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to Global Climate Change g

BY ARJUN MAKHIJANI

popular refrain in recent debates
on global climate change is that
nuclear power must be a signifi-
cant part of any strategy to reduce
greenhouse gas emissions. Proponents
argue that as a carbon-free technology
nuclear power is one of the few ways that
carbon dioxide emissions can be signifi-
cantly reduced while meeting growing
energy needs. This claim does not hold up
to careful scrutiny, either on technical or
economic grounds. Nuclear power and
high levels of fossil fuel use each create a
diverse set of problems. This article
examines issues relating to nuclear power,
while the accompanying articles on global
warming (p. 3) and creating a sustainable
energy supply (p.5) look at some fossil

fuel-related questions. The EnergY'Securlty Lll’lk

any crucial security, economic, and environmental issues that
will affect human survival and well-being for centuries to
come are converging around a single word: energy. Will the _
twenty-first century see a revival of nuclear energy to counter .
the build-up of greenhouse gases that threatens to drastically alter
power. All reactor types that have been - the planet’s climate? Will plutonium enter into commerce as an
d.eveloped o de31gned pose Some level of energy source on a large scale, posing greater proliferation threats?
risk of catastrophic accidents on scales Wil the flow of oil from the Persian Gulf (the West's “lifeline” that,
similar to Chernobyl, though the specific curiously and problematically, runs outside the West), be disrupted
accident mechanisms and probabilities by conflicts over issues related to nuclear weapons and other weapons .
depend on reactor design.! This is in part ol e dissbractitn)
because commercial nuclear power was Such questions are not entirely new. For instance, during the Cold
developed as an adjunct to the nuclear War, some of the Pentagon’s scenarios for nuclear war began with a
e a‘“fi 3 tool of COI‘_j War _ crisis in the Persian Gulf-West Asia region that then spread to
propaganda.-. In its rush to }?m!d i Europe. During World War 11, much of the strategy revolved around
reactors, the industry, from its inception,  * 1r0] of ol resources, which were the lifeblood of the war ma-
put public safety, health, : chines of all sides. Indeed, the US-Japanese
environmental protection and [N e s ) I R crisis that boiled over into the Japanese
even economics behind bombing of Pearl Harbor centered on the oil
weapons development and Global Warming and the 3 resources of Indonesia, then colonized by
propaganda. Greenhouse Effect .......................... Holland.! A part of the Allied strategy during
From the early days of Creating a Sustainable Energy World War II centered on preventing German
FeActar development, t}}e ) BT s o SRR 5 access to the rich uranium resources of the
Atomic Energy Commission Congo, then colonized by Belgium.?

- SEE NO SOLUTION, PAGE |4, 8 The envir 1
DLUTION, FAEE b | o e Bpienl oot e environmental connections have also

- Wind power systems—one component of a sustainable energy future.

Reactor Safety

There is no practical or reasonable way
to eliminate the safety and proliferation
threats arising from commercial nuclear

SEE WHY ENERGY ON PAGE 2 -
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. been drawn in the past. Widespread burning of coal in urban areas

* has given rise to terrible episodes of air pollution, for example in

~ London (and at the present time, some cities in China). The devas-

* tating consequences of the spread of fission products like iodine-131
_ and cesium-137 from serious nuclear power plant accidents have

- been among the main concerns about nuclear energy. The mining of
_ both coal and uranium has caused severe pollution in many areas of
- the world. Plutonium-239, which is created in large amounts in

~ nuclear power plants, has been a principal source of concern regard-
- ing nuclear power not only because of its utility in making weapons,
" but due to its long half-life (24,000 years) and its high radiotoxicity.

These issues are now coming together at an unprecedented political,
- military, and environmental conjuncture. Here are some of its
" characteristics:

.+ The build-up of greenhouse gases (notably carbon dioxide,
methane, nitrous oxide and halocarbons) has reached a point where
it 1s likely that it 1s changing the global climate. Expanding the use
of nuclear energy to avert catastrophic climate change is now
supported not only by the nuclear industry but also by a number
of governments, among them some of the richest and most
powerful.

- » The collapse of the Soviet Union and the subsequent economic
crisis in the region has led to heightened fears that nuclear war-
heads or nuclear weapons-usable materials, of either military or
commercial provenance, could wind up on the black market.

~+ The United States, Russia, and other nuclear states are proposing
that surplus plutonium from military programs be used as a fuel in
commercial reactors. Moreover, despite the poor economic,
environmental and non-proliferation characteristics of plutonium,
powerful bureaucracies in several countries support continued
operation of reprocessing plants (France, Britain, Russia, Japan,
India). At the same time, there is renewed interest in separation of
plutonium from commercial spent fuel among politically and
economically powerful advocates in the United States.

