Note: Figure 1a, 1b, & Figure 1 in the main text are not available and Figures 1,
2 in Appendix to be improved

ANALYTI CAL FRAMEWORK FOR THE REDUCTI ON OF GREENHOUSE GAS EM SSI ONS *

1. | ntroduction

Human activities are now thought to have the potential to alter
significantly the Earth's climate on a global scale. This potential
derives fromincreasing atnospheric concentrations of the greenhouse gases
which are predicted to warmthe earth's | ower atnmosphere and surface by
reducing the efficiency with which it cools to space. The amount of
warm ng depends on the magnitude of the increase in concentr ation of each
greenhouse gas, the radiative properties of the gases involved, and the
concentration of other greenhouse gases already present in the atnosphere

The npst inportant greenhouse gases are water vapor, carbon dioxide,
nmet hane, nitrous oxi de, hal ocarbons (e.g., the chlorofluorocarbons), and
upper - tropospheric and | ower - stratospheric ozone.

The at nospheric concentrations of carbon dioxide, nethane, nitrous
oxi de, hal ocarbons and tropospheric ozone are primarily increasing because
of energy and agricultural practices. It should be noted, however, that
during the | ast few years there has been an increasing recognition that
some of the predicted gl obal warm ng may have been offset, especially in
the nort hern hem sphere, because industrial activities and bi omass burning
have increased the concentrati ons of atnospheric aerosols that reflect
incom ng solar radiation thus tending to cool the earth's | ower atnosphere
and surface. |In addition, the observed decrease in the concentration of
ozone in the lower stratosphere at all latitudes, except the tropics, over
the last two decades may have of fset the greenhouse affect of the
hal ocar bons.

2. Sour ces of Greenhouse (Ases

Carbon dioxide: The two prinmary sources of the observed increase in
at nospheri c carbon di oxi de are conbustion of fossil fuels and | and -use
changes; cenent production is a further mnor, but not insignificant,
source. The best estimate for global fossil fuel enmssions in 1990 is 6.0
+ 0.5 GQC
(1 & C (gigatonne of carbon) equals one billion [one thousand million
(10°)] tonnes of carbon). The direct net flux of carbon dioxide fromland -
use changes (primarily deforestation), integrated over tinme, depends upon
the area of |land deforested, the rate of reforestation and afforestation,

! This analytical framework has been produced by nodifying the Report of the

Ad-Hoc Wrking Goup On dobal Warming and Energy (AWSGAE) which net at the
Center for Energy and Environmental Studies, Princeton University, Princeton
(NJ), USA, on June 14-15, 1991, to discuss the paper prepared by Amul ya Reddy
for the AWBGWE on the basis of discussions of his prelimnary note at the
Scientific and Technical Advisory Panel (STAP) neeting held in Geneva April
22-24, 1991, and other inputs. The nodifications have taken into account
comment s recei ved on the AWBGAE Report.



the carbon density of the original and replacenent forests, and the fate of
above- ground and soil carbon. These and other factors are needed to

esti mate annual net emissions but significant uncertainties exist in our
guantitative know edge of them The best estimate of annual average net
flux to the atnosphere fromland-use change during the decade of the 1980s
isof 1.6 £ 1.0 GQC  The Food and Agriculture Organization (FAO, using
information supplied by individual countries, recently estimated that the
rate of global tropical deforestation in closed and open canopy forests for
the period 1981-1990 was about 17 Mia/yr, approximately 50% hi gher than in
the period 1976- 1980.

Met hane: A total (anthropogenic plus natural) annual em ssion of
met hane of about 500 Tg (1 Tg equals 102 granmes equals one million
tonnes) can be deduced fromthe magnitude of its sinks conbined with its
rate of accumulation in the atnmosphere. Wile the sum of the individua
sources is consistent with a total of 500 Tg nethane, there are still many
uncertainties in accurately quantifying the nagnitude of emnissions from
i ndi vi dual sources (natural wetlands, rice paddies, enteric fermentation
fromcattle, landfills, coal mining, oil, natural gas). Human activities
are thought to currently account for about 60-70% of the total em ssions.
Recent met hane isotopic studi es suggest that approxi mately 100 Tg met hane
(20% of the total methane source) is of fossil origin, largely fromthe
coal, oil, and natural gas industries. Recent studies of nethane em ssions
fromrice agriculture, in particular Japan, India, Australia, Thailand and
China, show that the em ssions depend on growi ng conditions, particularly
soil characteristics, and vary significantly, and may be nuch snaller than
previously estimted.

N trous Oxide: The sum of all known ant hropogeni ¢ and natura
sources of nitrous oxide is barely sufficient to balance the cal cul ated
at nospheri c sink (stratospheric photolysis) or to explain the observed
increase in the atmospheric abundance of nitrous oxide. Recently, adipic
acid (nylon) production, nitric acid production and autonobiles with
three-way catal ysts have been identified as possibly significant
ant hropogeni ¢ gl obal sources of nitrous oxide.

Hal ocarbons: The worl dwi de consunption of chlorofl uorocarbons 11,
12, and 113 is now 40% bel ow 1986 | evels, substantially bel ow the amounts

pernmitted under the Montreal Protocol. Further schedul ed em ssions
reductions are mandated by the 1990 London Amendnents to the Montrea
Protocol leading to a conplete phase-out of all long-lived

chl orof | uorocarbons by the year 2000. As chlorofl uorocarbons are phased
out, hydrochl orofl uorocarbons and hydrof | uorocarbons will substitute, but

at lower em ssion rates

Qzone:  About 90% of atnospheric ozone resides in the stratosphere
and about 10%in the troposphere. Ozone is an effective greenhouse gas in
t he upper troposphere and | ower stratosphere (i.e., 8-25 kmaltitude).
Significant decreases have been observed in the total colum content of
ozone during the | ast two decades at all |atitudes, except the tropics,

t hroughout the year with the downward trends being | arger during the 1980s
than in the 1970s.

Stratospheric Qzone: The decreases in stratospheric ozone have
occurred predom nantly in the | ower stratosphere (bel ow 25kn), where the



rate of decrease has been up to 10% per decade depending on altitude. The
wei ght of scientific evidence suggests that anthropogenic chlorine - and

br oni ne- cont ai ni ng hal ocarbons are responsible for the obser ved reducti ons
in mddl e- and high latitude stratospheric ozone. Even if the contro
neasures of the 1990 London anendments to the Montreal Protocol were to be

i mpl emented by all nations, the abundance of stratospheric chlorine and
bromine will increase over the next several years. Consequently, ozone
depletion at these latitudes is predicted to continue unabated through the

| 990s.

