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Introduction

This working paper describes in more detail the work involved in constructing the
Pilot Environmental Accounts, published by the CSO (1999). That publication was the
result of a project commissioned by the CSO (1997) to compile a set of so-called
satellite environmental accounts for the Irish economy.

The first three sections of this paper cover in turn emissions to air, discharges to water
and solid waste disposal to land. Section 4 deals with depletion of resources. Section 5
combines some of the foregoing data into what are called environmental themes. The
compilation of themes is tentative at this stage. The four most promising themes given
the availability of data are Global Warming Potential, Acid Rain Precursors,
Eutrophication Potential and Solid Waste Arising. The theme Eutrophication Potential
is derived differently in the published report. The best method for calculating such a

“theme is uncertain and a different derivation is shown here, as a record of another
approach.

The aim of the Satellite Environmental Accounts is to complement publications of the
CSO that give the contribution of various economic sectors to national product. The
term satellite is used to indicate that these accounts accompany and relate to the
national accounts. In particular these satellite accounts show the link between sectors
and their effects on the environment. The sectors used in this report were selected by
CSO and are based on the NACE70 (and NACE/CLIO) classification system used in
the Input-Output Tables for 1990 and those for 1993 (CSO, 1996 and 1999). It was
decided that the study should refer to the year 1994, which is a year of good coverage
by economic data, it being the year of a recent Census of Industrial Production,
Household Budget Inquiry, Road Freight Transport Survey and also of comprehensive
data on emissions to air.

The correct attribution of emissions to various sectors is frequently uncertain. This is
not merely an issue of imprecise data, but also a fundamental question of
distinguishing cause and effect. One could debate as to who or what sector causes
emissions to occur - for example is it the purchaser who requires the supplier to
transport goods long distances, or the supplier who adds heavy packaging? Except in
two cases in this report, the approach has been to consider the final emitter to the
environment to be the source of the emissions. So, in the cases of fuel use, of
discharges to water, or of solid waste disposal, emissions are attributed respectively to
the sector with the combustion machinery, the sector emitting directly to waters or the
final sector producing waste for disposal. Exceptions to this system of allocation
occur in the versions (versions b) in which electricity emissions are attributed to the
sectors which use electricity - these being the sectors that turn on the electric
switches and that can be considered as the “cause” - and in the versions in which
transport fuels are attributed to users of transport or transport services (versions c).

While the information given here refers to emissions, it is important to stress at the
outset the distinction between emissions and pollution. They are not synonymous.
Pollution, by which is meant harmful concentrations and damage, may or may not
result from emissions. It depends on the state of the receiving medium, which may or
may not be able to absorb emissions without damage occurring. However information
on emissions per se is useful, as it provides at least one side of the picture. It is also



particularly necessary to have such information available at a time of strong economic
growth, and to make explicit the link to economic activities.



1. Emissions to air
a. Broken down by sector

A major source of emissions to air is fuel use. According to data supplied by
McGettigan (1996) to the UNECE, combustion of fuels accounts for virtually all the
CO,, NOx and SO, emissions, for example. Therefore to derive sectoral emissions it
has been necessary to break down fuel use by sector, as shown in Table 1.a.1. The
procedure for breaking down furel use in this manner is described in Appendix Al .a.
The table shows total primary energy use in 1994 to have been just under 10.5 million
tonnes of oil equivalent (TOE).

In this version use of electricity does not appear in the table, only the use of fuels by
generation. With electricity it is at the stage of generation that emissions occur
though, as described in the introduction, electricity use is given in later versions. In
the case of transport fuels, fuels used are all attributed to the Transport sector, which
includes all use of transport, be it private, business or by means of transport services,
such as taxis or hauliers.

Emissions of CO; from these uses of fuels are calculated by means of the emission
factors supplied by McGettigan (1997), given in Appendix A2. To these emissions
must be added those arising from activities other than energy combustion. Examples
of such sources would include the manufacture of fertiliser and cement and lime and
the absorption of CO; by trees. The last is an example of a negative source or
“sequestration”. On this point it should be borne in mind that there is some
uncertainty, particularly as to the levels of net sequestration by forests on peaty soils.
In future a new convention will be used, that only the changes in afforestation since
1990 will be considered, measured in terms of the change in stock of wood. The
reason for this is that a constant stock of wood does not sequester in the long run,
because when the trees decay they emit the CO, back into the atmosphere. In the
meantime, in keeping with McGettigan (1996), the old convention which counts all
sequestration is used in this paper.

Table 1.a.2 gives CO, arising from all sources combined, that is from energy
combustion and from non-energy sources. The right-hand side column, Total CO,,
shows the prominence of the power sector, followed by the Transport sector, and then
Industry. The Agriculture, Forestry and Fishing sector sequesters nearly as much CO,
as industry emits.

Table 1.2.3 shows emissions of CO, (taken from the column of Total CO, from the
previous table), as well as CH, and N,O. Figures for the last two were derived from
McGettigan (1996) and further broken down with the help of our detailed
disaggregation of fuel use. (McGettigan’s sources are described briefly at the end of
Appendix A3.) Whereas our CO, emissions were estimated from our table of energy
use, the other air emissions in this study are more process specific. Their sub-totals
were taken from McGettigan and the breakdowns for sub-sectors were then carried
out according to our figures on energy use. These three gases combined make up the
bulk of Greenhouse Gases which contribute to global warming. Other emissions for
inclusion, agreed at Kyoto, are SF6, PFC and HFCs and these can be added when data
become available. The compilation of environmental themes, of which global
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warming is one, is discussed later in section 5. However this table includes a column
on the right hand side for the theme global warming potential, GWP100, so that its
dertvation can be seen easily.

Table 1.a.4 gives figures on emissions of SO,, NOx and NHj. The derivation of these
figures is described in Appendix A3. As these three emissions can contribute to acid
rain, the compilation of the environmental theme called Acid Rain Precursors is given
in the final column of this table. It will be discussed in section 5.

b. With emissions from electricity generation attributed fo users of electricity

Fuel use shown in Table 1.b.1 has the same total primary energy use, in the right-hand
column, of just under 10.5 million TOE as before. However fuel use is now entered as
zero in the Electricity row, which previously totalled 3.814 million TOE. A new
column for electricity, with the same total of 3.814 million TOE, attributes the fuels
used for electricity generation to electricity users.

Corresponding emissions of CHy, N;O and CO, are shown in Table 1.b.2. With
emissions from electricity generation now attributed to users, there is a predictable
rise (compared with Table 1.a.3) in CO, emissions emanating, for example, from
Industry (particularly from Food and Chemicals) and the Residential sector. The rise
is spread roughly equally between the two sectors Industry and Residential.

Corresponding emissions of SO,, NOx and NHj are shown in Table 1.b.3. As most
SO, emanates from electricity generation, this table shows large rises from large
electricity users, compared with figures in Table 1.a.4.

c. With emissions from transport attributed to users of transport and transport
services

As with electricity above, a similar exercise is undertaken here in Table 1.c.1 but
reallocating transport fuels. Appendix Al.c describes the methods used to attribute
transport fuels to users, shown in detail in Appendix Table Al.c.12. The construction
of this table presented many difficulties. With numerous sources of information, if
there is better linking between them, the task of future updates ought to become
simpler. Fuel use by transport services was also attributed to users of the services, on
the grounds that whether or not one owns a lorry or employs a freight company, for
example, the fuel use would be broadly similar. Fuels in the Transport row in Table
1.a.1 which summed to 2,346,000 TOE (and excluded electricity use by the DART)
are now entered as zeros. The sum now appears at the foot of the right-hand side
column of total transport fuels in Appendix Table Al.c.12, as 2,352,320 TOE (which
equals 2,346,000 plus electricity use of 6,320).

A bigger exercise was entailed here compared with the attribution of electricity to
users. The difference 1s that in the case of electricity, adjustment to the emissions
rather than to the energy figures was sufficient, since emissions incurred by electricity
generation can be assumed to be homogeneous and unaffected by the nature of use or
user. In the case of energy used by the Transport sector however, there is a difference
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in fuels and in emission factors depending on the mode of transport. A recalculated
table of fuel use is therefore necessary.

Table 1.c.1 goes one step further and shows fuel consumption with transport fuels
attributed to transport users as well as inputs to electricity generation attributed to
consumers of electricity. The transport row sums to zero and the electricity row nearly
sums to zero, showing but a small consumption of transport fuels by electricity.
Corresponding figures for emissions of CH4, N,O and CO, are shown in Table 1.¢.2.
Emissions of SO,, NOx and NHj are given in Table 1.¢.3.
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2. Discharges to water by sector

The discharges to water to be considered are Biological Oxygen Demand (BOD)
which arises mainly from sewage, slurry and silage effluent, nitrogen (N) and
phosphorus (P) which arise from fertilisers and manure. These discharges are shown
in Table 2.1. There are many uncertainties surrounding the impact on water, which
include deposition from the atmosphere, N fixed by lightning and bacteria and N and
P sequestered by soils. It is also recalled that the extent to which discharges have a
polluting effect is highly dependent on the state of the receiving waters and
surrounding terrain. In addition it is largely the concentration rather than the quantity
of discharges that matters.

