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Chapter |

INTRODUCTION

Most scientists believe and most governments seem to accept that global
warming poses a threat to the world environment. Although there are residual
uncertainties in the scientific community as to the nature and gravity of the
global warming threat (Broecker, 1995), the solution to this problem can not be
found in changes in behaviour of individual countries or even individual trading
blocks acting on their own. Instead, any programme of action to fend off the
threat to the world environment will ultimately depend on an agreement or
agreements at a world level, which involve all the major economies, developed
and underdeveloped. This makes the process of designing an effective strategy
exceptionally difficult. (see Box A for a discussion of global warming).

With the objective of reaching an initial agreement, a major international
conference will be held in Kyoto in December 1997 under the auspices of the
United Nations. This will be the second such UN conference to be held in the
1990s and it seems likely that the evolving policy debate will continue for many
years afterwards, paralleling the continuing development of understanding of the
problem in the scientific community. The role of the conference is to agree
among the major players in the world economy a first policy response to the
problem which will lead eventually to an agreed comprehensive plan for action
ata world level.

The EU, as part of its negotiating position for the conference, has agreed a
policy that would require a cut of I5 per cent in EU-wide emissions of
greenhouse gases between 1990 and 2010. This proposed restriction on
emissions is at the more ambitious end of the range of proposals being put
forward by the major economies of the developed world. However, it must be
secen as but one of many different inputs nto what will be an exceptionally
difficult set of negotiations. Any agreement reached in Kyoto will involve not
only the restriction of emissions of greenhouse gases but it will also have
important implications for the distribution of income between the developed and
the underdeveloped world and among individual trading blocks or countries
within the developed world itself,
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Box A: What is the Problem of Global Warming?

Over the last 150 years the world has seen a huge increase in populaiion and a related
massive rise in the use of fossil fuels — coal, oil and gas. The burning of the fossil fuels
results in the carbon, which is fixed in the coal or oil, combining with oxygen in the
atmosphere to form carbon dioxide (CO,). Scientific evidence suggests that the increase in
the concentration of carbon dioxide in the air is resulting in a perceptible increase in the
global temperature — a change which could have a lasting impact on our climate, our
physical environment, and our whole way of life.

The cause of this warming revolves around the “Greenhouse Effect”. All bodies in space
emit radiation, including the c¢arth and its atmosphere. The earth reccives short-wave heat
rays from the sun which heat up its surface. The canth then re-emits long-wave heat rays
retransmitting some of the sun’s heat. Certain gases naturally present in the earth's
atmosphere allow short-wave heat to pass through, but trap a considerable amount of the
long wave radiation {rom the earth, The effect is similar to that of a greenhouse in that it
allows incoming heat but traps outgoing heat. The impact of these gases is to make the
earth’s surface warmer than it would be in their absence. The earth's surface currently has
an average temperature of 153 C; without the "Greenhouse Effect” it would be -18 C.

The concentration of the so-called "Greenhouse Gases" (GHGs) in the atmosphere has
increased rapidly in recent decades. The predicted consequence of this increase in human
production of GHGs is an increase in global temperatures causing rising sea fevels as the
polar ice-caps melt. Changes in the sea levels will alter the climate in various regions of
the globe. However, there remains considerable uncertainty about the magnitude of the
problem, the likely change in the world’s climate, and ultimately the effect on our
environment and our way of life. Ireland accounts for around 0.1 per cent of total worid
emissions of greenhouse gases. The major human emissions of GHGs in Ireland include
carbon dioxide (CO ), methane (CH.‘), and nitrous oxide (N_O). Energy use is the single
most important coniributor of GHG’s through the burning of fossil fuels. Agriculture is
the other major contributor. The relative impertance of Irish emissions of the main gases
10 the "Greenhouse Effect” is shown in the figure below.

Greenhouse Gas Emissions
by type of gas

Ireland EU
Carbon Dioxige
57.0% Carbon Dioxide
81.0%
Nitrous Oxide
. T.0%
Nitrous Cxide
14.0% ‘Methane
Methane 12.0%

29.0%
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As part of the EU negotiating stance Ireland has accepted a proposal to limit
national emissions in 2010 1o S per cent above the 1990 baseline. This
allowance of an increase in emissions for Ireland, compared to the cut for the EU
as a whole, is partial recognition of the lower level of development in Ireland in
1990, the base year for calculations. It thus makes some special allowance to
permit Ireland’s convergence in living standard to the EU average over the 1990s
and the early years of the next decade. The purpose of this policy paper is to
consider what are likely to be the economic consequences for Ireland of meeting
such a target over the next 15 years.

The EU negotiating stance involves a commitment on limiting emissions of
total greenhouse gases, principatly carbon dioxide (CO,), methane (CH,) and
nitrous oxide N,O." Of these three gases, carbon dioxide is the single biggest
contributor to the problem of global warming, accounting for over 80 per cent of
emissions from the EU. Methane is the next most important source. Carbon
dioxide generation due to economic development is chiefly a by-product of
burning fossil fuels to provide energy. In Ireland agricultural activity, in
particular the rearing of cattle and sheep, is the main source of methane
emissions. However, gas leaks are also a potentially important source of methane
emissions throughout the world.

In the case of lIreland, as shown in Box A, carbon dioxide accounts for
around 57 per cent of emissions, while methane accounts for 29 per cent, and
nitrous oxide the remaining 14 per cent (Department of the Environment,
1997a). In considering the economic implications for Ireland of the EU
negotiating position it is clearly desirable to take account of the fact that the
proposed limitation on emissions covers methane as well as carbon dioxide. The
fact that Ireland has a very high level of methane emissions makes the Irish
position different from that of most other EU countries.

The approach taken in this paper is to use the available information to assess
the scale of the problem which frcland faces in meeting the EU targets. In many
cases the information is inadequate, or limited to certain sectors. As a result, we
have had to focus parts of the analysis on those sectors which are better
documented. such as electricity generation. However, in arriving at our
conclusions as to the appropriate policy response for Ireland we make the best
use possible of all the limited information currently available for all sectors. This
atlows us to make some preliminary recommendations on the appropriate policy

" In calculating 1otal emissions of these greenhouse gases the different gases are weighted
by their “greenhouse warming potential™. For example, weight for weight, methane does
more damage than carbon dioxide and it receives a higher weighting in aggregating the
different gases. While all three gases contribute to global warming the EU has not yet
decided how 1o allocale emission targets among the different gases.
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stance for Ireland in implementing the overall strategy proposed for the EU.
Over the coming years we will nced a much wider range of research evidence
covering all gases and all sectors if we are 10 achieve the targets set for Ireland
with minimum disruption to the economy as a whole, and to employment in
particular.

To determine the cost of a particular set of emission limits it is first
necessary to establish a baseline estimate of energy consumption in the absence
of restrictions. In Chapter 2, therefore, we set out 2 methodology for forecasting
energy demand — the source of carbon dioxide. We do not prepare independent
forecasts for emissions of other gases, using instead those already prepared by
the Deparument of the Environment, 1997, Forecasting carbon dioxide involves a
detailed discussion of the appropriate measure to use for the elasticities of
demand for different types of energy. These elasticitics are used in conjunction
with our latest macro-economic forecast 1o the year 2010 to generate a projection
of energy demand, with the demand for encrgy from the road transport sector
and the demand for electricity being separately identificd. This forecast is
considered in the light of current levels of energy use in the EU and forecasts for
future consumption up to 2010.

Chapter 3 builds on the projections of energy demand to produce a forecast
for emissions of carbon dioxide 1o the year 2010. This forecast is consistent with
the macro-economic scenario in the Medium-Term Review (Duffy, Fitz Gerald,
Kearney and Shortall, 1997). The forecasts are put in context in Chapter 4 and
are compared with figures produced by other institutions both for Ireland and for
other countrics.

Chapter 5 establishes a first set of estimates of the likely cost of meeting
differing targets for greenhouse gases. Because of the limited range of data
available it concentrates on the abatement costs for the clectricity industry. This,
in a sense, provides an upper bound of the possible cost of meeting the target on
greenhouse gases as it does not take adequate account of possible low cost
measures which are available in all other sectors of the economy and for the
other greenhouse gases. To arrive at the cost of meeting any particular emissions
target it is necessary to combine information on the likely emissions without
controls (from Chapter 3) with this information (in Chapter 5) on the cost of
abatement,

In the light of the difference between Ireland’s target and the forecast of
emissions on the basis of unchanged policies described in Chapter 3, it is clear
that there will be a substantial gap to be bridged by policy changes in the next
decade. Chapter 6 of this paper discusses how best to implement the proposed
restriction on greenhouse gas emissions both at an EU level and, assuming the
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current EU approach of agreeing a set of national quotas is implemented, how
best these quotas can be implemented within [reland (and other countries).

Chapter 6 first considers the appropriale strategy at the level of the EU: the
advantages and disadvantages of using taxes, tradable quotas and non-tradable
quotas. The approach currently favoured at EU level involves the agreement of a
set of national quotas for greenhouse gas emissions. This chapter suggesis that a
better approach would be 1o agree a common EU-wide tax on emissions. [f
quotas remain the favourcd instrument then it is very important that the quotas
should be tradable between countries. If such quotas were immutable, the lack of
flexibility involved in such an approach could mean that the targets set for the
EU may be reached at very much higher cost to the EU as a whole, in terms of
lost output, than under the other possible alternative strategies.

Chapter 6 also considers the appropriate domestic policy response to the
imposition of a national quota. It examines the advaniages and disadvantages of
domestic taxes, quotas for domestic polluters and other regulatory approaches.
This section of the report argues strongly for the use of market-based
instruments 10 achieve the necessary target for emission reduction. Only through
the use of such instruments — taxes or tradable quotas - can the costs of meeting
the targets be distributed equally across domestic poliuters and the cost to the
cconomy as a whole minimised. It is also vital that the right to pollute is not
granted “free” to individuals or firms: cither taxes should be used to price
appropriately the right ta pollute or else, where emission quotas are the chosen
instrument, they should be auctioned. The reason for advocating the use of
revenue raising measures (1axcs or auctioned quotas) is that the revenue so raised
can be used to reduce other distorting taxes, reducing the cost of meeting the
environmental objeciive. Recent economic research shows that this is likely to
be an important feature of any strategy to tackle global warming at minimum
economic cost (Parry, Williams and Goulder, 1997 and Parry, 1997).

The final chapter of the report summarises our results on the dimension of
the economic problem facing Ircland over the next decade in tackling the
problem of global warming and it presenis conclusions as to the appropriate
future strategy for lreland to implement.




Chapter 2

ENERGY DEMAND FORECASTS

2.4 Introduction

Before making any assessment of the costs of meeting a particular emissions
target, knowledge of what emissions of each greenhouse gas would be under a
“do nothing” scenario is necessary. As carbon dioxide, the principal greenhouse
gas, is emitted almost exclusively in the generation of energy, an energy demand
forecast is required before any statement about emissions can be made.

Energy demand is driven by economic growth and moderated by changes in
price. The elasticity of energy with respect to GDP — the percentage increase in
energy consumption given a onc per cent increase in GDP — is an important
parameter in assessing the implications for energy demand of projected
cconomic growth. An elasticity of unity would imply that energy demand kept
pace exactly with growth in the economy, while an elasticity of less than unity
would suggest a “decoupling” from economic growth. The energy elasticity with
respect to price is equally important in considering the impact of energy taxes or
external price shocks. Energy clasticities were estimated by Conniffe and Scott
(1990} for individual fuels and for aggregate energy demand using data from the
years 1960 to 1987, Since then however, not only have extra years of data
become available, but  the Department of Transport. Energy and
Communications (as was) in their publication Energy in Ireland 1980-1993
(Myers, 1994) have made substantial revisions to fuel-quantity data for the
1680s. Thus it is very appropriate 1o repeat the estimation exercise at this point.

The six fuels considered are coal, wrf, oil, LPG (liquefied petroleum gas),
piped gas (comprising both natural and town gas} and eleciricity. ldeally one
would like to Torecast the demand for cach fuel by each sector of the economy
and build up an overall picture from there. Unfortunately in moving to
increasingly disaggregated levels. the price and quantity data upon which any
cstimation must be based become ever more incomplete. We can analyse total
cnergy consumplion aggrepated over all sectors and fuels and also examine
individual fuels aggregated over all sectors. In general, however, data
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deficiencies make sub:divisions of fuels by sectors infcasible. However, data
from the Revenue Commissioners do make it possible to model the road
transport sector separately. This is due to the fact that this sector is almost the
sole consumer of petrol and diesel (as distinct from gasoil, which is taxed
differently). By removing these two items from the aggregate energy and oil
models, the likelihood is increased of correctly identifying any other
relationships among the remaining fuels, in particular cross-price elasticities —
the effect on the demand for onc fuel of a change in the price of another.

Although it is the primary requirement for a particular fuel which is
important for emissions purposes. quantities are measured initially in terms of
final demand, which is more closely linked to economic activity. In other words,
amounts of fuels used to manufacture other fuels are omitted from finai
quantities. The common unit used to combine over fuels is the TOE (Tonne of
Oil Equivalent) and the “price” of aggregate energy is per TOE. That is, the price
in a particular year is the total expenditure on all fuets in that year divided by the
total consumption (in TOE) in that year, The price can be calculated either with
or without VAT included and both prices will be employed in later sections. In
analyses these prices will be deflated to express them in real terms.

The data from 1960 to 1987 are based on the data described by Scott (1990)
and used by Conniffe and Scott (1990), but have been revised in line with the
data changes given in Energy in Ireland 1980-1993 and extended to 1995,
Following discussions with Bord na Mona, Bord Gais, and ESBI, coal
consumption in the years 1992-95 has been modified to compensate for
suspected under-reporting after the inception of the Single Market, and oil
consumption by Aughinish Alumina has been deducted, as it is roughly constant
over time. Some other minor modifications have also been made. The non-
transport sectors of the economy will be modelled initially before the road
transport sector’s consumption of petrol and diesel is examined.