Tropospheric Ozone: There is evidence to indicate that ozone |evels
in the troposphere up to 10 kmaltitude above the few existing ozonesonde
stations at northern middle latitudes have increased by about 10% per
decade over the past two decades. The abundance of carbon nonoxide, an
ozone precursor in the troposphere, appears to be increasing in the
nort hern hem sphere at about 1% per year, however, there is little
information on the global trends of other tropospheric ozone precursors
(non-met hane hydrocarbons and oxi des of nitrogen). Each of these ozone
precursors have significant natural and anthropogeni c sources, but thei r
detai | ed budgets remai n uncert ain.

3. Rel ati onshi p Bet ween Emi ssions and At nospheric Concentrations

A key issue is to relate enissions of greenhouse gases and greenhouse
gas precursors to future concentrati ons of greenhouse gases in order to
assess their inpact on the radiative bal ance and thereby the Earth's
climate. A nunber of different types of carbon cycle and tropospheric
chenmi stry nodel s have been devel oped for this purpose. However, it should
be noted that all carbon cycle nodels are subject to considerabl e
uncertai nty because of an inadequate understandi ng of the processes
controlling the uptake and rel ease of carbon dioxide fromthe oceans and
terrestrial ecosystens. Simlarly, tropospheric chem stry nodel s exhibit
substantial differences i n their predictions of changes in ozone, and in
ot her chemically inportant active gases due to em ssions of nethane,
non- net hane hydr ocar bons, carbon nonoxide and, in particul ar, oxides of
ni trogen, because of uncertainties in the know edge of background c henica
conposition and our inability to represent small -scale processes occurring
wi thin the atnosphere.

4, d obal Warning Potentials

Gases can exert a radiative forcing both directly and indirectly --
direct forcing occurs when the gas itself is a gr eenhouse gas; indirect
forcing occurs when chemical transformation of the original gas produces a
gas or gases whi ch thensel ves are greenhouse gases. The concept of the
d obal Warnming Potential (GAP) has been devel oped for policy -nmekers as a
nmeasure of the possible warnm ng effect on the surface-troposphere system
arising fromthe em ssion of each gas relative to carbon di oxi de. The
indices are calculated for the contenporary atnosphere and do not take into
account possible changes in chem cal conposition of the atnosphere.

Changes in radiative forcing due to carbon di oxide, on a nass (e.g., kg)
basis, are non-linear with changes in the atnospheric carbon dioxide
concentrations. Hence, as carbon dioxide |levels increase from present

val ues, the GAPs of the non-carbon dioxi de gases woul d be hi gher than those
eval uated here. For the concept to be nost useful, both the direct and



i ndi rect conponents of the GAP need to be quantified.

Direct Gobal Warnming Potentials: The direct conponents of the
d obal Warm ng Potentials (GAPs) have been cal cul ated, taking into account
revised estimated lifetimes, for a set of time horizons ranging from20 to
500 years, with carbon dioxi de, as the reference gas. The tabl e bel ow shows
val ues for a selected set of key gases f or the 100-year time horizon. The
carbon cycle nodel used in these cal cul ati ons probably sonewhat
underestimates both the direct and indirect GAP values for all non -carbon
di oxi de gases. The magni tude of the bias depends on the atnospheric
lifetime of the gas, and the GAP tine horizon.

Indirect dobal Warnming Potentials: Because of our inconplete
under st andi ng of chem cal processes, nost of the indirect GAPs reported in
I PCC (1990) are likely to be in substantial error, and none of them can be
recormended. However, it is clear that the indirect GAP for nethane is
positive and could be conparable in magnitude to its direct value. In
contrast, the indirect GAPs for chlorine and brom ne hal ocarbons are |ikely
to be negative because they are likely to be t he cause of the observed
gl obal ozone depletion in the | ower stratosphere. The concept of a GAP for
short-lived, inhonobgeneously distributed constituents, such as carbon
nonoxi de, non-nethane hydrocar bons, and oxi des of nitrogen may prove
i nappl i cabl e, although, as noted above, we know that these constituents
will affect the radi ative balance of the atnosphere through changes in
tropospheric ozone and the hydroxyl radical, which controls the atnospheric
lifetime of many tropospheric species such as nethane and
hydr ochl rofl uorocarbons. Simlarly, a GAP for sulfur dioxide is viewed to
be i napplicabl e because of the non-uniformdistribution of sul phate
aerosol s

d obal Warming Potentials (100 year tine horizon)

GAS Dl RECT GAP SI GN OF | NDI RECT GWP
Car bon di oxi de 1 none
Met hane 11 positive
Ni t rous oxide 270 uncertain
CFC-11 3400 negative
CFC- 12 7100 negative
HCFC- 22 1600 negative
HFC- 134a 1200 none
Car bon nonoxi de - - positive
Oxi des of -- uncertain
ni trogen
Non- net hane - - positive
hydr ocar bons




*  The GWP val ues are dependent upon the tinme horizon chosen because of
the different atnospheric lifetinmes of the gases, e.g., the direct
GWPs for nmethane for 20 and 500 year time horizons are 35 and 4,
respectively.

5. Rel ati ve I nportance of G eenhouse ases

Conbi ning the 1990 emi ssions of greenhouse gases with their gl oba
warm ng potentials suggests that the nost inportant greenhouse gas directly
i nfl uenced by human activities is carbon dioxi de, w th methane being the
second nost inportant. Mrre than half of the enhanced greenhouse affect
can be attributed to carbon dioxide, with nmethane being responsible for up
to another quarter.

6. Future Enmi ssions of G eenhouse Gases

Future em ssions of greenhouse gases will depend upon a w de range of
econoni ¢, denographic and policy conditions and are inherently
controversial to predict because they reflect different views of the
future. Considerabl e uncertainties surround the evolution of the types and
| evel s of human activities (including economic growh and structure),

t echnol ogi cal advances, and hunan responses to possi bl e environnental,
econonmi ¢ and institutional constraints. Consequently, predicting future
em ssions of greenhouse gases fromfossil fuel and biotic sources is
inherently difficult because it requires enbodying a w de array of
assunptions on factors such as popul ati on growth, econonic growh
structural changes in economes, role of nuclear power, fossil fue

avai lability, energy prices, technol ogi cal advances, the rate of diffus ion
of renewabl e energy technol ogi es, changes in | and-use patterns
(particularly rates of deforestation), food demand, agricultura
productivity, and | and tenure poli cies.

