depreciation rate and AF is the advertising
flow. We are studying the effect of advertising on lowering the thermostat temperature, a
behaviour that cannot be repeated indefinitely (Woods, 2008). Reberte et al (1996) also find that,
in the New York campaign aimed towards increasing dairy consumption, the second round of
advertising was less effective than the first. We therefore allow each year of advertising to have a
separate effect on natural gas use. Figure 1 illustrates the pattern in the weekly television
advertising stock when the stock depreciates by 80 percent after one year.

Figure 1. Weekly stock of reach of TV campaign on heating
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% This is based on the established result that the response to advertising levels off after the third exposure (see
studies cited in Vakratsas and Ambler, 1999).



In addition to the broadcast ads, consumers received Power of One information leaflets in their
February or March natural gas bills. We take this into account by building a dummy variable that
is equal to 0.5 for February and March of 2007 and measures the proportion of households
reached by the leaflets. The stock for this advertising also depreciates over time. A separate
variable is built for the 2008 campaign. The total effect of the advertising campaign is measured
by the sum of the television and leaflet variables, the two modes with the highest overall
consumer reach. We do not take into account other forms of advertising: internet, movie theatres,
radio or billboard.> Ads in movie theatres and on billboards are likely to have had limited
additional effect. Internet hits grew over the course of the campaign, but the largest number of
unique visits to the Power of One website through internet ads was about 12,000 in November
2006, far fewer than those reached by television, radio and leaflets in bills.

Daily natural gas consumption data for the ‘Non-daily metered’ (NDM) sector comes from Bord
Gais, as does the monthly data on the total number of natural gas customers. We divide total
natural gas consumption by the number of customers to obtain consumption per customer. The
data runs from October 2004 to the 24™ of August 2008, yielding 1425 daily observations. When
we aggregate the data by week the number of observations is 203. The main group of consumers
in the NDM sector is households, but there are also a few small commercial and industrial
businesses. As shown in Table 1, the total number of customers varies between 474 thousand at
the beginning of our sample to 614 thousand at the end, a 30 percent increase. Ireland
experienced a large increase in housing completions in the period we are studying. This was

accompanied by an increase in vacancies. Since this implies that part of the 30 percent increase

® The data provide reach for each radio campaign, but not its disaggregation by week. This makes it difficult to build
an indicator that is consistent with the television one. The radio ads ran at the same time as the television ads, with a
very similar total reach, so we assume it has the same penetration pattern and its effect is captured by the television
ad variable. Ads in movie theatres and on billboards are likely to have had limited effect.
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in customers could be vacant housing, we also include the average vacancy rate, calculated on a
quarterly basis.* The weather variables are from the European Climate Assessment and Dataset
(Klein Tank et al., 2002). We use the daily temperature and rainfall measurements for Dublin.
Using this information we build a time series of heating degree days designed to measure the
need for heating for each day. There is one heating degree day if the average temperature is one
degree below 15.5 °C. Colder days are characterised by a larger number of degree days. Since
there is a missing observation for the daily temperature this provides 1424 observations. We
then calculate the difference between current degree days and their 50-year average and also
allow for non-linear effects of weather variables. A detailed description of the weather variables
can be found in Appendix A.

Table 1. Summary statistics of daily data

Obs Mean Std. Dev. Min Max
Gas Demand (MWh) 1425  32442.52 18702.2 5726.641 74138.38
Personal consumption
(million €)' 1425  20965.68 1299.305 18504 22575
Customers 1425  553,479.4 41,081.83 474,364 613,697
Population, thousands 1425  4267.613 108.9763 4089.5 4442.88
degree days 1424 5.70 3.85 0 15.6
50-year avg. degree days 1425 6.37 3.38 1.4 11.2
Rain (0.1 mm) 1425  20.43228 46.32733 0 560
TV advert flow, prop. 1425 0.11 0.87 0 9.29
Leaflet advert flow, prop. 1425 0.14 2.64 0 50
CPI - no energy
(2006=100) 1425 99.17 4.54 934 106.8
Vacancy rate 1425 14.88 1.66 12.03 16.67
Gas Price
(Index, 1995=100) 1425 157.48 26.68 114.1 204.7
Electricity Price
(Index, 1995=100) 1425 163.77 11.78 138.9 180.5

T constant 2006 prices

* We thank David Duffy for providing us with the vacancy rate on a quarterly basis, first used in the Autumn 2008
issue of the Quarterly Economic Commentary.
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Indexes of residential quarterly energy prices for electricity and natural gas come from the
International Energy Agency’s Energy prices and taxes and are then deflated to 2006 euro using
the monthly Consumer Price Index (CPI) from the Central Statistics Office (CSO). We use the
CPI1 —excluding energy— to capture the real cost of energy products. As a proxy for income we
use information on personal expenditure of goods and services at constant 2006 market prices,
available on a quarterly basis from the quarterly national accounts. To determine personal
expenditure per capita we use yearly estimates of population from the CSO and interpolate to
obtain quarterly values.