2.2 Aggregate Energy Consumption

Aggregate energy consumption excluding road transport -~ the domestic,
commercial, industrial and agricultural sectors — has risen steadily since the
1960s. Figure 2.t shows the growth pattern from 1960 10 1995,

Apart from the oil price hikes of 1973-74 and 1979-80, the pattern is one of
rapid growth when GDP is increasing strongly (as in the1960s), and no growth
or even decline when GDP is static (as in the carly and mid-1980s). However, it
is quite possible that factors other than economic growth may be in operation,
either influencing energy demand directly. or indirectly through altering the rates
at which energy demand responds 1o GDP or price changes. For example, it
could be argued that Irish industrial growth in recent years has been in less
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encrgy-intensive sectors than in the past and also that the two great price hikes of
the 1970s triggered the development of more energy efficient equipment and
practices. [t is reasonable 10 suppose some permanent reduction in the GDP
elasticity — compared to its value in the 1970s and earlier — from the operation of
such factors. However, as has been discussed in Conniffe (1993), it is easy to
overestimate the size of such reductions and the permanence of some of their
components. For example, improved cfficiency of energy-use obtained through
progressive changes in the fuel-mix may only be possible for a finite number of
years. This point will be elaborated on in a later section.

Figure 2.1: Final Non-Transport Conswumption of Energy (million TOE) 1960-95
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Regressions of (log) aggregate energy on (log) real price and (log) real GDP
for the whole 1960-1994 period and also for the sub-periods 1960-1981 and
1981-1994 gave the elasticity estimates and goodness-of-fit measures shown in
Table 2.1. The Durbin-Watson value (DW) is important as an indicator of the
plausibility of the underlying model. with values near 2 highly acceptable, but
values near zero suspicious. Unless otherwise stated, prices are inclusive of
VAT,
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Table 2.1: Total Energy — Goodness-of-Fit Measures and Elasticities

Years R’ oW Price Elasticity GDP Elasticity
1960-1994 0.90 0.42 -0.16 ns 0.68 ***
1960-1981 0.96 1.92 -0.40 *** 1.07 #*»
1981-1994 0.91 1.46 -0.25* 0.3] ***

ns = not statistically significant at 5% level *. = statisiically significant at 5% level,
** = gtatistically significant a1 1% level. *** = statistically significant a1 0.1%

level.

The elasticities estimated over the whole period seem to show no price effect
and a GDP clasticity of about 0.7. However, the model is not a good fit to the
data as the low Durbin-Waison statistic shows. Further diagnostic tests confirm
this lack of fit and show that the model considerably overestimates aggregate
energy consumption in the later years of the period. This could be improved
were one to add any variable that is constant for much of the period, but with
increasing values towards the end of the period. But introducing such an
arbitrary variable is undesirable and it is more revealing 1o estimate over sub-
periods. Table 2.1 also shows that equations for 1960-1981 and 1981-1994 fit the
data quite well and show significant negative price elasticities, which are
theoreticully plausible. The big contrast between sub-periods, however, is the
much smaller GDP elasticity in the later period, suggesting a “decoupling” of
energy from economic growth after the second oit price hike. From what has
already been said, some reduction in GDP elasticity between periods is plausible,
but could the later elasticity fall to less than a third of its previous value, or be
plausibly expected 10 remain that low?

1t will be argued later that a large part of the apparent fall in GDP elasticity
is because aggregate energy expressed in TOE terms is not a good measure of
useful energy. since the end-use cfficiencies of fuels are not taken into account.
In chemical energy content terms, a unit of TOE in coal equals a unit of TOE in
piped gas, but in combustion much less of the coal energy materialises as useful
heat. The TOE measurc of final deliveries of energy may be proportional to
useful energy when the fuel-mix is held consiant, but can diverge when the mix
is changing.” This can lead 10 underestimation of useful energy in TOE when a
fuel with a higher end-use efficiency is substituted for one with lower end-use
efficiency. Before continuing with this argument, it is necessary to look at the
changes in consumption of individual fuels,

2> - ..
“ In fact uscful encrgy would be more closely related to economic activity than final
demand, and would be easier 1o mode! — if one could measure it.
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2.3 Consumption of Individual Fuels

In these analyses the equations are fitted over the whole period and over
1960 to 1981, but not for the remaining sub-period to 1994. The reason is that
with individual fuels the prices of competing fuels are obviously variables of
mterest, so that equations contain a minimum of cight coefficients. As a result,
separate estimation over the remaining years leaves too few observations for
useful inference. Instead they are fitted for 1975-1994. This overlapping of sub-
periods is not desirable, but better than entirely ignoring the possibility of
structural changes in the equations for individual fuels.

Figure 2.2: Total Final Consumption of Coal (thousand TOE) 1960-1995
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The patiern of coal consumption over time is clear from Figure 2.2. Coal
consumption declined until the first oit price crisis, then rose in substitution for
oil, before falling steadily from 1986 onwards when oil prices fell dramatically.
By 1994 quantity had fallen to 55 per cent of its 1986 volume. Besides prices {of
coal and of rival fuels) and GDP, special factors affect demand for coal,
including its “dirtiness” compared to some other fuels and the legal restrictions
on the use of smoky coal in urban areas that were introduced in 1990. Table 2.2
shows goodness-of-fit measures and the own-price and GDP elasticities from the
estimated model. Note that the model for this and other fuels contained other
variables also.
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Table 2.2: Coal — Goodness-of-Fit Measures and Elasticities

Years R’ DW Price Elasticity  GDP Elasticity
1960-1994 0.64 0.60 -1.00 ns 0.49 ns
1960-1981 0.54 0.60 -1.26 ns 0.50 ns
1975-1994 0.92 |.46 +0.24 ns 0.21 ns

Evidently the model fitted over the whole period is not a good fit and the
model estimated for the first sub-period is not particularly good either. But the
low GDP elasticities do make some sense. As GDP grows and households
become more affluent, the inconvenience of coal leads to switching to other
fuels. There were significant cross-price elasticities with oil, electricity and gas,
which makes sense in view of the rise in coal consumption in the later 1970s
shown in Figure 2.2. Indeed, coal consumption could be modelled quite well in
terms of a time trend, a dummy variable for legislation, and the price ratio of
coal 1o oil, without including GDP at all. However, the key factor is that the
quantity of coal (not just its share) has been declining and must be expected to
continue 1o do so. Indeed, modelling coal from its high point in 1986 on would
give a significantly negative elasticity of -1.87.

Turf consumption is given in Figure 2.3. Some of the comments made about
coal may apply to turf also, though not to the same extent. For example, peat
briquettes were classified as “clean” fuel for domestic use in urban areas in the
1990 legistation. However, Figure 2.3 does not suggest that turf consumption is
likely to be positively related to GDP and the elasticities in Table 2.3 confirm
this.

Table 2.3: Turf— Goodness-of-Fit Measures and Elasticities

Years R Dw Price Elasticity  GDP Elasticity
1960-1994 0.77 1.52 0.15 ns -0.21 ns
1960-1981 0.86 1.37 -0.10 ns -0.50 ns

1975-1994 0.87 2.58 0.06 ns -0.29 ns
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Figure 2.3: Total Final Consumption of Turf (thousand TOE) 1960-1993
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The pattern of oil consumption over time is shown in Figure 2.4, Oil is by far
the largest fuel in TOE terms, even when one removes that portion consumed by
road transport (other forms of transport remain included), and so its elasticity
will have particular importance in determining the aggregate energy elasticity.
The estimates from the equations are in Table 2.4,

Table 2.4: Qil — Goodness-of-Fit Measures and Elasticities
2

Years R DW Price Elasticity  GDP Elasticiry
1960-1994 0.87 0.95 -0.05 ns 0.41 ns
1960-1981 0.97 1.12 0.30 ns 0.86 ns

1975-1994 0.91 2.57 -0.20 *** 0.18 ns
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Figure 2.4: Total Final Consumption of Qif {thousand TOE) 1960-1995
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The full-period equation fits badly in terms of the Durbin-Watson statistic,
while the sub-period equations seem better behaved. Although the GDP
elasticity is not statistically significant in either sub-period, the fall between
periods may be due to cvolution of the economy towards less energy-intensive
sectors. More of it may be due 1o technological advances, motivated by the oil
price hikes, that led to greater energy efficiency. These could be described as
hidden, ar indirect, price eftects, which have manifested themselves as falls n
the GDP elasticity. The fact that the price of oil is only significant in the latter
period is probably duc to the fact that oil had no serious competitors as a fuel
until the coming on stream of natural pas, and as a result did not became
sensitive to price changes until that time.
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Figure 2.5: Total Final Consumption of LPG (thousand TOE) 1960-1995
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Figure 2.5 shows the LPG consumption pattern over time. Consumption
obviously climbed steadily until the end of the 1970s and then remained rather
static. Table 2.5 gives the elasticities.

Table 2.5: LPG - Goodness-of-Fit Measures and Elasticities

Years R DW Price Elasticity  GDP Elasticity
1960-1994 0.92 0.76 0.56 ns 1.5 ns
1960-1981 0.98 1.98 0.06 ns 230w+
1975-1994 0.78 1.75 -0.32ns 0.43 ns

Again the [(ull-period equation has a significantly low Durbin-Watson
statistic. Although the first sub-period shows strong growth with GDP, the
second shows none, which accords with what Figure 2.5 suggests. There were
changes in the energy market in the early 1980s, besides the enduring effects of
the oil price hikes. With the introduction of natural gas, piped gas changed its
nature dramatically. becoming a major competitor 1o other fuels and helping
create the differences between sub-periods. [ndeed, as is the case with coal, the
realism of a positive GDP clasticity for LPG is questionable. and if one regresses
over the period when natural gas became a serious competitor, one emerges with
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an elasticity of about -0.1. The pattern for piped gas itself shows this
dramatically as illustrated in Figure 2.6 and it is easy to guess what the equations
and elasticity estimates will show. The elasticities are given in Table 2.6.

Figure 2.6: Total Final Consumption of Piped Gas {thousand TOE) 1960-1995
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Table 2.6: Piped Gas — Goodness-of-Fit Measures and Elasticities
2

Years l'e DW Price Elasticity  GDP Elasticity
1960-1994 0.98 1.22 -1.05 *** 1.33 *#*
1960-1981 0.92 .26 -0.92 *** 1.13 *+*
1975-1994 0.99 1.75 -0.83 **+ 223 #xx

Piped pas has changed from a fuel with a GDP elasticity near unity to a fuel
with a very high GDP clasticity and quite sizeable price elasticity. It is not
surprising that the model fitted over the whole period should show a low Durbin-
Watson value,
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Figure 2.7: Total Final Consumption of Electricity (thousand TOE) 1 960-1995
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Finally, the consumption of electricity from 1960 to 1993 is shown in Figure
2.7. Consumption grew steadily over the full period with minor (relative to some
other fuels) Nuctuations associated with the oil price hikes. The elasticities are in
Table 2.7,

Table 2.7: Eleciricity — Govdness-of-Fit Measures and Elasticities

Years R’ DW Price Elasticity ~ GDP Elasticity
1960-1994 0.98 0.60 -0.86 ns .22 #+
1960-1981 0.99 1.32 -1.30 ** 1.60 ***
1975-1994 0.99 1.68 0.14 ns 0.91 **+

Again, the sub-period equations fit betier than the overall equation and there
is evidence of a fall in the GDP elasticity, but it remains substantial. The change
from being highly price elastic to no price effect seems strange, but it should be
remembered that the prices of other fuels are in all these models, so there are
colinearity effects as well as complicating cross-price clasticities.
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2.4 Returning to the Aggregate Energy GDP Elasticity

The GDP elasticity of aggregate energy can be thought of as a weighted sum
of individual fuel elasticities, just as aggregate energy is itselfl a weighted sum of
fuel quantities. So it is easy 1o see why the whole period elasticity of aggregate
energy is 0.68 in Table 2.1. The fuels with elasticities near to or greater than
+1.0, piped gas and electricity, are counterbalanced to a degree by the fuels with
low or negative elasticities, coal, oil, LPG and turf. However, if coal and turf are
ever declining quantities, the aggregate GDP elasticity must move towards a
weighted sum of the elasticities of the other four fuels, If the whole period
elasticities for these fuels still held pood, this would imply an increase in the
GDP elasticity of aggregate energy as coal and turf disappear.

However all of these fuels have shown decreases in their elasticities, and the
aggregate clasticity for the second period is less than a third of what it was prior
to 1980. What has caused this dramatic drop? Part of the reason is the rapid
decline in coal consumption since the mid-1980s (Figure 2.2). However, there is
a deeper explanation. The fall in coal quantity from 1.2m TOE in 1986 to 0.64m
TOE in 1994 was more than matched by increases in other fuels. Over the same
years, for example, the TOE quantities of piped gas increased from 0.41m to
0.83m. But the net increase in TOE greatly underestimates the net increase in
“useful” energy, since coal is a low-¢fficiency fuel. Thus, when the fuel-mix is
switching towards fuels with higher end-use efficiencies, an increase in GDP
will require less of an increase in TOE terms than if the fuel-mix is held
constant. But when the mix stabilises again, the former elasticity would be
expected to reappear. Weighting according 1o stated latter period clasticities and
including a coal elasticity of -1.87 suggests a GDP elasticity for aggregate
energy of 0.34 rising 10 0.75 - the weighted sum of the elasticities of oil, LPG,
gas and electricity — when coal and turf disappear from the mix.

Of course, given that coal and wrf have fallen to current levels, the end-use
efficiency gain is becoming less important. Coal will continue to face the
combination of adverse legislative and convenience factors, but will just vanish
out of the mix if it continues 1o decrease by the annual amounts of recent years.
Turf still has about 11 per cent of final non-transport energy demand and there
may be scope here for switching to higher end-use efficiency fuels. However, the
effect cannot be of the magnitude of the substitution for coal, since that fuel
comprised over a {ifth of all non-transport energy in 1986. The substantial
quantity of turf accounted for by consumption by the producer in rural areas may
be a complicating factor as is the likelihood of the continued definition of turf as
a “clean™ fuel for urban arcas.

