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Methane emissions and permit prices for
greenhouse gases

Annegrete Bruvoll and Torstein Bye

The Kyoto Protocol restricts emissions of five greenhouse gases in addition to CO. An international permit price for
tradable quotas of greenhouse gases will depend on the costs of reducing emissions of all these gases. A cost-effec-
tive reduction both nationally and internationally entails that the marginal cost of further reductions must be the
same for all measures and all gases in all countries. Methane from landfills is one of the largest sources of emissions
besides CO2. In order to ensure a cost-effective implementation of climate policy, it is necessary to evaluate the costs
of the various measures aimed at landfill gases against reductions in other greenhouse gases, and implement the
least expensive measures first. Moreover, the total costs of abatement for Norway will depend on those sectors of the
economy that might be exempt from cost-effective taxes.

Introduction lyze the costs of various measures aimed at reducing these
Studies that have attempted to provide estimates of the per-emissions. The importance of including methane in the

mit price for tradable quotas of greenhouse gases indicate Kyoto Protocol for permit prices will depend on the change
that the inclusion of additional gases in the climate proto- in the marginal costs of reducing emissions of other gases.
col will result in substantially lower permit prices. Methane Three calculations have been made for Norway under diffe-
is the most important greenhouse gas besides TG rent assumptions concerning the possibilities of replacing
means that the cost of reducing emissions of methane may or reducing the use of fossil fuels both on the supply side
have an important influence on the permit price for green- and the demand side in the energy market. Using these cal-
house gases as a whole. In this article, we look more close-culations as a basis, we discuss the degree to which these
ly at the marginal costs of reducing methane emissions. can serve as an illustration of the permit price which is ne-
Methane accounts for about the same proportion of total ~ cessary internationally in order to achieve the targets in the
greenhouse gas emissions in Norway as in the rest of the Kyoto Protocol.

world, and the importance of methane gas emissions for
the permit price in Norway may therefore provide some ..
indication of the importance in other countries. Emissions of greenhouse gases

Total emissions of the six greenhouse gases in Annex B
Many studies show that there are increasing marginal costsParties came to 16.5 billion tonnes G#uivalents in
associated with reducing greenhouse gas emissions. This 1990, see table 1. We see that,@&he dominant green-
means that the stricter the requirements are, the more ex- house gas in all countries, with a total share of 83 per cent
pensive it is per unit to reduce emissions. This in turn im-  in 1990, while methane accounted for 13 per cent and nit-
plies that the necessary permit price will depend on percep-rous oxide 4 per cent. This indicates that the inclusion of ot-
tions of emission changes without permit prices. With a her gases in the determination of permit prices may be of
sharp rise in emissions, the necessary permit price will be some significance in an initial Kyoto Protocol. The impor-
relatively higher than in the case with lower growth. Some tance, however, may be more limited if the Protocol later
studies show that analyses made prior to the Kyoto negotiaincludes more restrictive requirements.

tions may have been optimistic with regard to how low

emissions would be without restrictions. The largest countries with regard to greenhouse gas emis-
sions are the US, Russia, Japan and Germany. About 35
In this article we will first look at emissions in Annex B per cent of greenhouse gas emissions is generated in the

Parties and then cite some studies of international permit US and just under 20 per cent in Russia. There two coun-

prices in connection with emission reductions. We present tries can thus block an agreement, which requires that the

projections of methane gas emissions in Norway, and ana- Kyoto Protocol must be ratified by Parties with combined
emissions equal to 55 per cent of emissions by Annex | Par-
ties.
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Table 1. Emissions of greenhouse gases in selected countries of participants in the Kyoto Protocol and total for
Annex B. Million tonnes CO; equivalents. 1990

COy N20 CHa HFC/PFC/SF6 Total Total 1995
USA 4957.0 127.5 567.0 92.2 5680.2 6 149
Russia 2 388.7 27.8 567.0 . 29835 2165
Germany 1014.2 65.4 119.3 20.6 1205.3 1065
Japan 1155.0 17.1 29.0 . 1201.1 1347
United Kingdom 577.0 33.6 95.2 2.1 706.3 654
Canada 462.6 29.6 64.8 9.1 559.9 618
France 366.5 54.8 60.8 . 482.1 498
Sweden 61.3 4.7 6.9 1.4 73.4 69
Denmark 52.0 3.2 8.5 0.2 63.9 75
Norway 355 4.7 6.1 4.8 47 .4 55
Other country 2 605.2 246.2 623.3 9.1 3483.8
Total 13675.1 614.5 2 148.0 139.5 16 486.9
Share 0.83 0.04 0.13 0.01 1.00

11994 for Russia, Japan og Denmark.