Discharges of organic matter, measured in BOD, can have a sharp and fast impact on
water quality, as the multiplying bacteria use up the available oxygen. The impact of
N and P however tends to be more long-lasting.

The amounts going to water from agricultural sources are very approximate, and the
figure for BOD was estimated over a decade ago. The figures for N and P are
estimated from nutrient balances which state the inputs to agriculture and then
account for the inputs taken up by outputs of milk, meat and so on. In the construction
of the nutrient balances, an estimate of losses to water (used here) is also made,
though the figures are very approximate. Sizeable unaccounted-for BOD, N and P
from agriculture in the balances are given in the notes to the table. Some of this would
also find its way to water, but no estimate of the proportion has been made here.

Industrial dischargers effectively have two routes for their waste if they do not recycle
it. One 1s to discharge directly to water. An example is the row for Food, Beverages
and Tobacco, where firms in this sector would have licences from the EPA to
discharge to waters. The second route is to discharge via municipal sewers, in which
case discharges appear in the row for government Services (Municipal works). Note
that in all cases discharges are net figures, that is they are net of own recycling.

Discharges from the Residential sector come from septic tanks. The amount from
septic tanks actually finding its way to waters is not known and there is no entry in the
Residential row. However the total amount going to septic tanks is given in the
footnote row denoted “unaccounted for potential from septic tanks”. It is estimated on
the basis of population served. Some BOD, perhaps 20 per cent, is removed by the
septic tank. Further absorption might occur during percolation in some parts of the
country, in other parts it may not.

Future analyses might give better information on the quantities arising and the
discharges. The quantities of P arising and discharged from household use of
detergents, for example, would be of interest. In any event, figures for the quantities
finding their way to water from Agriculture and the Residential sectors are incomplete
and non-existent, respectively.

16



A

(e661) Uosog pue Buiunay| ‘ueer ap Ul se ‘L0 Jo ubem e UsAIb sI N pue | Jo JyBlem e usal S| 4 areym ‘SaULIo) Ul palnseaw Si (BIUSI04 Uoleolydonng ¢
{8661 Yd3 904008} 4 Sauu0l 00L'L pue N S8UU0) 009'E ‘aod ss8uuo) GSi'yz 'syuey ojdas woly feualod Joj pajunodsseun
‘(2r0qe SB S80IN08)  d S8uuo) |66'GYy PUB N S8UU0) 88E'9ZZ ‘(1O S8UU0) 000°059 ‘zinnotbe woyy jequeiod 1oy pajunodsoeun
:Buimol(of sy Wwol) sjeuBwS pinom sobleyostp jeUolippyY v
'MOJBJ UMOUS '10) PBIUNOOJBUN SE PalISSed ale SHue) ondss o) sindug (B 'Auelasun SRy} UaAlD Japutettal ayj jo %G6 pue
pue %0 usemjeq srowal Aew uote|odsad pue GOF §0 % 0 drowal Aew S uB) oides “/g°d podal JUsWUORAUT BU) §0 SIBIS S¥d3 sU) Wol s embly QOg sy | siue} ondes 1o Ajuiew SISISUc TYILNIAISTY ..
(0661) Asuuny pue {956]) 937 epmiubew Jo sapio JyBi auy o Ajgeqodd yBnoly ‘ainby WNWILIL B S 'S3UU0) Ghy'e 18 ‘amynouby woly 4
‘(1661) Asuungt pue poomiays woy (g6e1L) 297 Jo sjepdn (1661) Asuun pue ueky ‘G6-yEE| 2ouejeq N Palewlsa 20Inog
‘eale sWRLeW U} 0) sindul o JUBlIUGHAUT U} 10 JusWiedeg ot wol) saanby yiim paxoslo $so40 Usym apmubew o Japio 1Bl ayj Jo s SsUU0Y 0G'EY L J0 8By sy aimnouBy Woll N
'SMOJ [BL)SNPU| By} Ul palalus ale siejem 0) sebieyosip 10alip sAnsnpur AluO 'Mmod SiLy Uf papnioul ale siamas [ediolun o} sebleyosip ferisnpul (pe6|) JopmeT) pue Joog wolj ‘fedoiuniy woly gog
"000°099 J0 8JnBy wnwixew sy) Woiy 000°0L aui Bunoeligns Aq pelewlisa si mo[aq ,8jouoo) Ul ,ain)jnoiby wolj feualod oy pajunooneun, ay ) “pejepdn aq o}

unogq Ismoj e s| pue £gg| Ul pajenojes sem 000'01 Jo 8inbly 8] "els}ed }e BYIRQIO- SBIOH Uy ‘UIBqI0- WO} SBAUBP LIN U] yomm (7661 ) Jojme] pue Roog Jo | 'd 'sjoujoos woly usye) st sinynouby wolj qog
“1o48 Jo uiBew yby e 03 0e(gns eq pinom alsy usalb seinby pue ulepaoun AU9A 1. S|9AS] SN BY | SSION .

133em o} sabieyosip jo aatnog #lenusjod sauuo} sauuo} sauuo} saliu0} gz 1ajem oy sabieyasip jo sainos
yo.lo3s uopesiydonng  1ayjo d N aog OI72-32VYN ¥OLO3S
WOod4 gILINNODDV SADAUVHOSIA  58E'22 95¢£'9 682091 02448 vEILYM OL SEOUVHOSIA Y04 GILNNODOY
TIVILNIQIS3Y e P P w TVLLNZAQISIY
98'v2'69
dsuel} 19Xa $30OIAUIS 101 0se'e oov'z 0058 000°9¢ ‘19'65'95 dsues [ox2 $IDINYFS LOL
(abieyasip siojeq pajeay Ajlsow)
(sx1om [ediolun) 1008 SIDINYFS  052'e 0or'z 005'8 0009 98 sjiom fedioiuniy 1408 SIDIANIS
y.'69

30B-uou §3DAHIS '19'65'95 woB-uol S30IAY3S
LUOdSNVHL Hes’jlo'siesy §9+€9+19 LHOdSNYHL
AULSNANI ov8 pejewnss aq o} LIS s8e's [V 5% 30l {saBieyasip 103.4p) AYLSNANI
uoyoniisueD €5 uojonssuocn
poud 10ejnuBy O 24 poud Jaejnuely BYO
1d onsed g 18qqny 6y ‘poud onse|d g tsqgny
pouid junud 3 tedey Ix% poud juud g sedey
ANOOS B | 2 S9IXS | 08l [474 AMJ00S R [ 10 SB[IIXS
90} ABQ POO4 129 8y 578’1 are'LL 9 2eqo} ARq POOS
widinbs podsues ], 74 widinba podsued
spoob {eoi}os(3 Sz spooB |eol}os|3
15Ut 9a4d B oW JAO T ‘wngsy 932d g yoew 4ao
ow Jsnpuy g JBy \z ow Nsnpui g 10y
13 8 2w |oxs poid |eyaw 6l 1} g ow |oxe poud (e
syonpoud {ealuays [ X4 €L osv'1 059°c At ‘poud eolwsyn
poid ujus Jsu-uoN Gl poud Uil ysw-uoN
S810 pUE sjejajy €l S810 pue s|eyey
AUILYMEIMOG T3NS 90 WILVYM “¥3IMOd 13N
Jajemysebos|g Jayenysebos|

I81BA FELETYN
515 Se9
Ayouoe|a Apuros|g
Bdypoud jonayg Bdyposd jonzg
1ead/Bi/e0D 1eady

(ejuowe)

HsId'Hod' 4oV s62'8L vov'sel Shv'e 005'8v1 0000 10 ONIHSI ‘AULSTUOA 1OV
Jajem o} sabieyossip jo asinog #lenuajod sauuoy saulo} sauto} sauuoy YA Jaem 0} sabieyasip Jo 32Inos
¥ol103s uojjesiydosyng  a3y0 d N acs QI10-32YN ¥0L03s

jenualog ucnjeoiydolng pue ,'ssuuo} ‘pael (SUliew pue 1sjemysaly) Jejem o) sebleyosip pajewi)sy i}z alqe)



3. Solid waste arising, broken down by sector

The EPA’s National Waste Database Report provides figures on non-agricultural
waste arising in 1995 and on waste arising from industry partially broken down by
industrial NACE code.

The weight in tonnes of solid waste arising in each sector is shown in Table 3.1. The
footnotes to the table describe how some of the more detailed breakdowns were
derived.

