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The 
Greenhouse 
Effect: 
Challenge & 
Opportunity 
By F. Douglas Muschett 

The magnitude of the 
"greenhouse effect" may be 
uncertain at this time, but it 
is definitely becoming a fac
tor in international environ
mental and energy policy 
discussions. The debate 
gives the alternative energy 
and cogeneration industry 
an opportunity to present 
its case. 

T he year 1988 may well be 
remembered in history as a 
year of global environmen
tal awareness. Certainly it 
is becoming d i f f i c u l t to 
read a professional journal 

or even the daily newspaper without 
seeing some reference to the "green
house effect" —the projected warming 
o f the earth's atmosphere due to 
increased emissions of carbon dioxide 
and other gases. Predictably, as with 
every other important environmental 
issue during the past twenty years, bat
tle lines are already being drawn for 
influence in national legislation and 
policy: those who say that the stakes 
are too high to avoid wait ing to act 
versus those who say that the situation 
is sti l l too uncertain to bear the costs 
and inconveniences o f acting prema
turely. 

The hot summers and warmer c l i 
mate during the 1980s may or may not 
be related to the greenhouse effect, 
and the complete magnitude o f the 
greenhouse effect and the magnitude 

and scope o f i ts g l o b a l soc i e ta l 
impacts are clearly uncertain at the 
present t ime — a n d may wel l remain 
so. However , in " G l o b a l C l i m a t e 
Change: Towards A Greenhouse 
Policy" (1), Jessica Mathews observes 
that there is increasingly strong scien
t i f ic evidence that an overall global 
w a r m i n g o f about one degree 
Fahrenheit has occurred dur ing the 
20th century, roughly in line with the
oretical predictions o f the greenhouse 
effect. As a result , i t is becoming 
increasingly l ikely that there w i l l be 
international co-operation and a major 
national thrust o f policy initiatives and 
strategies concerning the greenhouse 
effect. A desire to l imit the growth in 
carbon dioxide (and methane) emis
sions presents a variety o f challenges 
and opportunities for the further devel
opment o f alternate sources o f energy 
and independent sources o f power. In 
this article we w i l l analyze the green
house effect and argue that it is time to 
deve lop an " a g e n d a " By g e t t i n g 
involved in these pol icy discussions 



dissent as to whether radiative pro
cesses are the sole mechanism by 
w h i c h the earth's heat is los t , or 
whether convective currents in storms 
play an important role (in which case 
there could be much greater dissipa
t i on o f the atmospher ic w a r m u p ) . 
Although these numbers may appear 
modest, as rates of change over a pro
longed period of time, the medium to 
high scenarios overwhelm the kinds o f 
changes experienced in the natural 
order in modem history. Most scien
tists, as well as critics, recognize that 
there are probably important "feed
back"' effects (such as evaporation and 
cloudiness, changes in general circula
tion and storms), which could either 
enhance or reduce the greenhouse 
effect. Similarly, notwithstanding the 
cover story in Newsweek last summer, 
it is generally acknowledged to be 
impossible to quantitatively model and 
calculate regional estimates o f temper
ature increases in a meaningful way. 
due to the scientific uncertainties o f 
mode l ing a complete atmospher ic 
"sys tem" and the many atmospheric 
processes which occur at varying geo
graphic scales. 

Nevertheless, the V i l l a c h group 
attempted to draw some inferences as 
to the potential physical and ecologi
cal effects which would result f rom 
temperature increases in ihe earth's 

TABLE 1 - Carbon Dioxide Generation for Various Fuels 
Fuel Type Higher Heating CO2 Generated CO2 Generated Energy Generated W 

(BTU/lb) (lb C02/tb fuel) (lbCO2/1000 btu) (kWh/lb C 0 2 generated) 