Source: Climate Secretariat. There are some differences in these figures and final statistics for the various countries, including Norway, see later overview of Norway's figu-
res. However, this does not alter the overall picture described here. The total figures are the combined figures for those countries that have reported figures to the Secre-
tariat.

marily due to lower emissions in Russia and the other for- its share for greenhouse gases due to considerable reduc-
mer Eastern bloc countries. tions in CQ emissions as a result of the economic down-
turn following the breakup of the former Soviet Union.
The table indicates that Norway’s emissions of greenhouse This may imply that Russia has a potential for reducing its
gases accounted for about 0,3 per cent of total greenhouse emissions at low costs in addition to those emissions which
gas emissions among participating countries in the Kyoto have already been reduced, provided that it is less expensi-
Protocol as these were reported prior to the negotiations. ve to reduce methane than the other gases. France, Germa-
Norway accounted for a good 3 per cent of emissions of  ny, Norway and Sweden have relatively high nitrous gas
HFCs/PFCs/Sfand about 0.8 per cent of nitrous oxide emissions.
emissions. Norway's emissions of methane accounted for
about 0.3 per cent of emissions of this gas in Annex B Par-
ties. A reasonable reduction potential for additional gases
will thus have a slightly greater impact for Norway than for Many studies carried out in the early 1990s, prior to the
Annex | Parties combined. Important sources of methane Kyoto negotiations, analyzed the level of taxes or permit
emissions are livestock and the decomposition of waste.  prices for CQ which would be necessary to stabilize emis-
Emissions of nitrous oxide primarily come from the produc- sions of CQ at the 1990 level, globally or within the
tion of fertilizer, where Norway is an important world mar- OECD area. The estimates in these studies, and the under-
ket participant. Livestock production is also an important  lying assumptions concerning the rise in total emissions,
source, but in this case Norway is more on a par with other have varied consideraBlysee table 2. There have been
countries throughout the world. Even though Norway has a two new elements in the development of these studies. The

Permit prices for CO2

relatively high share of emissions of HFCs/PFCg/8fe estimates for necessary taxes/permit prices have become
importance of this has declined sharply in recent years with increasingly lower, and the increase in base scenario emis-
emissions reduced to half in Norway. sions has been steadily reduced. Early international studies

in this area were reviewed in the KLOKT project (see
We also see that the US accounts for nearly 70 per cent of Moum 1992). These studies then estimated that the taxes
total emissions of CFCs, HFCs and, SFthe US can sub- necessary to stabilize emissions ranged between NKr 700-
stantially reduce its emissions of these gases at low costs, 10 000 per tonne COThe accompanying emission reduc-
this may influence the permit price for the other gases. The-tions ranged between 20-60 per cent. The KLOKT study
se emissions, however, do not account for a particularly ~ assumed that the most realistic estimate was NKr 1400 per
higher proportion of total emissions in the US than in other tonne CQ with an accompanying reduction in emissions of
countries. The reason, of course, is that the US dominates 35 per cent.
in the overall picture of emissions by Annex B Parties.

The Green Tax Commission (NOU 1996:9) made use of
The US, Germany and Japan have a lower proportion of  the OECD’s global model GREEN to analyze the conse-
methane emissions than their share for total greenhouse gaguences of introducing a tax which on a global basis was
ses. Russia has a substantially higher methane share than sufficient to stabilize emissions at the 1990 level in 2010

1 See, for example, Bye (1997) and Hourcade et al. (1996) for a review of these studies.
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Table 2. Estimated tax to achieve stable emissions at ted potential permit prices. Under different assumptions
;?21.% Lizslg;?oi:/):l?li#fgtgf;::::ﬁoi(s)glgzzd the price estimates vary from NKr 50 to about NKr 200 per
emissions 1990-2010, per cent tqnne ca. Refer.ences to stud_les in the report are not pre-

cise, but the estimates are primarily based on a study by

Year of Tax  Year Risein Grubb and Vrolijk (1997), see Alfsen, Holtsmark and Torv-
study emissions anger (1998). Compared with the Green Tax Commission’s
SIMEN' 1989 1000 2000 16 analyses and national studies, a price of NKr 50 seems very
Nordhaus 1990 3325 2020 50 low.
IEA 1990 350 2025 12
ECON 1990 1400 2000 18 The low estimates may be ascribable to several factors: in
KLaKT ‘| 1992 1400 2025 35 part the inclusion in the Kyoto Protocol of a number of
Jggﬁ:iigsgsovrxﬁﬁf: (1990) 1950 420 2020 32 gases in addition to CQwhich may be cheaper to reduce,
(NOU 1996:9) 1996 360 2020 45 and_ in part the very slow rise in emissions in the baseline
Energiutvalget (NOU 1998:1) 1998 200 2020 45 projection. Grubb and Vrolijk (1997), howevagsumes
St meld nr 29 (1997-98) 1998  50-200 2010 23 that a 10-15 per cent reduction of £€nissions and a 30
Arse”' Ho'ts(qnsg”é)og 1998 50100 2010 65 per cent reduction in other greenhouse gases may occur at
orvanger - . H H . H
Grubb and Vrolik (1997) 1998 3590 2010 P no cost. The basis for this assumption is not documented.
" Bye, Bye and Lorentsen (1989). Based on the data used in connection with the negotiations,

