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Supply curves for global warming abatement 
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The paper presents a methodology for compar- 
ing the cost-effectiveness of  different technical 
options for the abatement of greenhouse gas 
emissions. The methodology also allows a deter- 
mination of the extent to which each technology 
can contribute to abatement by a specified date. 
The primary focus of  the paper concerns carbon 
dioxide (C02) emissions. The analysis concludes 
that of seventeen different abatement options 
examined, the nuclear option is the most expen- 
sive, except for the marginal C02 savings 
achieved from advanced coal technology. A 
combination of energy efficiency measures and 
high efficiency gas-fired generation can achieve 
C02 savings approaching 285 million tonnes per 
year by year 2005. This represents a saving of 
46.5% over existing emissions from the station- 
ary sector (ie excluding transport). I f  the analysis 
is extended to include the effect of  methane 
emissions from fossil fuel cycles, the advantages 
of  energy efficiency and the renewable generat- 
ing sources is improved. 
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Global warming presents policymakers with a uni- 
que, and somewhat alarming challenge. Despite 
international acceptance of the findings of Working 
Group 1 of the Intergovernmental Panel on Climate 
Change (IPCC) 1 on the scope and scale of climate 
change, the uncertainties identified by the group 
leave a wide margin for uncertainty. Uncertainties 
over feedback mechanisms (for instance due to the 
reflectivity of clouds or the unlocking of methane 
from melting arctic tundra), over the relative in- 
teraction of sources and sinks, and over the timing of 
climate change due to the lag effect of the oceans for 
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instance, all render exact predictions of temperature 
rises by certain dates impossible. Policymaking 
under conditions of such uncertainty is at best un- 
comfortable. 

The primary decision facing governments and 
policymakers at the moment is whether to take 
preventive measures against the possibility of future 
global warming or whether to do nothing now and 
take adaptive ones when and if the need arises. 
Adaptive ones (it is argued) may save unnecessary 
capital expenditure and institutional restructuring 
now. On the other hand adaptive options will essen- 
tially be limited to the (costly) construction of de- 
fences against sea-level rise in low-lying regions at 
some future date, resettlement of threatened habi- 
tats and so on. 

Preventive measures aim to lessen the probability 
of future temperature rises by attempting to abate 
the emission of greenhouse gases (carbon dioxide, 
methane, nitrous oxide, ozone, CFCs and hydrocar- 
bons) from anthropogenic sources. Concern over 
this approach centres on the fear that it could be 
costly, disruptive and possibly (depending on the 
degree of existing 'commitment' to global warming) 
ineffectual. 

Preventive measures and adaptive measures are of 
course not mutually exclusive. It is noteworthy, 
however, than in many societies these different types 
of measure would be implemented by different 
institutional bodies, with possibly differing economic 
infrastructures and policymaking frameworks: since 
the energy sector contributes some 60% towards the 
greenhouse effect (globally), energy utilities and 
infrastructures would be significantly affected by the 
need to implement preventive strategies; on the 
other hand, adaptive measures as a matter of nation- 
al defence would be likely to be undertaken by civil 
defence or construction bodies of one kind or 
another. 

Given the potential severity and disruptive nature 
of global warming, and the possible lagtime between 
emission abatement and its effect on the climate, the 
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most prudent choice, even for an only moderately 
risk-averse society, is undoubtedly to favour preven- 
tive action at the earliest opportunity. Climate 
change could have very significant long-term effects 
on water management, on food production, and on 
national and international security. Prevention 
under these circumstances, is far better than cure. In 
fact, many of the energy policy options which are 
suitable for the abatement of global warming also 
provide other environmental advantages such as the 
elimination (or reduction) of acid pollution, particle 
emissions, or nuclear waste, and the elimination of 
the need to site costly and intrusive power plants in 
increasingly stressed environments. 

Paper commitments to this sort of preventive 
strategy have already been made. Most of these 
commitments focus on carbon dioxide (CO2) emis- 
sions which are believed to contribute around 50% 
of the warming effect of the greenhouse gases. In 
November 1988, for instance, the Toronto Confer- 
ence on the Changing Atmosphere 2 agreed in princi- 
ple to a 20% reduction in CO2 emissions by the year 
2005. The NGO statement from the Climate and 
Development Congress in Hamburg 3 called on in- 
dustrialized nations to commit themselves to reduc- 
ing their emissions by 30% by the year 2000 and by 
60% by the year 2015 (based on 1986 levels). 