Bituminous Coal 12,700 2.5 .20 .55 (3) 
Fuel Oil & Gasoline 19,600 3.14 .16 .70 
Methanol (Wood Alcohol) 10,000 1.38 .14 
Methanol (Syn. from Coal) 10,000 3.3 .33 .34 
Natural Gas 24,000 2.75 .115 .97 
SNG from Coal Gasification 24,000 7.9 .33 .34 
Non-fossil Energy 0 0 
(Hydro, Solar, Nuclear, Geothermal-Electrolytic) 

(1) Table is adapted from M. Steinberg and A.S. Albanese, "Environmental Control Technology for Atmospheric Carbon Dioxide," in 
Interactions of Energy and Climate, W. Bach, J . Pankrath J . Williams, Editors, Boston: Kluwer Publishing Company, 1980, p. 527. 
(2) Assuming a power plant efficiency of 38%. % 

(3) For a power plant with F6C, assuming power plant efficiency is reduced from 38% to 35%, the kWh (e)/lb. CO2 generated is reduced 
to 0.50. I 

and presenting an agenda, proponents 
for the deve lopment o f alternative 
sources o f energy can play a major 
role in national and international pol i
cy initiatives, for both the short and 
the long term. 

Drawing Conclusions 
Two provocative international work

shops held during 1987 helped focus 
attention on the global implications o f 
the greenhouse effect and the need for 
international policy strategy responses 
and treaties. The f irst workshop in 
V i l l a ch , Aus t r i a inc luded about 50 
international scientists and technical 
experts, who examined how climatic 
warming f rom the increasing atmo
spheric concentrations of "greenhouse 
gases" (e.g. carbon dioxide, CFCs, and 
methane) could affect various regions 
of the earth during the next century. 
The second g r o u p , mee t ing in 
Bellagio, Italy used the findings of the 
Vi l lach workshop as a backdrop for 
examining policy steps and institution
al arrangements (2). Both conferences 
were summarized by J. Jager in the 
September 1988 issue of Environment 
magazine (3). 

It is generally recognized that any 
attempt to project global scale changes 
in temperature (and other c l imat ic 
va r i ab l es ) over the next several 
decades as a result o f a greenhouse 

effect is fraught with many uncertain
ties. The amount o f gaseous emissions 
is dependent upon rates of population 
and economic growth in the industrial
ized and developing countries, the 
energy " m i x " of fossil and non-fossil 
energy sources, and, to a lesser extent, 
land use and agr icul tural practices 
which release carbon dioxide to the 
atmosphere. After partial assimilation 
by " s inks " such as plant biomass or 
ocean uptake, these gaseous emissions 
result in an increased atmospheric 
concentration o f carbon dioxide and 
other gases. Dependent upon the 
assumptions used, there is a range of 
" l o w " to " h i g h " emissions scenarios. 
And, dependent upon the exact c l i 
mate model used, there is also a pro
jected range of climatic sensitivity and 
temperature increase. When the emis
sions range is combined with the c l i 
matic sensitivity range from both sce
narios, there is a very large possible 
range in resultant temperature increas
es from the greenhouse effect. The 
Villach group used three scenarios for 
global temperature increase: upper 
scenario (0.8 degree C per decade), 
middle scenario (0.3 degree C per 
decade) and low scenario (0.06 degree 
C per decade). 

It should be emphasized that these 
are rough global estimates o f " f i r s t 
order" effects. There is some scientific 
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major latitudinal regions. Among the 
most far-reaching would be a greatly 
accelerated rise in sea level (as a con
sequence o f greatly enhanced polar 
temperature increase and polar icecap 
m e l t i n g ) w i t h ser ious and cos t l y 
flooding in the coastal zone through
out the wor ld. The ability of forests, 
and many species and ecosystems to 
adapt to the mid-to-upper range tem
perature increases is ser ious ly in 
doubt. A n increase in both subtropical 
severe cyclones and drought are major 
concerns, as are major shifts in vegeta
tion zones and soil productivity and 
water resources. 