Ideally the table would show the amounts, net of recovery, which have to be
landfilled, that is disposals rather than solid waste arising. However information on
recovery is scanty at present, though the situation is expected to improve. The final
row gives totals disposed, but there is no breakdown of disposals by sector. This is
discussed further under the Themes section below.
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4. Depletion of resources

The three resources that are covered here are forestry, commercial peat and natural
gas. Table 4.1 shows the stocks and depletion (accretion, in the case of forestry) and
the length of remaining life of the resource at current rates of extraction.

At quoted 1994 stocks and rates, the length of time that forestry will be in supply is
indefinite. For Coillte forests (the forests that are in public ownership), growth in
1994 1s estimated to be 3,079 k cu m, with cutting at 1,877 k cu m, giving a net
increase of 1,202 k cu m as quoted in the table. For private forests, growth in 1994 is
estimated to be 255 k cu m and cutting 100 k cu m, leaving a net increase of 155 k cu
m, also quoted in the table.

The supply of commercial peat would last for approximately 42 years at 1994 rates of
extraction. Peatland, in particular raised bog, performs an additional function as a
species-rich habitat, though this aspect of the resource is not tabulated here. Ireland
has 51 per cent of the European resource of intact raised bog which is worthy of
conservation, but the rate of loss of area in Ireland is double the rate of conservation
(IPCC 1992, 1998). Turf extraction gives rise to CH, emissions and afforestation has
implications for the stock of habitat. However information on this, much of which
would need to be qualitative, is not to hand.

The natural gas supply would run out within 7 further years at 1994 rates of
extraction, as shown in the table.

Table 4.1: Natural resources, initial stock, usage and number of years’ supply

Resource Unit Stock at start Usage in 1994 Years’ supply at
of 1994 (or increase) 1994 rate of usage
Forestry:
Standing timber
Coillte kcum 34011 (1,202) Indefinite
Conifer 33,190
Broadleaf 821
Private kcum 3,270 (155) Indefinite
Conifer 2,310
Broadleaf 960
Peat, commercial:
(in the ground) k TOE 50,000 1,192 42 approx
Natural gas: k TOE 14,000 2,198 6.5

Sources: Coillte, Bord na Mona and An Bord Gais.
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5. Four environmental themes

Among the environmental issues attracting attention at present are global warming,
acidification which harms water, land and buildings, declining water quality and
disposal of solid waste. Though data assembly relating to these issues needs to
improve, it is sufficiently advanced for preliminary themes to be constructed. The
themes constructed here are (1) Global Warming, (2) Acid Rain Precursors, 3)
Eutrophication Potential and (4) Solid Waste Disposal. They are shown in Tables 5.1
and 5.2 to which data on total numbers at work and on value added (which is close to
GDP arising) have been added in the last two columns. These two columns enable one
to relate the sectoral emissions with economic activity. Other potential themes are

discussed in the next section.

The first two themes, which refer to emissions to air, have been constructed here for
the version in which electricity inputs and transport fuels are attributed to users of
electricity and transport. Therefore the emissions from electricity and transport are
zero (or virtually zero). For versions in which electricity and transport emissions are
not attributed to users, see Tables 1.a.3, and 1.a.4. For versions in which only
electricity emissions are attributed, see Tables 1.b.2 and 1.b.3.

(1) Theme: Global Warming

CO,, N20, CHy, HFC, PFC and SF6 have the potential to cause global warming and
are the basket of greenhouse gases covered by the agreement signed at Kyoto. The
first three gases are the main focus of attention and have been collected in the tables
above. They have different global warming potentials and different residence times in
the atmosphere. A procedure for aggregating them into so-called 100 year global
warming potentials by application of weights is used, resulting in the column for
Global Warming Potential, or GWP100. This was shown in the final column of Table
1.c.2 which is reproduced here as the first column in Table 5.1

The percentage breakdown is given in the first column of Table 5.2, which shows the
prominent role played by agriculture in potential global warming. It contributes about
29 per cent of the national total and in this respect Ireland is unusual in the EU. The
residential sector comes next, at 27 per cent, followed by Industry at 23 per cent.
Within industry, chemicals, food and non-metallic minerals stand out, as shown in

Figure 5.1.

The weights that were used for combining the gases to global warming potential were
those given by the Department of the Environment (1997) and Vaze op. cit,, in turn
taken from IPPC (1995). They are given in Table 5.3. As can be seen, owing to the
high weight given to CHy and an even higher weight to N,O, the resulting Global
Warming Potential (GWP100) of their relatively low emissions is considerable.

It should be pointed out that de Haan and Keuning (1996) use the weights 1, 11 and
270, instead of weights 1, 21 and 310 which are used here.
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Table 5.3: Weights, emissions and global warming potential over 100 year horizon

CO, CHy4 N.O Total
Emissions (‘000 t): 29,243 807 26
GWP100 weights: I 21 310
Global warming potential: 29,243 16,950 8,055 54,249

(‘000 t CO, equiv)

(2) Theme: Acid Rain Precursors

The main agents leading to acidification are SO, (sulphur dioxide), NOx (nitrogen
oxides), and NH3 (ammonia). Wet or dry deposition of acid substances, called acid
rain, can cause damage to ecosytems, water quality, buildings and crops. The potential
contribution of these substances can be combined into the theme called Acid Rain
Precursors, expressed in tonnes of sulphur dioxide equivalents. The weights used here
to aggregate SO,, NOx and NHj are those used by Vaze and Balchin (1996), namely
1, 0.6957 and 1.8824 respectively.

The theme Acid Rain Precursors is shown in the second column of Table 5.1 and in
percentage terms in Table 5.2. A major producer is in fact electricity, distributed here
to users of electricity, which produces 26 per cent (as seen in Table 1.a.4). It is
however dwarfed by the Agriculture sector which produces nearly one half of the
national total. Acidification from Transport is an issue but more in terms of
concentrations in urban areas. It too is distributed in Table 5.1 to users. A graph of
acid rain precursors is shown in Figure 5.2.

(3) Theme: Eutrophication Potential

As mentioned in section 2, while discharges of BOD can have a dramatic effect on
water quality, the nutrients N and P can have long-lasting effect and, depending on the
state of the receiving waters, can cause eutrophication. The theme Eutrophication
Potential is dertved by weighting N by 0.1 and P by 1, as used by de Haan, Keuning
and Bosch (1993). The prominent role played by agriculture, followed by government
services (municipal works, mainly) is shown in Tables 5.1 and 5.2 and Figure 5.3.

(4) Theme: Solid Waste Arising

As mentioned in Section 3, information available on solid waste gives “waste
arising”, broken down by sector. Recovery is not broken down in such detail, and
therefore it is not yet possible to show waste that goes to disposal from each sector.
The column of “solid waste arising” on the right-hand side of Tables 5.1 and 5.2
therefore merely represents the current state of our knowledge on this theme.
However, given the low level of recovery at present, existing figures on waste arising
are in fact close approximations to disposals.

The non-metallic minerals sector features prominently, as Figure 5.4 shows. This is
largely mining waste, all of which is disposed to landfill.
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6. Future deVelbpfnents

An exercise such as this one serves to highlight deficiencies of method and of data.
Before describing developments in relation to the data, we start by discussing some of
the conceptual issues, which affect the method.

As pointed out at the start, environmental quality is not merely determined by
emissions, because the level of concentrations and the state of the receiving medium
matter a great deal. However, data on emissions and discharges are obviously an

essential part of the picture.

Better representation could be achieved by giving breakdowns that have regard to
differences in receiving medium. For example, the discharges to water would have
more significance if they were split into coastal and inland discharges. Of greater
interest would be a further breakdown by water catchment area.

Similar considerations arise in connection with any future theme such as urban air
quality. The effects of emissions from traffic in particular are localised and a useful
disaggregation could be carried out to give rural and urban emissions.

On the subject of data, the data obtainable from the EPA deserve mention. Contrary to
expectations, the EPA licensing process did not feed data into this project directly, for
two reasons. The first is that a small number of firms have been licensed to date.
Secondly and more importantly, the licensing process entails collecting information
on concentrations at particular times, rather than on annual total quantity of emissions.
Concentrations are indeed what affect environmental quality but the method of their
incorporation into accounts such as these is only beginning to be addressed. In the
absence of comprehensive licensing data, work on this project resorted to the Census
of Industrial Production (conducted by CSO), as described in the first Appendix. In
the event, it has become clear that the Census is a potentially good source of

information.

Two developments in the EPA Licensing process are of interest. The recently
established Pollution Emissions Register (PER), though not providing a
comprehensive coverage of pollutants, will produce annual emissions data.
Approximately 20 PER reports had been submitted by mid-1998. Secondly, it is
expected that revisions to section 94 of the 1992 Act by the Waste Management Act
of 1996 will result in more comprehensive information on annual emissions.