Unilateral reduction targets have yet to be set, 
however, at the national level. The Dutch govern- 
ment has called for a stabilization of CO2 emissions 
at 1989/90 levels by the turn of the century. 4 The UK 
government has set a target date of 2005 for stabi- 
lization of CO2 emissions. The USA is resisting the 
pressure to set any targets at all. There are many 
reasons for this reticence to act. 5 Modelling the 
international political climate is probably more com- 
plicated even than modelling the atmosphere. It 
seems likely however that a concerted multilateral 
approach to the problem will become a major con- 
cern at the United Nations Conference on Environ- 
ment and Development in 1992. 

The starting point for this paper is that at least 
some preventive measures are advisable in order to 
control and abate global warming. 

It seems logical, once the preventive position is 
adopted, to assume that one would wish to pursue 
such a strategy in the most cost-effective manner. 6 
That is, one would identify the most cost-effective 
options for greenhouse abatement, and implement 
them first, and so on. Of course this apparently 
simple methodological principle covers a multitude 
of complexities, which must be addressed. These are 
associated to some extent with uncertainties in the 
scientific knowledge base and to some extent with 

the irregularities and peculiarities internalized with- 
in the economic, institutional and social infrastruc- 
tures of individual societies. 

On the other hand the advantages of pursuing 
such a cost-effective approach are significant, not 
only in narrow economic terms but also in terms of 
long-term, global, environmental aims. 

National goals for preventing global warming are 
likely to require substantial investment. To proceed 
without paying attention to cost-effectiveness would 
be to lay oneself open to future difficulties in the 
funding either of additional preventive strategies (as 
may be required) or indeed of adaptive strategies, 
should the preventive measures fail to provide full 
protection against the effects of climate change. 

A significant array of other environmental prob- 
lems, some of which may have synergistic interac- 
tions with climate change effects such as sea-level 
rise, are also likely to require substantial investment 
commitments throughout the next 20 or 30 years. 7 
Although returns on some of these investments may 
be high, availability of capital may become an in- 
creasing concern even for the richer industrialized 
nations before the end of the twenty-first century. 

When one considers, in addition, the global im- 
pact of many environmental problems, it becomes 
clear that unilateral action at the national level is not 
going to be sufficient to ensure that global environ- 
mental goals are achieved or indeed that national 
environmental protection is assured. Particular con- 
cerns hinge around the development of the poorer 
nations. If these countries are not to be condemned 
to continuing poverty throughout the next century, 
they must be able to respond to their own develop- 
ment needs. If they are to do this without incurring 
the sort of environmental damage which has been 
incurred during the development of the presently- 
industrialized nations, then they will require both 
technological and financial assistance, to overcome 
crippling debt problems, to invest in clean and 
energy-efficient technologies and to develop 
resource-efficient, sustainable economies. 

Economic and technical aid from the developed to 
the developing world is going to be crucial in achiev- 
ing this. If it is not achieved, then the effects will be 
felt, in environmental terms, not only within those 
countries, but globally. 

In a very real sense, therefore, poor economic 
management, even within the well-off nations of the 
industrialized world, is going to have long-term 
global implications for the environment. 

The aim of this paper is therefore to set out a 
conceptual framework for the cost-effective alloca- 
tion of resources to global warming abatement mea- 
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sures. In the following sections, I first elaborate the 
methodological basis of such an approach as applic- 
able to the abatement of CO2 emissions in the UK. I 
examine briefly how these results should be ex- 
tended to include the effects of other greenhouse 
gases, and abatement options. This leads to the 
development of a rather general methodology for 
least-cost greenhouse planning. Finally, I discuss 
some of the economic, social and scientific factors 
relevant to the question of developing policy options 
appropriate to a cost-effective greenhouse abate- 
ment strategy. 

Least-cost C02 abatement 

C O  2 emission abatement from the energy sector can 
be achieved through four different types of technolo- 
gical measures: 8 

• reducing fossil fuel usage by improving supply- 
side efficiency; 

• reducing fossil fuel usage by using non-fossil 
sources of supply; 

• replacing high carbon fuels such as coal with 
low carbon fuels such as natural gas; 

• reducing demand by end-use efficiency. 