The corollary of this reduced end-use efficiency gain may be a fall in the gas
elasticity, as it seems that this fuei has benefited most from the switching out of
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coal and turf, most probably through the instatlation of gas central heating in
homes. It is unclear what proportion of the gas elasticity is due to this factor, and
there is certainly still scope for the expansion of the nerwork, but it seems quite
possible that the aggregate elasticity may not reach its 0.75 asymptote, at least
not by 2010. In addition, there may, of course, be further evolution of the
manufacturing sector away from cnergy intensive industry, progress on energy
conservation measures and perhaps technical advances improving the energy
efficiency of appliances. Although it would be unwise to count on such
developments, a GDP elasticity of non-transport energy consumption of 0.65 by
2010 seems plausible.

As regards price clasticity, iy the later sub-period oil and gas showed
significantly negative price elasticities, both quite large in magnitude, while LPG
and clectricity elasticities were not significantly different from zero. FHowever,
the position i1s complicated by cross-elasticities because of possibilities of
substitution between fuels. For example, in the later peried, gas was a keen rival
of oil for domestic central heating. So it is not plausible to think of an aggregate
price elasticity as a weighted suin of individual fuel efasticities. The elasticity
estimate of -0.25 from the later sub-period of Table 2.1 may be a little low (in
absolute 1erms) on the same argument of underestimation of useful energy. in
other words, when prices fetl in the mid-1980s, the efficiency gain may have
prevented demand from rising as much as it otherwise would have if the fuel mix
had stayed constant. However, it cannot be greatly underestimated, because the
estimate for the carlier sub-period in Table 2.1 was -0.45, and estimates
appearing in the international literature for other countries generally find
aggregate energy to be price inelastic, often with an eiasticity of about -0.4. For
these reasons and for another to be mentioned in the next section, the price
clasticity will be assumed to be -0.35. Of course, massive price rises on the scale
of the oil crises in the 1970s - perhaps now more likely in gas than in oil — could
have extra effects, including changes to the GDP elasticity as discussed in
Conniffe (1993). Bul for forecasting purposes, the future scenario does not
include such a crisis possibility. The estimates of elasticities to 2010 are
summarised in Table 2.8.
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Table 2.8: Price and GDP Elasticities

Year Aggregate GDP Elasticities
Price
Elasticities Coal Qil Twurf LPG Gas Elec. Agg

1995 -0.35 -1.87 018 -0.29 -0.10 223 091 036
2000 -0.35 -1.87 018 -029 -0.10 * 091 041
2005 -0.35 -1.87 018 -0.29 -0.10 * 091 0.2
2010 -0.35 -1.87 018 -029 -0.10 * 091 0.65

* To be determined residually.

2.5 Sensitivity Tests

Energy consumption has risen over time partly because increases in
household incomes icad to greater expenditures on energy-using appliances and,
more importantly, because energy is one of the inputs required to generate the
increased output that raised national income, GDP, rather than GNP, seems a
more appropriate “income” variable, because it refers to all production in
Ireland, even if some profits resulting from production by subsidiaries of foreign
firms are repatriated to other countrics. However, it is sometimes suggested that
some manipulation of profit repatriation has the effect of exaggerating GDP
growth. Overestimation of GDP growth in recent years could, of course, also
explain the model’s overestimation of ecnergy demand. Also, as regards
households’ expenditures, GNP could be argued to be the more plausible
determinant. However, replacing GDP by GNP in the analyses did not make a
great difference. Table 2.9 shows how the analysis of aggregate energy, given
previously in Table 2.1, is affected by using GNP instead of GDP.

Table 2.9: Toral Energy — Goodness-of-Fit Measures and Elasticities (Price and GNP)

2

Years R D Price GNP (GDP Elasticity,
Elusticity Elasticity previously estimated)
1960-1994 094 0.67 -0.17 ** (.83 *** (0.68)
1960-1981 096 1.88 -0.31 *** 1.07 *** (1.07)

1981-1994 0.92 1.57 -0.23 *+ 0.37 *» (0.31)
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The fit of the models may be slightly betier and the price elasticities for the
two periods closer together to the estimate of the previous section, but the major
drop in GNP clasticities between periods parallels that of Table 2.1 for GDP
elasticities. As parterns for individual fuels were also similar 10 those shown
carlier, a GNP rather than GDP based analysis does not produce significantly
different results.”

In analyses prices were deflated by the consumption deflator. Since this
refers 10 prices faced by houscholds and much encrgy is used for production
purposes. the GDP deflator is perhaps theoretically more appropriate. On the
other hand, revisions to national accounts are not uncommon for a few years
after an accounting year and can be substantial, so that the GDP deflator cannot
be assumed finalised for several years. So, for example, Conniffe and Scott
(1990) used the consumption deflator when analysing data up to 1987, but
Conniffe (1993) used the GDP defator with data also running to 1987, However,
choice of deflator rarely makes much difference, nor did it in these analyses
when the GDP deflator was used.

Working with prices net of VAT made liule difference to analyses of
aggregate energy, although it did matter 10 some degree for some individual
fuels. While much of industry can reclaim VAT, some firms and all households
cannot and so it is not immediately apparent whether fuel prices should be
inclusive or exclusive of VAT, In theory, the appropriate prices could be decided
by regressing on prices net of VAT with the VAT rates as extra variables. If net
prices are appropriate, the coefficients on VAT variables should not be
significant. while if prices with VAT included are appropriate, the coefficients
should be significant (if the prices are) and of the same order of magnitude. The
cocfficients generally were significant suggesting that VAT inclusive prices
were best. However. in the case of aggregate energy and some fuels, with
equations fitted over the whole period, coefficients were far larger in magnitude
than would be expected. The reason is that VAT rates were zero until well
through the period. so that they act as proxies “catching” model over-estimation
in the later years discussed after Table 2.1.

2.6 The Road Transport Sector

Diesel and petrol consumption by the transport sector can be modelled
separately from the rest of the economy, allowing greater precision in our
lorecasts. This sector can be broken down in two components, public and
private. Public transport (buses) primarily uses diesel, while private transport

" It could nonetheless produce significantly different forecasts if growth in projected GNP
was al variance with growth in GDP, However. as will be seen later. this is not the case.
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(cars and goods vehicles) uses both petrol and diesel. The forces driving both
sectors are different and as a result they are examined separately. The modelling
procedure for public transport consumption of diesel is similar to that employed
in the aggregate analysis, with economic growth seen as the principal driving
force. Figure 2.8 shows the growth pattern since 1960.

Figure 2.8: Public Transport Consumption of Diesel (thousand TOE) 1960-1995
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Consumption has risen slowly over the thirty-five year period, with dips for
the two oil-price hikes. One would expect a moderate growth elasticity and
indeed that is what one finds (Table 2.10), although GNP produces better results
than GDP. Price does not seem to be a driving factor at all. Sub-period analyses
yield similar estimates, so that the GNP elasticity ol 0.66 seems relatively stable.

Table 2.10: Public Transport Diesel ~ Goodness-of-Fit Measures and
Elasticities

Years 7 ow Price Efasticity GNP Elasticiry

1960-1995 0.89 1.41 -0.05 ns 0.66 ***

Figure 2.9 shows private transport consumption of petrol and diesel. Petrol
consumption grew steadily until the second oil-price shock and then fell back. It
has since regained ground but only returned to its 1980 level in 1995, Dicsel has
been the main beneficiary of this, [ower prices (relative to petrol) and a
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perception of greater efficiency helping to accelerate its growth rapidly after
1980 so that its consumption is now only just below that of petrol.

Modelting both fuels separately against GNP produces elasticities of 1.11 for
petrol and 2.6 for diesel with very bad fits (in terms of the Durbin-Watson
statistic) in both cases. This suggests that a different approach is desirable.
Unlike other sectors of the economy, where energy is consumed by a whole
range of devices of differing sizes and efficiency, energy in the private transport
sector is consumed almost solely by one type of device, namely, the motor
vehicle. Although there are different classes of vehicle, whose efficiency has
undoubtedly improved over time, these devices are still rmuch more homeogenous
than those that are used in any other sector. This suggests a two-stage process for
modelling consumption: first regress the quantity of oil (petrol plus diesel) on
the number of vehicles, and second, regress the number of vehicles on GNP.

Figure 2.9: Petrol and Diesel Consumption 1960-1995 (thousand TOE)
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Figure 2.10: Indices of Growth in the Stock of Cars and Private Transport
Consumption of Petrol and Diesel (1980=100)

160
140 -
120 |-
g 10|
.l
60 |-
40 |-

20 ST ST SO T S N T S A S ST S N SO0 ST S S S0 W A S VA T S T G S W

1960 1965 1970 1975 1980 1985 1990 1995

4 Peirdl + Diesed . Stock of Cars

Figure 2.10 shows the pattern of growth of private transport consumption of
oil and the stock of cars. The relationship seems to be quite close, both rising
steadily throughout the period with a noticeable dip after the second oil shock.

Table 2.11, showing the elasticities derived, includes a technology term in
the form of the cumulative sum of the positive changes in the price of oil, as
suggested by Conniffe (1993). That is, technology improvements are motivated
by increases in the price of oil, with (in this case) a lag of four years before the
improvement takes effect. The model produces a relatively stable vehicle
elasticity of 1.00 over the whole period. This scems to suggest that, unless
perturbed by changes in price — which have both an immediate effect and a
delayed technology effect — oil consumption keeps pace exactly with the number
of vehicles, or. in other words, that there is no increase in the efficiency of cars,
even allowing for the switching from petrol to diesel. However, onc must
remember that this does not take account of one important factor, namely the
utilisation of each vehicle. Although, unfortunately, a complete lime-series of
data is not available for this, per capita vehicle kilometres of road travel have
increased some 47 per cent over the past ten years, rising from 5,990 km per
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person in 1986 to 8,800 km per person in 1995.* The number of cars on the road
has increased by 39 per cent over the same period, suggesting an increase in
utilisation of each vehicle of just over 7 per cent. A GNP elasticity of unity is
therefore plausible.

Table 2.11. Private Transport Oil -~ Goodness-of-Fit Measures and Elasticities

Years R’ DW Price Stock of Cars Technology
Elasticity Elasticity Elasticity
1960-1995 099 1,71 -0.23 ¥*x* 1.0Q *** -0.55 **x

Modelling the stock of cars, including terms for GNP, the price of cars
(making allowances for depreciation and interest-rate changes), and the price of
oil, gives the estimates shown in Table 2.12.

Table 2.12: Stock of Cars — Goodness-of-fit Measures and Elasticities

Years R DW Own Price Qil Price GNP
Elasticity Elasticity Elasticity
1960-1995 097 022 -0.46 ns 023 * 1.63 ***
1960-1981 099  0.77 .70 ** -0.06 ns 1,79 **=*
1981-1995 099 273 -0.70 *#*x -0.06 ns 0.66 ***

The model estimated over the whole period is unsatisfactory, with a very
strong GNP elasticity, but an insignificant own-price elasticity and a positive oil-
price elasticity. Moreover, the Durbin-Watson statistic suggests that the fit of the
model is very poor. However the sub-periods arc reasonably well behaved, with
a GNP elasticity of 0.66 and a high and significant own-price elasticity of -0.70
in the latter period.

2.7 Energy Demand Forecasts — No Policy Change

The methodology for forecasting energy demand to the year 2000 relies on
the comprehensive macro-economic forecasts given in the ESRI’s Medium-Term
Review: 1997-2003. These forecasts are based on the assumptions that real
energy prices show only a small rise over the period to 2010 and that there are no

! Department of the Environment (1997b), p. 105.
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new environmental restrictions on the growth of the energy sector. The price of
motor vehicles is assumed to track the general price level, although the economic
cost to the consumer will vary with interest rate changes. These forecasts
constitute the “no policy change” scenario. Table 2.13 gives details of the
forecast growth rates for the major aggregates out to the year 2010.

Table 2.13: Cemral Forecast, Major Aggregates

1996 1997 1998 1999 2000 1990- [995- 2000- 2005-
95 00 ] {0

growth rates (%)
GNP 64 57 59 53 44 47 56 5.0 42
GDP 75 65 S8 57 48 58 5.9 52 42

Consumptio 2.2 2.1 1.9 21 22 2.4 2.1 2.1 2.2
n Deflator

Population 07 05 05 04 04 0.5 0.5 0.4 04

Employment 3.6 3.1 39 29 |15 1.8 3.0 2.0 1.5
%
Interest Rate 6.0 6.0 58 42 49 9.8 5.6 5.6 5.4

Forecasts for the key macro-economic aggregates are combined with the
estimated elasticities, given in the previous section, to produce our energy
forecasts. First a forecast for total final consumption of energy is derived using
the aggregate non-transport elasticity. Then forecasts for electricity, coal, LPG
and turf are derived using the individual fuel elasticities. Demand for gas is then
determined as a residual and the resulting GDP elasticity is calculated. In the
case of gas, the elasticity declines steadily over time, reflecting the assumption
that the penetration of the market by gas will slow as most major urban centres
become connected to the network and the scope for fuel switching is reduced.
Private transport demand for oil is modelted on the stock of cars, which is itself
calculated using the appropriate GNP elasticity.

On the basis of the economic growth projections we have estimated the final
demand for each kind of energy, all expressed in TOE (Tonnes of Oil
Equivalent). The results are set out in Table 2.14.
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Table 2.14: Forecast Final Energy Demand (thousand TOE) 1990-2010
1990 1995 2000 2005 2010

Coal 860 551 334 203 123
Oil (Non-Transport) 1,868 2,348 2,457 2,572 2,692
Turf 760 615 571 530 492
LPG 148 148 144 141 137
Gas 605 869 1,277 1,738 2,384
GDP elasticity of Gas 2.23 2.23 1.35 123 1.34
Electricity 1,032 1,284 1,610 2,019 2,532
Gil (Private Transport) 1,590 2,113 2,549 2,985 3,434
Stock of Cars (thousand) 796 990 1,194 1,397 1,606
Qil (Public Transport) 4] 46 55 65 74
Oil (Aughinish Alumina) 228 101 200 200 200
Total Final Consumption 7,132 8,075 9,199 10,452 12,068
Change on 1990 13.2% 29.0%  46.6% 69.2%

Over the 20-year period from 1990 to 200 we are forecasting that GDP will
grow by around 5.1 per cent a year on average although this average could be as
high as 6 per cent per year or as low as 3.5 per cent’. At the same time the
demand for final energy is forecast to rise at 2.75 per cent a year. The result
would be that final energy consumption in 2010 under a “do nothing” scenario
would be around 12.1 million TOE. 69 per cent more than in 1990, The growth
in electricity consumption over the period would be around 4.6 per cent a year
on average. Private transport consumption of oil will become the largest single
component estimated here, mostly because of the significant rise in the number
of motor vehicles: the stock of cars is expected 1o rise from 796,000 in 1990 10
over 1.6 million by 2010.