= Since the 1979 Iranian revolution, the Persian Gulf region has been
in an intense long-term military crisis that includes the Iran-Iraq
war during the 1980s, Irag’s 1990 invasion of Kuwait, the 1991
Gulf War, Irag's programs to develop weapons of mass destruc-
tion, and the United Nations sanctions against Iraq.

_ A significant portion of the world’s natural gas resources, which
could be used to alleviate the greenhouse gas crisis, lie in the
Central Asian and Persian Gulf regions, and in land and offshore
areas belonging to countries such as Azerbaijan, Kazakstan, Iran,
Saudi Arabia, Iraq, and Qatar. These same countries also have
among the world’s largest oil reserves. Thus the security of natural
gas transport, which could be vital to both energy supply and to
reduction of greenhouse gas emissions, is added to the various
other security crises in the area.

These issues are so intertwined that major decisions of powerful

SEE WHY ENERGY ON PAGE 20
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Global Warming and the Greenhouse Effect

BY KEVIN GURNEY

he gases that make up the Earth’s atmosphere and
the way in which energy passes through or is
absorbed by these gases play a crucial role in
regulating the temperature of the planet. The
atmosphere, made up mostly of molecular nitrogen (78
percent) and oxygen (21 percent), contains small
amounts of particular gases referred to as radiatively
active gases. Prominent among the radiatively active
gases are water vapor (H,O) and carbon dioxide (CO,),
both of which exist in relatively minute quantities.
These gases allow most
sunlight, primarily visible
radiation, to pass through the
atmosphere to the planet’s
surface, where about 70
percent of the energy is
absorbed, raising the tempera-
ture of the Earth. The Earth
then emits thermal (infrared)
radiation to space, thereby
maintaining an energy balance:
the amount of energy entering
the Earth/atmosphere system
equals the amount leaving.

As this thermal radiation
makes its way out of the
atmosphere, it is intercepted
by radiatively active trace
gases. They absorb the
outgoing radiation, increasing
in temperature as they do so. This interplay between
thermal radiation emission and absorption by the
atmosphere raises the overall temperature of the Earth
and the atmosphere system above what it would be if
there were no atmosphere present. In fact, without the
presence of radiatively active gases in the atmosphere,
the Earth would only be 1.4 degrees Fahrenheit! (-17
degrees Celsius.) Because of the energy absorbed by the
atmosphere, the global average temperature is instead a
comfortable 59 degrees Fahrenheit (15 degrees Celsius).
This insulating ability has come to be known as the
“greenhouse effect” because the process is much like
that in a greenhouse, where visible light passes through
the panes of glass in the ceiling, but heat is retained
within through absorption of infrared radiation by the
glass.

Unfortunately, human activities such as the burning
of fossil-fuels, large-scale fertilizer use, cattle produc-
tion, and deforestation have begun to directly increase
the amount of “greenhouse gas” in the atmosphere
above natural levels. This rise in greenhouse gas

Increasing tem-
peratures could
cause a sufficient
melting of perma-
frost and frozen
soil fayers in the
polar regions to
release huge
amounts of meth-
ane and carbon
dioxide.
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" concentration is expected to increase the global average
. temperature of the planet to levels that may disrupt

" atmospheric, oceanic, ecological, and ultimately human
. systems and well-being. It is this enhancement of the

" natural greenhouse effect that is referred to as “global

. warming.”

The principal greenhouse gases, in order of their

. estimated contribution to global warming are: carbon

" dioxide, methane, halocarbons, and nitrous oxide.

. Measurements taken at remote locations around the

* globe reveal the unmistakable increase in concentration
. of these gases in the atmosphere. Some, like carbon

- dioxide, are both natural and anthropogenic gases.

- Others, like some halocarbons, are purely man-made.

" The Principal Greenhouse Gases

Carbon Dioxide (CO,): CO, is by far the greatest

. contributor to climate change, accounting for about 64
- percent of estimated current global warming. The

. primary sources of carbon dioxide emissions to the

- atmosphere are the production, transportation, process-
. ing, and consumption of fossil fuels (86 percent),

- tropical deforestation and other biomass burning (12

. percent), and miscellaneous sources (2 percent), such as
- cement manufacturing and oxidation of carbon monox-
- ide. Once emitted, a specific molecule of carbon

- dioxide cycles through the atmosphere and the biota

" before being permanently removed by oceanic processes
- or long term increases in terrestrial biotic storage (i.e.,

. uptake by plants). The amount of time in which about
- 63 percent of the emissions of a gas are removed from
" the atmosphere is called its effective residence time.