On the supply side, this paper looks at combined 
heat and power (CHP) (large-scale, industrial and 
small-scale) at gas-fired combined-cycle gas tur- 
bines, at renewables, and at nuclear power; and at 
the replacement of electric heating with gas heating. 
On the end-use side, I have carried out a comparison 
of efficiency measures, disaggregated by ten sectoral 
end-uses including space and water heating efficien- 
cy improvements, and improvements in lighting and 
appliance efficiency. 

The methodology I have chosen to use for the 
cost-effectiveness comparison follows closely the 
methodology of the 'least-cost integrated planning 
approach' to meeting energy demand, now familiar 
from many applications in North America. 9 Least- 
cost planning is essentially very simple. It assumes 
that the demand for a particular service can be met 
in a variety of possible ways. Each of these ways of 
meeting the demand for the service will have certain 
potential for meeting that demand (constrained by 
the availability of natural resources and certain 
institutional factors) at a certain cost. A simple 
ranking system then prioritizes the various measures 
in terms of their cost-effectiveness. 

What characterizes this approach to energy plan- 
ning is the incorporation of both supply-side and 
demand-side options as bona fide methods of meet- 
ing the demand for energy services. This integrated 
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approach institutionalizes the implementation of 
electricity-efficiency (for instance) as a legitimate 
way for utilities to meet the demand for energy 
services. Whereas, traditionally, utility planning has 
tended to take electricity demand as read and to 
address the problem of meeting that demand by 
constructing supply-side options, the least-cost inte- 
grated approach accepts that, where demand-side 
measures deliver the same service at less cost than 
the supply-side option, utility planning should imple- 
ment those measures first. 

The basic tool of the approach is a 'supply curve' 
which compares directly, and using the same econo- 
mic criteria, the costs of implementing the various 
options (both supply-side and demand-side), and 
their potential in meeting the demand for energy 
services. 

The idea is to extend this methodology to CO2 
abatement technologies. The extension is not entire- 
ly straightforward for the following reason. Whereas 
the objective of a supply curve is to compare the 
different options for supplying energy, given a par- 
ticular demand, and assess the most cost-effective 
way of doing this, the objective here is to adopt the 
most cost-effective way of reducing CO2 emissions. 
A reduction of CO2 emissions over a finite time 
period can only be measured against some projected 
base case for emissions over the period. Likewise the 
cost of abatement is meaningful only as the marginal 
cost associated with carrying out abatement options 
over and above the cost that would have been 
incurred anyway by the reference or base case. 

With this proviso in mind, it is possible to extend 
the least-cost planning method in the following way. 
Each of the demand-side options has a potential to 
save a certain amount of delivered energy by a 
certain date. Associated with those savings in fuel is 
a saving in CO2 release. Similarly, each supply-side 
option has the potential to save a certain amount of 
CO2 emissions with respect to the base case. Divid- 
ing the cost of the measure in terms of £/GJ by the 
COz savings in terms of tonnes of CO2 per GJ 
(t/G J), one arrives at a savings cost in pounds per 
tonne of CO2 (£/tonne). One can then construct a 
CO2 abatement supply curve or 'savings curve' as 
shown in Figure 1. 

The height of the blocks in Figure 1 represents the 
cost in £/tonne of CO2 saved by the measure and the 
width of the block represents the potential contribu- 
tion to saving CO2 that the associated measure can 
achieve by the specified date. 1° The savings curve 
then provides a direct comparison of the different 
abatement options in terms of their relative cost- 
effectiveness and their potential for reducing CO2 
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Figure 1. Illustrative savings curve for CO2-abatement 
options, 2005. 

emissions. Some of the costs may be negative be- 
cause some of the measures are less expensive than 
the base case: abatement may actually save you 
money. 

Once a particular target for COa reduction has 
been chosen it is possible by using the 'savings curve' 
to see which abatement strategies would best be 
implemented in order to achieve that target in the 
most cost-effective manner. In Figure 1, for inst- 
ance, if the desired target requires a reduction in 
CO2 emissions of say 120 million tonnes (mt), then 
the most cost-effective route to achieve those reduc- 
tions would be to implement options A-D. If the 
target reduction was 240 mt, then options E-G 
would also be implemented and so on. 