5 . - .

In undertaking the modelling and energy demand we must vse consistent GDP data.
These are only available on the ESA79 basis while the average growth rates shown above
in the forecast table are on the later ESA95 basis.
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As Table 2.15 shows, however, this would not put us out of line
internationally. Cars per inhabitant would rise from 263 per thousand in 1994 to
420 per thousand in 2010, just below the present-day European average.

Table 2.15: Private Cars per thousand Inhabitants by Country, 1994

Country Private Cars per thousand Inhabitants
Ireland 263
Ireland 2010 420
EUIS 423
Denmark 309
Germany 488
Greece 199
Spain 351
France 430
ltaly 518
The Netherlands 383
UK 373
USA 5t4

Source; Eurostat (1996).




Chapter 3

FORECAST CARBON DIOXIDE EMISSIONS

In forecasting CO, emissions it is not enough to have total final consumption
figures for the various fuels, since the emissions due to electricity will depend on
the fuel-mix and the efficiency of generation. The principal adjustment which
needs to be made in doing this is in converting a given final consumption of
electricity back to a primary requirement for coal, oil, turf, LPG and gas
(ignoring generation using renewable energy sources which does not emit carbon
dioxide). Historical figures are available from the energy balance sheets and we
have assumed that all marginal electricity production is gencrated using
combined-cycle gas turbines, which burn gas at an increased efficiency of 55 per
cent. This enables us to produce figures for the primary energy requirement of
all emitting fuels out to 2010 as shown in Table 3.1 below.® The primary

Table 3.1: Primary Energy Requirement for Fossil Fuels 1990-2010 (thousand TOE)

1990 1995 2000 2005 2010
Coal 2,175 2,088 1,871 1,740 1,660
Turf 1,352 1,191 1,147 1,106 1,068
Gil 4,074 5,239 5,954 6,591 7,265
LPG 148 148 144 141 137
Gas 1,448 1,991 2,952 4,104 5,619
Total Fossil Fuel 9,197 10,657 12,068 13,682 15,749
Change on 1990 13.9% 31.29% 48.8% 71.2%

“ We do not produce forecasts for the primary energy requirement for renewable energy
sources, since there is not enough data available to do so accurately, In any case they
account for a very small proportion of toial energy and do not emit carbon dioxide.

29
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requirements for coal and turf decline steadily over the period, as one would
expect given their elasticities. The requirement for oil almost doubles, due
mainly to growth in transport, and gas increases threefold, mainly in the
electricity sector.

When a tonne of oil equivalent of each fuel is burned, it releases a specific
amount of carbon dioxide. These emission factors can vary from country to
country, depending on, among other things, the purity of the fuel. The emission
factors used in this analysis are given in Table 3.2 below and correspond with
those employed to compile the national inventories given in the Department of
the Environment’s publication frefand: Second National Communication under
the United Nations Framework Convention on Climate Change (1997a).
Different grades of oil release different amounts of carbon dioxide, so without
forecasts for all grades we must use a composite emission factor. Some
differentiation is possible, however: the emission factor for heavy fuel oil used in
power generation is higher than that for petrol and diesel used in private
transport. Similarly, turf used in power generation is primarily milled turf which
has a higher emission factor than the turf or briguettes which make up the bulk
of final wurf consumption.

Table 3.2: Carbon Dioxide Emission Factors

Fuel Tonne/TOE
Coal 3.59
Oil (Final Non-Transport) 3.05
Qil (Private Transport) 3.00
Oil (Public Transport) 3.06
Oil (Power Generation) 3.18
Turf (Finai Consumption) 430
Turf (Power Generation) 481
LPG 2.67
Gas 2.30

By multiplying the primary energy requirement of each fuel by the relevant
emission factor we can derive emission figures for that fuel and build up a total
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piclure.7 As one can see in Table 3.3, because coal and turf are carbon-intensive
fuels, their sharc of emissions is considerably higher than their share of total
energy. Total emissions are predicted 1o grow at a very rapid rate, even allowing
for all growth in electricity to be generated by high-cfficiency, low-emission gas.
This means that by 2010, if there is no change in policy, Ireland could be
releasing over 47 million tonnes of carbon dioxide into the atmosphere annually,
a 53 per cent increase on 1990 figures.

Table 3.3: Toral CO, Emissions by Fuel by Volume under Current Regime
(thousand tonnes)

1990 1995 2000 2005 2010
Coal 7,800 7,488 6,710 6.238 5,952
Turf 6,118 5418 5,228 5,053 4,889
Oil 12,396 15,958 18,127 20,058 22,105
LPG 395 395 385 376 366
Gas* 4.319 5.552 7.841 10,578 14,154
Total 31.029 34.811 38,291 42,303 47,467
Change on 1990 12.2% 23.4% 36.3% 53.0%

* Includes non-energy emissions.

It is interesting to note that the forecasts for both energy demand and for
emissions in 2000 are very close 1o the forecasts made for that date in Fitz
Gerald and McCoy (1992). Five years ago total primary energy requircment in
2000 was forecast 1o reach 12.7 million TOE giving rise to 38.6 million tonnes
of COs. Today our Central Forecast is for consumption of 12.1 million TOE
(excluding renewable energy sources) with emissions of 38.3 million tonnes of

Table 3.4 shows CO; emissions by sector. Emissions in the electricity sector
are expected (o increase laster than total emissions, rising from 12.9 million
lonnes in 1995 1o almost 8.5 million tonnes by 2010, a 75 per cent increase on
1990, with the biggest growth being in generation by gas. The sharc of total

7 . . . “ . - .

We ignore here the issue of “carbon sinks™ — the absorption of carbon dioxide by trees
and other vegetation — the treatment of which has not yet been finalised in international
methodology.
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emissions contributed by the seclor is expected 1o rise slowly over the period to
39 per cent by 2010. The share contributed by the road transport scctor is also
expected to rise, although not as sharply as occurred between 1990 and 1995, By
2010 the road transport sector will be emitting over 10 million tonnes, more (han

tdouble what its total was i 1990.

Table 3.4: CQ; Emissions by Sector by Volume under Current Regime (thousand

tonnes}
1990 1995 2000 2005 200 Change
on 1990
Transport 4896 6,481 7817 9,154 10,528 115.0%
% of total emissions 15.8% 18.6% 204% 21.6% 22.2%
Other Final (excl. Elec.) 14,536 14,484 15,085 15,836 17,229 18.5%
% of total emissions 46.8% 41.6% 394% 37.4% 36.3%
Non-Energy* 989 973 1,052 1,138 1,230 24.4%
Share of toraf emissions  3.2%  28% 27% 27% 26%
Power Generation 10,608 12,872 14337 16,175 18,479 742%
of which: Coal 4716 5512 5512 35512 5312 16.9%
Turf 2850 2773 2773 2773 2773 -2.7%
il 1103 2007 2201 2445 2754 149.7%
Gas 1939 2381 3850 5444 7440 283.7%
% of total emissions 34.2%  37.0% 37.4% 382% 38.9%
Total 31,029 34811 38291 42303 47467 53.0%

* Principalty manufacture of fertilisers.



Chapter 4

OUR FORECASTS IN CONTEXT

4.1 Introduction

Over the period from 1990 to 2010, we are forecasting a 69 per cent increase
in final energy consumption, a 7t per cent increase in primary energy and a 33
per cent increase in carbon dioxide emissions. These are indeed large numbers,
but it is worth noting that they stiil represent a significant decoupling of energy
from economic growth and, furthermore, a decoupling of carbon dioxide
emissions from growth in energy. They also imply an improvement in the
efficiency of electricity generation. The trends in these aggregates are illustrated
in Figure 4.1 which shows indices of projected growth in GDP, total primary
energy requirement (TPER) and CO, cmissions. It ts high economic growth
which is driving forecast energy and emissions, rather than a high GDP
clasticity. or swilching towards carbon-intensive fuels.

Alternative Scenarios

This is worth keeping in mind when comparing our forecasts with those
produced by other institutions, both for Ireland and for other countries. The
government’s stated target for CO; emissions is that they should not exceed 37
million tonnes in the year 2000.° The Department of the Environment {(1997a)
projects that Ireland will meet that target, with emissions reaching 35 million
tonnes by the end of the decade and 40.8 million tonnes by 2010. Compared to
our predictions. these represent gaps of 3.3 million tonnes and 7 million 1onnes
for 2000 and 2010. respectively. Nevertheless, the GDP elasticity of primary
energy (as distinct {rom the final demand elasticities calculated in earlier
sections) used by the Department is actually higher than that imphied by our
forccasts: 0.5 compared to 0.41. The main difference between the projections is
the cconomic growth assumptions that underlie them. The Department of the

* Department of the Environment (1993).
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Environment assume growth of approximately 4 per cent per annum, whereas the
Medium-Term Review forecasts are for a growth rate of almost 5.1 per cent.

Figure 4.1: Index of Projected Growth in GDP, TPER’ and CO; Emissions
(1990=100)
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The 5.1 per cent Central Forecast for GDP growth from 1997 to 2010 given
in the Medium-Term Review was placed however within possible upper and
lower bounds of 6 per cent per annum and 3.5 per cent per annum, respectively.
Different growth assumptions produce correspondingly different implications for
energy and emissions. Table 4.1 below shows what the effects of these scenarios
would be for the fossil fuel component of total primary energy reguirement
{TPER) and carbon dioxide emissions.

Total primary ecnergy requirement could be as low as 14.1 million TOE or as
high as 17 million TOE by 2010. Similarly, emissions of carbon dioxide may not
reach 44 million 1onnes in 2010 or could 1op 50 million tonnes — some 3 million
tonnes higher than the Central Forecast — depending on the rate of growth in the
economy. However, although it is possible that energy and emissions may fall
anywhere within these bounds, the Central Forecast of 5.1 per cent average
growth per annum in GDP, with its associated projections for energy and
emissions, remains in our view the most likely outcome in a “no policy change”
environment.

® Fossil fuel component only.
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Table 4.1: TPER and CO; Emissions in 2010 under Alternative GDP Growth
Assumptions

Lower Bound Central Forecast  Upper Bound

(3.3% p.a.) (3.1% p.a.) (6% p.a.)

TPER (thousand TOE) 14,119 15,749 16,933
% change on {990 34% 71% 84%
CO; Emissions (ktonnes) 43,372 47,467 50,539
of which: Power Gen. 16,436 18479 19,798

Roud Transport 92370 10.528 11,725

Other Final 16,397 17.229 17,738
% change on 1990 40% 53% 63%

4.3 International Comparisons

The European Commission has produced cnergy prolieclit)ns for all fifteen
EU member siates as well as the United States and Japan. % These “conventional
wisdom™ scenarios, as they are called, are reproduced in detail in Table 4.2
below. As well as including energy, they also show energy requirement per
capita and the energy intensity of GDP. For comparison also shown are the 1994
data for Ireland, and our projections (including the possible high and low growth
scenarios discussed above) and those of the Department of the Environment
(Dok)."

The “conventional wisdom” scenario for Ireland is considerably {ower than
even the Department of the Environment’s figures, with a projection of 12.9
million TOE in 2010. Again however their forecast for GDP implies an average
annual growth rate of only 3.3 per cent over the period, almost two percentage
points lower than our projections. In fact, the energy intensity of GDP that this
scenario implies is actually higher than that implied by our forecasts, namely
0.18 kilograms of oil equivalent per ECU compared to 0.15. Figure 4.2, below,
illustrates these points guite well. B shows a scatter plot of values for projected
energy consumption per capita and projected GDP per capita for various
countries taken from Table 4.2, above. As one would expect, there is a definite
positive relationship between income and energy consumption. Although the

0 European Commission Dircctorate General for Energy (DG XVI1) (1996).

" Note that both the Depariment of the Environment and the Furopean Commission
include renewable energy sources in their forccasts for TPER, although in neither case is
their share large enough 10 distort signiticantly comparisons with our forecasts.




36 THE COSTS TO IRELAND OF GREENHOUSE GAS ABATEMENT

Table 4.2 Projections for Energy 2010

GDpP TPER TPER/cap.  TPER/GDP
(bn. 1994 ECU)  (m. TOE) (TOE) (kg OE/ECL)
IRL 1994 44 10.5 2.93 0.24
ESRI 5.1% 102 15.8 4.12 0.15
ESRI3.5% 82 4.1 4.03 0.17
ESRI 6% 115 16.9 4.21 0.15
Dok 90 14.5 4,04 0.16
“Conventional Wisdom™ Projections
treland 73 12.9 3.60 0.18
EUI1S 9,183 1.571.5 4.10 0.17
Belgium 269 54.7 5.47 0.20
Denmark 178 23.8 4.50 0.13
Germany 2,637 380.9 4.56 0.14
Greece 122 28.7 2.68 0.24
Spain 626 i13.8 2.80 0.18
France 1,674 281.4 4.52 0.17
laly 1,222 192.0 3.32 0.16
The Netherlands 407 77.4 4.69 0.19
Austria 245 305 3.72 0.12
Portugal 119 269 2.84 0.23
Finland 131 37.8 7.12 0.29
Sweden 226 48.1 5.29 0.21
UK 1.236 258.8 4.30 0.21]
USA 023 2,344.0 7.81 0.29

8.0
Japan 5,033 535.0 4.1 0.09
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figures produced by the ESRI, the Department of the Environment and the
European Commission all  differ substantially, none are out of line
internationally. [t is not the encrgy intensity of our growth which is expected to
be unusual, but rather the rate of growth itself.