- There is often a considerable uncertainty in this crucial
" parameter, which is important for calculating the

- climatic effects of a greenhouse gas. When the rate of

" emission of a greenhouse gas is greater than the rate of
- removal, then its atmospheric concentrations increase.

- For carbon dioxide, this has been happening over the

. last century or more. The estimated range for effective
" residence time of carbon dioxide is 50 to 200 years.

Methane (CH,): Methane has both natural and

- anthropogenic sources of which the latter is derived

. primarily from fuel production, enteric fermentation

" (e.g. cattle), rice cultivation, landfill emissions, and

. deforestation (mainly biomass burning and decay of

" excess organic matter). Accounting for an estimated 20
. percent of current global warming, methane emissions
* are a significant source of greenhouse gases. Molecule
. for molecule, methane is about 21 times more effective
* a greenhouse gas than CO,. Methane is principally

. removed from the atmosphere by reacting with the

* hydroxyl radical (OH).? Because many hydrocarbons
SEE GREENHOUSE EFFECT ON PAGE 4,

ENDNOTES ON PAGE 13
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GREENHOUSE EFFECT

FROM PAGE 3

and halocarbons (including many ozone-depleting
compounds) also are removed from the atmosphere
through reaction with OH, higher methane concentra-
tions can have significant effects on the general ability
of the atmosphere to remove greenhouse gases. There
are some indications that methane and other pollutants
have caused a reduction in OH concentrations. About
30 percent of the increase in methane concentration in
the atmosphere is due to the reduced capacity of the
atmosphere to absorb it.

Halocarbons: Halocarbons are a class of chemical
compounds, both human-made and natural, containing
carbon and one or more atoms belonging to the halogen
group of elements, such as fluorine and chlorine.? The
most abundant halocarbons in terms of their contribu-
tion to global warming are chlorofluorcarbons (CFCs,
also known by the trade name, Freon); specifically
CFC-11 and CFC-12. Though existing in relatively

trace amounts in the atmosphere, these chemical
compounds exhibit powerful radiative trapping abilities
in addition to their well-known ozone depleting .
properties. Halocarbons account for about 10 percent of .
current global warming, but the atmospheric concentra- -
tion of these compounds has begun to fall as a result of .
an international ban on their production and consump-
tion. Measurements of similar chemicals used as
substitutes for CFCs—hydrochlorofluorcarbons
(HCFCs) and hydrofluorcarbons (HFCs)—are now
showing concentration increases. Should concentrations
continue to rise, these substitute chemicals may
contribute significantly to global warming in the future.

Nitrous Oxide (N,0): Like CO,, nitrous oxide is
present naturally in the atmosphere. However, the
extensive use of artificial nitrogen fertilizer and fossil-
fuel combustion account for the majority of anthropo-
genic emissions of nitrous oxide. N,O levels account
for about 6 percent of current global warming.

SEE GREENHOUSE EFFECT ON PAGE 10 -

TABLE |. CHARACTERISTICS OF THE PRINCIPAL GREENHOUSE GASES
present effective
concentration % residence
greenhouse primary in atmosphere  annual Atmospheric time in sinks and
gas sources (ppmv) increase Increase’ atmosphere reservoirs’
carbon production of 360 0.4% ~7.1 billion 50-200 years Atmospheric reservoir;
dioxide commercial energy; metric tons/yrt ocean uptake; uptake
deforestation; other by N. Hemisphere
biomass burning. forest growth. (Occurs
over a few years.)
Transfer to soils and to
the deep ocean (Occurs on
century time scale)
methane natural gas .7 0.5% ~37 million 12.5 years Main removal process:
production and metric tons/yr. tropospheric hydroxyl
transmission; enteric radical (OH)®;
fermentation (e.g., also: stratosphere; soils
cattle); rice cultivation,
landfill emissions,
deforestation
halocarbons  solely of human CFC-11 =27 Falling CFCs: currently ranges from Atmospheric
Most origin: used in due to ban ~0 should a few years reservoir;
abundant  industrial processes on use. decrease slowly to a few removed mainly
are CFC-1| and end-use CFC-12=500  Substitutes due to Montreal thousand through breakdown
and CFC-12  products like air- (HCFCs, Protrocol; years by sunlight
conditioners and and HFCs)  HCFCs, HFCs: (photolysis) in
refrigerators (as are showing recently the stratosphere
coolants and increases. showing an
insulation) increase
nitrous mainly from 315 0.25% 3-8 million 120 years Removed mainly through
oxide use of fertilizer metric tons/yr. breakdown by sunlight
and fossil-fuel (photolysis) in the
combustion stratosphere
* “Atmospheric increase” and “sinks and reservoirs” from Intergovernmental Panel on Climate Change, Climate Change 1995 (Cambridge
University Press, 1996), pp. 15-19.
CFCs = chlorofluorocarbons HFCs = hydrofluorocarbons
HCFCs = hydrochlorofluorocarbons ppmv = parts per million by volume
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he global energy system poses severe threats to
the world’s well-being that derive from both large-
scale fossil fuel use and nuclear energy, albeit in
different ways. Human dependence on fossil fuels