We add dummy variables for the day of the week and month of the year, together with dummies
for ‘special days’, including bank holidays, Christmas and the typical holiday period during the
first two weeks of August.

In addition to the daily natural gas consumption we have access to data from three face-to-face
surveys that were conducted prior to and during the campaign. The first survey dates to
September 2006 and the other two were carried out in May 2007 and in November 2007. This
allows us to assess the first year of the campaign more thoroughly. These data are described in
more detail in section 6.

5. Methodology and results

We assume that the demand for gas depends on several variables:

INGD, =+ p,INGD_, + BW, +yInX, +vV, + & InP, + 7, A, +{Z, +¢, (2)

Where GD represents natural gas demand per customer, W represents weather variables, such as
heating degree days, which measure the expected intensity of heating in each period, the amount
of rain, etc. The lagged dependent variable accounts for possible inertia in heating behaviour (it

includes both a one period and seven period lag). If the heating was on yesterday it is more likely
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to be on today (all other things being equal). | represents personal expenditure per capita on
goods and services, V; is the housing vacancy rate for Ireland as a whole, P; = {Pnc , Pe} is the
unit price of natural gas and electricity for households and t indexes time. As represents the
stock of advertisement, s = {TV, L} represents either television or direct mail advertising. As
mentioned in section 4, we limit our attention to the parts of the campaign that addressed heating
behaviour. Finally Z includes dummies that pick up the effects of months, holidays and days of
the week. The detailed specification of the dummy variables can be found in Appendix A. We
correct for heteroscedasticity by using the Huber-White estimator. The log specification allows
us to interpret the coefficients as elasticities.

The weather variables are modelled following Conniffe (1996). They are the main determinant of
natural gas consumption, explaining more than 90 percent of natural gas variation. We expect
yto be positive, since the amount of natural gas used will grow when disposable income
increases. This reflects the fact that as personal consumption per capita (used as a proxy for
income) increases there is a tendency to warm homes more and also the longer term effect of the

increase in housing sizes (cubic meters).> We expect 9\ to be negative and 9. to be positive.

In many households electricity heating exists in addition to gas heating, so limited switching of
heating sources is fairly easy. We expect 7 to be negative denoting a reduction in consumption
in line with the increase in energy efficiency advertising. If the two coefficients (for TV ads and

leaflets) are jointly significant, we conclude that the campaign has had an effect.

® We only have information on the average disposable income per capita for the whole population. We know from
the 2004-2005 Household Budget Survey that households with a gas connection have an average disposable income
that is 15 percent higher than the general population. We assume that the ratio of personal disposable income per
capita of those with a natural gas connection with respect to overall personal disposable income per capita is
constant over time.
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We do not explicitly take into account the possible effect of other ongoing programs, such as
Sustainable Energy Ireland’s (SEI) ‘Lower Income Housing’ program or additional efforts to
improve insulation in local authority housing. These programs are unlikely to have a large effect
on natural gas consumption for two reasons. First of all, as noted in section 2, lower-income
households are less likely to have a natural gas connection. Second, between 2004 and 2007 the
SEI program involved 2000 to 3000 dwellings a year (Dail Eireann, 2007), a number too small to
have a measurable effect on aggregate natural gas consumption (the total number of dwellings in
the Republic of Ireland is about 2 million).

The 2004-2005 Household Budget Survey (HBS) shows that households spend on average
€30.65 per week on fuel, or 4 percent of their total weekly expenditure. Natural gas expenditure
is 13 percent of households’ fuel expenditure, with the wealthiest decile spending a higher
percentage (19 percent) and the lowest decile spending a lower percentage (9 percent).

In Table 2 we present the results for select variables when the dependent variable is the log of
daily natural gas consumption per customer for different levels of depreciation of the advertising
variable. We estimate the regression with OLS, using the Huber-White correction for
heteroskedasticity.® Complete results are reported in Appendix B. The first column of Table 2
shows the results when depreciation of advertising is assumed to be 80 percent after 12 months
and the second column shows the results when depreciation is 95 percent after 12 months. The
third column shows the results for a steeper depreciation rate, such that all the advertising effect
is extinguished within 6 months and finally the fourth column assumes that there is no
depreciation whatsoever. The assumption of zero depreciation is not realistic, but is included to

show how the results would change if the advertising campaign were modelled as a once-off

® OLS with lagged dependent variables are consistent as long as there is no residual serial autocorrelation, which is
true in this case.
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event. Analysing daily consumption allows us to account for special days (holidays, days of
week) and for weather variables more precisely. The disadvantage is that the television
advertising variable is defined at the weekly level. In order to obtain daily information we need
to make additional assumptions on its growth over the week. In the following results we have
assumed that the advertising variable changes linearly over the week.