Figure 4.2: Energy per Capita and Economic Growth Projections 2010
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The story is a similar one for carbon dioxide emissions. Table 4.3 gives the
“conventional wisdom™ projections as well as our forecasts and those of the
Department of the Environment. Like the previous table, figures are given for
emissions per head and the CO, intensity of GDP. Also listed are aggregate
emission factors for the various countries and scenarios (total CO, emissions
divided by total primary energy requirement).
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Table 4.3: Projections for CO, Emissions 2010

CO; CO, per CO4GD Emission
Emissions capita r Factor
(million ftonnes) thg/ECL)  (tonnes/TOE)
tonnes)
IRL 1994 34 9.66 0.79 3.30
ESRi 5.1% 47 12.42 0.47 3.01
ESRI 3.5% 43 12.39 0.33 3.07
ESRI 6% 51 12.56 0.44 298
DoE 41 11.35 0.45 2.82
“Conventional Wisdom ™ Projections
Ireland 36 10.06 0.49 2.79
EU1S 3.457 9.03 0.38 2.20
Belgium 1 11.10 041 2.03
Denmark 58 10.94 0.33 2.43
Germany 972 11.63 0.37 2.55
Greece 89 8.32 0.73 3.10
Spain 251 6.18 0.40 2.20
France 393 6.32 0.23 1.40
[taly 461 7.98 0.38 2.40
The Netherlands 169 10.24 (.41 218
Austria 64 7.80 0.26 2.10
Portugal 64 6.74 0.54 2.38
Finland 74 13.96 0.57 1.96
Sweden 96 10.55 0.42 2.00
UK 611 10.15 0.49 2.36
USA 6,007 20.01 0.75 2.56

Japan 1,405 10.78 0.24 2.63
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The differing growth assumptions are reflected in the emissions’ projections.
The conventional wisdom scenario forecasts an increase of barely 2 million
tonnes on the 1994 figures, the Department of the Environment 7 million, and
we forecast an increase of 13 million tonnes. Note however how similar the
implications of all three forecasts are for the CO; intensity of GDP: a range of
0.45-0.49 tonnes per ECU, with the Commission’s figure actually being the
highest. Looking at Figure 4.3, which repeats the scatter plot of Figure 4.2 but
replacing energy consumption per head with emissions per head, this CO,
intensity is not significantly out of line with the international trend.

However, Ireland’s position from an emissions point of view is considerably
worse than that for energy. Returning to Table 4.2, our aggregate emission
factor, although expected to fall from 3.3 tonnes of carbon dioxide per TOE to
approximately 3.0 tonnes per TOE, principally because of fuel switching to gas,
is still considerably higher than most other European countries. A significant
reliance on nuclear energy as well as increased penctration by renewable energy
sources built in to the Commission’s projections for many countries explain this
quite well. This is one indicator of the difficulty Ireland may have in meeting
any given emissions target.

Figure 4.3: Per Capita CO; Emissions and Economic Growth — Projections for
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Chapter 5

CARBON DIOXIDE ABATEMENT COSTS

5.1 Introduction

Although a specific target for CO, emissions has not been set out in the EU
proposals, the large increase in emissions we are forecasting suggests that we
will need to reduce them significantty. Exactly what reduction is necessary will
depend on emissions of methane and nitrous oxide, the other two principal
greenhouse gases. We do not develop detailed forecasts for these gases in this
paper but those estimated by the Department of the Environment (1997a) are
reproduced in Table 5.1, below, along with our projections for carbon dioxide
emissions. The figures for methane and nitrous oxide are expressed in a CO,
equivalent basis. i.e.. the amount of carbon dioxide that would have the same
global-warming effect as that caused by emissions of each gas.

Table 5.1: Forecast Emissions of Greenhouse Gases on COjyEquivalent Basis
(thousand Tonnes)

Gus 1990 2000 Change on 1990
Carbon Dioxide 31.029 47,467 53.0%
Methane 17.038 17,623 3.4%
Nitrous Oxide 9.105 8,082 -11.2%
Towal (CO, Equivalent) 57172 73172 28.0%
2010 Target 63.749 15.0%

Although we forecast a 53 per cent increase in carbon dioxide emissions
over the period. low growth in projected methane emissions and a reduction in
those of nitrous oxide mean that emissions of all greenhouse gases are only
expected to increase by 28 per cent. By 2010 we are forecast to be emitting just

41
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over 73 million tannes of greenhouse gases on a CO, equivalent basis, The +15
per cent target for Ireland agreed by the EU is cquivalent to 65.7 million tonnes
per year by 2010, meaning that a reduction of just over 7.4 million tonnes would
be necessary, assuming that our forecasts for carbon dioxide and those of the
Department of the Environment for methane and nitrous oxide are correct.
Ideally one would like to develop a schedule of abatement measures for all gases
and for all sectors of the economy, but the lack of concrete information forces us
to concentrate on reductions in carbon dioxide, in the electricity sector in
particular. The measures outlined in this chapter thus give an indicative upper
bound of the cost of meeting the target, for it is undoubtedly true that there is
scope for reductions — probably at a lower cost to the economy — in the sectors
and gases not dealt with here. The economic instruments which may be used to
implement these and other measures are examined in the next chapter.

5.2 Demand-Side Mcasures

Demand-side measures focus principally on getting end-users to use less
energy, both by reducing their requirement for energy and increasing the
efficiency with which they use this energy. In terms of electricity consumption,
this analysis is most usefully broken down into three categories of end-user:
residential, commercial and indusirial. Unfortunately, little work has been
completed on possible energy savings in the industrial sector, especially on the
possible penetration of combined-heat-and-power units, the principal means of

Table 5.2: Domestic Energy Conservation Measures

ltem Annual Co, Cost per No.of Towal CO, Total
Cost (£) Avoided/liem  Tonne ltems Avoided Cost (fm)
{tonnes)  Avoided (£) (thousand) (ktonnes)

Low-Energy -14.0 0.23 -60.8 500 115 -7.0
Light Bulbs

Lagging lackets  -54.0 0.34 -157.1 300 103 -16.2
Draught Proofing -33.4 0.63 -84.7 400 252 214
Attic Insulation -90.0 1.06 -84.7 200 213 -18.0
Total -91.6 683 -62.6

Source: Adapted from Scout (1993).

conservation in this arca. However, given our comparative lack of heavy
industry, the scope for increased penetration is likely to be considerably less than
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in other European countries. As a result, we concentrate here on the residential
and commercial sectors,

Several studies have been undertaken to examine the level of uptake of
energy conservation measures in the home, most notably by Scott (1993). She
looked at a number ol enerpy conservation items, lagging jackets, attic
insulation. draught proofing, and low-energy light bulbs, which were the most
significant in terms of energy conservation. From her figures (shown in Table
5.2, above) it is possible to project what reduction in emissions would follow
from a reasonable uptake of ail these measures in the present housing stock.

Ireland should be better placed than most countries to achieve high growth in
penetration in these areas since we arce starting from a relatively low base and
also because we have a higher owner-occupancy rate, making it more
worthwhile for individuals to invest in home improvements. [n addition, the
predicted large growth in the housing stock should make it easier for these
measures to be put in place in new homes. This analysis suggests that the
emission of over 600,000 tonnes of CO, can be avoided simply through the
instatlation of these four measures in the existing housing stock, all of which
would save money for the households affected.

So why haven’t these opportunities been exploited already? There must be
certain hidden costs involved in these measures. Scott’s survey suggests that lack
of information represents the greatest barrier to increased energy conservation in
the home. This points to an enhanced role for regulatory and advisory bodies in
this area. Unfortunately, even if there is a large take-up on these measures, it is
Likely that some of the savings will go, not on reducing energy usage, but on
increasing comfort. in addition, as the residential fuel-mix changes towards
cleaner and more efficient fuels such as gas and electricity, the effect of an extra
TOE saved will have a diminishing effect on emissions.

Relatively little work has been undertaken in examining possible savings in
the commercial sector. Lawlor (1995) looked at a number of schemes in Ireland
and in other European countries, in particular a pilot project carried out by the
Department of Transport. Energy and Communications during 1990 and 1991,
This project involved an energy audit of several large modern office buildings
and 1mplementation of the findings. The results were annual savings of £4,100
and a reduction of 360 tonnes of CO, released into the atmosphere. If one
extrapolates these hnclmg,s across the entire stock of existing ofﬁce ,Space
(estimated as 2.8 million m”) the following potential savings are possible:'?

" This is calculated by scaling up estimates provided by Sherry Fitz Gerald for the
Dublin area.



44 THE COSTS TO IRELAND OF GREENHOUSE GAS ABATEMENT

Table 5.3: Commercial Energy Conservation Measures

Energy Cost (f) CO; Avoided  Cost per tonne
Saved (TOE) (tonnes) Avoided (£)
per 100 m? 0.27 -31.54 2.77 -11.39
Total Existing 7504 -879,007 77,181 -11.39

Office Space

Source: Adapted from Lawlor (1995).

Many of the same caveats that apply in the domestic sector apply here too.
As efficiency increases it is likely that some of the gains will be captured by
increased comfort — the consumer surplus effect — rather than a reduction in the
amount of energy consumed. Also, as the fuel-mix shifts over time towards those
which are less polluting, the beneficial effects (in terms of carbon dioxide
emissions) of an extra unit of energy saved diminish. In any case the total
savings in terms of carbon dioxide emissions merely from the domestic and
commercial conservation methods outlined amount to barely 750,000 tonnes
annually, a reduction of less than 2.5 per cent of 1995 emissions. While there is
undoubtedly considerable scope for more radical reductions on the demand-side,
particutarly in the transport sector, much of the CO, reduction must therefore
come from the supply-side.

3.3 Supply-Side Measures

Fuei-switching represents the most significant supply-side measure available
to the electricity sector. If generating capacity is switched o fuels with higher
efficiency or lower emission factors, significant improvements in emissions can
be realised. Possible fuels include natural gas, which has a lower emission factor
than other fossil fuels; biomass, the conversion of organic material into
electricity with no release of CO,; wind power; and nuclear power.

Combined-cycle gas turbines (CCGT) can convert to electricity up to 55 per
cent of the energy released by the gas they burn, while releasing less carbon
dioxide into the atmosphere. This is considerably more efficient than present-day
plant, and they can do this at a competitive long-run marginal cost of
approximately 2.5p/kWh for base-load electricity. By comparison, the other
principal supply-side option, generation by biomass, can cost up to 9p/kWh,
although technical progress is gradually reducing the cost. Wind power may
operate at under 4p/kWh, but the scope for large-scale wind generation in the
near future is limited, and nuclear power, although less expensive than biomass
and also carbon-free, carries with it other major environmental problems. The
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replacement  of present generating capacity with combined-cycle plant
represents, therefore, the primary method of reducing emissions in electricity.
On the basis of the latest generation and emissions figures, the cost of switching
present generating capacity to gas is given in Table 5.4 for each plant type.

Table 5.4: Costs of Switching to Combined-Cycle Gas Plants

Planmt  Eleciricity  Old Technology CCer Cost of Switching
Tvpe  Generated Amnnal  CO, Annual CO, Annual CO, avoided Cost
(000 TOE) Cost (Lm) (ktonnes) Cost (£m) (kionnes) Cost (£m)  (ktonnes) (Ltonne)

Gas/(Oil 550 146.2 3041 159.9 2528 13.8 514 26.8
Oil 205 58.7 1714 59.7 943 1.0 770 1.3
Coal 599 118.8 5987 174.1 2752 55.3 3236 17.1
Turf 184 100.8 2956 53.6 847 -47.2 2109 -22.4
Total 1,539 424 .4 13.698 4473 7,070 229 6,628 3.5

The costs shown are economic costs rather than the costs that necessarily
accrue to the ESB — depreciation on old plant has been ignored and excise taxes
have been deducted where they apply. Local property taxes should be the same
under both systems and arc assumed to cancel each other out. As one would
expect, the replacement of turf-fired plant represents the cheapest option and
indeed would result in a saving of almost £50m annually due to the age of the
plant and the high emission factor of the fuel. The cost is very low for oil for
stmilar reasons. In contrast, replacement of the Moneypoint coal plant would be
considerably more expensive, since it is relatively new and operates near peak
capacity. It would however reduce carbon dioxide emissions by over 3.2 million
tonnes annually — almost a quarter of present ESB emissions.'” The replacement
of gas plant is the most expensive per tonne avoided, as these plants are already
relatively environmentally friendly.

At first glance, a reduction of over 6.6 million tonnes of carbon dioxide is
possible from the electricity sector at the relatively low marginal cost of £3.50
per tonne. Such a large-scale conversion to combined-cycle gas raises issues of
both capacity and security. however. Although it is possible that the present
pipeline to Scotland could accommodate an increase in gas throughput of up to
40 per cent. it still would not be able to cope with this regime. In any case,
carrying the entire fuel requirements of the electricity industry through one

"It would also have ancillary environmental benefits, particularly in lowering emissions
ol sulphur dioxide. which, although not a greenhouse gas, causes acid rain.
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pipeline would be extremely insecure. As soon as one gets rid of all other
methods of generating electricity, one probably should have a sccond pipeline to
carry gas to ensure security of supply, no matter how little electricity is
produced.'* This could cost up to £500 million and would therefore have a major
effect on the abatement costs of switching to gas. Assuming that the cost of the
pipeline is written off by 2010, this would represent a 5 per cent increase on
1995 electricity prices, before depreciation, if all the costs of switching 10 CCGT
are passed on to the consumer. "

5.4 COyAbatenment Cost Curves

We are now in a position to build up a marginal-cost schedule for abatement
measures. This is displayed in Table 5.5 below, along with the corresponding
items from a cost schedule for Denmark developed by Morthorst (1994).