Alfsen, Holtsmark and Torvanger (1998) indicate that total
emissions of greenhouse gases by Annex B Parties will rise
and maintain emissions at this level until 2030. A tax of by 6.5 per cent from 1990-2010. This is very low com-
NKr 360 per tonne COwas sufficient to achieve this stabi- pared with the OECD study used by the Green Tax Com-
lization, or a reduction in carbon emissions of about 45 per mission where emissions grow by 45 per cent up to 2020.
cent compared with the baseline scenario in 2020. With By way of comparison, Norway’s second communication
linearity in the effect, this means that each 5 per cent reduc+o the climate convention indicated an increase in Nor-

tion in emissions requires an additional tax of about way'’'s emissions of 19 per cent from 1990 to 2010, see Alf-
NKr 40. Against this background, it is estimated that a sen (1998). The Energy Commission indicates a 15 per

5 per cent reduction in emissions would require a tax of cent increase in emissions up to 2010 in its baseline scena-
about NKr 400 per tonne GO rio, while Report no. 29 to the Storting indicates a 23 per

cent increase A recent study by Schmalense, Stoker and
A number of national studies show that relatively strong Judson (1998) shows that projections of globa) €is-
instruments would be necessary in order to stabilize green- sions, which were used as a basis for the Kyoto negotia-

house gas emissionshiorwayfrom 1990 to 2010-2020. tions, may be highly underestimated. The emission projec-
tions from Schmalense et al. are nearly 25 per cent higher
Calculations carried out by the Energy Commissindica- than the IPCC'’s estimates of emissions for 2020, see also

te that even a tax of NKr 400, where considerable emission Hourcade et al. (1996).
reductions are achieved by subjecting energy-intensive in-
dustries to sharply rising electricity prices, will not be suffi- The marginal cost of reducing greenhouse gas emissions to
cient to achieve Norway's Kyoto commitment without buy- a stabilization level is very dependent on the level of emis-
ing permits (see later section on tax calculations for the sions in the baseline projection, i.e. on how much emis-
Norwegian economy). Although the costs of reducing emis- sions must be reduced, see e.g. Johnsen, Larsen and Mysen
sions in Norway may be high compared with other coun-  (1997) and Dean and Holler (1992). Underestimated emis-
tries, when disregarding a dramatic adaptation of the struc- sions in the baseline projection may thus indicate that the
ture of industry, these calculations - which include an adap- shadow price of greenhouse gases, given the Kyoto Proto-
tation of manufacturing - indicate that also in the rest of the col’s targets, may be substantially higher than the level
world the shadow price of greenhouse gases may be high suggested by the studies used so far.
under the Kyoto Protocol’s targets for total emissions. In
the Energy Commissions Report, NKr 200 is used as an il- Greenhouse gases excluding &0count for 17 per cent
lustration of a necessary permit price internationally in or-  of total greenhouse gases in countries participating in the
der to achieve the Kyoto targets. Kyoto Protocol. There is thus reason to assume that the in-
troduction of additional gases, combined with the continu-
Studies referred to in Report no. 29 to the Storting (1997- ed objective of stabilization, may have some bearing on the
98) indicate a low international permit price. The report permit price which will be generated in an international per-
states’A number of institutions both in Norway and other ~ mit market. This particularly applies in an initial phase
countries, including CICERO and the OECD, have evalua- where a reduction of these gases may constitute a high

2 See, for example, Energy and Power Balance in the period to 2020 (NOU 1998:1) as a most recent example of this.
3 ltis particularly with regard to CQemissions that the Report to the Storting is considerably higher than those of the Energy
Commission.
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share of total emission reductions. It is not certain, how-
ever, that the importance is considerable. The most impor-
tant gas next to CQOs methane. Due both to its size and
the lower potential for reducing other gases, we will in
addition to CQfocus in particular on methane in the
following.

Calculations of methane gas emissions

Methaneis the main greenhouse gas besides, @S0 in
Norway. Emissions from agriculture account for 22 per
cent of total methane gas emissions, and most of these
emissions stem from animal digestion. According to
Report no. 29 to the Storting, measures aimed at reducing
these emissions are not considered relevant. The methane
emissions which are relevant in a climate policy context
are thus emissions of gases from landfills, which are esti-
mated at 67 per cent of total methane gas emissions and
about 12 per cent of total greenhouse gas emissions in
Norway.

There is considerable uncertainty surrounding the quantiti-
es of methane that are actually generated at landfills, the
quantities that are released, and the effect of burning met-
hane gas. First, there is uncertainty concerning the actual
level of emissions. More recent studies indicate that the
level may be lower than assumed earlier, partly because
methane naturally decomposes into,@@ its way out of

the landfill. Tests of methane emissions from landfills with
a soil cover indicate that methane emissions from Nor-
wegian landfills may be far lower than the level on which
earlier calculations have been based (Slyngstad 1998a).
With optimal conditions in the top layer of the landfill, the
landfill may have negative emissions, since in addition to
the methane from the landfill itself it decomposes other
methane from the surrounding air.