An indispensible role was played by the EPA in the supply of figures for emissions to
air by major sector and activity (McGettigan, 1996). Once the task of breaking down
energy use had been achieved, this source enabled the themes Global Warming
Potential and Acid Rain Precursors to be derived. Information on Discharges to Water
was more widely sourced and the gaps in our knowledge about discharges from
agriculture and from septic tanks need to be remedied. On solid waste, as mentioned,
the data are expected to improve over the next few years. Further work on the
National Waste Database, aided by more widespread licensing under the IPC
licensing procedure, should yield good information and enable disposal, and not
merely waste arising, to be covered in the theme.
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With the surge in collection and recording of environmental data by bodies newly
charged with the task, there is an opportunity to ensure that information gathered from
different sources and for different purposes is compatible. For example, the bridge
(CSO, 1997a) between the NACE Rev 1 classification codes used in recent Censuses
of Industrial Production and the listed activities to be licensed in the EPA’s First
Schedule, will help promote reconciliation of data. Given the cross-disciplinary nature
of environmental analysis and policy, unnecessary effort will be saved by co-
ordination between the data gathering agencies.

The co-ordination of energy data is a large task needing to be tackled. The sources
relating to energy that have to be accessed and linked in a study such as this are listed

in Table 6.1.

Table 6.1: Data sources on energy to be accessed

Quantity or expenditure data Price data
CSO:
The Census of Industrial Production Consumer Price Indices
Household Budget Survey
Road Freight Transport Survey Wholesale price indices

Census of Construction
Trade Statistics

Teagasc:
National Farm Survey

Revenue Commissioners:
Statistical Report

Department of Public Enterprise:
Energy in Ireland IEC Comparisons of Energy Costs

Forbairt’s industrial breakdown (1990)

Department of the Environment:
Bulletin of Vehicle and Driver Statistics

To be able to take account of the information contained in these sources requires a
practitioner with good understanding of all the data gathering processes.

The exercise undertaken here has been restricted by the manner in which information is
collected or grouped. If the question on fuels in the Census of Industrial Production
could revert to the earlier breakdown of purchases of Petroleum, the disaggregation
between transport and non-transport would be facilitated. Given the expected growth and
an emerging perception of the polluting potential of transport, better attribution of
transport use will become a priority.

It has also not been feasible to break down use of solid fuels into peat and coal, because
these are aggregated in the Census. As they have different emissions, consideration
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might be given to separating them in the Census. A separate question on the use of
renewable energy might also be inserted. Any company using renewables is likely to
have the information readily available.

A further important breakdown would be the separation of agriculture, forestry and
fishing. Each of these has specific environmental repercussions. Furthermore, as shown
by some of the themes, this sector's impacts are sizeable and would merit disaggregation
on that score alone. The new convention of counting the changes in stock of wood,
rather than the total stock itself, might also be employed.

A final word should be added on the compilation of other themes to be tackled by
satellite environment accounts in the future. There are at least three themes which
would be worth considering. These are water use, emissions of ozone depleting
substances, and biodiversity or habitat change. It would be especially worth breaking
down the first, water use, by water catchment area.

It is hoped that the satellite accounts will be upgraded and supplemented along the
lines described above. The satellite accounts should become increasingly useful in a
number of analyses. These could cover a variety of topics, ranging from the
environmental implications of trade (for example as undertaken by Vaze et al. 1998),
to the estimation of the sectoral impacts of environmental tax reform.
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Appendix Al.a: Derivation of energy use broken down by sector

General
This appendix describes the derivation of Table 1.a.1 in the main text. Figures written

in bold type in this appendix are those that are entered in that table and some are also
entered in Table 1.b.1 and Appendix Table Al.c.12.

As stated in the Introduction the sectors to be used were selected by CSO and based
on the NACE70 classification system. In Table 1.a.1 figures in bold type are the
control totals which were derived from the updated tables for the document Energy in
Ireland, produced by the Department of Energy (DoE, now the Energy Division of the
Department of Public Enterprise). The decision to use DoE’s data as control totals
was based on the fact that these are the official figures and on the desire to establish a
procedure for the routine construction of annual environmental accounts.

DoE tend to obtain their figures on energy consumption from energy importers and
suppliers and they break down consumption or Total Primary Energy Requirement

(TPER) into the following sectors:

Agriculture

Energy Transformation

Industry (excluding Energy Transformation. This is the
meaning attached to the word Industry here)

Transport

Commercial and Public sector

Residential

It is assumed that these breakdowns are broadly consistent with the NACE70
classifications selected for this study. One difference would be the inclusion of Water
Supply by DoE in the Commercial and Public sector (presumably), whereas in the
CIP Water Supply 1s included in the grouping Gas, Electricity and Water. Therefore
the sector Transformation and Energy does not strictly conform to the sector Fuel
Power and Water. Consumption of most fuels by Water Supply is very small so this
difference is ignored at this stage. However, consumption of electricity by Water
Supply is significant and is addressed in the construction of Table 1.b.1 (see Appendix
A1.b), where consumption of electricity is given explicitly.

There were some other differences which were small and therefore ignored for now,
but mention will be made here. Peat Briquette production may be included in sector
239 in the CIP so that its fuel inputs of Other Gas/diesel Oil and Electricity would be
in the Industrial sector, which is probably correct for our purposes. In Energy in
Ireland fuels used in briquette manufacture might theoretically be entered in the
Transformation and Energy sector and therefore have to be transferred, but in fact

they are not itemised by DoE.

DoE tend to base some of their breakdowns on a detailed analysis undertaken by
Forbairt for the year 1990. Forbairt undertook a wideranging inquiry of the major
sectors. In certain cases the shares of the components will have altered since 1990, so
that without the aid of another analysis their breakdowns will be approximate.

34



Some explanation of the choice of fuels for this project should be given. Owing to the
fact that the CIP was to play a prominent role here, the same major categories of fuels
as those entered in CIP90 were used. It might, however, be worthwhile breaking down
solid fuel into coal and peat, at a later stage. Other Gas/diesel Oil includes the small

categories of refinery gas and kerosene.

Agriculture, Forestry and Fishing
Figures on fuels used in agriculture, forestry and fishing were taken as given in

Energy in Ireland.

Fuel, Power and Water
The control totals for Fuel Power and Water were taken from Energy Transformation

(Total Primary Energy Requirement minus Total Final Consumption) in DoE’s
publication Energy in Ireland. The figures for inputs to electricity generation were
also taken from Energy in Ireland. Quantities of fuel used by the remaining subsectors
(that is excluding Electricity) in this group, were allocated pro rata expenditure in the
CIP94. The results will be approximations because the Energy and Transformation
sector in Energy in Ireland is different from the Fuel, Power and Water sector in the
CIP. Resources could usefully be spent reconciling these two sources. Fortunately the

figures are mainly small in absolute terms.

An exception to the above procedure was made in the case of solid fuel where use by
electricity and by coal/lignite/peat were entered directly from Energy in Ireland. The
latter use, which consists of briquette manufacture, entails compression rather than
combustion and therefore the emissions, calculated later, will overstate the
environmental effects of this activity.

As mentioned, fuel use by Water Supply, subsector 170 in the CIP, ought to be added
to the DoE control total and subtracted from Services but, not being large (Waste
water and sewage treatment being excluded in the CIP classification “Water”), this

was not carried out at this stage.

Industry (less Fuel, Power and Water)

- Manufacturing (excluding fuel, power and water)

Industry consists of manufacturing, on which there is information on expenditure on
fuels from the CIP, and Construction, on which there is expenditure data from a
sample. We do not know the total fuel use by these two components, only the total for
industry from DoE. So an ad hoc approach was used. We first discuss manufacturing
where the method employed was to break down the estimated total fuel use pro rata
subsectoral expenditure on fuels, given in the CIP.

The manufacturing expenditure shares were derived from two source documents,
CIP90 and CIP94. The latter could not be used on its own owing to the fact that the 4
questions concerning expenditure on petrol, autodiesel, other gas/diesel oil (i.e. non-
transport), and residual fuel oil were amalgamated from 1991 into one question which
combined these four fuels. In addition, the 2 questions concerning expenditure on
LPG for vehicles and on other fuels were combined into one question on other fuels
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including all LPG (that is, CIP90 on page 197 has nine categories of fuel, while CIP94
on page 196 has fuel broken down into five categories).

Detailed results of expenditure on fuels from the CIP90 and CIP94 (converted to
NACET70 classification) were supplied by CSO. For 1990 the data are derived from
Question 10 on Form B — Industrial Establishments with 3 or more persons engaged.
For 1994 the CIP data are derived from Question 5 of the Enterprise survey, with
adjustment for stock changes derived from the Local Units survey.