- and other resources that produce greenhouse gases

- could lead to catastrophic climate change. Currently,

. the capacity of the biosphere to absorb carbon dioxide
- is considerably lower than present emission levels.!

. This is leading to an increase of CO, concentration in
- the atmosphere. Since CO, is the main greenhouse gas
- (see article on p. 3), fossil fuel use at anywhere near

- existing levels and with current technology poses grave
- risks of global climate change.

Proponents of nuclear energy suggest that the

. problem of greenhouse gases can be solved by nuclear
- power because nuclear reactors do not emit carbon

" dioxide into the atmosphere. However, the high costs

- and many risks that accompany nuclear power make it
" no less problematic than large-scale fossil fuel use (see
- article on p. 1).

Because governments and corporations have focused

- almost all of their resources and development on fossil
" fuels and nuclear energy, transforming the world’s

- economy to a healthy, secure, and sustainable energy

" system will not be easy. This article will look at the

- technical aspects of some of the options for reducing

" greenhouse gas emissions in terms of energy supply—
. notably fuel for electricity generation—and lay out

* some basic criteria for creating a sustainable energy

- system.

. Criteria for a Sustainable Energy System

To be viable and sustainable, a global energy system

. must be able to meet simultaneously the following basic
© criteria:

" 1. It must be reliable.

. Its cost should be reasonable.

2
. 3. It should not produce routine severe pollution.
4

. It should be possible to almost wholly confine the
environmental and security costs of the energy
system to the generations benefiting from it. In other
words the system should be amenable to cost
internalization.

" 5. It should be capable of sustaining reasonable levels of

energy services? to eight to ten billion people (the
projected population of the world in the next
century).

SCIENCE FOR DEMOCRATIC ACTION

Reducing Greenhouse Gases and Creating a
- Sustainable Energy Supply

. BY ARJUN MAKHIJANI . 6. Its core functions should be resilient to supply,

transportation, transmission, and economic shocks.

Nuclear energy use cannot meet these criteria mainly

- because of (i) the risk of long-term and widespread

" damage from Chernobyl-scale accidents and (ii) the

- risks inherent in the production of vast amounts of

" nuclear-weapons-usable materials. Fossil fuel use in the
- present manner and scale cannot meet these criteria

" mainly because of the risk of catastrophic global

. climate change. Other problems exist also.

A sound strategy would work toward a vast increase

. in efficiency over the next several decades, and a mix of
" renewable energy sources supplemented by a modest

. amount of fossil fuels. Fossil fuels do not need to be

" completely phased out in order to mitigate global

. warming, since nature has some capacity to absorb

* anthropogenic carbon dioxide (in addition to natural

. CO, circulation between the atmosphere, water, soil,

* and biota). The long-term goal should be to keep

. emissions well below this natural absorption level of

* roughly three billion metric tons of anthropogenic

. carbon emissions. However, it should be noted that

- absorption of these emissions into the oceans, biota,

. and soil occur in ways that are still not well understood.

It may be possible to use fossil fuels at carbon

. emission levels greater than the natural absorption

- capacity of the atmosphere, if ways to prevent CO,

. emissions to the atmosphere can be found. Strategies to
- trap CO,, which go by the generic term “sequestra-

. tion,” are varied, and include storing CO, in under-

- ground reservoirs or pumping it undersea. There are

- considerable environmental uncertainties associated

- with such proposals and their costs are high. Given that
. CO, emissions must be reduced greatly in the next few
- decades in a manner compatible with increasing energy
. services, investments in energy efficiency which

- accomplish both goals at once, and can do so more

. economically, are more desirable than sequestration

- strategies. The policies we discuss here, therefore, are

. not dependent on the use of sequestration as a measure
- to reduce CO, emissions.

. Some Sustainable Options for Reducing
- Greenhouse Gases

A variety of technologies exist that can help achieve

© substantial reductions in global greenhouse gas emis-
- sions and at the same time promote economic well-
" being. Wind power, cogeneration, fuel cells, natural
- gas-assisted solar thermal power plants, and replacing
SEE SUSTAINABLE ENERGY ON PAGE 6.