On the other hand, updated estimates of future economic

developments indicate that thpowthin waste generation

is underestimated, with the decline in methane gas emis-

sions thereby overestimated, see below. Another question
is the cost of reducing methane gas emissions. New re-

Table 3. Projections of municipal waste, 1 000 tonnes
(growth from 1992 in per cent)

1992 1995 2010 2010

(new (previous

projec- projec-

tions) tions)

Industrial waste 11354 1460.2 1773.8(56) 17789 (57)
Household waste 10874 1262.0 1815.1(67) 1429.1(31)
Total 22228 27222 35888(61) 3208.0(44)

! Figures for 1992 include 93.6 tonnes of unknown/mixed waste distributed pro-
portionally on industrial and household waste.

Table 4. Projections of total disposed of waste quanti-
ties, 1 000 tonnes (growth from 1992 in per cent)

1992 1995 2010
Municipal industrial waste 862.9 919.9 1117.5(29)
Household waste 826.4 795.0 1143.5(38)
Other industrial waste 938.0 1000.0 1214.8(29)
Total 2627.4 2715.0 34757 (32)

in the macroeconomic model MSG, which is also used for
energy and emission calculations, are used as the basis for
waste projectiorfs The projections have now been updated
using updated waste figures from 1995 and new forecasts
for economic developments in M8Gee table 3.

The new projections in table 3 show a far higher growth in
waste generation than assumed earlier. Whereas the pre-
vious projection showed a rise of 44 per cent in the period
to 2010, the current statistics imply that the growth may be
a good 60 per cent. This is primarily ascribable to higher
growth in registered quantities of household waste in re-
cent years, and thus higher waste generation per consump-
tion unit than assumed earlier. As much as 23 per cent of
the previously estimated growth of 44 per cent was reached
in the period 1992-1995. Moreover, new projections of

search seems to conclude that methane gas emissions can macroeconomic developments contribute to changes in

be reduced using relatively simple means and at low costs.
A major Swedish project (Lagerkvist 1998) concerning
landfill gas concluded that the problem of landfill gas is
highly overestimated and that emissions can be kept at a
low level through relatively simple means.

Projections of waste and methane gas
emissions in Norway

Earlier projections of municipal waste for Norway in the
period to 2010 are based on waste statistics from 1992
(Bruvoll and Ibenholt 1995). The projections are based on
an assumption that waste quantities increase with rising
production and use of materials. Economic developments

waste generation in the various sectors. Industrial waste is
expected to show a lower growth from 1995 compared
with earlier projections.

In the Norwegian Pollution Control Authority’s forecasts,
industrial waste, excluding municipal waste assumed to be
about 1 million tonnes (Norwegian Pollution Control Aut-
hority 1988). We use this estimate for 1995, and assume
that the quantities change in pace with municipal industrial
waste.

Table 4 shows estimates of futupeantities of landfilled
wastewhich follow from projected waste quantities. In
1992, 76 per cent of municipal waste was disposed of in

4 See Bruvoll and Ibenholt (1997) for a description of the model.

5 The economic projections largely correspond to the calculations used as a basis by the Energy Commission.
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Table 5. Potential methane emissions in millions of tonnes (CO2 equivalents)

Methane potential 1992 1995 2000 2010

kg methane/tonne waste

83 (Holdhus 1998) 0.218 (4.6) 0.205 (4.3) 0.213 (4.5) 0.218 (4.6)

130 (St meld nr 29) 0.342 (7.2) 0.321(6.7) 0.333(7.0) 0.341(7.2)

Memo: St meld nr 29 1990 1996 2010
0.302 (6.3) 0.327 (6.9) 0.248 (5.2)

landfills, whereas the share was 63 per cent in 1995 (Statis-hane potential. The deviation is primarily ascribable to the

tics Norway 1994, 1988). We assume an unchanged land- fact that the Report to the Storting assumes that additional

fill rate from 1995-2010 for both municipal waste and recycling/recovery measures will reduce disposed of waste

other industrial waste. This means that additional measuresquantities in 2010, an assumption which is not made in our

aimed at a higher percentage of materials and energy rec- projections. We will now instead evaluate the costs of

overy will result in corresponding reductions in landfill. several measures, including recycling (composting of wet
organic waste).

