1. Introduction

In the conventional narrative, carbamissiongnitigation has been in the handd
developedcountries The Kyoto Protocdbrmalizes this view by dividirtge global
community into Annex | (rich) countries that have responsibilities for emissions mitigation
andNornrAnnex I(poor) countries that do nofThe basidisputein Copenhagemwas over
whether, and whento abandon thislivision andenlistpoor countries immitigation? Policy
analysts may have aggravated ttlisputeby treating negotiations as a forum for setting
contentiousallocation rulesFor exampleFrankel (2009) and daby, et al. (2008)onsider
schemes for allocating future emissions rights timabrporate expected emissions
trajectories, development levels amdsts Bhagwati (2006) argudhat rich countries
should pay reparations for atmospheric carboading by establishing a global fund to
finance mitigatiorin poor countriesStern (2008and UNDP (2008) propose an 80%/20%
formula for emissions reductions by rich and poor countries by 2050 relative to Ne®@.
of these schemehkas gottermuch traction f 6§ K2dzZ3K I Y2RS&aG NBTt SOGA2Yy z
proposal can be found in the multilaterdir@ate Investment Fundadministered by the
World Bank (CIF, 2010jo break the impass®&irdsall and Subramanian (2009) have
proposedchanging the focus fromonflicts overemissions rightand burdensharingto
promotingclean enegy access for the pepan objective that commands neaniversal
assent.

While focusing on clean energgcessnay wellimprove the negotiating climatéwo
sticking points remairThe first is thecontinuedperceptionthat clean energy development
isan expensive game thahly the rid countries have been playinghe second, corollary,
viewis that poor countries should only join the game if the rich countries provide
compensationor when technological advances in the rich countries make clean energy
competitive in costerms (Birdsall and Subramani&09).

In this paper, test the accuracy of these views with an empirical analysis of global
low-carbon energy development since 199@ocus orthe power sectorthe largest source
of global greenhousgasemissionsThe remainder of the paper is organized as follows.
Section Auses aggregatdata to test the idea that develapg countries have ceded costly
carbon mitigation to developed countries during the past two decabtfeSection 3, |

! For a discussion of the underlying equity issues, see Roberts and Parks (2006).



deepen the analysis by éstating annual mitigatiomxpendituresfor developed and
developing countriesSection 4ranslates aggregatexpenditureso comparative mitigation
burdens, using normalization of peapitaexpenditures by petcapita income. Section 5
argues that myesults are relevantegardlesof whether developing (and developed)
countries intendedor their cleanenergyinvestmentsto reduce carbon emissions, and
despitepossibledifferences ircountry-level costs of alternative energpurcesSection 6
summarizs and concludes thgaper.

2.Have Developing Countries Been on the Sidelines?

The power sectoaccounts for about 29%f global greenhouse ga&snissions (WRI,
2010).In thissector, mitigation requires switchirfgom fossil fuels to lar-carbon energy
sources, principally biomassolar, windgeahermal, hydro and nucleaitable & shows
that developing countries have playedvajor role in lowcarbon power growttsince 1990
accounting for the following shares by sectoydro (76%), gethermal (6@%), nuclear
(21%), biomass26%), wind {5%) and solar (3%)Overall, developing countries accounted
for 47% of the global increase in lesarbon energygeneraton during the period 1990
2008.China alone accounted fa8% of the global increasahile the US accounted for
13%.

Separatio by period in Table 1b reveals a consisteintiyportant role for dereloping
countries since 199(:heyaccounted for31% of lowcarbon power growth in 1990996,
47% in 196-2002, and 68% in 20€2008.To assess thaniplicationsof these results for
global CO2missions, | estimate counterfactual emissiavithout low-carbon energy
growth byattributing the same growth to codired power.| usea standardormulafor
convertingthe coakfired powerincrementto additional CO2 emission$l add the additional
emissions (A) tthe actualchange iremissions frontoal combustion (BYo obtainthe total
counterfactual emissions change (A+B)enl compute A/(A+B)he percent of CO2
emissions in the counterfactual thevere averted by lowcarbon energy growth.

Table 2 displays the results, along with the associated CO2 emissitutsions For
the period 19962008, | estimate that lovearbon energy growth reduced CO2 emissions by

2 explain the methodology for calculating these shares in Sectibh&e drawn on EIA (2010) for the low
carbon energy generation data used for thisady.The EIA data include only one composite category for solar
photovoltaic (PV), concentrating solar power (CSP), and ocean (tidal, wave) plmmeaver, the most recent
report on global renewable power (REN21, 2009) reports the following instzleakities at the end of 2008:
grid-connected solar PV 13 GW, CSP 0.5 GW, ocean 0.Si# solar PV and CSP account for 98% of capacity
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%0.907 metric tons CO2 perWh of coaffired power..
* Source: EIA (2010).