Evaluating Emissions 
Presently, it is generally estimated 

that about 50 percent of "greenhouse 
e f f ec t " is due to carbon d i o x i d e ; 
methane, f luorocarbons and other 
gases contribute roughly 15 to 20 per
cent each. (4) Al though the primary 
focus is presently upon carbon dioxide 
as a contributor, attention should also 
be given —part icular ly from the point 
o f v i ew o f the a l ternat ive energy 
industry— towards methane which is 
thought to have a twenty times greater 
impact per unit o f emissions. 

Some o f the significant differences 
among energy sources with respect to 
heating valves and the emissions o f 
carbon dioxide per B T U and per unit 
o f electrical generation are summa
rized in Table 1. Natural gas produces 
less than one-half the carbon dioxide 
emissions per unit energy compared to 
coal, and synthetic l iquid and gaseous 
fuels have considerably greater carbon 
dioxide emissions than the regular fos
s i l fue ls do . O n the other h a n d , 
methanol, as derived as a wood alco
hol, has relatively lower emissions of 
carbon d i o x i d e . Other f o rms o f 
biomass (wood, cellulose) have rela
tively high emissions o f carbon diox
ide in relat ion to the B T U content. 
Other f o rms o f a l ternate energy, 
including hydropower, wind and solar, 
o f course, do not produce emissions o f 
carbon d iox ide . Geothermal energy 
produces minute amounts o f carbon 
dioxide. Nuclear energy, in its end use, 
does not produce emissions o f carbon 
d iox ide . However, i t is often over
looked that nuclear energy (as well as 
the synthet ic foss i l fuels) requires 
large indirect energy inputs as part o f 
intermediate processing dur ing the 
nuclear fuel cycle and results in signif

icant ind irect emissions o f carbon 
dioxide. This could have some impor
tant implications for the development 
of an agenda for alternate sources o f 
energy and independent power. 

Acting In The Face Of 
Uncertainty 

A complete understanding o f the 
greenhouse effect and the magnitude 
and scope of its potential global soci
etal impacts are clearly not available 
at the present t ime. Most agree that 
extensive research should be undertak
en to try to learn as much as possible 
about the greenhouse effect and its 
potential impacts. At the same time, 
there are compelling arguments why it 
does not follow that no action should 
be taken until "a l l the facts are i n " . 

For example, in the latter part o f the 
1960s, the U.S. began an extensive 
research program in relation to under
standing the causes and effects of pho
tochemical smog, sometimes referred 
to as the "ozone" problem. Now, some 
twenty years later, debate is still ongo
ing as to the relative importance o f 
hydrocarbons and nitrogen oxides in 
the formation o f ozone, and as to the 
"a l lowable " concentration to protect 
against health effects. Somewhat anal
ogously, about f ive years ago the 
Reagan Administrat ion promoted an 
increased research program and "good 
sc ience " as a cornerstone before 
developing an acid precipitation pol i 
cy initiative. Although more extensive 
s c i en t i f i c inves t i ga t i ons have 
improved knowledge in specialized 
areas, it is highly debatable as to what 
has been learned to help develop a set 
of acid precipitation policy initiatives 
that was not known five years ago. 
Thus the point is that there is no guar
antee that add i t i ona l s c i en t i f i c 
research w i l l yield useful information 
for setting policy initiatives within an 
adequate t imeframe for addressing 
meaningful responses to the threats 
posed by the greenhouse e f fect . 
(Scienti f ical ly speaking, these other 
environmental issues are re lat ive ly 
simple compared to all of the scientif
ic processes which affect global c l i 
mate change.) 

In response to a greenhouse effect, it 
is apparent that a large continuum o f 
societal responses are possible, includ
ing both adaptation strategies to cope 
with the effects and l imitation strate

gies to reduce the magnitude o f the 
greenhouse effects. Despite the fact 
that analysis is preliminary, it has been 
estimated that partial adaptation strate
gies would cost on the order of tens to 
hundreds o f b i l l i ons o f dollars and 
that, despite such expenditures there 
are st i l l l ikely to be devastating eco
logical and human impacts. Therefore 
there is increasing interest in " l imi ta 
t i on " strategies, aimed at reducing the 
magnitude o f the greenhouse effect, 
slowing the rate o f climatic changes, 
and al lowing for easier adaptation to 
changes by human and natural envi
ronments. 