ENDNOTES ON PAGE 13
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inefficient coal plants with renewable and/or natural
gas plants are some of the technical options for main-
taining the expanding electric power capability while
reducing greenhouse gas emissions. Investments in
combinations of these technologies would considerably
reduce CO, emissions, rather than merely preventing
CO, emissions, as would be the case with building new
nuclear power plants. In fact, the expense of nuclear
power would actually preempt investments in technolo-
gies more appropriate for achieving goals of reducing
carbon dioxide emissions.

Table 1 shows that natural gas combined-cycle
plants are more economical than nuclear power plants
in all cases. Combined-cycle plants use a fuel such as
natural gas in a two-step electricity generation system.
First, the natural gas drives a gas turbine and a genera-
tor. Then the hot exhaust gases from the turbine are
used to raise steam, which drives a steam turbine (see
diagram below). The efficiency of such a system
available commerically today is about 50 percent.

Note that China, the main prospective customer for
new nuclear power plants, is unlikely to have the
highest costs of combined cycle plants because it would
use piped gas (from its own onshore and offshore fields
as well as Central Asia) and not liquid natural gas (on
which all three costs are based). This comparison

COMBINED-CYCLE PLANT

/c')\ Condensate

Pump
Cooling &| Condensor
Water } 3
Process Steam
Steam
Turbine Exhaust
” R
- Heat Recovery
Electricity Steam Generator
A
AW~ {O )‘—O
Steam A ‘Make-
ump up
Fuel Water
Electricty
-
Compressor Turbine Generator
Intake Air
Granted with permission from R ble Energy: S for Fuels and

Electricity, edited by Thomas B. Johansson, Henry Kelly, Amulya K. N.
Reddy and Robert H. Williams, © 1993 Island Press. Published by
Island Press, Washington DC and Covelo, CA. For more information,
contact Island Press directly at 1-800-828-1302, info@islandpress.org
(E-mail) or www.islandpress.org (website).
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excludes pessimistic scenarios for nuclear power plant
costs, which would be substantially higher than the
highest nuclear costs given in the table.3

Each cent per kWhe difference in costs works out to
about $66 million per year in additional electricity costs
for nuclear power plants (1,000 MW size). This works
out to a present value over a 30 year period (at an
annual discount rate of 4 percent) of $1.15 billion for

" .every cent per kWhe difference in electricity costs.

(Future costs are discounted, since a dollar saved at a
future time is worth less than a dollar in hand today.)
Using these figures, one can compare a strategy of
using nuclear power plants to displace existing coal-
fired power plants with one of using combined-cycle
power plants. We have compared the various cases for
combined-cycle versus nuclear: low cost versus low
cost, medium versus medium, and high versus high.
For a typical case, building combined-cycle plants
would result in a reduction of about 40 percent more
CO, than could be achieved with nuclear (comparison
of Case 2 combined cycle with the corresponding
nuclear power plant). This gain can be expected to
increase since efficiencies of combined cycle plants are
increasing.

One could also use the capital cost savings achieved
by building combined-cycle plants instead of nuclear to
develop and promote solar and wind technologies and
to increase energy efficiency. The avoided CO, emis-
sions in such cases would vary depending on the sites
for the power plants or the specific technologies chosen
to increase efficiency. If combined-cycle plants were
used to retire half the coal-fired power stations in the
world, an overall annual global carbon dioxide emis-
sions reduction of about 15 percent could be achieved.

During the 1970s, there was concern that natural gas
was a very scarce resource, but it was not well founded.
Gas is a widely available resource, and does not carry
the proliferation risks of nuclear power. Our approach
is not premised on use of natural gas into the indefinite
future, but only on its use in high efficiency applica-
tions over the next several decades. This use of natural
gas as a transition fuel is a sound economic and
environmental strategy. During that time we expect,
with appropriate action on the part of governments,
corporations, and consumers, that renewable energy
sources will take over most of the energy supply in a
vastly more efficient economy.