Table 5.5: COy-Abatement Marginal Cost Schedule for Ireland with Comparable ftems for Denmark

Meusure Ireland Denmark
Marginal  CO; avoided as % of 2005 Cumulative Marginal  as % of 2005

Cost Hionne fktonnes} Emissions CO; Avaided  Cost Lltonne Emissions

Dom. Energy 91.6 663 1.6% 663 45 1.5%

Conservation

CCGT tor Turf -22.4 2,108 5.0% 2.771

Comm. nergy -11.4 77 0.2% 2,848 -40 2.5%

Conservation

CCGT for Oil 1.3 770 1.8% 3.618 ]

CCGT for Coal® 24.8 3236 7.6% 6,854 -3 1.25%

CCGT for Gas 26.7 514 1.2% 7.368 |

Wind for CCGT 380 230 0.5% 7.598 2 1.75%

Biomass lor 152.6 13979 33.0% 21577 0 5%

CCaT

* includes cost of second pipeline.
Source: Adapied from Morthorst (1994),

" This assumes of course that the only security measure possible under such a scenario is
a sccond pipeline. Security of electricity supply could be maintained by other methods,
such as maintaining Moneypoint or building up a stock of liquefied natral gas (LNG). If
these options proved better, then it would be capacity considerations alone that would
drive the introduction of the second pipeline.

“A25 per cent increase is required to price at the long-run marginal cost of switching to
CCGT. An additional 2.5 per cent comes from dividing the cost of the pipeline by total
revenue from electricity generation out to 2010.
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Irish figures are expressed as percentages of projected 2005 emissions to
enable comparison with the Danish measures. Two additional #tems are included
for ireland: first. an expansion of wind generation of 50,000 TOE and, second, a
scenario where all growth in electricity generation comes not from gas, as we
have assumed so far, but from biomass. In both cases the marginal costs
represent the opportunity costs of not building extira CCGT plant. Note also that
the cost of switching from coal to gas includes the cost of the second pipeline,
since at that point all electricity would be generated by gas and the pipeline
would be needed to ensure security of supply. A corollary of this is that the cost
of the second pipeline is subtracted from the cost of switching to biomass, since
by switching to biomass rather than to gas, a second pipeline would not have to
be built.

Domesiic conservation reduces emissions by a similar proportion in both
countries, but at a lower cost (higher benefit) in Ireland. This is what one would
expect considering the lower level of penetration of such measures here. Costs
for CCGT are roughly similar, but there is considerably more scope for
reductions in emissions in Ireland. in fact the bulk of the carbon dioxide
reduction in Denmark comes from items which do not appear in the lrish
schedule (principally because of a lack of information), particularly the
expansion of combined heat-and-power units (CHP) in industry and connection
o an already extensive district heating network.

From these schedules it is possible to construct both marginal and average-
cost curves for CO, reduction in Ireland and in Denmark. These are shown in
Figures 14 and 15 below.
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Figure 5.1: Marginal Cost Curves for CO5 Reduction in freland and Denmark
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Figure 5.2: Average Cost Curves for CO, Reduction in Ireland and Denmark
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As one can see from the average cost curves (Figure 5.2), the cost of
reducing up to 12 million tonnes of CO; using the measures listed would be
lower in Denmark than it would be in lreland. As a result, it is likely that the
impact of any specific tar%et for carbon dioxide would be considerably greater in
Ireland than in Denmark.'® Having said that, it may be possible to reduce carbon
dioxide emissions by over eight million tonnes without any net cost to the
economy, although any further reductions using the methods outlined would be
very expensive. However this analysis ignores the demand-side effects of such
measures, especially those caused by the construction of a second gas pipeline,
and it is to these that we turn now.

5.5 Demand-Side Effects

We have assumed for a 5 per cent increase in the price of electricity to
consumers to offset the costs of introducing combined-cycle gas technology on a
large scale and building a second pipeline. This price increase would in itself
affect the behaviour of agents in the economy, perhaps leading them to switch
away from electricity towards the dirtier fuels or to generate their own
electricity. [n both cases there would be a loss in end-use efficiency and an
increase in emissions. To avoid this, the price increase would have to be applied
to all fuels used in non-transport final consumption (the transport sector’s
isolation would mean that no price increase would be necessary — although it
may be desirable — for petrol and diesel).'” This would raise the cost of energy to
everyone, and would further reduce the primary energy requirement, and thus
emissions, compared 1o the do-nothing scenario. The projected effects of such a
measure on the national emissions are displayed in Table 5.6 on the basis of an
own-price elasticity of demand for energy of -0.35.

“Were quotas to be made tradable, there would be scope for trade in emission rights
between Ireland and Denmark, with beneficial results for both parties, compared to the
situation where quotas are non-traded. This is discussed in the conclusion.

"7 There is an argument for putting a disproportionate amount of the burden on the dirtier
fucls, coal and wrf, but we do not consider this option in our analysis.
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Table 5.6: CO, Emissions for a Complete Switch to CCGT with an Accompanying 5 per
cent Increase in the Price of All Non-Transport Fuels 1990-2010 (thousand

.rcmnri'e.s')'mr

1990 1995 2000 2005 2010
Coal 7,800 7.488 6,689 944 433
Turf 6,118 5418 2,412 2,239 2,079
Gil 12,396 15,958 16,433 18.453 20,768
LPG 395 395 378 369 360
Gas 4319 5,552 9,032 13,977 16,721
Total 31,029 34,811 34,945 35,981 40,361
% increase on 1990 12.2% 12.6% 16.0% 30.1%
Share Contributed by 34.2% 37.0% 32.2% 28.1% 28.9%

Electricity Sector {%)

Total CO; emissions in such a scenario could be 40.3 million tonnes by
2010, a reduction compared to the baseline scenario of 7.1 million tonnes. When
one factors in the conservation measures listed in Table 5.5, this figure rises to
7.8 million tonnes, giving projected total emissions in 2010 if there is a complete
switch to generation by CCGT of just over 39.6 million tonnes. This represents a
27 per cent increase in carbon dioxide emissions and, crucially, a 14.3 per cent
increase in emissions of all greenhouse gases. In other words, if our forecasts for
CO; and those of the Department of the Environment for methane and nitrous
oxide are accurate, and if we have correctly estimated the costs of converting to
combined-cycle gas, it may be possible to meet our emissions target at little or
no net cost to the economy,

This is a risky strategy, however. If we have underestimated the growth in
the economy or the level of fucl-switching in other sectors, it may be the case
that further reductions in carbon dioxide might be required from the electricity
sector. [n any case, there are further, unquantifiable risks in a wholesale switch
to gas generation, We may leave ourselves open to buying gas from a relatively
small number of suppliers who effectively have monopoly powers and may be in
a position to exploit them. Under these conditions, we would have to relax our

"" It is assumed that the conversion is done on a phased basis ~ peat then oil then coal
then gas — so that all existing plant is replaced by 2010, but the order of conversion is
essentially arbitrary, since for this analysis only the 2010 emissions are of importance.




CARBON DIOXIDE ABATEMENT COSTS 51

assumption that all marginal production is generated using combined-cycle gas,
and instead, in the interests of security of supply, consider a conversion to
biomass. As one can sece from the cost curve in Figure 5.1, the marginal costs
rise rapidly under such a scenario. This would involve a large increase in prices
that would have to be applied to all energy sources to prevent agents switching
away from electricity towards the dirtier fuels. As an illustration, shown in Table
5.7 is the least expensive biomass option: conversion of all present coal, oil and
gas generating capacity to CCGT and conversion of the turf stations to biomass.
The result would be a regime where only 10 per cent of electricity production
would be generated by biomass and the rest by CCGT, and yet if one were to
price at long-run marginal cost, this would require a 56 per cent increase in
energy prices.'q

Table 5.7: CO; Emissions for a Switch to Generation by 90 per cent CCGT and
10 per cent Biomass with an Accompanying 56 per cent Increase in
the Prices of Non-Transport Fuels 1990-2010 (thousand tonnes)

1990 1993 2000 2005 2010
Coal 7,800 7,488 5,364 584 354
Turf 6,118 5.418 4,748 4,606 1,701
Qil 12,396 15,958 14,671 - 16,836 18,945
LPG 395 395 310 302 294
Gas 4,319 5,552 7,390 11,156 13,077
Total 31,029 34,811 32,482 33,484 34,372
Change on [990 12.2% 4.7% 7.9% 10.8%

Share Contributed by  34.2% 37.0% 35.0% 30.9% 25.1%
Electricity Sector

At this point, most of the additional reduction in emissions would be coming
not from fuel switching to biomass, but from the demand effects of the price
increase needed to pay for it. With the marginal cost of electricity generation
rising so steeply in the meantime, generating companies would earn huge profits,
especially those with the right to burn gas. In truth, this scenario is not really a

" A second pipeline would still be required under this scenario. The cost of this has been
built in to this 56 per cent price rise.
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supply-side measure at all, but rather a misapplied carbon tax with a
considerable portion of the revenues going to generating companies. Were the
electricity sector to bear most of the brunt of the reduction, it might only be
through such drastic measures that lower targets would be attainable, and it is
most likely that these would involve ancillary costs which we have not
invcstigated.m

These points explain in large part why the average-cost curve for Ireland is
so much higher than that for Denmark (Figure 5.2). The Danish schedule
contains a number of items from a number of sectors which it may be possible to
incorporate into the Irish schedule, such as increased conservation in industry
and services, or even district heating. Further research is therefore required to fill
in the gaps in our knowledge. Otherwise anything other than stringent
application of the measures outlined above could leave us in a very precarious
situation.

This chapter has outlined a number of possible abatement measures focusing
in particular on carbon dioxide reduction in the electricity industry. It is by no
means an exhaustive list but provides a vseful indication of the cost of meeting a
specific emissions targets Exactly what mechanisms should be used to ensure
that these — or other — abatement measures are implemented will be examined in
the next chapter.

10 . . . . '
= In particular, such a targe increase in energy prices would have detrimental effects on
economic growth, and thus produce even lower emissions.



Chapter 6

POLICY RESPONSE

Current projections suggest that emissions in the EU as a whole will overrun
the target set as part of the EU negotiating position for the Kyoto conference
(Commission of the European Communities, 1997). The evidence presented in
Chapter 3 for Ircland suggests that domestic emissions are also likely to greatly
exceed the proposed Irish limit for greenhouse gases by 2010. These baseline
forecasts point to the need for policy changes at both an EU level and within
individual economies, including Ireland, in order to meet the target values.

If the reduction in emissions were small the choice of policies to achieve it
would probably not be very important. However, the reduction which is likely to
be needed will be quite substantial and the correct choice of instrument could
have a significant impact on future economic growth. This chapter considers the
range of policy measures available, at both the level of the EU and the domestic
economy, and what mix of instruments is likely to ensure that emissions targets
arc met at a minimum economic cost. Underlying the approach the discussion is
the basic principle that the polluter should pay for the damage caused by his or
her pollution.

The design of fiscal instruments for efficiently implementing environmental
policy is easiest where the location or concentration of pollution is not a concern
of policy (McKay, Pearson, and Smith, 1990). For example, the use of simple
national taxes to control pollution of a particular river would be wholly
inappropriate; the same effect could be arrived at much more efficiently by legal
remedies. In the case of global warming, where emissions — wherever they occur
on the globe — affect the environment equally, fiscal instruments (taxes or
quantitative restrictions — quotas) are the most efficient instrument.

The two main types of instruments considered here are quantitative
restrictions and taxes on emissions. Within the broad class of quantity
restrictions there are a further set of possibilities ranging from the case where
emissions quolas for individuals (or countries) are immutable to the case where
they are auctioned off 1o the highest bidder. There are also a wide range of other
instruments, such as investment incentives for research and development, which

33
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may play a subsidiary role in implementing policy. However, on their own, these
subsidiary instruments can not be expected to produce the major change in
behaviour which is needed.

Taxation and quantity restrictions have different characteristics as
instruments for implementing environmental objectives. The choice between
them will depend on the precise nature of the problem to be tackled and the
circumstances in which a solution must be found. The instruments differ in how
effective they are in achieving the environmental objective; how efficiently a
given target is met where efficiency is defined in terms of the value of lost
output; in their effects on the distribution of resources within economies. [n the
case of the problem of excessive greenhouse gas emissions, as discussed below,
our broad conclusion is that taxes are better suited to the task in hand than
quantitauve restrictions. While under certain circumstances quotas may be more
effective at meeting a precise environmental objective, taxes (or tradable quotas)
are likely to be mare economically efficient.

The adavantage of quantitive restrictions is that, if they are enforced, they
can better ensure that a target level of emissions is met on an appointed date;
they are more ¢ffective at meeting the environmental objective producing the
improvement in welfare which the abatement implies. Taxes, by contrast are a
less accurate instrument for hitting a precise target because because of
uncertainty about the response of the demand for energy to changes in prices so
that it may take time to discover the appropriate level of taxes on pollution. This
is clearty a disadvantage if emission limits must be reached instantaneously.
However, the time scale of the global warming problem is such that there is time
for economic experimentation with 1axes to find their appropriate level. [t is not
like the case of, for example, plutonium emissions, where there is no safe level
and a zero quantity restriction on emissions should be binding. It should be
possible to reach any particular target using taxes with a limited degree of
experimentation.

The second major issue concerning the choice of policy instruments relates
to their impact on economic efficiency, which instrument implements a given
emissions target with least cost in terms of forgone output? Every restriction on
production or consumption, if it is to have any effect, will impose a cost. The
disadvantage of a regulatory approach involving national or individual non-
tradable quotas. is that the choice of quota is essentially arbitrary. The same
quota per head or per unit of GNP (the EU proposals are for absolute quotas,
unrelated to population or GNP) may impose very different costs on different
countries or individuals whereas a tax imposes an equal cost on all polluters. For
example, carbon-dioxide quotas (based on population or GNP) might impose no
costs on a country with ample supplies of hydro-electricity ‘but they could
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impose very heavy costs on another country which had a different structure of
natural resources or of productive capacity. The differences in cost will reflect
the magnitude of the problems caused by the restriction for the different
individuals. For large changes in emissions they could significantly alter the
competitiveness of individual coumr:es or individual firms leading to a
relocation of production and employment ' This relocation would be inherently
wasteful as world emissions would be unchanged but economies would have had
to pay for the significant costs of relocation. Thus unless the initial allocation of
quotas is informed with the wisdom of Solomon they will give rise to an
unecessary loss of output !