Mathews has presented several argu
ments as to why a " l im i t a t i on " strate
gy is necessary, not the least o f which 
is that eventually adaptation would 
become impossible i f the greenhouse 
effect were to continue indef initely; 
and a l imi ta t ion approach would be 
required anyway. The Bellagio confer
ence concluded that a coordinated 
international response is inevitable. 
More recently, scientists and pol icy
makers from 48 countries attending 
the International Conference on the 
Changing Atmosphere held in Toronto 
in June 1988 released a 22-point "Cal l 
for A c t i o n " which is summarized in 
Table 2. 

Although the policy debate is in its 
early stages, the points on which there 
seem to be general agreement are: (1) 
that an internat iona l response w i l l 
have to be nego t ia t ed among the 
developed countries and the develop
i n g c oun t r i e s , (2 ) that a g l oba l 
response w i l l have to allow room for 
developing countries to increase their 
emissions o f carbon dioxide in order 
to support improved economic growth 
and an improved standard o f l i v ing , 
and (3) that the cornerstone of efforts 
to reduce emiss ions and s low the 
growth o f emissions in both developed 
and deve lop ing countr i es must be 
improved energy efficiency and alter
nate sources o f energy. 

A t the same time, very little of sub
stantive, comprehensive policy analy
sis has been undertaken and published 
that can demonstrate how the various 
components and technologies o f ener
gy conse r va t i on and a l t e rna t i v e 
sources o f energy can blend together 
to meet such policy objectives. This is 
no small task, given that highly spe
cialized government bureaucracies are 
o f ten h i g h l y spec ia l i zed and may 

Continued on Page 22 
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TABLE 2 - TOWARDS GLOBAL PROTECTION 
OF THE ATMOSPHERE <1> 

• In order to reduce the risk of future global warming, energy policies must 

be designed to reduce emissions of carbon dioxide and other trace gases. 

Stabilizing atmospheric concentrations of carbon dioxide is an imperative goal -

currently estimated to require reductions of more than 50 percent from present 

emission levels. 

• An initial global goal should be to reduce carbon dioxide emissions by 

approximately 20 percent of 1988 levels by the year 2005. About one-half of this 

reduction would be sought from energy-efficiency improvements and the other 

half from modification in energy supplies. Clearly, the industrialized nations 

have a responsibility to lead the way, through both their national energy policies 

and their bilateral and multilateral assistance arrangements. Negotiations of 

ways to achieve this reduction should be initiated now. 

• Targets for energy-efficiency and energy-supply improvements should be 

made. Challenging targets would be a 10 percent improvement in both areas by 

the year 2005. A detailed study of the system implications of these targets 

should also be made. Systems must be initiated to encourage, review and 

approve major new projects for energy efficiency. 

• Contributions toward achieving the energy-efficiency goal will vary from 

region to region; some countries have already demonstrated a capability for 

increasing efficiency by more than 2 percent a year for over a decade. 

• The desired reduction in carbon dioxide will also require switching to fuels 

that emit less carbon dioxide; reviewing strategies for the implementation of 

renewable energy, especially advanced biomass conversion technologies; and 

revisiting the nuclear power option. If safety, radioactive waste, and nuclear 

weapons proliferation problems can be solved, nuclear power could play a role 

in lower emissions of carbon dioxide. 

• There must be vigorous application of existing technologies to reduce emis

sions of acidifying substances, other substances that are precursors of tropo-

spheric ozone, and greenhouse gases other than carbon dioxide. 