45% for developing countrgeother than China and India, and by 11% and fd%he latter,
respectivelyThe associated volumes are very lafgg.2008 annual CO2 emissions from
developingcountries were 1.6 gigatons less than they would hasen without lowcarbon
energy invesnentssince 1990China alone accounter 442 million tonsThe
corresponding reduction®r the US and othedeveloped countriesvere 329 million tons
and 1.3 gigatons respectively.

In summarydeveloping countriefiave played a critical role cartobn emissions
reduction since 1990r'hey have accounted fd7% of global lowcarbon energy growth,
and global emissions would be dramatically highénefy had not investeéh low-caron
energy sources.

3. IncrementalCost Accounting for LovCarbonDevelopment

Reckoning the incremental cost of a lmarbon power investmeralsorequires a
counterfactual:a cheaper, carbotintensive investment that would havgeen undertaken
otherwise.For this calculation, | continue to usenventional coafired power as the
benchmark.Table 3provides the most recent evidence from the World Bank (2009) and MIT
(2003, 2007pn comparative costs faroakired and lowcarbon powerThelevelizedunit
costof coalfired powerhas been estim&d by MIT and the Wdd Bank asbout
4.3¢/kWh?/ 2 | doofiainic appeal is highlighted by tikemparativelevelized cost
estimates for biomas.95¢/kWh), geothermal (6.72¢), hydro (5.38¢), nuclear (6.70¢), solar
photovoltaic(PV)(51.43¢§ and wind (6.71¢)Theseestimatesreflect information that was
current in 2005.

Among the six lovearbon energy sources, threghiomasssolar and wind; have not
yet reached technical maturitfCalculating annual unit costs for the period 194ID8
therefore requires the use of learrarcurve estimated-or each sector, | use the
recommended estimate from the best recent study (N2g08):biomass 5%, solar PV 20%,
wind 17%’ To estimate annual unit costsr each sectarl calculate annuajlobalpower
generation for 1992008, use2005 as the numeraire yeéor scaling the serieand apply

®This is for a large facility using indusstandard subcritical technologievelized cost is the present value of
expected costs over the lifetime of a power plant, divided by the discounted streamwarproduction over

the same periodCosts include initial construction (capital costs), the annual costs of operating and maintaining
the facility, and, in the case of fossil fuel projects, the annual cost offo@ler production is determined by the
size of the plant and the assumed capacity utilization rate.

® Solar thermal power is much lowebpst than solar PV, but its contribution to global solar power generation has
been minimal to dateSee footnote 2.

"To illustrate, a 20% learning cuna Kolar PV indicates that incremental unit cost declines 20% with each

doubling of output.



the Neij learning curves to the 2005 unit cost estimates in Tablalde 4reports the
results,usingpower generationindex numbes for clarity.The most strikingntriesare the
growth nunmbers for power generation in solar and wirld.1990 global solar generation
was 35% of its 2005 level, and solar output more than tripled from 2005 to 20Dl
generation in 1990 was only 4%its levelin 2005, and power from this sector more than
doubled from 2005 to 2008=rom these totals and the Neij learning curve estimates, |
calculatethe unt cost index numbers in Table h 1990, unit costs for biomass, solar and
wind were respectively 7%, 40% and 146% drighan in 2005 (the numerairgear). By
2008, rapid expansion reducdide estimatedunit coss of solar and windo 70%and 82% of
their 2005 levels, respectively.

My cost accounting exercise focuses on the incremental cost etésiron power, as
compared with coafired power.First, | combine the index numbers summarized in Table 4
with the levelized costs in Table 3 to calculate anmeaslizedcosts (in constant $US 2005)
for 19902008.1 compute netevelized costs by subtracting the cost of efiiad power.

Then | use seotal power data from EIA (2010) to estimate annual generation growth from
new capacity’. For each yeain each country and sector, | multiply the increase in

generated power (in kWh) by n&tvelizedcost(per kWh) for that yeanncreases in
generatedpower proxy increases in capacity, so | assign zero values (reflecting no change in
capacity) to years when businesgcle effects reduce the utilization rate for existing

capacity’ Finally, ladd across the six losarbon power sectors to obtaiotal incremental
expenditureestimates by country and year.