Given suitable and sufficiently detailed supply 
curves for supply-side and demand-side technologies 
for each of the stationary UK sectors (domestic, 
commercial and public, and industrial), and a break- 
down of the end-uses in terms of delivered fuel 
types, it would be relatively straightforward to calcu- 
late the potential for CO2 savings associated with 
each measure and the cost of those savings on a 
disaggregated basis. 

However, detailed supply curves of this nature are 
not yet available in the UK - apart from some early 
work on cost comparisons between technologies for 
supplying and saving energy, n This early work 
needs some updating now, but provides a valuable 
illustrative basis for the cost-effectiveness of energy- 
saving technologies. Many examples exist of detailed 
supply curves in other countries but their relevance 
to the case of the UK must be considered to be 
limited. 

For the purposes of this study considerable use has 
been made of three extensive reports on energy use 
and energy efficiency in the three stationary sectors 
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Figure 2. Estimated CO2 emissions by end-use, 1987. 

(domestic, industrial and services) carried out for 
the Energy Efficiency Office (EEO) by the Energy 
Technology Support Unit at Harwell.12 Estimates of 
electricity demand were taken from the Central 
E l e c t r i c i t y  G e n e r a t i n g  B o a r d ' s  ( C E G B ' s )  
estimates 13 (appropriately adjusted to take account 
of Scotland and Northern Ireland). 

From these sources I have derived, first of all the 
reference or base case CO2 emissions scenario for 
the period up to the year 2005.14 The total estimated 
emissions for 2005 are 691 mt, as opposed to a 
calculated 554 mt for the year 1987.15 Estimated 
emissions are broken down by end-use in Figures 2 
and 3. 

It is to be noted that transport plays an increasing- 
ly important role in CO2 emissions so that by 2005, it 
represents the single largest end-use contributing to 
CO2 emissions. Despite this fact, and largely be- 
cause of its origins, this study concentrates on emis- 
sions from the stationary sectors, and nothing furth- 
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Figure 3. Estimated C O  2 emissions by end-use, base case 
(2005). 
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er will be said about emissions from the transport 
sector in this paper. This is not in any way to relegate 
transport emissions in importance. It is purely a 
limitation of the study. 

The base case scenario incorporates certain 
assumptions about supply. These have largely been 
taken from the fuel mix predictions of the EEO 
reports. For electricity supply, I have assumed a 
base case scenario in which the need for new capac- 
ity is supplied by conventional coal-fired power 
stations. 16 Abatement technologies will be measured 
against this reference both in terms of the amount of 
COE they save and also in terms of their cost. 

The next step was to use the potential savings 
from and costs for energy efficiency identified in the 
reports to calculate potential CO2 savings from each 
end-use efficiency measure. Costs for demand-side 
options have been calculated by taking the cost- 
effectiveness criteria used in the EEO reports and 
using additional information on technology lifetime 
to estimate raw capital costs. 

Availability of raw cost data might well indicate a 
greater potential for energy efficiency, cost-effective 
in terms of the present analysis, but not captured in 
the narrow cost-effectiveness criteria adopted in the 
EEO reports. This represents a methodological con- 
servatism inherent in the assumptions of this study 
about the potential for energy efficiency. 

In order to be able to compare the different 
options on a 'level-playing-field' basis, capital costs 
have been annuitized at a 10% discount rate. 
Appropriate fuel savings have been taken into 
account. Costs are largely assumed to be on a 
'natural replacement' basis, and where accelerated 
replacement occurs, it has been assumed that this is 
taken into account via the EEO cost-effectiveness 
criterion. 

Costs and potential for the electricity supply op- 
tions, such as renewable energies, CHP, combined 
cycle plant and nuclear power, have in the main 
been drawn from evidence supplied to the Hinkley 
Point Inquiry by various authors. 17 

In this way I have built up a savings curve (Figure 
4) of the form illustrated in Figure 1. The potential 
contributions (ie the widths of the various blocks) 
are the contributions at the given costs that might 
under various conditions be implemented by the 
year 2005. If another date were chosen for the 
analysis, the broad conclusions of the comparison 
would remain unchanged, but the potential for im- 
plementation would be greater or less depending on 
whether the date were after or before the year 2005. 
The data on which Figure 4 is based are provided in 
Table 1 (Appendix). 