It is, clear, however, that if present trends persist, it is very
likely that the resulting inmpacts on the gl obal atmosphere will |ead
eventual ly to changes of the global climate that seriously perturb human
soci eti es and perhaps even endanger human life. Further, the response tine
of the climate systemis such that by the tinme signifi cant changes are
detected it may be too late to rectify the situation. This is why even
though there is still much scientific disagreement on the extent and |ikely
consequences of gl obal warning, many countries are committed to putting
precautionary policies in place, of which the GEF is a part. The idea is
that, as further evidence on global warming and its consequences is
gathered, the investments of the GEF will |eave the international comunity
better-placed to reduce carbon accumul ations to safe levels, over the long
term should the need arise. The approach can be described either as an
i nsurance policy or as "preventive mai nt enance" in engineering parlance,
i.e., taking steps to avoi d breakdowns that necessitate repair. Anong
these steps are those directed towards the reducti on of greenhouse gas
em ssions. However, virtually all these steps involve investnents and
therefore there has to be strategy for reduci ng greenhouse gas em ssions.

7. Least - Cost Emissions Planning -- the |deal Approach

Invest nents should be directed towards that nix of technol ogies?

2 The word "technol ogi es” has been used here to be synonymous with “"projects" in

the sense that every project presunes a technol ogy upon which it is based and
every technol ogy can be used to design a project around it.



whi ch can achi eve the maxi mum reduction in em ssions for a given
investment. The identification of such a mx requires information on the
unit cost of em ssions reduction for the various techno |l ogies and the
magni t ude of the em ssions reduction achi evable with these technol ogi es.

If this information were avail able, one coul d adopt a | east -cost
em ssions-reduction strategy based on cost -em ssions-reduction-technol ogy
(CERT) curves. These curves are constructed (cf. Appendix 1) by choosing
the technology with the |owest unit cost of em ssions reduction as the
first element of the mix, exploiting its enissions reduction potenti al
choosi ng the next nost expensive technol ogy as the second el enent of the
m x, and so on. Thus, one can either estimate the total investnent that is
required for the m x of technol ogies to achieve a given magnitude of
em ssions reduction or one can identify which mx of technologies is likely
to achi eve the maxi mum emi ssions reduction for a given total investnent.

Least-cost-em ssions planning is a worthwhil e approach to nove
towards, for several inportant reasons:

it takes into account both the cost -effectiveness of a technology in
reduci ng greenhouse gas (GHG enmissions as well the potential inpact of
that technology with regard to em ssions-reduction;

it treats the supply-side and demand-si de options for reducing GHG

em ssions on equal terns and does not discrimnnate agai nst either of

t hem

it ensures that different technol ogies are conpared and prioritized on
the basis of their cost-effectiveness (unit costs and potentia

em ssions-reduction);

it provides sone idea of how much reduction in emssions is achievable
(say, in percentage terns) and what cost;

it constitutes a powerful heuristic for devel opi ng an i nvestnment
strategy and portfolio for reduci ng GHG eni ssi ons.

Unfortunately all this is easier said than done because of the many
conceptual and met hodol ogi cal problens in conputing the costs of
interventions and in estimating the benefits or effectiveness. |In the
first place, there has to be an agreed net hodol ogy of conputing the costs
of an em ssions-reduction technology, and in particular the incremental
costs over and above the conventional technology. And, thee benfits depend
upon t he objective of the intervention. |f what was needed was, say, for
the OECD and CI' S countries to reduce gradually their net CO, emi ssions from
ener gy production and use by 20% relative to today's levels, and for
devel opi ng countries to reduce the rate of growh of energy consunption
from 6% per year to 4% per year (a major reduction), then this could be
acconplished by reformng energy pricing policies andd other neasures to
i mprove energy efficiency. However, even wi th such inproverments in energy
ef fi ci ency, global CO, em ssions each year wouls still be tw cee their
present levels in 40 years tine and carbon accunul ations would |ikew se be
twice theirr present levels by the middl e of the century; the gl oba
warm ng probl em woul d have been del ayed a decade or two, but would have
been substantially unaddressed. It is nore inportant to have the objective
of stabilizing carbon accumul ations in the atnmosphere at sonmee safe |eve
over the long term Thus, effectiveness cannot be divorced from objectives
and benefits cannot be separated fromtargets.



8. Costs of Stabilizing/Reduci ng Carbon Accunul ations

Consider a situation (Figure 1la) in which carbon accurul ations are

ri sing over tine due to the dependence on conventional fossil-fuel energy
technologies. If alimt is set on the safe | evel of accunulations, then

it would be necessary to switch eventually to the non-fossil alternatives.
Suppose, for heuristic purposes, the switch is assuned to take place at
the timee T in a step-function fashion (Figure 1b), then the nmargi nal cost
of energy consunption would change fromthe fossil -fuel value of "f" to the
mar gi nal costss of the non-fossil fuel alternatives, "n". Then, the
present value of the extra marginal cost at the timet =0 is

Co = (n-f)(2+r) "

Thus, the actual marginal cost of fossil fuel consunption is f o+co and co i s
the carbon tax

9. Technol ogi es for Least - Cost Em ssions Pl anni ng

What characteristics should technol ogi es possess before they are
considered for inclusion in |east-cost em ssions planning? In particular,
what shoul d be the state of readi ness of the technol ogies?

It is well-known that before a technol ogy penetrates the econony, it
has to pass through several stages:

the technology must be "right" -- its technical potential should have
been achi eved through research and devel oprment, and awar eness of this
potential should be w despread anong technol ogy - adopters t hrough

denonstration, communication and experience, i.e., the R & D nust be
conpl ete and the technol ogy nust be proved and denonstrated
the costs nust be "right" -- its econom c potential should have been

realized through cost -reduction based on mass production and

organi zati onal learning (in the case of nodest -scale and nodul ar

t echnol ogi es) ;

the market nmust be "right" -- its market potential should have been
realized by ensuring that narket inperfections are overconme and

mar ket barriers are surnounted.

A fundanental distinction can, therefore, be drawn between two
cl asses of technol ogi es

al ready-avail abl e technol ogi es that have penetrated (or are ready to
penetrate) the econony because they are technol ogically proven and
econoni cal ly viable and the nmarket environnent for themis conducive
potentially-availabl e technol ogi es that pronise even greater globa
envi ronmental benefits than the already-avail able technologies if
they can becone inpl enentabl e by making the technol ogy, econonics and
market "right" even though at present they are not yet "right".