Table 5 reports the results for developed and developing counftiasng the entire
period 199602008, incrementaéxpenditure orlow-carbon powemwas$51.2 billion: $17.8
billionin developing countries and $33.4 billion in developed countfiée. period 2002
2008 has witnessed convergence, withexpenditureof $8.1billion incurred by each
group.The recent surge has been particularly strong in China, where irecramn
experditure onlow-carbon powergymped from $1.5 billion in 1998002 to $3.8 billion in

8 For this exercise, | use generation data to proxy the status of sectoral power capacigach country, |

assume that a yeao-year decline in power frora particular sector reflects businesgcle effects that reduce

the utilization rate of installed capacitytherefore hold installed capacity constant during years of generation
decline.

°In principle, | could do these calculations with capacityadather than generation datddowever, this would
require using information on capacity utilization rates by country, sector and year that are not availablelto me.
therefore prefer to use generation data, relying on the EIA for the relevant adjussrdgtapproach introduces
some error by assuming that all generation declines reflect capacity utilization reductions rather than power
facility closuresBut my errors in estimating capacity utilization rates would undoubtedly be much higher.
addition, rising interest in lowpollution power has translated to few plant closures since 1990 irdasson

energy sectors.



2002-2008.This contrasts strikingly with the US, which has effectively traded places with
China by dropping from $3.1 billion in 199602 to $1.5 billion in 2062008.
These results clearlyndermine the conventional belief that developing countries
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carbon energyAlthough they remaimoor, theirincrementalexpenditures for lowcarbon
energy have actuallgnatched those of developed countries during the pdatade And
Chinahassurged ahead of the US, incurring more than twice the American incremental
expenditureduring the period 2002008.

4. Comparative Mitigation Burdens

Progres toward an international mitigation agreement has been largely stymied by
disagreements about burdesharing between rich and poor countriddany participants
have assumed that an agreement will determine whether, when, and to what extent
developing coatries will begimitigating carbon emission8ut Sectios 2 and 3 have
shown that this assumption is mythideveloping countries have been major participants in
cabon mitigation for two decades, and theiggregatencrementalexpenditures have been
comparable to those adeveloped countriesluring the past decade.

Comparison of aggregates can be misleadwogyever, because it does not account
for differences in population and income&o incorporatehese differencesnto country and
group compaisons | compute the average income share devoted to mitigatiper-capita
mitigation expendiure dividedby per-capita income”® This measure has a natutgper
boundfor comparisons of rich and poor countriesince no reasonable person could argue
that the poor should pay a highshare oftheirincome forcarbon mitigation than the rich.
On the other hand, it would be entirely reasonable to argue that busslegring should be
progressivewith the poor payindower shares.

Table 6 reports actuahares, calculated by combining the results summarized in
Table 5 with population and income data for the same peridismeasure of income is
GDP per cdfa at purchasing power parityn constant $US 2008 report average per
capita income, incremeal mitigation expenditureper person and the average income

O This is computationally equivalent to dividing total mitigation expenditure by total income, but normalization
by populationmakes its incorporation clearer.

| use income at purchasing power parity (PPP) because | am estimating the incremental expboditene
associated with investments in clean energy technolodiesmalization by PR&djusted income provides a

more acurate estimate of the actual burden than normalization by dedlanominated income.



share of incremental mitigatioaxpenditurefor 19901996, 19962002, 20022008, and
1990-2008.
The most general results in Table 6 are itimme shares of mitigatiofor developed
and developig countries (excluding the US, India and China) during the period2(IH)
Forthe entire period, the incomsharesof developinganddeveloped countrieare $.45
and $.87 per $10,000 of income, respectiv€ifina has beesignificantlyhigher than
average among developing countriat$.94, and the US much lower than average among
developed countriesit $.44¢ almost idenical to the overall income share for developing
countries.
Income shares have fluctuadeconsiderably across periodsjtiihe following patterns
have held since 1996:
1 Developingcountry shares have been about twiirds of developed
country shares;
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countries, higher than average for developed countries, and much
higher than the US share;
1 The average share of other developed cowdrhaslsobeen much
higher than the UShare

Overall the relativeexpenditureburdens of developed and developing countraes
consistentwith aprogressive view ai ¥ I A NJ ButiChindBaglén@more than its fair
share,and the USonsiderablyess.Another striking result is the extremely modest burden
that all countries have borne to date, with no share in the entire set exceedidé pér
$10,000.Given the potentiallycatastrophic consequences of climate change for all
countries, itwould seem reasonable texpand lowcarbon energy investments fiver
tenfold, while preserving therogressive distributiolf expendituresharesacross
countries.For developing countries as a whole, a tenfold increase from the most recent
period would ircrease the incrementaxpenditureto about $4 per $10,000, 004% of
income.For developed countries, the corresponding figure would be $5.70 per $10,000, or
.057% of income scarcely an expropriatory figure.