The alternative mechanism, a tax, imposes an equal cost (per unit of
pollution) on all those who have 1o pay it and the value of the right to pollute
accrues 10 the state in tax revenue. As a result, it would not distort the underlying
competitiveness of individual companies or countries within the EU; those who
could easiest reduce their emissions would do so while those for whom it would
be very difficult and expensive would continue with some lower level of
emissions. One possibility is that individuals faced with a regulatory
environment could be allowed to do deals on the side such that the total pollution
was held constant (at the regulated lower level); individuals or countries for
whom the restriction was severe would “get together with” individuals for whom
it was not; money would change hands, and the quotas would be readjusted so
that they imposed equal costs on the individuals concerned. This is the process
which takes place when quotas are made tradable — can be bought and sold on an
open market. Clearly, if carried to its logical conclusion people would continue
to trade quotas until the costs (laxes) were identical for all affected parties and
the emissions target would be met with a minimum cost in terms of output
forgone.

There are two additional considerations in choosing between taxes and
different kinds of quota regimes. First, the decision on the appropriate initial
quota for each individual (or country) has major potential implications for the
efficiency of the tax system and the distribution of income. Second, the cost of
running such a system and the costs of operating such a market would probably
be greater than the costs involved in imposing a tax of the same amount.

If quotas arc allocated to individuals or states rather than auctioned to the
highest bidder the value of the right to pollute accrues to those granted the quota.
On the other hand. if the quota is auctioned or taxes are used the revenue accrues
to the state. This difference is important, as the use to which the additional
revenue is put by government potentially has a major effect on the overall

' Note that poorer countries argue that while it may be inefficient on a global scale, the
redistribution cffects could be beneficial.
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economic impact of the regulation of emissions. T the revenue is used to reduce
other distortionary taxes this can significamly reduce the overall economic cost
of the environmental restrictions. Where the benefit of the quota is left with the
polluter (as a quota) there is no possibility for such a reform of the tax system.

When there is only one poiluter there are no income distribution implications
to decisions on emission guotas. In this case the regulatory and the tax
approaches will have identical effects on the allocation of resources for an
identical reduction in emissions. However, where there are a number of
individuals or cconomic agents granting a large quota, which can be traded, to an
individual who will have little difficulty restricting emissions is equivalent to a
transfer of resources to that individual (the likely proceeds on the sale of the
unused quota). The opposite is the case where the quota is very restrictive on an
mdividual. Because of uncertainty about how quotas would affect each
individual, the full income distribution implications of the regulatory approach
will be uncertain.

{f the value of the right to pollute (the value of the quota or the proceeds of a
tax) accrues to the state’ and is used to remove other distorting forms of
taxatton this will go a significant way to offsetting the undesirable economic
costs of the restrictions on pollution. Recent research (Parry, Williams and
Goulder. 1997) highlights this issue (of who receives the revenue in return for
the right to emit greenhouse gases) as being very significant in determining the
ultimate cost of restrictions on emissions of greenhouse gases. This is because of
the considerable potential benefit which would accrue from reform of the tax
system using the proceeds of the sale of quotas or of a 1ax on emissions. In the
case of the EU in general, and lretand in particular, there is evidence that taxes
on labour are seriously distortionary and that their replacement by taxes on
greenhouse gases would improve the overall functioning of the tax system. An
earlier paper by Fitz Gerald and McCoy (1992) estimated that for Ireland the
benefits which would accrue from using the revenue from a carbon tax to cut
labour taxes would more than offset the economic costs of the restriction on
pollution.

6.1 EU Policy

At an EU level the current situation is that agreement has been reached on
the broad outlines of a strategy which will be submitied to the international
conference at Kyoto. This set of proposals represents a negotiating position and
it does not yet have the force of law. The mechanisms whereby the reduction of

22 . " 3 = al -
~ Where emission rights are auctioned olf the proceeds of the sale would accrue to the
U or the national government.
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15 per cent in EU emissions would be implemented have not been agreed in any
detail. There are two aspects 1o the implementation that have to be agreed among
member states if and when specific targets are accepted for the EU at Kyoto:

e issues concerning the definition of each country’s target: the extent to
which emissions of the different gases would be substitutable for one
another: the possibility of “joint implementation” whereby some
countries may get credit for helping other countries to meet agreed
emission targets: the handling of “sinks™ which absorb carbon dioxide in
a harmless manner (forestry); internal trade in energy (electricity); and

e the mechanisms for implementing the targets at both the EU and the
domestic level — regulations, taxes, quotas, etc.

The problem faced by the EU is to implement a substantial but gradual
reduction in emissions of greenhouse gases. A wide range of research indicates
that the most desirable economic mechanism for implementing this objective is
through a common tax throughout the EU on emissions of greenhouse gases. A
second possibility would be for the EU 10 auction off the (tradable) rights to emit
greenhouse pases 1o the highest bidders. This would ensure that the cost of
polluting would be similar across countries and that the revenue raised could be
used to reduce other distortionary taxes. However, this could prove
administratively more complex (and more costly) than the tax route. It also
might prove difficult to implement where the purchasors of the quotas were
countries rather than individual producers.

The third mechanism, which seems more likely to meet with acceptance
within the EU. is the atlocation of national emission quotas which may then be
tradable between countries. This mechanism will have the unfortunate effect that
the prescribed EU emission target is likely to be met at greater cost, in terms of
lost EU output. than if either of the other two mechanisms were employed.
However, provided that the quotas are tradable between countries the loss of
output may not be huge. While leaving the EU as a whole worse off than under
alternative strategies. this policy would result in certain countries being better off
than under the tax or auction route while other countrics would be definitely
worse-off. If the national quotas were not tradable then the loss of output within
the EU would be even greater, and the cost to some (but not necessarity all)
countries would be greater than under a regime of tradable quotas.

To determine who would be the winners and who would be the losers under
such a regime it would be necessary to have information on the costs of
abatement of emissions lor every sector of every EU member state, not just for
carbon dioxide in the electricity mdustry, but for the three main gases for each
economy. This highlights the problems with fixed quotas as opposed to the more
decentralised mechanisms of a common tax or an auction where the central
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planner does not have to have perfect understanding of all EU economies and
perfect foresight.

If quotas are to be the means of implementing an EU-wide policy on
controlling greenhouse gases, then it is essential that the quotas be tradable.
Ideally, the quotas should not be allocated by a decision of the Council but rather
they should be auctioned at periodic intervals. This approach would minimise the
likelihood that the allocation of quotas would have a lasting impact on the
distribution of income between EU member states.?’ [f auctioning is not possible
then, at the very least, the quotas, however ailocated, should be tradable within
the EU. The initial grant of a quota would affect the distribution of income but
the ability to trade the quota would equalise the cost of meeting the target across
EU member states (and potentially across sectors) ensuring that the loss in
output needed to reach the agreed EU target for emissions would be minimised.

The agents who are allowed to trade quotas should be the national
governments if they are 10 be the authority which implements the quota regime
within national boundaries. If some mixed regime were introduced where some
firms could trade on an EU market but other firms and individuals woutd be
regulated by national authorities the results could be most unsatisfactory. In the
latter case the national government would stitl have responsibility to implement
EU policy domestically, in a sense the quota would belong to the nation, but the
government’s decision on the appropriate way to implement the regime would be
restricted by the behaviour of individual firms trading on their own account.

Finally, if the downward adjustment in emissions is to be achieved within
the EU with a minimum loss of EU output then there should be no exemptions
from the need to take action. All sectors should be treated equally and all
greenhouse gases should be included under the regime. Any attempt to introduce
special measures within the regime would add to the distortions which it would
cause. If the effect on groups of individuals or houscholds are tikely to suffer to
an exceptional extent then it would remain possible for national authorities to
use the usual channels to alter the distribution of income within their
Jurisdiction.

Finally, it will be important to review other aspects of EU policy to ensure
that they do not aggravate the cost of adjustment within the EU. The most
notable case where a reexamination may be required is the Common Agricultural
Policy (the CAP). The possible impact of CAP induced distortions on the market
for biomass was examined in Fitz Gerald and Johnston (1995) and it showed
how the precise nature of the CAP could affect the cost of meeting an
environmental objective on using biomass., When the additional issue of the

23 - - - . .
The share-out of the revenue from the auction would, however, involve decisions on
the distribution of income between member states,
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direct emissions of greenhouse gases from agriculture is considered it becomes
clear that further analysis of this issue is required within the EU.

6.2 National Policy

The same principles apply to the choice of instruments at a national level as
at the international level: the reduction in emissions would best be achieved
through the introduction of an appropriate tax per unit of greenhouse gas
emitted. The use of tradable quotas, which should be auctioned off, would not be
appropriate where there are a large number of polluters. (For example, if every
motorist had to buy an emission quota the situation would become impossible.)

Any measures introduced to reduce domestic emissions should apply to all
sectors. Any attempt to impose a large part of the burden on a specific sector or
to exempt a particular sector could seriously increase the economic damage
arising from the reduction in emissions. If, for example, a separate, tight
emission target were set for the electricity industry, raising the cost of electricity
by a large amount, while manufacturing industry was exempt, then
manufacturing industry would tend to shift away from buying electricity to either
using other fuels or generating their own electricity. This could prove to be very
inefficient, in some cases actually increasing emissions. This might be the case if
some fuels fell outside the net for a carbon tax, as in the case of own-account turf
production. In such an eventuality the imposition of a tax on briquettes could
enhance the profitability of own-account wrf production, resulting in increased
inefficiency of production and possibly higher emissions.

Alternatively the exemption of a particular sector which is a heavy polluter
could also seriously magnify the cost to the country. While the heavy polluter
might survive as a result of its exemption, the cost to other sectors could be
cumulatively much more severe.

As the national quota (or the EU limit) is cast in terms of all greenhouse
gases it will be important that the tax (or tradable quota) should be applied to
emissions of the three main greenhouse gases, using appropriate weights. Any
attempt to exclude the agricultural sector from playing its role in abating
greenhouse gas emissions could be seriously damaging to Ireland, given that the
agricultural sector plays a much more important role in Irish emissions of
greenhouse gases than in other countries. If the cost of reducing emissions in
agriculture is less than in other sectors, such as electricity, then the exclusion of
this sector could possibly deprive Ireland of simple and cheap solutions through
switching the orientation of domestic agricultural produclion.24 Obviously if the
cost of change in agriculture were, in fact, high then Ireland might be best served

* Fitz Gerald and Johnston (1995) would suggest that this may be true for Ireland.
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through the exclusion of agriculture from restrictions on emissions, though the
EU as a whole would still be disadvantaged by such a policy response. The
uncertainty about this issue highlights the need for further research on the role of
agriculture in combating global warming.




Chapter 7

SUMMARY AND CONCLUSIONS

7.1 Introduction

The negotiating stance agreed by the EU for the Kyoto summit on global
warming involves a commitment to reduce the Union’s emissions of greenhouse
gases by 15 per cent between 1990 and 2010. As part of this approach lreland
has accepted a cap on emissions in 2010 of 15 per cent above the 1990 level. As
part of our assessment of the economic implications we first examine what will
happen to greenhouse gases in Ireland over the period to 2010 on the basis of
current policies. This identifics the magnitude of the problem which lreland
faces in meeting the 2010 target.

In considering the cost of reducing emissions by different amounts we
ideally need details of the marginal cost of abatement — the cost of reductions of
different amounts — to allow us identify the direct cost of meeting the target. The
limited nature of the data available only permits an examination of one of the
possible options for policy action — the field of electricity generation. However,
evidence from other sources suggests that the transport sector and agriculture
may also be desirable targets for policy change designed to reduce emissions. In
the case of transport, the considerable undesirable environmental effects from
traffic congestion suggest that such action could bring additional benefits to the
community. For agriculture earlier work suggests that the existing distortions in
the Common Agricultural Policy and the possibility of switching the focus of
outpul could allow significant reductions in emissions at limited cost.

7.2 Emissions Projections

The Medium-Term Review provides a comprehensive assessment of likely
prospects for the economy over the period out to 2010. The central forecast in
the Review suggests that between 1990 and 2010 GDP is likely to rise by around
5 per cent a year. This would leave the volume of GDP in 2010 around two and
three quarters times the level in 1990, On the basis of these economic forecasts

6l
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Chapter 3 suggests that energy demand in 2010 will be around 70 per cent
greater than in 1990.2 While this projected increase in energy consumption is
farge by the standards of the forecasts for other countries, it must be considered
against the background of the likely very substantial growth in the volume of
GDP and the resulting convergence in living standards to the EU average.
Viewed in this light, the 20 year period to 2010 1s forecast to see a considerable
reduction in the energy intensity of economic activity in lreland.

The consumption of energy will continue to be the major source of
emissions of carbon dioxide in Ireland over the next 15 years. The analysis in
Chapter 4 suggests that, on unchanged policies, they will rise by over 50 per cent
between 1990 and 2010. If the Department of the Environment’s projections for
methane and nitrous oxide emissions are accepted, then total emissions of
greenhouse gases in 2010 would be 28 per cent above their 1990 level. This
would contrast with the “national objective”, agreed by the Department of the
Environment, limiting emissions in 2010 to 15 per cent above the 1990 level,

Ouwr higher forecast is chiefly due 1o the different assumptions concerning
the rale of growth in GDP. As discussed in Chapter 5, the forecast of energy
consumption and of emissions of carbon dioxide per unit of output in 2010 is
well within the range of experience forecast for our EU partners.

Because of the importance of the differences in the projections for GDP
growth over the next |15 years and because of the inherent uncertainty which
must attach 10 any such figures we have also examined the effect of varying our
economic assumptions. In all cases the forecast growth in emissions is much
higher than the national objective set by the Department of the Environment.