In order to derive the same detail as given in CIP90, the fuel expenditures in 1994 for
each subsector (at 3-digit classification level) were broken down pro rata the 1990
proportions derived from CIP90. We thus had derived CIP94 expenditure on fuels at
the same level of detail as given in CIP90. It would be helpful if future CIPs, at a
minimum, separated expenditure on oils into transport and non-transport categories,
given the foreseeable increased attention that will be accorded to transport policy.

For interest, a rough consistency check was carried out on the CIP90 data, 1990
having the nine fuel categories. The check entailed dividing the expenditure data by
estimated prices in 1990 to see if the derived quantities related well to the quantities
for industry given in Energy in Ireland. Remembering that the expenditure data cover
manufacturing and therefore exclude Construction we expect the derived quantities to
be lower than those given for industry in Energy in Ireland. Table Al.a.1 shows the
results of the consistency check.

In the absence of a comprehensive dataset of prices consistent with the quantities of
end-use energy, the price data from Shortall et al (1998) were used in the above
exercise. It has been noted before that resources need to be made available for the
assembly of time series of annual prices of the major fuels to end-users broken down
by main end-user type, in order to reduce resort to unofficial and ad hoc data.
Enquiries addressed to various sectoral or trade associations elicit a wide variation in
prices paid. The wide variation may in fact be correct and it points to the need for
comprehensive gathering of price data, differentiated by relevant category of fuel

user.

Turning to the consistency check in Table Al.a.1, one would expect that derived
quantities (which exclude construction) would be smaller than the DoE figures for
industry in Energy in Ireland. This is the case. The fuels grouped under Other are
however not well accounted for in CIP90, amounting to only a quarter of the DoE
figure. Given the nature of this category it is hardly surprising and the category is very
small in any case. There may be a tendency in the CIP to classify non-vehicle LPG
with some of the oil categories.

It is not possible to derive much information from the consistency check relating to
transport fuels in particular, since DoE do not break down use of transport fuels by
sector. The study for 1990 by Forbairt broke down transport fuels into air, road rail
and navigation, but not by industrial sector.

Given the figure of total use of fuels by Industry, estimated by DoE, and after setting
aside a quantity of fuel used by construction (see below) quantities for each
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manufacturing subsector were then calculated pro rata expenditures in the derived
CIP94. A few alterations had to be made to this procedure in some cases, where 1994
quantities were known from other sources, as follows.

By contrast with CIP90, the figure in CIP94 for expenditure on gas (£6.3 million) by
Basic Industrial Chemicals (sector 251, which includes the fertiliser industry), would
appear to consist of that spent on fuel for combustion only. The fertiliser industry
would pay a subsidised price for the sizeable quantity of combustion fuel, though the
rest of the sector would not. Therefore a single gas price cannot be used and the
quantity is derived separately in two parts, with the help of other information to hand:

Fertiliser: spends £2.863 m @ £26.51/TOE » 108 kKTOE
Remainder sector 251 . spends £3.426 m (@ £78.01/TOE (bulk) .. 44 kTOE
Total sector 251 spends £6.289 m ~ 152 kTOE

As can be seen the derived consumption of gas in 1994 by sector 251 is estimated to
be 152 kTOE.

Turning to the split between manufacturing and construction, probably the most
important breakdown is for the fuel Other Gas/diesel Oil, which we know to be a
significant fuel for construction, from discussions with the construction industry. A
simple assumption was made that the £3.17 million expenditure by manufacturing, at
a price of £240/TOE,’ represented 135,000 TOE. With Industry’s total estimated by
DoE to be 215,000 TOE, this leaves 80,000 TOE for Construction. It will be seen to
what extent this i1s compatible with the information derived separately for
construction, below.

- Construction

Fuel use by the construction industry is given in the Census of Building and
Construction (Statistical Bulletin December 1996, page 702) which shows the results
of a survey of some 300 firms with 20 or more persons engaged. It is emphasised that
there is much contracting-out of work so that the survey would underestimate the
level of activity. Another source of information is the Construction Industry Review
and Outlook 1994-5, page 54. The first question to be addressed is by how much
should the construction industry’s expenditure on fuel as given in the survey be
grossed up to give the national total quantities? The grossing factor 4.2 which we

decided to use was derived as follows.

Table Al.a.2: The construction industry in 1994

Actual (Review and Outlook):

Gross Output £4251.4 m (1)
Employment 77,400
Census:

Gross Output £1003 m
Employment 17,479
Potential Grossing factors:

! This price is probably on the high side because many firms negotiate rebates for buying large
quantities. However there would be delivery charges to be added.




Gross Output 4.2 1.e. 4251.4/1003
Employment 4.52 1.e. 77400/17479

(1) revised, source Paunl Crowley in CSO. Advice was also obtained from Annette Hughes of DKM,
Martin Howley of the Irish Energy Centre and George Hennessy of the Construction Industry
Federation.

As shown in the table, the grossing factor 4.2 is derived from the Gross Output figures
and is the lower of the two potential grossing factors. Grossing of the census figures
for fuel expenditures and ensuing derivation of quantities is summarised in Table

Alas.

Table Al.a.3: Derivation of quantities of fuels used by the construction industry

£m Price# .. TOE Grossed up
£/TOE TOE
Census expenditure on “fuel” 12.77
Of which: Assume* 5% LPG 0.64 321.8 1984 8334
Assume* 5% autodiesel 0.64 516.5 1236 5192
Assume* 90% gas oil 11.49 290 39631 166,450
Census expenditure on electricity 2.721 1152 2362 9920

* Assumptions as to the breakdown of expenditure on fuel have to be made here. More information
would be useful. # Prices exclude VAT and are taken from the [EA, except LPG which is from the
trade, and electricity which was given by the ESB for “unrestricted space heating tariff” as apparently
Construction would not generally be on the Maximum Demand tariff.

The LPG figure of 8334 TOE i1s entered in Table 1.a.1. The electricity figure of 9920
TOE (entered as input equivalent of 31,346 TOE) is entered in Table 1.b.1. The figure
9920 is some four times larger than the ESB’s figure (see Appendix Table Al.b.1)
and may be too high, though it is small in absolute terms. The figure for gas oil had to
be radically reduced owing to the constraints imposed by the control totals, as will be

seen.

In particular since the total industrial non-transport use of Other Gas/diesel (including
refinery gas and kerosene) is but 215,000 TOE from Energy in Ireland, the figure of
166,450 TOE was cut back to 80,048 TOE, which is the remainder after the
manufacturing total was subtracted. More investigation of the breakdown of “fuel”
used by the construction industry would be helpful, with a view to producing
consistent data on national fuel use. It is possible that the official control total of
215,000 TOE for industrial use of Other Gas/diesel is too small. It is noted that it is
about half the figure of 412,000 TOE + 15,000 TOE (kerosene) estimated for 1995 by
the ESBI Strategic Consultancy Group in their five-yearly statistics Energy Supply
and Demand in Ireland. ESBI show a correspondingly smaller figure for use by
Services. Their breakdown between Services and Industry derives from data produced

by OECD in the late 1980s.

Transport
Fuel use totals were taken from Energy in Ireland.

Services
In order to disaggregate Services into the two components (non-government services

and government services), the breakdown by Forbairt, into Commercial and Public for
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1990, was used pro rata. In the case of gas oil, however, the figure from CSO for
Government Services, shown in Table Al.c.4 below, was used.

Residential
Fuel use totals were taken from Energy in Ireland.
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Appendix Al.b: Attribution of fuels used by electricity generation to electricity
purchasers

The task here is to create a column of electricity use broken down by consuming
sector, shown in Table 1.b.1. Energy in Ireland gives electricity consumption by the
main sectoral aggregates. Electricity consumption by Construction was estimated in
Appendix Al.a above, and CIP94 data enable one to break down the remainder of
industry’s electricity consumption pro rata expenditure. The result of this exercise is
the first column in Table Al.b.1.

An alternative source of information is the detailed breakdown of sales into 36
customer categories, from the ESB. These were converted to the classification used
here and are entered as the second column, in k kWh, and in the third column, in TOE
(one thousand kWh = 0.086 TOE). The final two columns give the information in
percentage terms, for the DoE/CIP data and the ESB customer data, respectively, so
that they can be compared and discussed. The main contrasts between DoE/CIP data
and ESB data are now described.

Agriculture, forestry and fishing

Consumption of electricity by agriculture, forestry and fishing estimated by DoE
includes an additional 9.16 per cent of total residential electricity consumption. (This
was to allow for the fact that many farms do not purchase electricity on an agricultural
tariff.) It is therefore to be expected that the DoE figures would be higher than those
of the ESB, though whether the 9.16 per cent adjustment is sufficiently accurate is
another matter. The National Farm Survey by Teagasc suggests a figure for
agriculture by itself (excluding contractors and broiler industry et cetera) of some
30,000 TOE which is consistent with the DoE figure.

Fuel, Power and Water
The CIP94 expenditure figures were applied pro rata to the total for Fuel Power and
Water. A zero is entered for own use of electricity, as in the CIP.