World reserves of natural gas have been steadily
rising, and now stand at about 75 years of consumption
at 1995 levels (corresponding to reserves of about 5.2%
102! joules in reserves, and an annual utilization of
about 7*1019 joules). Global gas reserves have been
steadily increasing, despite increasing consumption. *

Coal fired power stations are located in many parts
of the world, including western Europe, the United

SEE SUSTAINABLE ENERGY ON PAGE 7 .
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TABLE 1. ESTIMATED COSTS: COMBINED CYCLE VS. NUCLEAR PLANTS

Nat gas Non- Tot. CO, Carbon

Capital price fuel Total reduction reduction
Power cost Inttdep  $/million  Fuel cost O&M cost after 30 yrs ratio,
system $/kW ¢/kWhe! Btu? ¢/kWhe ¢/kWhe® ¢/kWhe kg C? Gas/nuc.
Combined cycle (CC)5
Case | CC 500 0.76 150 1.02 0.48 2.26 9.97 x10%0 1.37 (Case I)
Case 2 CC 500 0.76 250 1.71 0.48 295 * 1.02x10 1.40 (Case 2)
Case 3 CC 500 0.76 400 2.73 0.48 3.97 1.09 xI0"! 1.50 (Case 3)
Nuclear®
Case | Nuc 1500 228 0.6 1.7 4.58 7.29 x10%
Case 2 Nuc 2500 38l 0.6 1.7 6.11 7.29 x1010
Case 3 Nuc’ 4000 6.09 0.7 20 8.79 7.29 x10%0

Based on the following sources: For nuclear plant costs (cases 2 and 3): Steven M. Cohn, Too Cheap to Meter: An Economic and Philosophical
Analysis of the Nuclear Dream, State University of New York Press, Albany, 1997, pp. 106 and 155; U.S. Nuclear Regulatory Commission,
Information Digest 1997, Washington, DC, 1997, Tables 6 and 7. For gas costs: the US Energy Information Administration web page at:
www.eia.doe.gov/oiaf/ie097/gas.html. For combined-cycle power plant costs: D.M. Todd and H. Stoll, “Integrated Gasification Combined-
cycle—The Preferred Power Technology for a Variety of Applications,” GE Power Systems Schenectady, Paper presented at the Power-Gen
Europe 97 Conference, Madrid, June 1997 and C. Komanoff, R. Brailove, and J. Wallach, Good Money After Bad: An Economic Analysis of the
Early Retirement of the Salem Nuclear Generating Station, Pace University School of Law Center for Environmental Legal Studies, White
Plains, NY, September 1997, page 39.

NOTES:
1. Interest and depreciation assumed to be 10 percent in all cases. Capacity factor assumed to be 75 percent in all cases.
2. Btu stands for British thermal unit. 1 Btu = about 1,055 joules. One kWhe (kilowatt-hour electrical) = 3.6 million joules = 3,413 Btu.

3. Non-fuel nuclear costs include 0.2 cents per kWhe for waste disposal and decommissioning, except in the worst case {case 3) where this cost
is taken to be 0.5 cents per kWhe. See Cohn, p. 155.

4. The CO, emissions avoided are calculated on the assumption that both types of power plants would displace existing coal fired power plants
emitting 0.37 kilograms (carbon basis) per kWhe. For nuclear the avoided emissions would therefore be 0.37 kg, to a first approximation. For
combined-cycle with 50 percent efficiency, the figure is about 0.25 kg per kWhe (emissions from the coal-fired power plant less the emissions
from the combined-cycle plant). The avoided CO, emissions figures for combined-cycle plants are likely to be increase for plants installed a
few years hence, because the efficiency of these plants is increasing.

. Efficiency of the combined cycle plant is assumed to be 50 percent. Higher efficiencies, approaching 60 percent, are expected in the next few
years. We have assumed a natural gas fuel value of 1,000 Btu per cubic foot in these calculations. (Nuclear power plant thermal efficiency is
about 33 percent. The exact figure does not affect power costs substantially, since fuel costs are a small fraction of total costs.)

v

6. Nuclear costs do not include any reprocessing and plutonium management costs..

7. The worst case capital cost of nuclear (case 3) was typical of US costs for plants coming on line after 1983, but with far higher capacity factor
than was typical of the 1980s in the US. The best case nuclear capital cost (case 1) is that reported by the media for sales of Russian VVER-

1000 reactors to China.

SUSTAINABLE ENERGY

FROM PAGE 6

- States, the former Soviet Union, China, India, and

. eastern Europe. While it is unlikely to be economically
- feasible to immediately replace coal-fired plants with

- combined-cycle plants, it is possible to phase out coal-

- fired plants and replace them over time. In some areas,
- wind capacity would also provide an effective and

- economical offset for CO, emissions.