The likelihood that the CAP will undergo major transformation in the next
decade renders forecasting the likely trend in future emissions from agriculture
very difficult. There 15 also the possibility of interaction between the forces
driving agricultural emissions and the forces driving the development of forestry
— the major potential absorber of carbon dioxide (Fitz Gerald and Johnston,
1995).%

The gap between the target for emissions and the likely outturn for 2010
appears 10 be quite large so that the choice of policy instruments needed to
implement the target will be important.

* In the light of new research, described in this paper, we have revised downwards the
projections published in the Medium-Ternt Review for energy demand and greenhouse
ras emissions. The projections {or economic activity are the same as in the Review.

“In fact it is not clear whether the Department of the Environment forecasts take account
of the fact that the land used in forestry is likely to come from a reduction in land used
for cattle rearing. Thus an increase in forestry is likely to bring the additional bonus of a
reduction in methane emissions from caule rearing.



SUMMARY AND CONCLUSIONS 63

7.3 Economic Implications

Because of the absence of satisfactory information for other sectors we
concentrate here first on the costs of limiting emissions in the electricity sector.
In a sense, by concentrating all the adjustment costs on the electricity sector this
provides an upper bound to the possible cost of meeting the 2010 emission
target — the worst case. If the economic costs of reducing emissions are to be
minimised it is essential that all sectors pay the same costs for polluting.

If the 2010 emission target is to be met, on the basis of the forecasts given
above, it will be necessary to reduce emissions of carbon dioxide by 7.4 million
tonnes compared to the “unchanged policy scenario™. If it were all to be met
within the electricity sector then its emissions in 2010 would be reduced to 4 per
cent above their 1990 level. The cost would be a real increase in electricity
prices of around 5 per cent. There would also have to be a rise in prices of all
other forms of energy, not just electricity, to avoid providing inappropriate
incentives to shift consumption away from electricity to other polluting fuels.

This rise in prices would represent a real cost to the economy rather similar
in character (though not in magnitude) to that which occurred as a result of the
1970s oil price crises. However, in this case the cost to the nation would arise
from the need to undertake additional investment in new generating capacity
using imported capital goods, rather than from a rise in the price of imported
energy. The reduction in emissions in the electricity sector could be achieved by
shifting most, if not all, generation to Combined Cycle Gas Turbines (CCGT).
This would have substantial cost implications as it would probably involve
closing all existing solid fuel stations (including Moneypoint and the turf
stations) even though they may not have reached the end of their useful lives by
2010. It could double or treble the new investment needed in generation in
ireland over the next 15 years as all existing generation plant was replaced.

In addition to the costs involved in the premature closure of existing plant,
the concentration on gas as the fuel source for almost all electricity generation
would leave lreland very exposed to disturbances in the gas market in Europe.
There are relatively few potential suppliers of gas to the EU market: the main
sources for the future are likely to be the UK, Norway, Russia and Algeria.
(Much of the Russian supplies of gas to the EU pass through the Ukraine.) This
leaves the EU energy market for gas vulnerable to political instability in Eastern
Europe and Algeria and it increases the danger that such instability could disrupt
the domestic energy market (as it did in the 1970s).

As well as being unduly dependent on a few countries for gas supplies
reliance on a single pipe-line (from Scotland) to supply the whole country also
represents a serious risk. I1f the country were to become totally dependent on
electricity generated from gas this would clearly be a matter for concern. To
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offset some of these dangers, substantial investment in both gas storage and
strengthening of the gas transmission network (from the UK) would probably be
needed.

While detailed information on sectors other than electricity is not available,
by adopting appropriate fiscal instruments it may well prove possible to meet the
EU target by 2010 without major disruption to economic activity. However, if a
significantly larger contribution to reducing emissions were required from the
electricity sector (than a reduction of 7.4 million tonnes of CQ,) the analysis in
Chapter 6 suggests that the costs would rise rapidly. With the exception of wind
power which, for technical reasons, can only provide a limited share of total
generation at the moment, other forms of renewable energy, in particular
biomass, are likely to be very expensive using technology available to-day (or
likely to become available in the immediate future). A shift to biomass as the
marginal fuel would be likely to increase the average cost of electricity to
consumers by over 50 per cent, with a much larger percentage increase for
industrial users.”’

Table 7.1: Forecast Growth in Greenhouse Gas Emissions, by Sector

(thousand tonnes)

1990 2010 Change
Road Transport 4,896 10,528 115.0%
Power Generation 10,608 18,479 74 2%
Other Final (excluding Electricity) 14,536 17,229 18.5%
Non-Energy 689 1,230 24.4%
Total Carbon Dioxide 31,029 47,467 53.0%
Methane (CO, Equivalent) 17,038 17,623 3.4%
Nitrous Oxide (CO, Equivalent) 9,105 3,082 -11.2%
Total Greenhouse Gas 57,172 73,172 28.0%
Target 65,749 15.0%

" The percentage is higher for industrial users because they currently pay very much less
per unit consumed than the household sector because of economies of scale in
transmission and distribution. The surcharge arising from the need to change generating
capacity would be the same in absolute terms for all consumers, giving rise to the higher
percentage price increase for those consumers currently paying the lowest price.
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Tabile 7.1 shows our forecasts for the growth in emissions between 1990 and
2010. Even if the electricity industry were to carry all the burden of adjustment it
still seems likely that overall national emissions could be reduced to the current
proposed target without recourse to generating electricity from biomass.
Provided that the burden of adjustment is borne by all sectors and by emitters of
all three greenhouse gases the national costs will be lower than where electricity
alone carries the burden of adjustment.

The share of emissions attributable directly to the transport sector is rising
and unless that sector is brought within the overall framework of policy to
reduce emissions no long-run solution will be possible. As rising traffic volumes
are imposing increasing costs through congestion there is a further reason for
considering policy measures aimed at that sector. One important policy measure
which must play a role is greatly increased investment in public transport.
However, all the evidence points to the fact that such investment, on its own,
will not be enough and that fiscal measures, such as taxes or charges, must play a
vital role in traffic management in the future.

However, action by lreland alone will not be nearly as effective as a
common EU-wide (or, even betier, OECD-wide) approach. Raising the cost of
energy used in transport in Ireland will provide some incentive to car owners to
use their vehicles less. However, it will not result in a significant increase in
research into energy efficiency in cars. However, if applied at the level of the
EU, then increased research would be profitable and the long-term impact on
energy emissions could be much greater. This highlights the desirability of a co-
ordinated approach at both the level of the EU and the QECD.

The agricultural sector accounts for around 40 per cent of Ireland’s
greenhouse gas emissions. It is, therefore, vital that it be included in any package
of measures to reduce domestic emissions. Reform of the CAP, through
encouraging less intensive use of fertiliser, will make a contribution to reducing
emissions. However, it is likely that if the environmental implications of
agricultural production were taken into account in designing the changes in the
CAP regime in the next decade, then a significantly greater reduction might be
achieved. Changes in the relative levels of market support for livestock
production and for forestry and biomass could be important. It may be that
relatively small changes in relative prices, leaving farm incomes largely
unchanged, could well make a significant contribution to reducing emissions.

7.4 Implications for Electricity Regulation

The effect of new measures to encourage a reduction in emissions by the
electricity sector could have the effect of making existing plant obsolete before
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its time and before it is fully depreciated. From an economic point of view the
debt incurred to finance this plant is a sunk cost and electricity should be priced
at the long-run marginal cost of production. However, there will remain the issue
of who should pay for this stranded debi. If, as discussed below, there remains
intramarginal plant which is profitable, these profits may be used to pay off the
stranded debt. This issue would not pose a major problem in the event of the
ESB remaining a monopoly producer and supplier of electricity. However, in the
likely event of competition being introduced in generation, the allocation of
these sunk costs would have to be sorted out to avoid distorting the market.

While we do not have sufficient information to be certain, it seems possible
that the emission targets proposed by the EU will prove more onerous for Ireland
than for the UK so that the cost of electricity production with identical
technology and identical input costs could be higher in the Republic than in the
North. If quotas are non-tradable and if there is no regulation of cross-border
flows of electricity then the rise in the price of producing electricity in the
Republic of Ireland could result in a shift in production North of the border
under the UK’s (likely) more benevolent quota regime. This distortion would
obviously be wasteful as existing plant was closed in the Republic to be replaced
by new plant in South Down or South Armagh. However, the waste involved
would be less than the alternative of allowing a big difference in electricity
prices to open up between Ireland and its neighbours. If the loop-hole on
electricity production moving North of the border is closed by EU regulations
then, in the absence of making quotas tradable, a higher cost of energy in the
Republic could see a movement of production and employment (including
migration) to other EU locations where the restrictions on emissions are likely to
be least ongrous.

The effect of the EU proposals will be to create an uncertain environment for
those who are interesied in investing in utilities. The dependence of the market
on regulation rather than on market forces to determine profitability would prove
unattractive for new entrants. In addition, there is the problem that, in the
absence of a policy of using taxation to control emissions, intramarginal
producers could make huge profits while the marginal producer makes none. For
example, if the marginal production of electricity was to use biomass with
electricity prices being set equal to the long-run marginal cost of production, all
those who are currently producing using other technologies will make very big
profits while new entrants would face a more difficult market. The right to
produce electricity from gas (for example) would, under such circumstances, be
a hugely profitable right. This problem could be overcome by charging a tax on
different fuels which reflected their damage to the environment. (This was the
underlying logic of the original proposal for a carbon tax.)
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The uncertainty about the future will pose a major obstacle to promoting
competition in the electricity generation industry as well as in other sectors of
the energy market. Unless a clear-cut and logical approach is adopted at an early
stage private firms will be encouraged to postpone investment, possibly
indefinitely, with a resulting reduction in competitive pressures.

Finally, a move to substantial restrictions on carbon dioxide emissions will
highlight other distortions in related markets. The policy of subsidising turf
production will be highlighted as being in direct conflict with the environmental
imperative. If turf production for energy use continues, the implicit subsidy
involved will rise dramatically. 1f other existing efficient plant has to be replaced
before its time to ailow turf production to continue this will add to existing costs.
This applies both to existing turf stations and to any new ones built in the future.

7.5 Strategy for the Future

It seems a pity that when global warming first became a major issue in the
EU in the early 1990s the Irish authorities did not strongly advocate the use of
fiscal instruments as the best method of achieving a substantial reduction in
emissions within the Union. This failure to advocate early action with
appropriate measures means that a rejection today of a wholly inappropriate
quota regime may be portrayed as environmental back-sliding rather than as a
desire to maximise the effectiveness of EU environmental policy.

The correct objective of Irish policy on global warming should be to ensure
that an appropriate mechanism is put in place which will ensure that any set of
environmental objectives will be met at minimum cost fo the EU in terms of lost
output and employment. Because of the uncerainty concerning the
environmental imperative and because of the impossibility of predicting how EU
member economies wili evolve over the long term, what is important is that the
mechanism for allocating the burden of adjustment is flexible and fair. While the
inclusion of emissions of methane and nitrous oxide from agriculiure in the EU
emissions quotas leaves open the possibility that Ireland could actualiy find the
restrictions less severe than some other EU members there is no certainty that
this would be the case indefinitely.

The uncertainty involved in trying to pick a “winning formula” for choosing
quotas is illustrated by the probability that if the restriction was confined to
carbon dioxide alone then it seems likely that such an EU quota regime would
give rise 10 a greater than average cost for Ireland. As a result, it would be
dangerous to try and design a rigid mechanism which conferred a possible
temporary advantage on Ireland at the risk of a serious long-term cost. This
argues al! the more forcefully for the adoption of a flexible regime which wil
ensure that burdens are shared evenly across the EU with each polluter paying



68 THE COSTS TO IRELAND OF GREENHOUSE GAS ABATEMENT

the same price per unit of pollution. This would also maximise output and
employment in the Union in the longer term, while abiding by the “poiluter
pays” principle.

With this in mind Ireland should accept the need to restrict emissions within
the EU in the long term while advocating a strategy which would minimise the
economic cost to the EU as a whole. The best mechanism for achieving this
reduction would be the carbon tax as originally advocated by the EU
Commission. [f this is not a feasible objective for Irish policy in the EU then the
next best solution would be the adoption of tradable quotas. Ideally these should
be auctioned by the EU. If they are not, then the allocation of quotas will involve
income transfers between member states, just as the allocation of structural funds
involves such transfers. * The worst possible result from an Irish view point
(and from the view point of the European Union as a whole) would be the
adoption of a rigid quota regime which did not allow quotas to be bought and
sold within the EU. This could result in a significant reduction in the potential
growth rate of the Irish and other EU economies and some migration abroad of
economic activity. Even if the initial quota were to seem generous, it would be a
wholly inappropriate regime, given the impossibility of predicting with any
accuracy long-term trends in the Irish (or any other) economy.

The best solution would be to use a greenhouse gas tax applied to all
polluters (including farmers). The proceeds would be used to reduce other
distorting taxes, such as taxes on labour. The level of the tax would probably be
quite low if applied across the board. If an explicit tax were unacceptable then
quota rights to emit greenhouse gases should be auctioned off with the proceeds
of the auction being used to reduce taxes. A very much more costly solution
would be one where existing polluters were granted rights to continue polluting
without paying the market price for these rights (Parry, Williams and Goulder,
1997). While “moral suasion” or “voluntary agreements” seem attractive
initially, it seems unlikely that they will suffice to reduce emissions to the
required level. Of their nature they will only work if the cost of undertaking
them is very small. Given the likely magnitude of the cost of meeting the agreed
target, fiscal instruments are likely to prove esseatial.

Whatever regime is chosen at an EU level it is essential that the domestic
implementation uses fiscal instruments to change behaviour with all sectors and
consumers (poliuters) being treated equally. Any atiempt to insulate individual
sectors, such as agriculture, smelting, or turf-fired electricity generation, could
greatly increase the economic cost to Ireland of meeting its environmental
objectives.

2 . e N 0
® Another possibility would be to agree in advance for some compensating transfers
where the market value of emissions quotas differed ex post between countries.
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