Least-cost greenhouse planning 

What is striking in Figure 4 is that, out of 17 
options considered, nuclear power is more expensive 
than anything except advanced coal technology 
where the marginal CO2 savings are rather small. In 
fact it is possible to save around 275 mt of COE 
without adopting the nuclear power option. If one 
looks at overall COE emissions from transport and 
the stationary sectors, this saving is in excess of that 
required by the Toronto target of 20%, even without 
considering savings possible in the transport sector. 
If one looks at the stationary sectors (excluding 
transport) in isolation, the potential COE savings 
(without using the nuclear power option) amount to 
a 46.5% reduction on existing emission levels. 

It is also noteworthy that several of the options, 
including particularly those associated with end-use 
efficiency improvements, have an overall negative 
cost, by comparison with the base case. In other 
words, saving CO2 does always mean vast expendi- 
ture. Sometimes you can save CO2 and make 
money. The crucial point is not to spend money on 
the wrong thing to start with. 

The effect of  methane emissions from fossil 
fuel usage 

When discussing the energy policy implications of 
the greenhouse effect, attention has largely focused 
o n  C O  2 emissions. Since these contribute over 50% 
of the greenhouse effect, this is not surprising. There 
are however other greenhouse gases which arise to a 
greater or lesser extent as a result of anthropogenic 
energy production. Of these, the most significant is 
undoubtedly methane (CH4). 

A number of recent studies as advocate the re- 
placement of high carbon fuels such as coal with 
lower carbon fuels such as natural gas, in order to 
reduce the emission of greenhouse gases. Indeed the 
supply curve illustrated in Figure 2 above includes 
several supply-side options involving natural gas. 

While this obviously makes sense from the point 
of view of C O  2 emissions, potential problems arise 
as a result of the CH4 content of natural gas, and the 
propensity for leakage from the gas distribution 
system. A recent paper in this Energy Policy 19 
estimates that leakage from the UK distribution 
mains lies in the range 1.9%-10.8%. The signifi- 
cance of leakage rates towards the higher end of this 
range arises because CH4 is considerably more effec- 
tive as a greenhouse gas than CO2. 

In order to capture the relative effectiveness of the 
different greenhouse gases, an index known as the 
global warming potential (GWP) relative to CO2 has 
been adopted. E° The GWP reflects a combination of 
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Figure 4. Savings curve for CO2-abatement options (10% discount rate). 

factors including the radiative forcing of the various 
gases relative to CO2, and the 'atmospheric lifetime' 
of the gases in the atmosphere. C H  4 has a radiative 
forcing which is some 80 times greater than CO2. On 
the other hand, its lifetime is of the order of 10-15 
years. The atmospheric lifetime of CO2, by contrast, 
is around 200 years. The problem in determining the 
GWP of CH4 is the allocation of an appropriate time 
horizon over which the comparison should be made. 
At different time horizons, the GWP of CH 4 is 
different. Over a shorter time horizon, because of 
the short atmospheric lifetime of CH4 relative to 
CO2, the GWP is rather high. 21 Over a longer time 
horizon the GWP diminishes. 22 

The appropriate time horizon over which to con- 
sider the relative warming effect is not immediately 
obvious. Using the shorter horizon will tend to lead 
to policy decisions which abate short-term warming 
at the expense of longer-term warming. Using a 
longer horizon will mean abatement strategies take 
effect over a longer period. 

Generally speaking it is probably unwise to base 
policy decisions on predicted short-term effects at 

the risk of endangering long-term warming abate- 
ment. The only circumstances in which one could 
envisage favouring the shorter term, would be where 
it could be shown that the associated short-term 
warming effect might exceed critical rates of change, 
and thus give rise to uncontrollable 'feedback' 
effects. On the basis of current knowledge, it is 
difficult to predict such 'rate of change' effects. 
There are no indications at present, however, that 
significant warming impacts will actually occur within 
the next 20 years. This is not to suggest that green- 
house gas emissions are not critical in the next 20 
years. But only that their critical impacts are likely 
to lie on a longer time-scale. For the purposes of the 
analysis that I wish to carry out here I have there- 
fore used 100-year time horizon, over which the 
GWP of C H  4 (on a weight-for-weight basis) is 21. 