One drawback to increased use of natural gas is that

- natural gas pipelines add to methane emissions due to

. small leaks in the pipelines. One estimate of such leaks
- in the case of power plant use is 0.8 percent. Since

. methane is a far more powerful greenhouse gas than

- CO,, it is necessary to offset these emissions in order to
. maximize the greenhouse gas reductions that can be

- obtained from natural gas use. Such offsets can be

. obtained by relatively simple measures, such as build-

- ing biogas plants at feedlots, and recovery of methane

SCIENCE FOR DEMOCRATIC ACTION

- gas emitted from landfills (now a significant pollutant

. in many areas) for use as a fuel. Landfill gas is used on
- a limited basis in many places to produce electricity or
* fuel for heating. For instance, landfill gas from the

- Fresh Kills landfill, where the municipal waste from

" New York City is dumped, provides heating fuel for

14,000 homes.5

Energy Efficiency and Renewable Energy Sources
How do we make the transition to an energy system

. that meets energy needs and is also sustainable and

" environmentally sound? It is not difficult to postulate
- some distant future when renewable sources of energy
" might be economical to meet basic energy needs. But

- how will we get to that future, especially when solar

" and wind energy have not yet made substantial contri-
- butions to global energy supply after many decades of
- effort, and when energy efficiency improvement has

SEE SUSTAINABLE ENERGY ON PAGE 13
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The Kyoto Protocol | annex

AND ANNEX

rom December 1-11, 1997 the Third = hydrofluorocarbons (HFCs), perfluoro- B PARTIES
Conference of the Parties (“COP-3") - carbons (PFCs), and sulphur hexafluoride & | (all are both Annex | and
to the United Nations Framework " (5F;). The Protocol must still be ratified - Ae B:oriess
: i i : i ; i ; otherwise noted)
Convention on Climate Change was . by the legislative bodies of the signatory
held in Kyoto, Japan and included over ~ countries. Major provisions of the Kyoto Kyoto protocol
10,000 participants from governments, . Protocol are described below. : emissions limit as
intergovernmental organizations, NGOs and - : percentage of base
year (1990)
the press. In the Kyoto Protocol, adopted by NOTE: “Annex | parties” are those countries included . | Australia 108
171 countries at the conference, structures - in Annex I to the United Nations Framework S| [, 9
were put into place to reduce six major ~ Convention on Climate Change, adopted in New - | 5\
o % : York on 9 May 1992. “Annex B parties” refers to :
greenhouse gases: carbon dioxide (CO,), * those countries included in Annex B in the Kyoto - i biilyg
methane (CH.,), nitrous oxide (N,O), " Protocol. See table. © | Belgium 92
- ; * | Bulgaria 92
] Canada 94
MAJOR PROVISIONS OF THE KYOTO PROTOCOL - | Croatia
. (Annex B only) 95
1. Greenhouse gas emissions reduced to 5 percent below 1990 levels: Article 3 " | Czech Republic 92
of the Protocol reflects the parties’ commitments to reduce overall emissions of .| Denmark 72
greenhouse gases by 5 percent below 1990 levels between 2008 and 2012. The 5 i || Estonia 2
percent target is not a global target but applies as an overall target to a list of ' Eé@iﬁﬂnity 9
countries in Annex B of the Protocol. Some countries, including the US, Canada, “ | Finland 92
European Union countries and Japan, will have to ruduce emissions up to 8 .| France 92
percent. Some on this list including Australia and Iceland will be allowed to © | Germany 92
increase emissions by varying amounts up to 10 percent. There are no limits for . || Srenee 2
“developing” countries including China, India, Brazil, Mexico, Indonesia, Nigeria, E:I;gwilry ‘T;
etc., whose per capita consuption of fossil fuels is still relatively low. o | retana 9
2. Emissions trading: Article 16 bis states that, “The Parties included in Annex B laly 77
may participate in emissions trading for the purposes of fulfilling their commit- . Jff;?ﬂ z;
ments under Article 3 of this Protocol. Any such trading shall be supplemental to N [y a——— 9
domestic actions for the purpose of meeting quantified emission limitation and | Lithuania 92
reduction commitments under that Article.” Article 16 bis was a late addition to - | Luxembourg 92
the Kyoto Protocol, and a subject of contentious debate. It allows emissions * | Monaco
trading in principle, but specific rules are to be worked out at the Fourth Confer- ; N(Ie:ri :IZ i’;se = Zi
ence of the Parties (“COP-4"), to be held November 2-13, 1998 in Buenos Aires, " | e Zoaland 100
Argentina' ’ Norway 101
3. “Clean Development Mechanism” Article 12 defines a clean development Ezi::al Z;
mechanism, the purpose of which is to assist developing countries to achieve + | ‘Rewsagia 97
“sustainable development.” Annex I countries could count reductions in green- | Russian Federation (00
house gases achieved in this way against their own targets. | Slovakia 92
. | Slovenia
4. Joint Implementation Article 6 states that, “for the purpose of meeting its .| (AnnexBonly) 92
commitments under Article 3, any Party included in Annex I may transfer to, or " | Spain 92
acquire from, any other such Party emission reduction units resulting from .| Sweden 92
projects aimed at reducing anthropogenic emissions by sources or enhancing i:vr'ii irland v

anthropogenic removals by sinks of greenhouse gases in any sector of the Chriewst ol .