The potentially-available technologies yield, for the same tota
i nvestment, a greater emissions reduction than that for the already -
avai |l abl e technol ogi es that have penetrated the economy. In other words,
the potentially-available set includes technol ogies corresponding to a
| ower investnent for the sane em ssions reduction, and therefore, the
adoption of this class of technol ogi es may reduce em ssions reduction costs
significantly.



But, mai nstream financing nechanisns are unlikely to support the
potentially-available class of technologies -- these technologies tend to
be viewed as unvi abl e because they have not shown the ability to penetrate
the market. Hence, they require special funding mechani sns to nake them
technol ogi cal | y proven, econonmically viable and t o denbnstrate how to nake
t he market environment conducive for them |In such a situation, the
speci al fundi ng nmechani sns nust assist the technology in the potentially -
avai l able class to achieve its full em ssions-reduction potential by

maki ng the technology "right" through denonstration of the technol ogy
(assumng that the R & D is over);

maki ng the costs "right" through inprovenents in the cost -effectiveness
of the technol ogy, for instance, through mass production and through
organi zational learning in the case of nodest -scale and nodul ar

t echnol ogi es;

maki ng the nmarket environnent "right" through pilot experinents that
denonstrate how to overcome the barriers to the snooth and effective
functioning of the market.

In addition to the "readiness" of a technology to penetrate the
market, there is also the question of the em ssions reduction potential of
t he technol ogy.

Taki ng both these factors into account, several categories of
technol ogi es can therefore be identified:

the growth-oriented set (GOS) of technol ogically proven, economically

vi abl e and narket -worthy technol ogies to pronote the econom c growth of
a country

the globally environmentally sound set (GESS) of technol ogi es that
advance the protection and i nprovenent of the global environment

the set (PACESS) of potentially-available globally environmentally sound
t echnol ogi es that prom se even greater gl obal environnental benefits
than the al ready-avail abl e technol ogi es, but are handi capped by the fact
that they are not yet ready for inplementation when they can be made

i mpl enentable with a special funding mechani sm

These three sets of technol ogies can be represented by three circles
wi th various degrees of overlap (Figure 1 on next page). Severa
concl usi ons can be drawn from such a di agram

Concl usion #1: Unless a technology is technol ogically proven and
econonmically viable, it will not appear in the country's portfolio --
hence, there will be zero overlap between the not -yet-ready set (PAGESS) of
potential | y-avail abl e technol ogi es and the growh-oriented set (GOS).

Conclusion #2: If the globally environmentally sound set (GESS) of
t echnol ogi es overl aps conpletely with the growh -oriented set (GOS) of
technol ogi es, then the mainstream financing that supports the latter will
by itself provide emi ssions reduction as a bonus -- no specia
envi ronmental funding is necessary?

Conclusion #3: If there is only partial overlap between the globally
environnmental | y sound set (CGESS) of technol ogi es and the growt h-oriented

5 In other words, all projects with social rates of return greater than the

cut-off rate produce desirabl e em ssions reductions.



set (GOS), then sol e dependence on mainstream financing will exclude
technol ogies in the GESS set, because they cannot be justified on the basis
of the country's econonic criteria however inportant they nay be froma

gl obal em ssions-reduction point of view -- in this case, specia
environnmental funding is essential to harness the emnissions -reduction
potential of the excluded technol ogies.

Concl usi on #4: In order to achi eve the maxi mum em ssi ons reduction
it is not sufficient to rest content with the globally environmentally
sound set (GESS) of technologies that qualify for mainstreamfinancing. It

is necessary to enlarge the choice by including for inplenentation not -yet-
ready but environnentally prom sing technol ogies fromthe PAGESS set o f
potentially-availabl e technologies. But this means that not -yet-ready
technol ogi es nust be assisted to achieve their full technical, econonic and
mar ket potential before they can spread with mainstream fi nancing. This
assi stance can only be provided by special funding nechani sms.

10. Technol ogi es for GEF Fundi ng

Hence, a special funding mechani sm such as the G obal Environnent
Facility (CGEF) has a unique and key role in protecting the gl oba
environment -- a role that cannot be achieved through nainstreamfinancing.

This role consists of supporting projects involving two categories of
t echnol ogi es:

(1) technol ogi es that prom se even greater benefits than the already -
avail abl e technol ogi es but are handi capped by the fact that they are not
yet ready for inplementation (these may be called Type I)

(2) technol ogi es that woul d be excluded froma country's portfolio on
econom ¢ grounds even though they confer gl obal environmental benefits
(these may be called Type I1).

There is a fundanmental difference between these two categories of
technol ogi es. Though the Type Il category has already achieved its ful
techni cal, econom ¢ and nmarket potential and can therefore be supported by
conventional financing nechanisnms, it would be excluded froma country's
portfolio because it is costlier than "dirtier" technologies which tend to
be chosen in capital -scarce situations. |n contrast, the Type | category
has not yet achieved its full potential (it nay require denonstration, cost
reduction, pilot-phase dissen nation trials, etc.) and therefore cannot do
wi t hout a special funding mechani smsuch as the GEF

There is another way of |ooking at the distinction. Normally,
technol ogi es that qualify for mainstream Wrld Bank financing disqualify
t hemsel ves for CGEF f unding. However, if there are technol ogi es that cannot
be justified on the basis of the country's criteria and woul d therefore be
excl uded even though gl obal environmental benefits would flow fromthem
speci al environmental GEF funding is essential to harness the emni ssions-
reduction potential of the excluded technologies. |In other words, if the
criteria of mainstream financing such as the Wirld Bank are identical to
the country's criteria® then one can say that GEF supports globally
desirabl e projects whereas mai nstream financing only supports nationally
desirabl e projects.

Wth regard to Type | technol ogies, after a special funding nechanism

4 And this need not be the case!



such as CGEF assists this type to achieve its full technical, econom c and
mar ket potential, mainstreamfinancing can take over -- hence, there is a
"upward conpatibility" of the GEF funding of this category of technol ogies
with World Bank funding. GEF nust only run the first leg of the "Race to
Save the Planet"; when it has hel ped to get the technol ogi es, costs and
markets "right", and worked out how the project can be replicated

el sewhere, GEF nmust hand over the baton to the World Bank

The special funding mechani sm GEF, nust focus on naki ng technol ogi es
i mpl ementabl e, rather than on disseninating technologies which is a task
for mainstream WB financing. Thus, GEF should support the devel opnent of
i mpl ement ati on packages identifying and specifying all the hardware as wel
as the software (policies, policy instrunents, policy agents, institutions,
fi nanci ng, nanagenent, etc.) required to utilize the hardware and nake it
spread in the econony.