Given these assumptions, landfilled quantities show a rise

of 32 per cent from 1992 to 2010. These figures provide a

basis for new projections of methane emissions. Methane isCosts of reducing methane

emitted over a period of many years following disposal, Reduced quantities of organic waste for disposal will con-

and emissions and the timing of these will depend on damp4ribute to lower methane emissions. The actual methane

ness, disposal method, cleaning technology, etc. The met- gas which arises can also be burned so that the gas is con-

hane potential, the total future potential quantity of metha- verted into CQ(which has a far lower climate effect).

ne from disposed of waste in one year, will differ from Moreover, during methane oxidation microorganisms can

actual annual emissions, which arise from the waste quanti-convert methane into Gvhen the gas on its way to free

ties of the previous year and earlier years. There is also conair passes through a layer of soil/bark with a certain orga-

siderable uncertainty associated with this methane potenti- nic composition.

al. Report no. 29 to the Storting points out that a project

has been initiated to evaluate the level of methane gas fromThe potential for reducing methane through other methods

landfills in Norway, and various studies will be compared. than burning is 4.6-7.2 million tonnes €&yuivalents in
2010, depending on the methane potential (see table 5).

The estimates for methane emissions in Report no. 29to  Our figures on costs indicate that methane can be reduced

the Storting are based on an assumption of 130 kg methaneat relatively low marginal costs (see table 6). It is likely

per tonne waste. This report refers to calculations from the that the marginal cost rises with the share of methane that

Norwegian Pollution Control Authority which show 100 is reduced, and it is uncertain when the marginal cost ex-

kg methane per tonne waste. Studies carried out by the ceeds the marginal cost of €@ductions. Even though it

Centre for Soil and Environmental Research indicate an  appears that methane can initially be reduced relatively

even lower methane potential. According to Holdhus cheaply, it is thus not certain that it is profitable to make

(1998), maximum emissions might be 83 kg methane per use of the entire potential.

tonne waste. In order to illustrate the uncertainty in the

figures, we present calculations based on the assumptions .

applied in both the Report to the Storting and by the Centre Materials recovery

for Soil and Environmental Research (Holdhus). A main strategy for the Government for reducing methane
emissions is to initiate an increase in the proportion of

It is assumed that the proportion of landfilled waste in faci- waste that is recycled. Report no. 29 to the Storting refers

lities with methane recovery systems rises from 45to 70  to agreements on recycling packaging waste that have been

per cent. Moreover, it is assumed that the burning effect of entered into with the business sector and consumer waste

the facilities rises from 20 to 35 per cent in the period 1995 in municipalities.

to 2010 (cf. Report no. 29 to the Storting). This means that

we assume that 25 per cent of the methane gas from waste Composting wet organic wasteone possible policy for

which goes to landfills in 2010 will be burned. Table 5 increasing the rate of recycling. Several counties have intro-

shows the potential methane emissions in excess of what isduced a ban on the disposal of wet organic waste. A recent

burned under different assumptions on the methane poten- study by InterConsult ASA (1998), based on the compos-

tial. Under Holdhus’ assumptions on maximum methane  ting of wet organic waste in the county of Sogn og Fjor-

emissions, the emissions are far lower than assumed earliedane, indicates that composting provides few climate gains
compared with the social costs, see table 6. Their figures

The new projections result in higher emissions than in the show that the costs per tonne £/l range between

Report to the Storting for different assumptions on the met- NKr 1150-1300 per tonne GOAs pointed out by Bruvoll
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(1998a), the recycling of materials in many cases may be a mic costs. In addition, there is a positive climate effect in
costly alternative to waste treatment, which indicates that that the organic material replaces other emissions, some-
more cost-effective measures for reducing methane gas  thing which only partially takes place for the methane gas
emissions should be evaluated. that is burned at landfills. Plastic, however, accounts for
only a small share of total waste quantities, and plastic inci-
.. . neration therefore represents a limited potential for green-
Waste incineration house gas reductions.
Increased waste incineration will also reduce emissions of
landfill gases. The power market is decisive when evalua-
ting incineration for energy purposes versus disposal. In
the baseline scenario in the Energy Report, gas-generated Another way to reduce the landfilled waste is to promote
power is the marginal energy source in the long term. An  waste minimization. Possible instruments in this connec-
increased supply of energy from waste incineration will not tion are taxes which in various ways provide an incentive
alter the marginal cost of electricity within the current inter- to reduce the use of materials which sooner or later end up
val of 25 TWh for gas-generated power in the Energy as waste. For example, municipalities have been urged to
Report’s baseline scenario. Energy from waste will there- use differentiated waste fees in order to encourage a reduc-
fore replace gas-generated power instead of increasing to- tion in the quantity of waste for final treatment. These

tal electricity consumption. For fossil waste materials, such appeals have not been sufficient to influence waste quantiti-
as plastic, this means that the climate effect of ft@n es, since the waste fees provide no reward for lower waste
plastic waste is reduced substantially, and that burning production by households (Hass 1997). The final treatment
paper through reduced gas consumption contributes to fee for waste can also promote reduced waste generation.
lower greenhouse gas emissions.