economy’ While similar to the “clean development mechanism,” joint implemen- | Ukraine 100
tation refers to the trading of emissions reduction units among Annex | parties - | United Kingdom of
(generally, industrialized countries), while the clean development mechanism - | e Sgmeren

Northern Ireland 92

allows Annex [ parties to benefit (i.e. gain emission reduction units) from emis- Unitedl Sistas of
sions reduction projects performed by corporations in non-Annex | countries. ‘ s 93
NOTE: “Science for the Critical Masses" replaces the traditional centerfold found in Science for Democratic Action.
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JOINT IMPLEMENTATION: NO PANACEA

oint implementation, a key part of the provi-

sions of the Kyoto Protocol, involves the trading

of emissions between two parties. The idea is

that if one party can reduce emissions more
cheaply than another, or is already below allowable
limits, then the party for whom it would be more
expensive could simply purchase emissions reduc-
tions. This avoids the added expense involved when
all polluters must reduce their own emissions. Thus,
in theory, by relying on “market principles,” society
would achieve emission reduction targets at the
lowest cost.

This theory has been tried out with some success
in the United States for reducing sulfur dioxide (50,)
emissions from industrial sources. These sources,
such as many coal burning power plants, are large
emitters of SO,, and their emissions are relatively
well known. It has enabled industries that might
otherwise face a shutdown to prolong their timetables
for achieving compliance.
The following conditions appear to be required for

emissions trading to be successful:

« The implicit price of a unit of pollution should be
high enough to provide a substantial incentive to all
polluters to reduce emissions.

» There should be a progressive tightening of targets
towards the desired levels, so that the desired
reductions are actually achieved in a reasonable
time.

« The sources of emissions should be well character-
ized, so that the progress in emissions reductions
can be measured with confidence. This is a key
requirement, since without it, enforcement would
be impossible and questionable schemes would
flourish.

» Price negotiations should be between parties of
comparable economic power, so that trading is
equitable.

These conditions were all met in the US experi-
ence with SO, trading, and generally hold in the case
of emissions from large industries within countries.
They may also be roughly fulfilled when large
industries in different countries negotiate across
borders, although factors such as differences in
currency convertibility and inequitable exchange rates
must be taken into account.

In the case of CO, emissions regulated under the

Kyoto Protocol, the units of account are countries
themselves, so that domestic trading is not at issue.
(Each country may, of course opt to have CO,
trading permits within its boundaries to achieve its
Kyoto Protocol targets, but that is within the prov-
ince of that country’s government and not the
Protocol itself.) Trading of emissions between large
industries, such as power plants, located in most
countries listed in Annex I (or Annex B) may be
appropriate, provided the pricing arrangements are
worked out. However, since there are many economi-
cally weak countries with weak currencies on the
Annex I list (such as the former Soviet Union and
eastern European countries), trading may become
inequitable. Moreover, the pre-1990 records of
emissions from large industrial plants in the FSU and
eastern Europe are likely to be poor or incomplete in
many cases. Finally, the relevance of these records for
the next decade is highly questionable, given the
huge changes that have taken place since 1990.

If trading between Annex I countries for the
purposes of joint implementation appears to be
problematic, it will be even more so between Annex [
countries and developing countries. Besides the
measurement and enforcement questions, the equity
issue is particularly serious here. The CO, problem
has been caused primarily by emissions from the
industrialized countries. But emissions rights are
being allocated on the basis of 1990 levels, giving the
lion’s share of the value of emissions credits that
could be traded to those who created the problem.
The countries with lowest fossil fuel consumption
would hold the lowest emissions credits and hence
derive the least benefit, though they have contributed
least to the problem. This is a central reason that
these countries did not agree to emission limits for
themselves in the Kyoto Protocol. This keeps open
until a later date (presumably the meeting in Argen-
tina in November 1998), the question of what level
of emissions trading rights developing countries will
have.

If the emissions rights were on a per capita basis,
as many people in the developing countries are
demanding, then the feasibility of joint implementa-
tion would be considerably expanded, as would the
economic benefits to be derived from it.

Proposals for joint implementation involving
sectors other than industry involve additional prob-
lems. Examples include planting forests in developing

SEE JOINT IMPLEMENTATION ON PAGE (0
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