The second difficulty inherent in attempting to 
include the effects of CH4 leakage into the cost- 
effectiveness assessment of greenhouse abatement 
options is the uncertainty surrounding leakage. This 
has been discussed in cons ide rab le  deta i l  
elsewhere. 23 The problem is to determine what 
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marginal leakage is attributable to any marginal 
increase in supply. The rather high leakage attribut- 
able to the existing distribution system which was 
designed for operation Using a different gas may not 
be representative of leakage rates for marginal new 
supply. A lower leakage rate (of say 1% or 2%) may 
be appropriate for dedicated supply pipelines to 
combined-cycle gas turbines or large-scale combined 
heat and power plants, for instance. On the other 
hand, average lifetime leakage rates in a complex 
distribution system could be substantially higher. 

There is also the question of CH 4 emissions from 
the other fuel industries, particularly from coal 
mining, on which reliable data are currently rather 
sketchy. 

In order to get a rough idea of the possible effect 
of CH4 leakage on the cost-effectiveness prioritiza- 
tion of abatement options illustrated in Figure 2, I 
have taken three scenarios for gas leakage: low, 
medium and high. In the low case, I assume a 
leakage rate of 2% for the existing system and 1% 
for new plant. In the medium case, I assume a 5.3% 
leakage rate for the existing system, a 2% leakage 

rate for new large-scale plant (assumed to have 
dedicated pipelines) such as city-wide CHP and 
combined-cycle gas turbines, and a 4% leakage rate 
for smaller-scale supplies (small CHP, industrial 
CHP and fuel switching). In the high case, I assume 
10.8% leakage for the existing system, 3% for new 
large-scale supplies and 8% for smaller ones. 24 The 
results of this analysis are illustrated in Figures 5, 6 
and 7, and shown in tabular form in Tables 2, 3 and 4 
of the Appendix. In all three graphs, CH4 emissions 
from other fuels (coal and gas) are accounted for 
according to official estimates, z5 

It is notable that on all three graphs the overall 
potential savings are at least as high as those given in 
Figure 4. Although the gas-fired options are not so 
favourable in the medium and high cases, this is 
more than made up for, because the energy efficien- 
cy options also save on CH 4 leakage by displacing 
the need for gas supply. This effect is reinforced by 
the avoided emissions of CH4 from the other fuels, 
and supplemented by the increased effectiveness of 
some of the supply-side options, once CH 4 emissions 
from coal are taken into account. 
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Least-cost greenhouse abatement 

The concept of a relative global warming potential 
(GWP) opens the way for a comprehensive cost- 
effectiveness analysis of greenhouse abatement op- 
tions. Since the effect of each greenhouse gas in the 
atmosphere can be described in terms of the effect of 
CO2 in the atmosphere, it is possible to construct a 
single savings curve to incorporate all abatement 
options for all of the greenhouse gases. Such a curve 
would show tonnes of CO2 equivalent (CDE) on the 
horizontal axis. The vertical axis would still be the 
cost of each option, but now it would be expressed as 
cost per tonne of CDE saved. 

To take a simple example, we could look at the 
cost-effectiveness of re-piping parts of the gas dis- 
tribution network as a greenhouse abatement 
strategy. Suppose that the marginal annuitized life- 
time cost of relaying older pipes were £5.00 per 
metre, 26 and that the total length of such pipes is 
150 000 km. Suppose in addition that the gas leakage 
rate is 10 t of cn4  krn/y. Then this is about 200 t 
CDE per km/y (assuming a GWP of 21 for CH4) , 

and the total potential savings could be 30 million t/y 
of COE equivalent, at a total cost of 750 million, or a 
unit cost of £25/t CDE. 

This simple analysis using order-of-magnitude fi- 
gures reveals that this is a rather costly greenhouse 
abatement option, by comparison with the options 
illustrated in Figure 4 but has a significant potential 
for reducing greenhouse gas emissions. It serves to 
illustrate, moreover, the principle whereby direct 
comparison of the cost-effectiveness of different 
options for reducing emissions of all of the green- 
house gases can be made on an equitable basis. 
Clearly, the analysis can be extended to incorporate 
other c n 4  sources, such as landfill sites, organic 
residues and agriculture, and indeed emissions of 
other greenhouse gases such as nitrogen oxides and 
CFCs. 