11. Criteria for GEF funding

The anal ytical franmework that has been devel oped above | eads the
followi ng set of criteria for GEF funding for reducing and limting
greenhouse gas emssions. In the first place, the project should satisfy
the foll owi ng necessary criteria:

1. A successful project should lead to potential benefits for the
gl obal environnment in terns of reducing the net em ssions of
greenhouse gases

2. The setting in which the project will be inplenented shoul d be
ready enough to ensure that the project has a good chance of
succeeding in its objectives

3. The project should be capabl e of being devel oped and approved
inatim period short enough to match the GEF tinme horizon

If there are definite constraints on the funds available -- as is the
case with the present pilot phase of GEF -- it would be advantageous if the
restricted funds are used to i nnovate. Thus,

4. O her things being equal, a GEF pilot-phase project should be
i nnovative and do sonet hi ng new.

Qovi ously, as GEF or sone CGEF-1ike mechani smnmoves into its operationa
phase, the prem um on innovativeness will dimnish and the projects need
not necessarily be novel. Rather, their cost -effectiveness and beneficia
i mpact on the gl obal environment are far nore inportant.

But, the above criteria are not sufficient; in addition, the project
shoul d satisfy one or nore of the following criteria.

5. Wthout CEF funding, the project should face exclusion fromthe
country's portfolio even though it has significant globa
environnental benefits.

6. Though a project may satisfy the criteria (1) to (4), it may
i nvol ve an emni ssions-reduction technology (ERT) that has not yet
achieved its full technical, econon c and nmarket potential even
though its em ssions-reduction potential may be far greater than
that of the technol ogi es conventional ly depl oyed. The realization
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of the enissions-reduction potential of such a promnising
technol ogy requires that it nust be assisted to achieve its ful
technical, economic and narket potential because mainstream
financing will not deemit ready for support

In the case of a project involving such a prom sing ERT that has not
yet achieved its full technical , econonic and market potential, at
| east one of the following sub-criteria nust be net to make the
project eligible for GEF selection

6.1 G ven that an enissions-reduction technology (ERT) is
technically feasible (in the sense that the research and
devel opnent are conplete) but not yet proven, GEF support is
necessary to denmonstrate the technology and prove its functioning;

6.2 G ven that an ERT has been technically proven, GEF support is
necessary to make it econonically viable by getting the costs
"right", i.e., the technology needs to capture the econom es of
mass producti on and organi zational learning (in the case of
nodest - scal e and nodul ar technol ogi es);

6.3 G ven that an ERT is econom cally viable (using accepted socia
rat her than consuner/financial criteria), GEF support is necessary
to denonstrate how to make the ERT narketable by showi ng how to
overcome the narket inperfections and surnount the narket
barriers

6.4. CEF support nakes the ERT inpl ementabl e because it woul d not be
i mpl enented without this denonstration and proof of
i mpl enentability

7. To ensure the replicability of the project both within the
country and in other countries, the project should

7.1 result in the preparation of conplete inplementati on packages
identifying and specifying all the hardware as well as the
software (policies, policy instrunents, policy agents,
institutions, financing, managenent, etc.) required to utilize the
har dwar e and make it spread in the econony.

7.2 ensure that performance eval uation plans, such as nonitoring
of actual greenhouse gas reduction neasures and their cost -
ef fecti veness, should be built into the project.

O course, it will be a bonus if a project

8. has the potential of yielding eventual multiple benefits, i.e.,
benefits to other CEF areas.

The above criteria nust be seen as necessary conditions to be
satisfied for GEF eligibility, i.e., if the project does not satisfy these
criteria, it disqualifies itself and beconmes ineligible for inclusion in
the set of projects identi fied for GEF consideration. But, the criteria
are not sufficient to nake a project qualify for funding; for that, it is
necessary that the project area should be considered as a priority area
(cf. Appendix 2 on Priorities) and that the project should have intrinsic
merit.
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12. Types of Interventions to reduce and linit Enissions of
Greenhouse Gases

The main types of interventions to reduce and Iimt em ssions of
greenhouse gases are as foll ows:

| nprovenents in End-use Efficiency

Reduction of Emi ssions Intensity of Energy Production

Encour agenent of shifts to beneficial energy carriers and transport
nodes

Reductions of emissions of non-carbon dioxi de GHGs

Transmi ssion and Distribution Efficiency

Enmi ssi ons Reduction at the point of End-use

Conbatti ng deforestation

CGHG sequestration

13. Priorities for GEF Fundi ng

The above categories of interventions that can result in a reduction
of GHG emi ssions and in sequestration of GHG can be used to develop a I|i st
of project areas (cf. Section 4 of Appendix 2) that nerit consideration for
CEF funding. Because the Iist of projects in Section 4 of Appendix 2 is
very large, it is unlikely to be of much use in practice. Hence, it is
essential to prioritize the projects.

Ideally, the prioritization should be done on the basis of |east -cost
em ssions-reduction planning so that a selection can be made of all the
t echnogi es/ projects that constitute the m x of technologies that yield the
maxi mum potential emnissions reduction for a given investnent. Wthin this
m x, the technol ogi es can be ranked according to increasing unit cost of
em ssions reduction, i.e., decreasing cost -effectiveness. Alternatively,
they can be ranked according to decreasi ng nmagni tude of (potential)
emi ssi ons reduction.

To operate this prioritization procedure, it is necessary to have
reliable data on the unit cost of em ssions reduction and the magnitude of
potential em ssions reduction of the various technol ogies. Unfortunately,
this data is not readily available in a standardi zed and assenbl ed form
An urgent task, therefore, is to assenble this data.

One can also initiate a process of giving to each project a score by
using each criterion, assigning marks say on a one -to-ten scal e,
mul tiplying these marks by an agreed wei ghting factor and then adding the
wei ghted marks for all the criteria. Such a process should be initiated as
soon as possible. The projects can then be prioritized on the basis of
their scores.

In the neantinme, the only prioritization that can be done inmedi ately
is that based on synthesizing the priorities assigned by experts along with
the rationale for these priorities.

Taking into account the criteria, the experts of the Ad-hoc Wrking
G oup on dobal Warm ng and Energy assenbl ed by ST AP have suggested
al l ocations between different generic types of intervention that would | ead
to a reduction of em ssions of greenhouse gases interventions areas. A
consensus was reached in favour of the follow ng allocations between these
types of interventions related to em ssions reduction:
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o] | nprovenents in End-use Efficiency ...................... 35%

o] Reduction of Emi ssions Intensity of Energy Production ...30%
o] Encour agenent of beneficial shifts in energy carriers
transport NMDAES . ... ...t e 10%
o} Reductions of emi ssions of other GHGs ..................... 15%

and the bal ance of 10% f or ot her areas, viz.