Table 2. Log of daily natural gas consumption per customer

80% 95% 100% 0%
0.74%%* 0.74%** 0.74%%* 0.74%%*
(Gas Demand)(t-1) (0.02) (0.02) (0.02) (0.02)
0.053*** 0.052%** 0.053*** 0.054%**
(Gas Demand)(t-7) (0.014) (0.014) (0.014) (0.014)
, : 0.144 -0.021 -0.134 0.309
Consumption per capita (0.36) (0.38) (0.43) (0.35)
-0.001 -0.01 0.002 0.001
Power of One TV - year 1 (0.021) (0.022) (0.028) (0.019)
0.033 0.034 0.034 0.031
Power of One TV - year 2 (0.027) (0.029) (0.038) (0.025)
-0.034* -0.050%* -0.062%* -0.015
Power of One leaflet - year 1 (0.018) (0.019) (0.027) (0.015)
-0.002 -0.001 0.013 -0.002
Power of One leaflet — year 2 (0.020) (0.022) (0.027) (0.018)
: 0.010 0.020 0.015 0.002
Log of Gas Price (0.038) (0.036) (0.035) (0.048)
L 0.229 0.264 0.176 0.101
Log of Electricity Price (0.20) (0.20) (0.20) (0.19)
-0.014 -0.012 -0.009 -0.016*
Vacancy rate (0.009) (0.009) (0.009) (0.009)
Weather Variables Yes*** Yes*** Yes*** Yes***
Dummy Variables Yes*** Yes*** Yes*** Yes***
-2.111%%* -2.114%%* -1.492%%* -1.634%*
Constant (0.65) (0.63) (0.56) (0.64)
Observations 1417 1417 1417 1417
R-squared 0.98 0.98 0.98 0.98

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1

The results are quite robust for different levels of the depreciation rate (as long as it is not zero).
Across all specifications we find a large inertia effect measured by the lagged dependent
variable. This suggests that people do not adjust instantly to changes in the outdoor temperature.

Personal consumption of goods and services per capita does not have a significant effect on the
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demand for natural gas, possibly because it varied little during the period and because it might
not be representative of the customers we are observing. Consumption per capita went from
€4,520 to €5,150 per quarter in real 2006 prices during our sample period, an increase of about
14 percent. We do not have the disaggregation of customers by region and therefore rely on
national expenditure information. However, natural gas consumers are not randomly distributed
around the country. Historically the bulk of the customers are in the Dublin and Cork area and
typically have a higher income. Recently connections have expanded in Western counties, where
average income tends to be lower. Since we cannot properly account for this the coefficient on
disposable income could be biased. The increase in connections has been large over our sample
period, at almost 30 percent. The gas price is not significantly different from zero. This is in line
with the general finding that natural gas demand is quite inelastic to price (see e.g. Baker and
Blundell, 2001 and Asche et al., 2008). We have estimated the same regression with lagged price
variables (lagged one, two or six months) and obtain the same result, probably because nominal
prices only change about once a year in our sample period. The electricity price elasticity of
natural gas demand is the expected sign, although not significantly different from zero. Again,
this continues being the case if we allow for lags of the electricity price.

Our main variables of interest are the advertising variables. The literature suggests that complete
depreciation occurs between six months and a little over a year (Schmalensee, 1972; studies cited
in Vakratsas and Ambler, 1999). The only advertising variable that had a statistically significant
effect is the first year of leaflet advertising. For the 80 percent depreciation rate the result says
that for every 10 percent increase in the proportion of people reached by the leaflet ads there is a
0.34 percent reduction in natural gas consumption, increasing to a 0.62 percent reduction for the

100 percent depreciation column. This corresponds to a long run reduction rate of 1.6 percent to
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3 percent.” This result is robust to different levels of depreciation, although it disappears under
the assumption that there is no depreciation. As mentioned earlier the literature suggests that 5 to
20 percent of the power of advertisement persists after one year.

Bord Gais, the local natural gas utility, has reported an ongoing decrease in per-capita natural gas
consumption, most likely caused by the uptake of gas connections in secon