Concluding remarks 

The work described in this paper has been carried 
out using well-established assessments, largely from 

4 2  ENERGY POLICY January/February 1991 



40 
Least-cost greenhouse planning 

E 
B 

o 

%1 

30 

20 

10 

0 

-10 

-20 
0 

Ind. CHP 

I Iserv'ces I CCGTs space 
Lights , heating 

' ~Cooking 

Small CHP 

Advanced 
coal 

Ind. space 
heat 

Process L 
heat PWRs 

Renewables + 
City CHP " - ~  

o_c, r 
\ 
Water 

Appliances 

i I i I i I i 
100 200 

Million tonnes CO 2 

Figure 7. CO2-equivalent savings curve (high leakage). 

300 400 

government departments, of the costs and potentials 
for the various measures. No assumptions of tech- 
nological advance or improved economies of scale in 
energy efficiency measures have been made. In the 
event that such improvements become viable, as 
they surely must do, the analysis made here would 
weigh even more greatly in favour of the conserva- 
tion options. 

The analysis carried out here has been coarse- 
grained in another sense which is unfavourable to 
the energy-efficiency options. Assessments of the 
potential have been made on the basis of estimates 
of cost-effectiveness appropriate to largely private 
sector investments. Strictly speaking, this usage is to 
put the cart before the horse. The proper way of 
proceeding would be to assess the technical potential 
against cost, without regard for cost-effectiveness. A 
marginal savings cost curve could then be produced 
which included increasing potential from each con- 
servation option as a function of cost. Judgements of 
cost-effectiveness (in terms of resource allocation) 
should then be made on the basis of the marginal 
savings cost curve so produced. Such a progression 

could only improve the assessment of the demand- 
side options. 

Despite the limitations of the analysis, the metho- 
dology described here seems to present a useful way 
of prioritizing investments in greenhouse abatement. 
It indicates immediately that the construction of 
nuclear power stations represents a serious mis- 
allocation of resources in any bona fide attempt to 
ameliorate global warming. Generally speaking, 
demand-side measures are to be preferred, and such 
measures offer significant potential for CO2 (or 
CO2 equivalent) reduction. 

Throughout the analysis, I have assumed that the 
same fixed discount rate applies to all technologies. 
In practice it is well-known that private sector dis- 
count rates are generally higher than public sector 
rates. Individual investor rates may be higher than 
utility rates, and social discount rates are widely 
variant, depending on wealth, class, social habits, 
expectations and outlook. It is largely these 
variances in effective discount rate which have been 
responsible for the relatively slow uptake of energy- 
efficient technologies in the market. 
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For the purposes of this study, in which I am 
assessing the efficient allocation of economic re- 
sources to achieve a common social, environmental 
goal, the appropriate comparison is evidently under 
financial conditions which reflect as far as possible 
the cost to national resources, rather than the frag- 
mented interests and financial criteria of many diffe- 
rent lobbies. 

Having identified the most cost-effective measures 
on this equitable basis, it is then a matter of policy 
and institutional infrastructure to ensure that these 
optimal strategies are chosen. It may be that in order 
to achieve the optimal stratgegy some changes in 
infrastructure, policy and regulation, will be neces- 
sary. At the moment it is not easy to predict what 
those changes might entail. Intervention in the mar- 
ket is likely to be necessary to ensure that the 
optimal strategies identified under the assumptions 
of equatible investment criteria as I have outlined 
above are implemented. Such intervention could 
take a number of different forms including the 
imposition of carbon taxes, efficiency subsidies, in- 
vestment incentives, appliance labelling, building 
standards, or regulatory constraintsY How best to 
decide which particular form such intervention 
should take is a matter for ongoing work and con- 
siderable debate. 28 

Some of the work presented in this paper was originally carried 
out on behalf of Friends of the Earth UK and presented as 
evidence (FoE 10) to the Hinkley Point Inquiry in June 1989. At 
that time I was working for Earth Resources Research, and I am 
grateful for the guidance and support of Mark Barrett and 
Malcolm Fergusson during that period. I acknowledge also a debt 
of gratitude to Simon Roberts of Friends of the Earth, and to all 
those whose comments were invaluable in refining earlier drafts 
of the work including: Brenda Boardman, Stewart Boyle, Ian 
Brown, Michael Harper, Gerald Leach, and Lord Silsoe. All the 
mistakes are mine. 
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Appendix 

Table 1. Data for Figure 4: CO2-equivalent abatement (no CH 4 leakage). 