Transmi ssion and Distribution Efficiency

Enmi ssi ons Reduction at the point of End-use
Conbatti ng deforestation

GHG sequestration

Wthin the above generic types of intervention for which 90% of CEF
fundi ng has been suggested, the followi ng 14 project areas have been
recommended by the experts as being of high priority.

A | nprovenent of end-use efficiency

o] Reduction of energy intensity of basic materials
o} Efficient notors and drives

o] Li ghti ng

o] Irrigation Punpsets

o] Vehi cl e Fuel Efficiency

o] Wat er Heating

B. Reduction of Emissions Intensity of Energy Production

o} Phot ovol tai cs

o} Bi omass Gasi fiers/ Gas Turbi nes

o] G owi ng and using bi omass sustainably to replace fossil fuels
o] Advanced efficient gas turbine cycles

C Encour agenent of Beneficial Fuel and Transport Modal Shifts
o] Transport Mdal Shifts

D. Reduction of non-CO, G eenhouse Gases

o} U ban and Rural Waste Treatnent

o] Reduction of flaring/venting of natural gas

o] Reduction of rel eases associated with coal m ning

It is suggested that 80% of the allocation for each generic area A,
B, Cand D be directed to the priority project areas within the generic
area and the bal ance for other prom sing project areas not |isted here.

13.1. Research Activities

A smal | percentage of funds, say 5% should be used for research
activities targeted to support GEF objectives in general and GEF projects
in particular.

Two categories of research activities nmust be assigned priority:

1. In parallel with each GEF project, research nust be carried out
to permt |east-cost emnssions-reductions planning based on
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conbining the unit cost of em ssions reductions and the potentia
em ssions reductions for various options into cost -em ssions-
reducti on-technol ogy (CERT) curves.

A research conponent should be built into every project for

nmeasuri ng the actual performance and cost -effectiveness of the
greenhouse gas em ssi ons reduction neasure.
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APPENDI X 1: COST- EM SSI ONS- REDUCTI ON- TECHNOLOGY CURVES

1. Em ssi ons of G eenhouse Gases

The magni tude (EGHG of the enissions of greenhouse gases (GHG may be
described very sinply with the formul a:

EGHG = GDP x EGHG = GP x EIE .. .. . (1)
GbP

where EIE = Enmissions Intensity of the Econony.

A total investnment | (on capital and on operation and mai ntenance (O &
M costs) can produce changes in the em ssions of greenhouse gases, /\ECGHG
via changes in the em ssions intensity of the econony, /\EIE, and changes in
the GDP, /\CGDP

JNEGHG = {GDP X /\EIE} + { /\GDP X EIE} ..o (2)
| | |

If a condition is inposed that investnments should not produce decreases in the
GDP, and in fact, they should produce increases in GDP, then it is necessary
that investnents should produce decreases in the emissions intensity of the
econony in order to produce an overall reduction in the emssions of
gr eenhouse gases. Thus, reductions of the em ssions of greenhouse gases
should be achieved by reducing the emssions intensity of the econony.
Ceneric ways of achieving this reduction in the emssions intensity of the
econony are discussed in the conpanion note (Appendix 2) on Priorities for GEF
Fundi ng to conbat d obal Warm ng

The expression (2) for the inpact of investnments on the reduction in the
em ssi ons of greenhouse gases has two interesting inplications.

(1) It is possible that an investnment | can produce a positive /\GP
along with a negative /\EIE, i.e., an increase in the GDP along with
a reduction in the em ssions of greenhouse gases. Cearly, such

investnments that benefit both the environnment and devel opnent are
preferable to investnments that solely benefit the environment to the
same extent. In fact, in developing countries, investnents that
resol ve the so-called environnent-devel opnent conflict by having the
multiple benefit of advancing developnment whilst inproving the
envi ronment nust be actively pursued.

—~

i) Assuming that an investnment | produces a negative /\EIE i.e.
there is a reduction in the em ssions intensity of the econony, it is
obvious that the ratio (/\EGHEF 1) is the em ssions reduction "bang"
per investnment "buck" and that this effectiveness of investnents is
determined by (/\EIE/I), the reduction in the em ssions intensity of
t he econony achi eved per $ of investnent.
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2. Choice of the Mx of Technol ogies for Enissions Reduction

The magni tude of the reduction in the em ssions intensity of the econony
achi eved per $ of investnent, i.e., (/\EIE/I), depends upon the technol ogi es
for em ssions reduction. The generic types of these technol ogies are

0 | mprovenents in End-use Efficiency

0 Reduction of Emi ssions Intensity of Energy Production

0 Encouragenment of beneficial shifts in energy carriers and
transport nodes

o} Reducti ons of em ssions of other GHGs

0 Transm ssion and Distribution Efficiency

0 Em ssi ons Reduction at the point of End-use

0 Conmbatting deforestation

0 GHG sequestrati on

VWhat nerits consideration here is the guideline that investnents should
be directed towards that pnix of technologies which achieves the naxinmum
reduction in emssions for a given investnent.

The identification of this mx requires information on

(1) the em ssions reduction per $ of investnent, (/\EGHGI), or its
reci procal, viz., the unit cost of em ssions reduction, (I1//\EGHG,
for the various technol ogi es, and

(ii) the magnitude of the em ssions reduction, /\EGHG achievable wth
t hese technol ogi es.

If this information were available, one could construct a cost-
em ssi ons-reduction-technol ogy (CERT) curve as shown below in Figure 1. The
area under such a CERT curve would yield the total investnment that is required
for the m x of technol ogies to achieve a given em ssions reduction. And since
the X-axis neasures the em ssions reduction, /\EGHG one could either identify

0 which mx of technologies is likely to achieve the maximm
em ssions reduction, /\EGHG for a given total investnent | or

0 how much total investment is required to achieve a given magnitude
of em ssions reduction /\ EGHG
Figure 1: Cost-Eni ssions-Reduction-Technol ogy Curves

| Ts
l/I\EGHRd e

|
|
| T
|
|
Em ssi ons Reduction /\ EGHG
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3. Cl asses of Technol ogies to be included in CERT curves

VWhat characteristics should technologies possess before they are
considered for inclusion in the CERT curves?