Industry
The totals for industry are reassuringly similar. The major discrepancy lies in the

figures for Metals and Ores and for Chemical Products. It is probable that the ESB
consider that production of Alumina is in the former category, whereas CSO classify
Alumina as Chemical Products, because the product is still in fact a chemical when it
is exported.

Transport
The ESB’s figure is larger, possibly because the transport sector’s use of electricity

other than for motive power 1s included.

Residential
The lower DoE figure corresponds to the addition made to Agriculture (above).
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In keeping with the approach used in this paper, the official figures from DoE were
used. No adjustment has been made for the different classification of water supply.
Water Supply’s expenditure on electricity amounts to £8.58 million according to
CIP94. At an average price of 5.5 pence per kWh, or £639 per TOE, for this type of
customer, it amounts to some 13,416 TOE. Expressed in terms of input to electricity
generation this amounts to some 42,400 TOE. If this were to be entered in the Water
Supply row, a corresponding amount would need to be subtracted from Non-market

Services.

In Table 1.b.1, the electricity column equals column 1 from Appendix Table Al.b.1
multiplied by 3.16. The figure 3.16 is the ratio of inputs to outputs for electricity
generation. This maintains the same grand total TOE at the bottom of the right hand
column in Table 1.a.1 and in Table 1.b.1. The emission factor that will need to be

applied will be the average for electricity inputs.
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Appendix Al.c: Attribution of transport fuels to users of both transport and
transport services

This appendix describes the derivation of Appendix Table Al.c.12, in which transport
fuels are attributed to users of transport and of transport services. (It in turn is used to
derive Table 1.c.1 in the main text.) Figures in bold type are those that are entered in
Tables 1.a.1 and Appendix Table Al.c.12. Owing to gaps in the data encountered in
the construction of Appendix Table Al.c.12, the task is approached from several
angles, making first attempts by sector and then by fuel. The table should be viewed
as preliminary. Some improvements ought to be possible in the future as pointed out
in the text below.

In this first attempt at constructing a table in which transport fuels are attributed to the
users, it is logical to break down the column for Autodiesel into Own Account use and
use via Transport Services. Whether one hires transport or uses one’s own vehicle is
(largely) immaterial, as far as fuel use is concerned. Furthermore the data suggested
this breakdown. The same breakdown into Own Account and consumption via use of
Transport Services was not done for petrol, because use of petrol in Transport

Services does not feature prominently, though this might be undertaken at some future
date.

Control totals

The control totals along the base of this table are taken from the Transport row in
Table 1.a.1, except that the 2,000 TOE of electricity used by transport is also included
for completeness (6,320 TOE when expressed in input terms). In Table 1.a.1 end-use
of electricity is not given, because only the inputs to electricity generation are shown.
The control totals thus conform to the Transport row of DoE’s Energy Balance tables
for 1994, but with the use of electricity added. There is no official breakdown of these
totals into major sectoral groups, so that, unlike with non-transport fuels, Appendix
Table Al.c.12 has to be built with few sub-totals as guidelines.

As stated, figures from the DoE are used because their tables are the official ones.
They present the most comprehensive information and would be the obvious source in
a future routine exercise of this sort. There is evident need however for more
resources than heretofore to be afforded to the construction of the official energy
balances, having regard for the other sources of information on energy use, as
described in Section 6 of the main text.

Discrepancies

From the outset it should be noted that the figure of 854,000 TOE for the control total
for autodiesel is not in line with the figure of 921,360 TOE (1052.8 M litres on page
33) in the Revenue Commissioners Statistical Report 1994, which furthermore
excludes trains. The total discrepancy could be in the region of 12 per cent.

Sectors

AGRI, FORESTRY, FISH:

Information on expenditure on fuels from the National Farm Survey in 1996 (from a
separate calculation) can be used to estimate 1994 quantities, as follows:
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Table Al.c.1: Derived quantities of fuel (Non-transport and Transport) used by the
Agriculture, Forestry and Fishing sector.

Expenditure data Quantity data Quantity TOE AGRLFOR,FISH
(NFS 1996) (NFS 1996) (ie agri alone, 1996) in 1994 **, TOE
Non-transport:
Fuel for tractors and 250 M litres 181,476 for agri
machinery: other gas/ (implicit price 218,780 TOE* alone #.
diesel (ie non-transport £26.4p/litre or DoE fig 259,000 is
gas/diesel): £66m £301.67/TOE) reasonable.
Electricity excl.
household use: £29m n.av. 29,800 TOE 24,711 for agri
(Assume price alone.
£889.542/TOE + DoE fig 42,000 is
£2.5m st.charge) quite high
Transport: £40.3m. n.av. 34,341 TotDERV
Car fuel: mainly DERV | Assume: for agri alone.
and petrol 20% of expend. is Assume prices: Add 20% for
DERYV VAT regd. £516.50/TOE 15,605 TOE forestry + fishing,
giving 41,209.
40% DERV not £625.00/TOE 25,792 TOE
VAT regd. (TotDERYV 41,400)
18,317 petrol for
40% petrol. £730.00/TOE 22,082 TOE agri alone.

Use 25,000.

NFS = National Farm Survey, Teagasc.
** Agricultural expenditure on Energy and Lubricants (Statistical Bulletin, Sept 1997, p.581) grew 20.556%
between 1994 and 1996 and this growth rate is applied to the 1996 figures to derive figures for 1994.

# excluding agriculture contractors.
*1TOE = 1142.7 litres gas/diesel oil.

The figures in bold in the final column relating to non-transport are entered in
Tablesl.a.1 and Table 1.b.1 (electricity is entered as the input equivalent), and those
relating to transport are entered in Appendix Table Al.c.12. As stated in the table
above, the figure of 42,000 TOE of electricity is quite high but this may be due to the
fact that the DoE add on 9.16% of total household electricity.

There are no DoE figures for transport fuels used by agriculture. The figures above,
29,260 TOE of DERYV and 20,000 TOE of petrol are estimates, the DERV figure
being constrained by the need to fit into the total for all sectors (see discussion of
autodiesel, ie DERV, below).

[Note: A possible check on the above is the figure for total expenditure by

Agriculture, on Energy and Lubricants (Statistical Bulletin, Sept 1997, p.581) of
£172.7Tm. If we subtract estimated expenditure on non-transport fuels, namely
electricity and tractor fuel, we are left with an estimate of expenditure on transport
fuels, shown as the residual in Table Al.c.2.
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Table Al.c.2: Derived expenditure on fuels by Agriculture

DoE quantity, TOE Price £/TOE Derived expenditure
Electricity 42,000 889.542 excl. £37.36 m + £2.5m for
standing charge st.charge = £40m
Non-Transp:
Tractor diesel 259,000 £268 (oil co.) £78.13m using NFS
£243.82 (DoE p.c.) price.
£301.67 (NFS 1996
Transport Fuels N.av. implicit price) £54.6m = RESIDUAL
Total £172.7m.

p.c. = personal communication. There are several estimates of price that could be used.

NFS = National Farm Survey. The price probably includes delivery charge.

The standing charge is about £22 per year, the night-rate standing charge is higher. It is assumed that
there are 100,000 farms in the state.

The residually derived figure of £54.6m spent by the sector on transport fuels can be
compared with the figure of £40.3 m in the first column of Table Al.c.1. The latter
excludes contractors, the broiler industry and horticulture, so the two figures are fairly
consistent. However, with more investigation it may be possible to obtain a greater
degree of consistency between the sources. ]

Fuel, Power and Water + Manufacturing
Own account expenditure from the CIP94 can be used to derive quantities, as follows.

£11,868,066 @730/TOE gives 16,258 TOE
£34,148,339 @516.5/TOE gives 66,115 TOE
gives 3,174 TOE

Petrol
Autodiesel
Vehicle LPG  £1,653,749 (@521/TOE

Residential Sector
The residential sector’s consumption of transport fuels is derived from figures in the
Household Budget Survey 1994-95, page 45, tabulated in the first column of Table

Al.c3.

Table Al.c.3: Derivation of quantities of transport fuels bought by the residential
sector

£/week/househ National® £m Price incl VAT TOE
£/TOE
Petrol 9.75 573.265 730.46 784,800
Diesel 1.90 111.713 570.78%* 195,720
LPG 0.04 2.352 630.55 3,733

* There are 1,130,700 households in the state, according to the Labour Force Survey. ** One half is
assumed to be bought excluding VAT, via the businesses which employ the residents.

Figures in the right hand column are entered (with minor adjustments) in Appendix
Table Al.c.12.