• Funding for research, development, and the transfer of information on 

renewable energy should be significantly increased and technology transfer 

should be extended with particular emphasis on the needs of developing coun

tries. 
(1) These statements are adapted from the 22-point "Call for Action" issued by scientists 
and policymakers at the International Conference on the Changing Atmosphere: 
Implications for Global Security, Toronto, Canada, June 27-30,1988. 

champion a single energy source or 
technology. 

Developing An Agenda 
The greenhouse effect issue is gath

e r i ng s t rong m o m e n t u m in many 
areas, and it seems likely that it w i l l be 
a factor in energy and environmental 
p o l i c y debates. F u r t h e r m o r e , the 
greenhouse effect provides an impor
tant opportunity for the nation to refo-
cus and further develop and imple
ment a myr iad o f technologies and 
applications that should be done any
way for other reasons even i f there 
were no greenhouse effect. The debate 
provides an opportunity to promote 
economic efficiency through improved 
energy efficiency; by reducing trade 
deficits by both reducing oi l imports; 
and by developing exports o f capital 
goods and services related to alterna
tive energy and cogeneration technolo
gies. It also can offer opportunities to 
mi t i ga te other env i ronmenta l con
cerns, such as air quality and acid rain 
by effecting cleaner fuels (such as nat
ural gas and wood alcohol ) and by 
effecting more energy-efficient tech
nologies (such as cogeneration). 

It is not possible to offer a neat, 
wel l -def ined set o f answers at this 
time, but it is possible to formulate a 
set o f issues to be addressed and to 
begin cons ider ing mechanisms for 
obtaining consensus to help advance 
the role o f alternate sources of energy 
in meeting the challenges raised by the 
greenhouse effect. The issues which 
could be considered are as follows: 

— D e t e r m i n i n g the "h i ghes t " and 
"bes t " uses o f di f ferent alternative 
energy technologies. A l l too often, it 
seems that references to alternative 
sources o f energy are prefaced by a 
remark that they w i l l begin to have an 
important impact in another 20 years 
or so, while overlooking opportunities 
in the "here and n o w " . Questions 
wh i ch po l i cy makers need to hear 
answers on are: Wh i ch technologies 
are best-sui ted to w h i c h k inds o f 
app l i ca t i ons , sizes and locat ions? 
Which technologies and applications 
are cost-effective at the present, and 
which are expected to become cost-
effective at particular "thresholds" in 
the future? Wha t cons t ra in ts and 
obstacles have to be overcome? 

For example, the solar photovoltaics 
industry has made significant econom
ic and technological strides in the last 
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year. Meanwhi le , nuclear power is 
now being proposed by some as the 
"preferred" alternative for meeting the 
world's energy needs without increas
ing carbon emissions. It is important 
to determine what kind of short term 
incentives and subsidies may be need
ed to bring down manufacturing costs 
for a t e chno logy such as pho to -
voltaics, and to compare these with the 
R & D , tax advantages and subsidies 
afforded nuclear power throughout the 
nuclear fuel cycle. 

— E x a m i n i n g addi t iona l , creative 
opportunities to develop cogeneration. 
A l t h o u g h "energy e f f i c i ency " has 
become an important buzzword and 
there is rightly much discussion being 
devoted to such issues as appliance 
efficiency standards, industrial process 
conservat ion, and consumer incen
tives, there has been very little con
nection drawn in public policy discus
sions between energy efficiency and 
cogeneration as a major cornerstone of 
national energy efficiency. The indus
try i tse l f recognizes that there are 
major opportunities in the commercial 
and institutional areas, including both 
larger and smaller cogeneration sys
tems, and numerous "inside the fence" 
opportunities for manufacturing pro
cess and institutional facilities. There 
can also be opportunities to utilize rel
at ive ly h igh carbon content energy 
sources in cogeneration applications 
so as to make these sources more ener
gy-efficient per unit o f carbon dioxide 
emission. 