One approach is to restrict attention only to already-available
technol ogies that have penetrated (or are ready to penetrate) the econony
because they are technol ogically proven and economically viable and the market
environnent for themis conducive.

But, even anong these technol ogies there are two categories.

Figure 2: CERT Curves for Different Technol ogy C asses

------------------------------ CGEF(11) Achi evenent

I nvest nent | Ta VB
I nvestment " GEF(Il)  --emme---- Ts' GEF(1)
VB B
c——e s T,
T, -
__________ TSI
I/ B e
[\ EGHG Ty GEF(1)
T

Firstly, there are the technologically proven, economcally viable and
mar ket -worthy technologies T,, T, ..., T;, that nake up the country's growth
portfolio because they pronote the economc growmh of a country -- they may be
designated the WB technologies since they are eligible for support by
mai nstream financing such as the Wrld Bank. The resulting CERT curve
| abelled WB in Figure 2 shows how rmuch em ssions reduction, /\EGHG can be
achieved with ready technol ogi es for which the technol ogi es, costs and markets
are right and conventional financing nechanisns are operating.

But, there are also the technologies T,", T,", ..., T;", -- designated
the GEF(I1) class -- that would be excluded from a country's portfolio even
t hough they confer global environnmental benefits because they are costlier
than the WB category. The resulting CERT curve labelled GEF(I1) in Figure 2
shows that /\EGHG' > /\EGHG i.e., nore enissions reduction can be achieved
with GEF(11) technol ogies conpared to the WB technol ogi es.

Then, there are potentially-available technologies that prom se even
greater global environnental benefits than the al ready-avail abl e technol ogi es,
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but they are handi capped by the fact that the technol ogy, econom cs and mar ket
are not yet "right" but can be made "right".

The CGEF(11) class of technologies would be excluded from nainstream
financing on cost grounds and therefore require special funding nechanisns
such as GEF. Mainstream financi ng mechani sns are also unlikely to support the
CGEF(1) class of technol ogies; they require special funding nechanisns to make
them technologically proven, economically viable and to make the narket
envi ronnment conduci ve. In such a situation, the special funding nechanisns
such as the CGEF nust assist the GEF(1) class of technologies and nake them
i npl ement able by assisting themto realize their full technical, econom c and
mar ket potenti al .

If one considers for inclusion in the CERT curves those technol ogies
T, T, ..., T;', of the GEF(Il) class for which the technol ogy, econom cs and
mar ket are not yet right -- but can be made right -- then the resulting CERT
curve labelled GEF(1) in Figure 2 would reveal the reduction in the em ssions
of greenhouse gases, /\EGHG, that is possible if the technol ogy, econonics
and market are made right with the relevant investnent. In general, one would
expect that, for the sanme total investnent |, the nore advanced technol ogies
T, T, ..., Ti', ... would yield a nuch greater em ssions reduction,
/I\EGHG , (cf. the CERT curve l|labelled GEF(l) in Figure 2) than the em ssions
reduction, /\EGHG for the WB-class of technologies T, T,, ..., T,.. In
ot her words, the GEF(1) curve corresponds to a lower investnment |I' (than the |
for the WB curve) for the same em ssions reduction, i.e., the adoption of
CGEF(1)-class of technologies will reduce costs significantly.
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APPENDI X 2: PRI ORI TIES FOR GEF FUNDI NG FOR REDUCI NG & LI M TI NG GHG EM SSI ONS

1. | nt roducti on

The two basic approaches to the reduction of the concentration of
gr eenhouse gases (GHG in the atnosphere are

(1) reduction of the em ssions of GHG and
(2) sequestration of the GHG

In the context of global warming, it is necessary to consider the
following GHG CG,, CH,, CFCs, tropospheric G, and N;O The radiative forcing
and lifetimes of each of these gases is different but it is possible to
attribute to all the GHG carbon-equi val ent em ssi ons.

2. Eni ssi ons of G eenhouse Gases and Energy Services

The total em ssions of greenhouse gases and the total services provided
by the energy system can be described with the foll ow ng expressions:

EM SSI ONS = POP" x GDP x En. PROD' x [EM SSI ONS, + {En. CONS"
POP" GDP En. PROD' En. PROD'

x EM SSI ONS} ]
En. CONS"

SERVICES = POP" x GDP x En. PROD' x En. CONS' x SERVI CES
POP" GDP En. PROD' En. CONS"

where EM SSIONS is the total em ssions, POPn, the popul ation, GDP, the G oss
Domestic Product, En. PROD', the energy production, EM SSIONS, the enissions
on the energy production side, En. CONS', the energy consunption, EM SSI ONS,
the em ssions on the energy consunption side, and SERVICES, the total energy
servi ces.

It is also possible to define an em ssions/services ratio

[EM SSI ONS, + {En. CONS” x EM SSI ONS}]
En. PROD' En. PROD'  En. CONS"
EMBR = EM SSI ONS = - === oo - mm e oo ommm oo me oo ee oo
SERVI CES En. CONS" x SERVI CES
En. PROD' En. CONS"

This expression can be further sinplified in terns of ElI(PROD), the
em ssions intensity of production, EI(CONS"), the enmissions intensity of
consunption, T& EFF, the transnission & distribution efficiency, and EU
EFF, the end-use efficiency:

EnSR = EI (PROD) + [ T&D EFF x EI (CONS")]
T&D EFF x EU EFF

Suppose that there is a carrier shift such that an energy carrier is
replaced with electricity or vice versa, then one has to consider the
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difference in the values of the em ssions/services ratios, EnSR, and EnSR,,
before and after the carrier shift. Then

EnSR, - EnBR, = El (PROD") + [ T&D EFF x EI (CONSY ]
T&D EFF x EU EFF b

-- El (PROD) + [ T&D EFF x EI (CONSY]
T&D EFF x EU EFF a

Assuming that the product, T& EFF x EU EFF, remains the sane, i.e.,
(T&D EFF x EU EFF), = (T&D EFF’ x EU EFF’),, it foll ows that

EnSR, - EnSR, = [1/(T&D EFF x EU EFF)] x
[{El (PROD"), - ElI (PRODY) 4} +
T&D EFF’ x {EI (CONS"), - El (CONS") 4}]

If, therefore, EI(PROD), > EI(PROD"),} and/or EI(CONS"), > EI(CONS"), it
follows that EnSR, > EnSR,, i.e., the carrier shift will lead to an em ssi ons
reducti on.

A simlar result can be obtained through a change of transport node,
i.e., a nodal shift, for example, from truck haulage of freight to rail
haul age, passenger transportation from personal autonobiles to mass transit
systens, etc.