Tourists
Tourists’ consumption of fuels are added to the Residential sector’s use. According to
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Bord Failte, about 700,000 cars were brought to Ireland and 500,000 cars were hired
in 1994. Assuming that each car is driven 500 miles at 35 miles per gallon, their petrol
consumption is 17.143 m gallons. At 4.54609 litres to the gallon, this is 77.933 m
litres. For petrol, 1267.6 litres = 1 TOE, so that the total use of petrol by tourists is
estimated at 61,481 TOE.

Services non-market (i.e. government)

Figures for Government (Central and Local) expenditure on oil fuels for non-transport
and transport purposes were obtained from CSO (Joe McNeill) and were converted as
follows:

Table Al.c.4: Government Services’ use of fuels

Central Govt LA expend. Total Govt Price incl VAT | Derived quantity
expend. £m £m £m £/TOE TOE
Non-transport:
CHoil, i.e. 4 322 36.2 268 135,075
gas oil
Transport: 21 21 42
Assume 25/75% 25/75% split:
split petrol/autod:
Petrol 5.25 5.25 10.5 730 14,384
Autodiesel 15.75 15.75 31.5 625 50,400

The figure in the right hand column for Central Heating oil is entered in Table 1.a.1.
Similarly the figures for petrol and autodiesel are entered in Appendix Table Al.c.12.

Construction
See estimation of fuel use by Construction in Appendix Al.a.

Miscellaneous

Business motor fuel: households’ purchases of motor fuel which is refunded can be
derived from the Household Budget Survey (Paddy McDonald). These amount to
some 15% over and above households’ consumption of motor fuels and are refunds
claimed off business by people who are self-employed, who are employees or who
have some other livelihood status. The total sum is £104.46 m and we assume a
70/30% split between expenditure on petrol and expenditure on autodiesel. If the
respective prices are £730.46/TOE (which includes VAT, because it is not deductible
on petrol), and 516.50/TOE (which excludes VAT), this gives a figure for petrol of
100,100 TOE and for autodiesel of 50,140 TOE. These figures refer to business use
and will be borne in mind in allocating petrol and autodiesel below.

CIE Group
Personal communication (from Dermot Mills) yielded the following information:
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Table A1.c.5: Use of autodiesel by the CIE Group and by national passenger and

freight services

CIE Tonnes CIE TOE** CIE’s market share | National TOE
Passenger Road Transport:
Bus Eirean 18,220 18,847 69% 27,314
Dublin Bus 24,013 24,839 99% 25,090
Tot bus 52,404
Passenger Rail Transport 23,760 24,577 100% 24.577
Rail Freight Transport* 12,800 13,240 100% 13,240
(rail 12,578
road 662)
TOTAL 78,793 81,503 90,221

* Rail Freight Transport actually includes CIE road freight, which is small, say, 5 per cent.
** 1 tonne autodiesel = 1.0344 TOE

The right hand column was broken down by sectoral use, approximately, as follows:

Table A1.c.6. CIE autodiesel allocated to sectoral users of CIE’s transport services

TOE

Passenger Road Transport:

(Bus Eirean + Dublin Bus) 52,404 Assume all used by Residential sector
Passenger Rail Transport 24,577 Assume: 17,200 Residential
7,377 Business
Freight Transport 13,240 Assume non-residential
TOTAL 90,221
Taxis

The Irish Bulletin of Vehicle Driver Statistics published by the Department of the
Environment, gives numbers of taxis, called “small public service vehicles”. Their
estimated mileage and fuel consumption are shown in Table Al.c.7.

Table Al.c.7: Fuel consumption by taxis

No of taxis Miles driven per mpg Derived TOE
year
Petrol 2529 50,000 30 15,117: 10,582 priv,
4535 busin
Autodiesel 4344 50,000 37 23,400: 16,380 priv,
7020 busin

4.54609 litres = 1 gallon.

1267.6 litres petrol (unleaded 95) = 1TOE. 1142.7 litres autodiesel = 1 TOE.

It appears that there are only 50 taxis running on auto LPG according to the Bulletin,
which would suggest that some 266 TOE of LPG is used. This is very approximate
and should be investigated further.

Some 30% of taxi customers are business customers, the remainder are private

customers.

Petrol

O1l consumption in 1994 broken down from CIP94 in the manner described above
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gives a figure of £11,868,060 for the expenditure on petrol by Fuel, Power and Water
+ Manufacturing. At a price of £730/TOE this gives 16,258 TOE. From this and
information given above, petrol consumption has been allocated as shown in Table
Al.c.8. Petrol consumption by taxis, given in the second column, is added.

Table A1.c.8: Preliminary allocation of petrol consumption

TOE Distributing taxis TOTAL
Agriculture, Forestry and Fishing 25,000 25,000
FPW -+ Manufacturing 16,258 459 16,717
Construction (say:) 2,000 2,000
Services market remainder 129,961 3,670 133,631
Services non-market (ie govt) 14,384 406 14,790
Residential 784,800 10,582 856,862 *
Taxis 15,117 0
Tourists 61,480 0 0
CONTROL TOTAL: 1049,000 15117 1,049,000

* Tourists consumption of petrol is included with Residential.

As the table shows, the remainder was allocated to Market Services. Taxis in Table
Al.c.7 were split 70%, 10,582 TOE, to Residential and 30%, 4535 TOE, to Business.
The latter, Business use, was allocated pro rata FPW+Manufacturing, Non-market
Services and Market Services. In turn, petrol consumed by FPW+Manufacturing was
broken down pro rata CIP94 expenditure on petrol. Further down, Table A5.13 shows
this operation for petrol and other transport fuels.

Autodiesel

There are several ways to approach the allocation of consumption of transport diesel,
which totals 854,000 TOE, and some components have been estimated above. A large
amount of diesel 1s used by transport services on which there is some information. It
was therefore decided to split the use of autodiesel into two columns: own account
consumption and consumption via use of transport services. However, figures from
the various sources are not easily reconciled. Two global approaches, with advice
from B. Feeney (of Goodbody’s stockbrokers), are as follows.

Approach 1. The Revenue Commissioners’ statistical report for 1994 (page 33, col.
1) gives total consumption of autodiesel as 1,052,835 k litres or 921,360 TOE, on
which duty paid amounted to £236,383,304, giving average duty of 22.452 pence per
litre. This consumption includes use by (1) vehicles other than buses (“non-buses”)
paying duty at 23.549 pence per litre, and (2) buses paying 1.79 pence per litre. In
order to work out the split of quantity into these two components:

Let S = the share of litres on which 23.549 pence per litre was paid, that is the share
bought by vehicles other than buses. Then:

[Sx23.549] + [(1-S)x1.79] = 22.452
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which yields S = .9496 ie the share of autodiesel used by non-buses = 999,772 k |
= 874,921 TOE, but this will be scaled down (owing to the higher
figure from CIE for buses, see below) to 868,956 TOE.
and 1 -S= .0504 ie buses’ share of autodiesel = 53,063 k1 = 46,437
TOE, but the higher figure of 52,404 TOE from CIE in Table A5.6
above, should be used.

Autodiese] used by non-buses, 868,956 TOE, needs to be broken down into use by
diesel cars, taxis, private coaches and freight, as follows:

Private diesel cars number 124,000 (Table 13 of Irish Bulletin of Vehicle Driver
Statistics, Department of the Environment), and at 15,000 miles per year and 37 miles
per gallon gives a use of 228.533 m [ or 200,000 TOE. This is too small, since it
should include business use as well as residential use, but we saw that residential use
derived from the Household Budget Survey (above) amounts to 195,000 TOE and
business use must be at least 50,000 TOE (business refunds, above). Therefore a
minimum figure for diesel cars is 240,000 TOE.

Road freight can be taken as the residual after subtraction of private diesel cars and
taxis:

Road freight: 868,956 - 240,000 - 23,400 = 605,556 TOE.

The procedure needs to structure in the breakdown between Own Account and
Transport Services and the following approach was considered to offer more promise.

Approach 2. Another approach, using the DoE control total of 854,000 TOE, is now

given. There is (a) passenger transport and (b) freight, and we wish to find the split
between them. Dealing with each in turn (all figures in TOE):

Table Al.c.9: Breakdown of Autodiesel

Own Account Transport Services Total
(a) Passenger transport:
private diesel cars 195,720
business refunds 50,140
buses 52,404
trains 24,577
(17,200prtv,7377business)
taxis 23,400
(16380priv,7020business)
Total Passenger 245,860 100,381 346,241
(b) TOT Freight: (residual from 854,000 TOE) 507,759
trains (95% of CIE figure in Table A5.5 above) 12,578
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therefore, road freight (residual) 495,181

Divide road freight pro rata RFTS Table 1:

35.1% 64.9% 100%
:. Total freight incl trains 173,809 333,950 507,759
Total 419,669 434,331 854,000

Note: RFTS 1s the Road Freight Transport Surve)y, published by the CSO.