5. On Intentions CountrySpecific Costand Results

Thecontrarian resultsn this papemay provoke the critical reader to suggest that
they are misleading because they igntwah intentionsand crosscountry differences in
energy technology cost§&ranted, developing countries have investadssivelyn low-
carbon power since 199®ut this cannot have reflected any intention to reduce carbon
emissions, since developing countrieevehad no incentive to do sénd the use of
uniform levelized costs ignores actual crassirtry differencesn these costsln many
cases, countries may have invested indoavbon technologies simply because they were
lower-cost.

While thepoint about intentions may b&rgely true it is irrelevant for two main
reasonskFirst, the argument applies equally tleveloped countries- even the EU, whose
presumptive carbon mitigation activities have been widely remarkedl. note in Wheeler
(2010), the EU nations that pioneered eapd-trade regulation of carbon emissions only
initiated their program in 2005,feer a long period of substituting away from cdaked
power toward natural gas and leearbon energyConcern about climate change may well
have been a motivating factor, but so were serious concerns about domestic air pollution
from fossitfuel combusion; the need to diversify energy sources to reduce political and
economic risks; and, not least, the drive for competitive advantage in emerging global clean
energy marketsThe same factors undoubtedly explain much of the-takbon energy
investment indeveloping countriesiWe have no realistic hope of disentangling these
factors, so comparative analysis must focus on results, not intentions.

The concept of national carbeM A G A 31 A2y aAy(GSyGA2yaéeé Aa (Sydz
because the national governmenof many emitters are only accountable for part of the
mitigation-related activities within their borderdn the US, for example, many states,
localities and private firms are independently promoting renewable endvigyny Indian
states are also prontimg renewable energy alongside the national governmémthe
context of global negotiations, this means that national commitments to tarcgtisnever
be more thancommitments to cover shortfalls after local efforts have been accounted for.

In a simila vein, the argument that technology costs differ acrosantries is
undeniably trueput its practical relevance is minimized by several facféirst,there is no
crosscountry database to suppo# deeper version of thisxercise Even the average
levelized cost datasedfor this study were not available until recently, as my citations
indicate.And there is every reason to suppose that cost differerates characterize energy
facilitieswithin countries.No two dams are alikgnd the same is tre for nuclear facilities
andcoalkired plants.Inevitably, some kind of averagirgnecessary for a study of this kind.
Secondwe do not have sufficient data to establish whether energy technology costs in
developing countries differ systematicaltpi those in developed countrie$his precludes
any strong inferences abodirections of bias in the current studkinally, the available



information is insufficient for separating generic levelized dif§érences fronthose
attributable to energy egulations, patterns of public/private ownership, subsidies and
guotas.At present;o cite an extreme examplésermanyis phasingut nuclearenergy

while France continues to depend heavily on its nuclear facilities for baseload povier.
obviously ha little or nothing to do with differences in levelized cost, which should be quite
similar for the twoneighboringcountries.

6. Summary and Conclusions

In this paper, | have suggestad approach to computingmissiongnitigation coss
that is bagd on two simple principlegl). Incremental costs for lowarbon energy
investments are calculated using céiaéd power as the benchmayk2). All low-carbon
investmentsare counted, regardless of the unknowable intentiothsit have motivated
them. My approach is comprehensive, because it recognizesutheange oflow-carbon
investment activity in the power sector, aiitds easilycomputable from publichavailable
data. It introduces a simple measure of tkemparativecost burden that appealota basic
sense of fairness while incorporating a natural adjustment for relative income lévels.
FILOAETAGIGSEa + Y2NB NBIftAAGAO RA&aOdzAaA2Y 2F GFIlF AL
And it fully credits the contributions of countrieghich promote expensive options like solar
PV that are still high on their leang curves, but potentially cosiompetitive with coafired
power after further expansion.

My results offer fresh insights, because they undermine the conventional view of
North-South conflict that has dominated global climate negotiatiofikey show that
developing countries have actually been full participants in carbon mitigation since 1990,
while bearing their fair share of incremen&@tpenditures And they justify the follaving
challenge from poor countries to rich countrid&e are willing to assume our fair share of
the mitigation expenditureburden, as we have in the pagf. youinvest more aggressively
in low-carbon energywe will match you andmaintain our fair shae of theglobal
expenditureburden.But you can scarcelgxpect udo pay a greater share of our incomes
than you do,particularly sinceyou have created more tharyour fair share of the problem.
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