Cost-effective CO2 savings Marginal 
Abatement option potential (P J) (mt) cost (£/t) 
Fuel-switching 40.50 8.07 - 19.87 
Appliances 104.24 25.97 - 14.89 
Industrial CHP 70.96 20.80 -13.02 
Lighting 131.34 32.72 - 12.38 
Small-scale CHP 31.54 6.89 -8.43 
Cooking 37.69 4.05 - 8.18 
Services space heating 337.39 31.63 -8.02 
Gas turbines 236.52 35.28 -7.08 
Water heating 123.86 8.63 0.08 
Industrial motive power 92.00 22.92 4.07 
Domestic space heating 562.72 34.69 4.18 
City-wide CHP 61.50 12.17 14.49 
Renewables 69.38 17.29 17.21 
Process heat 328.77 15.44 19.68 
Industrial space heating 111.11 7.77 27.79 
Nuclear 133.40 33.24 30.01 
Advanced coal technology 102.49 3.19 36.73 

Table 2. Data for Figure 5: CO2-equivalent abatement (CH4 leakage: low case). 

Cost-effective CO2 savings Marginal 
Abatement option potential (P J) (mt) cost (£/t) 
Fuel-switching 40.50 8.73 - 18.36 
Appliances 104.24 28.43 - 13.60 
Industrial CHP 70.96 20.96 -12.92 
Lighting 131.34 35.82 - 11.31 
Small-scale CHP 31.54 7.42 -7.83 
Cooking 37.69 4.32 -7.67 
Services space heating 337.39 34.16 -7.42 
Gas turbines 236.52 37.46 -6.67 
Water heating 123.86 9.79 0.07 
Domestic space heating 562.72 40.32 3.60 
Industrial motive power 92.00 25.09 3.72 
City-wide CHP 61.50 13.43 13.12 
Renewables 69.38 18.92 15.73 
Process heat 328.77 16.85 18.03 
Industrial space heating 111.11 8.74 24.72 
Nuclear 133.40 36.38 27.42 
Advanced coal technology 102.49 3.49 33.56 
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Table 3. Data for Figure 6: COz-equivalent abatement (CH4 leakage: medium case). 

Cost-effective COz savings Marginal 
Abatement option potential (P J) (mt) cost (£/t) 
Fuel-switching 40.50 8.29 - 19.34 
Industrial CHP 70.96 17.55 - 15.43 
Appliances 104.24 28.43 - 13.60 
Lighting 131.34 35.82 -11.31 
Small-scale CHP 31.54 7.19 -8.08 
Cooking 37.69 4.62 -7.17 
Gas turbines 236.52 35.74 -6.99 
Services space heating 337.39 36.43 -6.96 
Water heating 123.86 10.90 0.06 
Domestic space heating 562.72 45.77 3.17 
Industrial motive power 92.00 25.09 3.72 
City-wide CHP 61.50 13.82 12.75 
Renewables 69.38 18.92 15.73 
Process heat 328.77 17.55 17.31 
Industrial space heating 111.11 9.22 23.44 
Nuclear 133.40 36.38 27.42 
Advanced coal technology 102.49 3.49 33.56 

Table 4. Data for Figure 7: CO2-equivalent abatement (CH4 leakage: high case). 

Cost-effective CO2 savings 
Abatement option potential (P J) (mt) 

Marginal 
cost (£/t) 

Industrial CHP 70.96 11.87 -22.80 
Fuel-switching 40.50 7.70 - 20.82 
Appliances 104.24 28.43 - 13.60 
Lighting 131.34 35.82 - 11.31 
Small-scale CHP 31.54 6.80 -8.54 
Gas turbines 236.52 34.02 -7.34 
Cooking 37.69 5.12 - 6.47 
Services space heating 337.39 40.20 -6.31 
Water heating 123.86 12.75 0.05 
Domestic space heating 562.72 54.87 2.65 
Industrial motive power 92.00 25.09 3.72 
City-wide CHP 61.50 14.79 11.91 
Renewables 69.38 18.92 15.73 
Process heat 328.77 18.71 16.23 
Industrial space heating 111.11 10.01 21.57 
Nuclear 133.40 36.38 27.42 
Advanced coal technology 102.49 3.49 33.56 
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