Reduced waste generation

Taxes to reduce waste generation may result in a lower I-
The costs of incinerating paper and plastic waste can illu- evel of waste disposal, but will also result in costs for other
strate the costs of waste incineration as a climate policy  sectors of the economy. Bruvoll (1998b) shows that a gene-
instrument. Because some of the statistics are based on  ral tax on raw materials (paper and plastic) not only redu-
foreign data, they should only be used as an indication of ces waste quantities but also other environmental dischar-
Norwegian conditions. ges. The total environmental gain, which primarily stems

from emissions other than those from the waste sector, is
The costs for paper and plastic (including environmental  higher than the costs in the form of reduced production and
costs but excluding climate costs) are estimated on the consumption. The greenhouse gas effect, however, is un-
basis of Bruvoll (1998a). If the greenhouse gas saving is ta-clear. A tax on the use of materials is an indirect instru-

ken into account, the incinerationpdper(instead of dis- ment in relation to landfill gases, and relatively high taxes
posal without methane burning) may result in greenhouse are probably necessary to produce a relevant effect on
gas reductions to about NKr 50 per tonne, Gibout greenhouse gases alone.

NKr 60 if it is not assumed that the energy replaces gas-
generated power). Methane burning
Plasticat landfills decomposes very slowly, while O© Today 40-50 per cent of the waste is disposed of at landfill
released immediately with incineration. In a market where sites with methane burning. In Report no. 29 to the Storting
the marginal energy source is based on non-fossil fuels, theit is assumed that most larger landfills will have installed
incineration of plastic does not appear to be a relevant cli- gas recovery systems in the course of 1999 and that about
mate policy instrument. However, under the Energy Com- 70 per cent of the waste disposed of annually will then be
mission’s assumptions concerning the power market, the placed in landfills with gas recovery facilities. Existing
cost per tonne CQwill be negative for plastic incineration  technology captures about 20 per cent of methane emis-
compared with disposal as incineration entails lower econo-sions from facilities with methane burning, and it is assu-
med that the effect in 2010 can increase to 30-40 per cent.
According to Bruvoll (1998b), it will be possible to achie-
Table 6. Costs of reducing methane gas emissions in NKr ve greenhouse gas reductions to about NKr 60 per tonne
per tonne and reduction potential in millions of CO, for paper waste, assuming that methane burning rep-
tonnes CO; equivalents h .
laces fossil fuels (NKr 70 per tonne if the energy does not

Measure Cost replace fossil fuels). For plastic waste, the methane gas

emissions are small due to low degradability, and the cost
Composting wet organic waste 1150 -1 300 NKr is thereby relatively high, about NKr 400 per tonne,CO
Waste incineration Paper: 50 NKr

Plastics: negative . .
Methane oxidation

Burning methane Paper: about 60 NKr
Plastics: about 400 Nkr The covering layer of landfills which initially has been
Methane oxidation 20 - 50 NKr placed there for aesthetic reasons has proven to function as

an oxidation layer for some of the methane that is formed
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at landfills. An optimal covering layer consists first of a the methane potential and the problems associated with
porous material which distributes the methane gas equally methane are overestimated, as is argued by a number of
before it passes through the oxidation layer. The oxidation observers, the greenhouse gas reductions that can be achie-
layer shall provide favourable conditions for methane- ved through landfills will be lower and the cost per unit
oxidizing microorganisms. Experiments are under way higher.
where a compost of bark and sewage sludge appears to be
promising (Slyngstad 1998bWhen conditions permit
safe gas handling, the emissions of methane during land-
filling do not have to be very high. The method is relative-
ly new and is being tested, and the effect of the method is We showed in table 1 that methane accounted for about the
therefore uncertain. same share of total greenhouse gas emissions in Norway as
in other Annex | Parties. The importance of including met-
Methane oxidation may be less expensive than methane hane in the Kyoto Protocol will depend on the change in
burning. Slyngstad (1998a) maintains that a medium-sized the marginal costs of reducing emissions of other gases. In
municipality can save a total of NKr 4-7 million (invest- connection with the Energy Commission’s report, Statistics
ment and operating expenses) using methane oxidation =~ Norway made some calculations of the consequences for
instead of methane burning. Holdhus (1998) estimates the the Norwegian economy and greenhouse gas emissions as

Calculations of taxes for the Norwegian
economy

cost of the covering layer, including purchases and the a result of the introduction of different tax levels for 4©
spreading of materials to which nutrients have been added, Norway (Bye, Johnsen, Aune and Hansen 1998). In the fol-
at a maximum NKr 1200 per cubic metre. However, for lowing we discuss three calculations from this study, where

suitable waste, such as garden waste/demolition refuse we analyze the effect of an international permit price of
with nutrient-rich sewage sludge added, the cost in practice NKr 200 under different assumptions concerning exemp-
will be eliminated for the material itself, and the cost will tions and targets for emission reductions, see table 7. We
be linked to the actual costs of mixing and spreading, esti- also make some evaluations of which of these are likely to
mated at NKr 200-300 per cubic metre. With a landfill of  be the most comparable with other countries on average.
10 metres and with a covering layer of 0.5 metre at a cost