— E x a m i n i n g oppo r tun i t i e s to 
reduce methane emissions from land
fil ls and agricultural wastes. Because 
methane is believed to be up to twenty 
times more potent per unit volume 
than carbon dioxide in effecting c l i 
mat ic w a r m i n g , i t is impor tant to 
deve lop and imp l emen t measures 
which can prevent methane emissions. 
There are a host o f biomass conver
sion techniques which , in principle, 
could be used for different types o f 
agricultural and biomass wastes. And 
the " m i n i n g " o f l and f i l l gases for 
waste-to-energy projects is a large 
improvement despite the resultant 
emissions o f carbon d iox ide ! It is 
important to determine what level of 
methane improv emen t c ou ld be 
ob ta ined in r e l a t i o n to e x i s t i n g 
sources, and the feasibility and meth
ods for effecting implementation. The 
question becomes, what changes in 
energy planning, regulation and regu

latory sign and developmental plan
ning process are required to help affect 
these opportunities ? 

The Global Context 
From a worldwide perspective, the 

situation becomes even more compli
cated by a wide spectrum of circum
stances ranging from developed coun
tries, such as in Europe, Japan and the 
Soviet Union; to intensely-developing 
count r i e s , such as Ch ina , Korea , 
B r a z i l ; to r e l a t i v e l y undeve loped 
countries, such as Pakistan, and the 
Sudan. Energy policies are influenced 
by strong preferences imposed by the 
presence o f indigenous resources (or 
lack thereof) and culture and con
straints offered by geography and 
infrastructure. It becomes a more di f f i 
cult task to evaluate the "highest and 
best uses" o f technologies and their 
feasibilities. Hence any study evaluat
ing global opportunities must include 
input from not only industry represen
tatives, policy researchers and techni
cal experts, but also the perspectives 
from other countries and developmen
tal planners familiar with the diffusion 
of technology in a variety of settings. 
Some specific issues include: 

• Evaluating niche opportunities 
for the development of solar and wind 
energy. Many such opportunities have 
been identified, such as communica
tions, solar cookers, irrigation pump
ing and rural e l ec t r i f i ca t ion , but a 
comprehensive evaluation is needed of 
the appropriate technology for the cir
cumstances in individual countries. 

• E x a m i n i n g oppor tun i t i e s for 
deve lopment o f cogenera t i on . 
Certainly in countries which are heavi
ly dependent upon coal for electrical 
generation and industrial process ener
gy, the development of cogeneration is 
an important tool for l imit ing carbon 
dioxide emissions, and can also pro
mote economic efficiency. In countries 
which require substantial imports o f 
fossil fuels for electrical generation, 
cogeneration wi l l also have particular 
benefits upon the balance o f pay
ments. Generally, in other countries 
the fact that there is often a greater 
degree o f government and develop
mental planning provides opportuni
ties to co-develop and site electrical 
generation and industrial and residen
tial users for thermal energy. 

!~1 Eva lua t ing oppor tun i t i e s for 
improv ing the energy-eff iciency o f 
indigenous biomass fuels. In most of 

the developing world, biomass is the 
most commonly used fuel and is often 
the only indigenous resource. Biomass 
tends to result in relatively high emis
sions o f carbon dioxide and (methane 
under some circumstances) per unit of 
energy. In some countries, the produc
tion of alcohol fuels is prevalent. I f the 
energy-efficiency o f the product ion, 
conversion and use o f biomass fuels 
can be improved, the environmental 
benefits w i l l be two f o l d : a slower 
growth in carbon dioxide emissions 
and a greater retention o f the forest 
biomass " s ink " for carbon dioxide. 

As international governments begin 
to consider env ironmenta l pol ic ies 
concerning the greenhouse effect, it is 
important to show the positive contri
bu t i on that a l ternat ive energy and 
independent power can make. I f the 
industry could develop a general con
sensus on these issues through work
shops and other means, the resulting 
statements could be presented to rele
vant pol icy makers. S imi lar ly , after 
consideration o f the role o f alternate 
energy in a global context, recommen
dations can be developed for consider
ation by international agreements and 
additional policy research needs can 
be identified. 
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