Now we have separate control totals for Autodiesel used by Own account and
Transport services. The breakdown is based on the RFTS (Road Freight Transport
Survey) proportions merely and more precision should be sought in future. It remains
now to allocate the totals for Own account and Transport services to the detailed
sectors and subsectors.

Starting with Own account, Table Al.c.10 shows the procedure, using figures already
obtained in the analysis above.

Table Al.c.10: Breakdown of Own Account Autodiesel

TOE
Agriculture, forestry and fishing 41,209
Fuel,P,W + Manufacturing 66,115%
Construction 5,192
Services, mkt (Distribution) 61,033 Residual
Services, non-mkt (Govt+LA) 50,400
Residential 195,720
Total 419,669

* To be distributed pro rata own account expenditure on Autodiesel in the CIP94, shown in Appendix
Table Al.c.12.

The business refunds are absorbed by the non-residential sectors. It is not clear to
what extent recorded business fuel consumption includes this element of fuel. In the
table it may be materialising in the residual which is market services.

Finally, the breakdown of Transport Services has to be made. As Table Al.c.11
shows, the total of 333,950 TOE used by freight is allocated first, by means of the
RFTS breakdown (percentages derived from Table 1, Total Tonne-km, excluding the
transport sector’s own use). The other transport services, are added subsequently, in
the final column. Trains and taxis used by business (7377 + 7020 = 14,397) are added
pro rata diesel use on own account by FPW+Manufacturing, Market Services and
Non-market Services (37.24%, 34.38% and 28.39% respectively, derived from Table
Al.c.10 above). Buses and private use of trains and taxis (52,404 + 17,200 + 16,380
= 85,984) are all added to Residential.
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Table Al.c.11: Breakdown of Transport Services use of Autodiesel

Freight TOE Add Total TOE
Agriculture, forestry and fishing | 5.44% = 18,167 18,167
Fuel, P,W + Manufacturing 52.39% =174,956 5,361 180,317*
Construction 52% = 17,365 17,365
Services Mkt (Distribution) 28.19% = 94,141 4,949 99,090
Services non-mkt (Govt + LA) 8.78% = 29,321 4,087 33,408
Residential 85,984 85,984
Total 100% = 333,950 100,381 434,331

*To be distributed pro rata expenditure on freight services given by CIP94.

The breakdown of use by Fuel, Power and Water + Manufacturing is made pro rata
the expenditure of Freight Services in the CIP94, shown in Appendix Table Al.c.12.

Vehicle LPG

Vehicle LPG use by cars owned by the Residential sector was estimated above in
Table Al.c.3 at 3,733 TOE. Use by taxis was crudely estimated at 266 TOE. Some 20
TOE were used by tour buses in 1994 (according to Calor Kosangas), though much
less since. These total 4,019 TOE, which are attributed to the residential sector. In
addition some 3,174 TOE were used by industry, though this is an approximation. It is
based on CIP94 (in which the category of Vehicle LPG had to be estimated pro rata
the CIP90 proportions). As DoE’s Total of 8,000 TOE of LPG is to be used as the
control total, there is a residual of 3,981 TOE to be allocated, of which Industry takes
up 3,174 TOE, leaving 807 TOE still to be distributed. The amount of vehicle LPG
used by the Construction industry is simply assumed to be 100 TOE. It is also
assumed that 200 TOE are used by Market Services. The remaining 507 TOE (along
with the 3,174 TOE, making 3,681 TOE) are attributed to Fuel, Power and Water plus
Manufacturing, and distributed pro rata their expenditure in CIP94 on vehicle LPG on
own account, shown in Table Al.c.12.

Aircraft kerosene

The 410,000 TOE of air kerosene is allocated pro rata weight transported. The weight
of cargo in and out of Dublin on Aer Lingus planes is 107,000 tonnes, 36,000 in and
out of Shannon and 4,000 in and out of Cork. The total cargo weighs, say, 150,000
tonnes. A passenger, including luggage and food, weighs 100 kg, so that 8,277,000
passenger movements (ISB Sept 1995 page 514) weigh 827,700 tonnes.

The 15% cargo and 85% passengers breakdown can be further divided into 15%
cargo, 56% private passenger and 29% business passenger (passengers break down
66% private and 34% business according to Aer Lingus). Assume that the business
passengers break down into 14% industrial and 15% services sector. A plausible
sectoral breakdown therefore is shown in Table Al.c.13.
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Table A1.c.13: Allocation of kerosene used by aircraft, TOE

Industry etc 29% 119,000
Services 15%
Of which mkt 8% 31,000
Non-market 7% 30,000
Residential 56% 230,000
TOTAL air kerosene 100% 410,000

These figures are duly entered in Table Al.c.12.

RFO Ships

The 25,000 TOE is assumed to be used mainly by pleasure craft, of which one third is
by tourism. Another 40,000 TOE is in fact used in ships’ bunkers, but it is not
included here as it does not appear in Energy in Ireland.

Flectricity

Electricity is used mainly in the DART and is therefore assumed to be used by the
Residential sector. However a small amount is also used in electric vehicles, such as
milk  delivery vans, which have not been allowed for  here.
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Appendix A2: CO2 Emission factors

The following emission factors were obtained from McGettigan, EPA.

Tonnes of CO2

per TOE
Solid fuel: power 3.939
Solid fuel: Ind 3.586
Solid fuel: Comm 4.164
Solid fuel: Resid 4.062
Other Gas/Diesel 3.060
RFO 3.180
Petrol 2.920
Autodiesel 3.060
Veh Ipg 2.670
Gas 2.300
O Ipg & renewables 50/50 1.335
Kerosene (air) 2.980
Electricity/toe in 3.290
Electricity/toe out 10.401
Hydro 0.000
O Ipg & renewables 65/35 1.736

Note: Use of Kerosene (air) is entered in Other Gas/Diesel
column, transport row. O Ipg & renewables 50/50 is
other (non-tranpsort) LPG and renewables, 50 per cent each.
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Appendix A3: Sources of data on acidifying emissions

Emissions of SO, (sulfur dioxide), NOx (nitrous oxide) and NH; (ammonia) have
been estimated by McGettigan (1996) in accordance with the UNECE classification.
Many entries in his table were immediately usable in the construction of the tables in
this project. For the remainder, the breakdown according to the classification used in
this document was achieved by undertaking two main tasks. The first entailed
obtaining a disaggregation by fuel from McGettigan of those emissions which
required to be broken down into our sectoral detail. The second task was to break
down the emissions according to our sectoral detail pro rata detailed fuel use, which
had already been estimated in this project.

The first task, the disaggregation of emissions of SO,, and NOx by fuel, is shown in
Table A3.1.

Table A3.1: Disaggregation of emissions of SO, and NOx (in tonnes) by fuel

Fuels Commercial Industry Road Transport
SO, NOx SO, NOx SO, | NOx

Peat 132 46 0 0
Coal 24 2 4685 3660
Gasoil 3403 1215 1072 766
Fuel oil 0 0 33,814 3750
Kerosene* 9700 924 60 134
Nat gas 0 354 0 1272
LPG 0 23 0 264 0 293
Petrol 1970 28,130
Diesel 4550 15,810
Subtotal 13,259 2564 39,631 9846 6520 44 233
Waste incin. 60
Fertilisers 280
O. mobiletmc 2422 9507
Less agric. -521 -4282
TOTAL 13,259 2,624 39,631 10,126 8,421 49 458

Source: McGettigan, private communication, 26.5.1998.

Kerosene was allocated pro rata gas oil, because the CIP does not itemise kerosene.
Waste incineration is assumed to be 80 per cent by private industry and 20 per cent
by the state sector. The breakdown of the Commercial (i.e. Services) sector was
made pro rata fuel use.

In the second task, the figures for industry in the above table were broken down in to
subsectors pro rata the use of the various fuels by industry. For the table in which
emissions from transport are attributed to transport users, the residual fuel oil used by
inland water craft and the electricity used by the DART were attributed to the
Residential sector. Emissions from other transport fuels were distributed pro rata
figures already calculated for use of transport fuels. NH; emitted by transport is the
result of petrol use and was therefore distributed accordingly.

Finally, as to information on other emissions including CH; and N,O, their derivation
is described by McGettigan (1993) in the Corinair 1990 Emissions Inventory. The
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emission factors from combustion are given in his Tables 3.3, 3.4, 3.5 and 3.6. He too
depended on the energy balances given in Energy in Ireland by DoE for the energy
figures which were used to calculate the emissions related to combustion. Figures
from power generation were however supplied by the ESB. Emissions of CHy due to
gas losses were estimated with information supplied by Bord Gais. Emissions due to
waste treatment and disposal were estimated with information from the then Foras
Forbatha and a report by consultants ERL. Estimation of emissions from agriculture
had recourse to various sources including Teagasc and default emission factors from
the CORINAIR handbook. Statistics relating to agriculture and forestry relied on data
from CSO publications and from the Forest Service.
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