of NKr 1200 per cubic metre, the cost of reducing methane Emissions of greenhouse gases inlthageline scenariin

will vary between NKr 25 and 45, measured per tonng CO the Energy Commission based on new projections of met-
equivalents. These relatively low figures for costs are sup- hane emissions are lower than indicated by Report no. 29
ported by other studies. In an extensive review of the litera- to the Storting. Emissions of greenhouse gases rise by a
ture concerning landfill gases, Haarstad (1998) concludes good 22 per cent from 1990 to 2020. Emissions of CO
that methane gas emissions from landfills can be reduced show a particularly sharp rise (40 per cent). According to
or even eliminated using relatively simple techniques for  the revised estimates, emissions of methane decline slight-

methane oxidation. ly, particularly in relation to the current level. €thus
accounts for a steadily rising share of total greenhouse gas
The figures on costs (NKr 25 and 45 per tonneg €guiva- emissions. If the same applies to other countries, this may

lents) presuppose a methane potential of 130 and 83 kg, reimply that a reasonable reduction in emissions of other
spectively, per tonne waste, see table 5. This means that thgases are offset by a sharp rise in,@@issions. This also
higher the methane potential is, the higher will be the share indicates that with any stricter requirements in the Kyoto
of greenhouse gas reductions that can be achieved on the Protocol at a later time, the marginal cost of,€&aluc-
waste side and at even lower costs per tonne. However, if

Table 7. Norway's greenhouse gas emissions in different scenarios, millions of tonnes CO2 equivalents

1990 1996 2000

Reference Cost Industry Stricter

Effective exempt requirements

CO2 355 411 49.8 39.5 421 38.4
Methane' 9.3 7.7 7.8 7.7 7.7 7.7
N20 5.7 5.6 53 5.3 54 53
Other gases 4.7 2.1 4.5 4.5 4.5 4.5
Total 55.1 56.5 67.4 57.0 61.1 55.9

" Total quantities of methane from landfills and other sources. 1990 figures from Statistics Norway (1998). Based on the new projections of waste quantities, the metha-
ne forecasts differ from those presented in the Energy Report. A methane potential of 83 kg/tonne waste is assumed, see table 5. The methane potential is very uncertain.

6 Experiments with other masses are being planned in a joint project between the Institute of Soil and Water Studies edjitie Norw
College of Agriculture and Hjellnes COWI.

37



Methane emissions

Economic Survey 4/98

tions will be of greater importance to the permit price for
greenhouse gases.

In thecost-effectivescenario, it is assumed that all CO
emissions in Norway are subject to a tax of NKr 200 per
tonne. This means that those sectors which today have a
tax higher than NKr 200 will see a reduction in their tax,
while those sectors which have a lower tax or are exempt
from the tax will experience a rise in the tax. The macro-
economic calculations then showed virtually unchanged

assuming that the targets in the Kyoto Protocol are to be
achieved. However, it is far from certain that the assump-
tion of cheaper adaptation in other counties is correct with
the high level of gas-generated electricity included in the
baseline scenario and with the considerable substitution
possibilities on the demand side which are assumed in one
of the scenarios. It is therefore interesting to see what can
be achieved at the margin in Norway without including gas-
generated electricity. In the scenario involvsidcter re-
guirements in the Kyoto Protocalcost-effective tax of

economic growth. Emissions of greenhouse gases are reduNKr 400 has been introduced. This can illustrate a situation

ced by nearly 10 million tonnes, or 21 per cent, which
results in an increase in greenhouse gas emissions from
1990 of about 3.5 per cent. The main reason for the sharp
reduction is that in the baseline scenario there is a relative-
ly large element of gas-generated power with sizeable CO
emissions, whereas gas-generated power will not be profit-
able in the cost-effective scenario. The demand for energy
will be covered through slightly greater hydropower deve-
lopment. The greatest effect, however, comes through the
reduction in electricity consumption, particularly in power-
intensive manufacturing sectors, which will face higher
electricity prices.

A reduction in methane emissions by an estimated 50 per
cent in relation to table 7 will mean a further reduction of
about 3.8 million tonnes. Total emissions in 2020 will then
be about 3.5 per cent lower than the 1990 level. This may
indicate that a permit price of NKr 200 will be too high to
achieve an international reduction of 5.2 per cent, as it is
common to assume that it is more expensive to reduce
emissions in Norway than the average internationally. On
the other hand, the cost-effective scenario reflects a situa-
tion with relatively large substitution possibilities in the
Norwegian economy, both on the supply side for electricity

where gas-generated electricity is excluded - it is elimina-
ted with a tax of NKr 200 - but where there is still consider-
able flexibility on the demand side in that a large propor-
tion of power-intensive manufacturing sectors are still inc-
luded. We see that in this case total greenhouse gas emis-
sions are only reduced by about 1 million tonnes in relation
to the cost-effective scenario with a tax of NKr 200.