There are two possi bl e objective functions:-

o] mnimzation of the total em ssions
o] mnimzation of the em ssions/services rati o.

An exclusive focus on the total enmssions may lead to a neglect of the
i nperative need to increase the level of services, particularly in devel oping
countries. So, the problemis to reduce the em ssions/services ratio subject
to the constraint of increasing the |evel of energy services and reducing the
total em ssions.

Based on the above analysis, it appears that there are five basic
categories of interventions that can result in a reduction of em ssions:

1. | mprovenent of end-use efficiency [ SERVI CES/ En. CONS"|

2. | mprovenent of transmission & distribution efficiency [ T&D EFPF]

3. Reduction of the CO-equivalent emssions intensity of energy
production [ EM SSI ONS/ En. PROD']

4. Reduction of the CO-equivalent emssions intensity of energy
consunpti on [ EM SSI ONS/ En. CONS"|

5. Shift of energy carriers and/or transport nodes [ EnBR, - EnBRy]

3Sequestrati on of G eenhouse Gases

Sequestering carbon in growing forests is a relatively | owcost strategy
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for offsetting CO, emssions from fossil fuel substitution. However ,
substantially greater benefits can be obtained by conbining this sequestration
of carbon with utilization of sustainably grown biomass as a energy source to
di spl ace fossil fuels.

4Li st of projects

The above categories of interventions that can result in a reduction of
GHG emi ssions and in sequestration of GHG can be used to develop a list of
projects (cf. Appendix 3) that merit consideration for CGEF funding.

1. | nprovement of end-use efficiency [ SERVI CES/ En. CONS"|

[
=Y

Reduction of the energy intensity of the basic materials processing
i ndustries

Efficient notors and drives

Ef ficient process heating

Ef ficient Lighting

Ef ficient Appliances

Ef fici ent Space heating and cooling
Efficient Water-heating

Efficient Irrigation Punpsets
Efficiency of Infrastructure

Land use pl anni ng

Vehi cl e fuel efficiency

RPRRPRPRPRPRRRRER

P RPOO~NOORAWN

= O

2. | nprovenent of transm ssion & distribution efficiency [ T& EFF]

2.1 Reduction of T & Dlosses in electrical grids

3. Reduction of the CO-equivalent emissions intensity of energy production
[ EM SSI ONS/ En. PROD"|

3.1 Centralized renewabl e technol ogi es
3.1.1 Wnd Farns

3.1.2 Solar thernmal

3.1.3 Hydro

3. 1.4 Ceothermnal

3.2. Decentralized technol ogi es

3.2.1 Fuel cells

3.2.2 Photovoltaics (grid connected or stand-al one)

3. 2.3 Cogeneration and stand-al one power generation from bi omass
3.2.4 Fossil fuel cogeneration

3.2.5 Small Hydro

3.3 Fossil fuels to renewabl es

3.3.1 Bionass gasifiers/gas turbines

3.3.2 Using sustainable grown biomass to replace fossil fuels
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Reduction of the CO-equival ent em ssions intensity of

ener gy

consunption [ EM SSI ONS/ En. CONS"|

Transport
Em ssion Controls (e.g., Catalytic converters)

Beneficial Shifts of energy carriers and/or transport nodes

Intra-fossil fuel shifts: coal --> oil --> natural Gas
Advanced efficient gas turbine cycles

Nat ural Gas-fired engine-driven cooling systens

CNG for transport

Transport nodal shifts

Road --> Rail nodal shift for freight

Personal --> mass transit shift for passengers
O her nodal shifts

Sequestration of G eenhouse (Gases

Managenent of Tropical forests
Car bon sequestration in growi ng forests
Renoval / sequestration of CO, fromfossil fuel systens

Conbatting deforestation

Bi omass conbusti on
Provi ding incentives for maintenance of forests

Reduci ng non- CO, GHG

Met hane

Urban and rural waste treatnent

Reduction of |eaks in natural gas pipelines
Reduction of flaring/venting of natural gas
Reduction of releases in coal m ning
Reduction of agricultural em ssions

.1 Ri ce paddi es
.2 Ani mal s
Sur pri ses

N,O from fl ui d- bed conbusti on of coa
Precursors to tropospheric O (CO NQ, NVHCs or NWOQCCs)
Long lived CFCs, HFC, HCFCs (reduce lifetinmes, energy penalties)

CGeneri c
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9.1 Performance inprovenent through managenent, institutional and policy
i nnovati ons

9.2 Least-cost pl anni ng

9.3 Conversion of energy supply conpanies to energy service conpanies
( ESCCs)

9.4 New Ener gy Service Compani es

9.5 | ndependent power conpani es

9.6 Managenent of di spersed energy systens

9.7 I ndustries that manufacture energy efficient products

9.8 Technol ogy transfer

9.9 Assessing technol ogy inport versus donestic manufacture

9.10 Training/institution building

9.11 Dat abase devel opnent

1. FromCriteria to Priorities

Because the list of projects is very large, it is unlikely to be of nuch
use in practice. Hence, it is essential to prioritize the projects.

Ideally, the prioritization can be done on the basis of the cost-
em ssi ons-reduction-technol ogy (CERT) curves described in the conpanion note
on the "Criteria for GEF Funding for Reducing & Limting GHG Emi ssions". A
sel ection can be made of all the technogies/projects that constitute the m x
of technologies that yield the maxi mum potential emssions reduction for a

given investment. Wthin this mx, the technol ogies can be ranked according
to increasing unit cost of emssions reduction, i.e., decreasing cost-
ef f ecti veness. Alternatively, they can be ranked according to decreasing

magni t ude of (potential) em ssions reduction

To operate this prioritization procedure, it is necessary to have
reliable data on the unit cost of em ssions reduction and the magnitude of
potential emssions reduction of the various technol ogies. Unfortunately,

this data is not readily available in a standardi zed and assenbled form An
urgent task, therefore, is to assenble this data.

In the neantine, the only prioritization that can be done immediately
(say, before the end of the Wrking Goup neeting) is that based on
synthesizing the priorities assigned by the experts along with the rationale
for these priorities.

One can also intiate a process of giving to each project i a score § by
using each criteria G, assigning marks M; say on a one-to-ten scale,

mul tiplying these marks M; by an agreed weighting factor w and then adding
the weighted marks (w x Mj) for all the criteria:

S = Sum [(w x Mj)

The projects can then be prioritized on the basis of their scores.
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Figure 2: CERT Curves for Different Technol ogy C asses
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