It is not obvious that it is considerably more expensive to
reduce emissions of greenhouse gases in Norway than in
other countries in the long term. First, gas-generated power
will be replaced relatively easily by alternative technology
with taxes on greenhouse gas emissions. Second, we make
it unnecessarily expensive to eliminate greenhouse gas
emissions in Norway by sheltering large parts of the econo-
my from the costs of emissions. With considerable substitu-
tion possibilities, a permit price of about NKr 200 per ton-
ne CQ equivalents will be close to the permit price neces-
sary for achieving stabilization or a 5 per cent reduction in
greenhouse gas emissions. This particularly applies if met-
hane can be reduced by a considerable extent at a cost
which is lower than this. Fewer substitution possibilities,
however, result in substantially higher costs or a substanti-
ally smaller effect on emissions with the same permit price.

(hydro and other renewable sources versus gas) and on the

demand side for electricity (power-intensive manufacturing
industry is reduced sharply). Substantial substitution possi-
bilities entail low marginal costs for reducing greenhouse
gas emissions.

If power-intensive manufacturing sectors are exenoo
taxes on greenhouse gases, the reduction in emissions will
be smaller (see manufacturing exempt in table 7). Emis-

Summary

There is considerable uncertainty concerning the internatio-
nal permit price which is necessary to achieve the Kyoto
Protocol’s emission targets. The marginal costs of various
pollutants in Norway in the period ahead are therefore also
uncertain. Many early studies have calculated relatively
high costs for stabilizing Cemissions internationally.

sions, however, may still be reduced by a considerable mar-The Kyoto Protocol, however, has introduced additional

gin with the elimination of gas-generated power. Electri-
city is instead imported from other countries. Changes in
emissions in these countries will depend on their climate
policy. Here it has been assumed that all countries intro-
duce a tax of NKr 200 per tonne €®ith a 50 per cent
reduction in methane emissions, Norway’s emissions will
rise by 4 per cent from 1990. This is a situation where sub-
stitution possibilities on the demand side are considerably

gases, and more recent studies indicate very low costs for
stabilizingtotal greenhouse gases. This is also indicated in
Report no. 29 to the Storting.

There are two new elements in more recent studies. First,
the projection in the baseline scenario shows lower emis-
sions than earlier. Moreover, it is assumed that gases other
than CQ can be reduced considerably and at low costs.

less than in the cost-effective scenario, but where there are This particularly applies to methane, which is the largest of

still substantial substitution possibilities on the supply side
for electricity.

If it is more expensive to reduce emissions in Norway than

in other countries, one can conclude that an international
permit price may be lower than NKr 200 per tonne,CO
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these.

More recent projections for Norway show that municipal
waste quantities are rising at a faster pace than assumed ear-
lier. At the same time, methane emissions from landfills

may be overestimated, and the importance of methane in a
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greenhouse gas context may be somewhat less than pre-
viously estimated for Norway.

Bruvoll, A. and K. Ibenholt (1997): Future waste genera-
tion. Forecasts based on a macroeconomic mBasbur-
ces, Conservation and Recyclid®, 137-49.

Based on Norwegian analyses, there is also reason to assu-
me that methane emissions can be reduced substantially atBye, T., B. Bye and L. Lorensten (198$JMEN; Studier

relatively low costs. This may result in low permit prices in
the short term. In the longer term, it is conceivable that
stricter emission requirements will be introduced, thereby
resulting in higher permit prices. G@ill then be of

greater relative importance to the permit price in relation to
other gases.

Recent projections of global emissions show a substantially

stronger increase in emissions than assumed prior to the

av industri, miljg og energi fram mot ar 200BIMEN:
Studies of manufacturing, environment and energy up to
the year 2000), Fabritius Forlag.

Bye, T. (1997): Fleksibel gjennomfaring av en klimaavtale
(Flexible implementation of a climate agreement), Mimeo-
graph, Statistics Norway.

Bye, T., T.A. Johnsen, F.A. Aune and M. |. Hansen (1998):

Kyoto negotiations. The baseline calculations for emissions Energiproduksjon og forbruk i Norge mot 2020 (Energy

in the years ahead will be decisive for how high permit
prices in the tradeable permit market will be given the
restrictions on emissions stipulated in the Kyoto Protocol.

Calculations for two “worlds” - one with considerable and
one with limited substitution possibilities - indicate very
different necessary permit prices for achieving stable emis-
sions of greenhouse gases. It is not certain that Norway in
every respect is an expensive country in which to reduce
greenhouse gas emissions. On the contrary, there are ele-
ments on the supply and demand side which may indicate
that it is inexpensive to reduce emissions in Norway. It is
argued that an international permit price of NKr 200,

which is used in the Energy Report, may be a good illustra-
tion of what will be necessary to achieve the Kyoto Proto-
col’'s emission targets internationally.
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