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I¥ one adopts the most elementary definitiqn of energy as
the capacity for the production of work, the impact of energy on
the environment along man‘s history is in fact overwhelming:
Almost all environméntal problems, apart from some major natural
disasters are, one way or the other, connected with energy
utilization.

The use of purely mechanical energy produced by the
‘utilization of water, by the wind’'s mass forces and by animal and
human muscles, involving elementary work of typically a millionth
of an electronvolt, shaped, for centuries, a pattern of life
which, was only profoundly disturbed after the industrial
revolution. In fact the use of combustion, in steam engines,
corresponding to about a few ev per molecule, had as a
cnnseque;ce a millionfold dramatic increase of man’'s capacity to
interfere with the environment (1). While mass mechanical forces
were of course incapable of inducing purely chemical alterations,
and hence of directly generating unwanted and/or useless
residues, combustion of wood and later of fossil fuels, and the
use of electrodynamic forces in producing other much more intense
and diverse energy forms, wnavoidably generates novel chemical
species—-both reactive or inert-that alter, the very material
balance of nature. Thus the steady 2,3% growth in energy use,
along the last hundred and twenty years, with a doubling time of

a&bout three decades, which increased at a not much lower rate
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than that of the planet’'s population, would finally affect our
globe in both praﬁictable and unsuspected w@&s (Fig. 1 energy
growth for the world and Fig. 2 for the USA) (2, 3).

Thus during this century energy consumption has multiplied
by almost fourteen times to reach 11.4 TW year, in 1988. Fossil
fuel accounted for B8% of the total while the world economy grew
by a factor of 20 and the industrial sector by a factor of 50.
All in all BB% of this tremendous increase took place over the
last 40 vears.

Out of this total of commercial energy consumption,
traditional energy wuvtilization amounted only to 1.4 TW vyear as
burned wood and waste. While the developing countries have at
their disposal @.4 kW per capita of installed potential the
industrialized countries enjoy 7.8 kW per capita of installed
capacity. At the same time the GNP of the developing countries,
with a .population of 2.3 billions (out of 5.32) inhabitants
reached only US$928 billions while the richest group of
countries, with a population of 9.7 billion had attained a GNP of
US$9,310 billion. These facts indicate that energy, economy and
environment constitute a system with strongly interacting
components that must be dealt with in an integrated approach {4).

As already noted, it is indeed remarkable that while in a
century the world population increased by 3.37 and energy use by
13.7 and hence at growth rates that are not of altogether very
different. 7This 1leads to a worldwide rise of the per capita
energy consumption smaller than generally reported, and,
caonsequently, if it were not for the enormous technological
advances that promoted increased efficiency in energy production

and utilization, our earth would truly be an inhospitable place
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to dwell in as seen in Figure 3 from Marchetti (5) and Figure 4,
calculated by the author from data presented by ' C. Starr (&).

The effects of energy use may be global or local, they
depend both on the intensity, on the quality and on the end use
and efficiency of the energy consumption.

Local uses while mostly detrimental to the environment, may
also of course contribute to global disturbances.

Combustion of organic matter of both fossil and nonfossil
origins, utilized for different energy purposes, leads to the
production of obnoxious gases and of solid residues—-most notably
of CO=, CO, NO., SO0z, of ashes and tars-as in coal and oil-fired
generating plants, and as gas emitted by internal combustion
motored vehicles, all producing local, regional, and more and
more global impacts. The relative contribution of these two
sources to the COz emission can be seen in Figure S5 where the
biomass participation could be ascertained by C,. measurements in
tree rings. This participation has been overcome by fossil fuels
only after the 2nd world war (7).

As well known, in considering the effects of increasing
worild industrialization, S. Arrhenius (8), relying on the
findings of Tyndall on the €0z infrared absorption, has
anticipated in 1896 the warming up of the globe via the so called
“greenhouse effect” (). It can be seen that as compared to pre-
industrial epoch the CDx concentration in air has increased from
280 ppm to about 330 ppm, causing public preoccupation with the
intensification of the phenomenon and thus instigating
respectable international scientific circles to predict
catastrophic effects, that would result from a 2°-3° C increase,

by the year 2825, if the present rate of anthropogenetic CO;
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generation was not curtailed by different ihternatiunally agreed
upon measures (13); To this end a number of scenarios have been
proposed as shown in Table 1. The increasing concentration of
another greenhouse gas - CHa. -y to be discussed later, is also
shown in Figure & (11) and in Figure 7 (12).

Apart from global warming it ehould be stressed that
probably as serious as the overall heating, are the ensuing
inducement of differential thermal distributions which may entail
dramatic climatic changes-to be followed by correspondingly large
economic and social disturbances (13). Disregarding for the
moment the possibility that the warming up of the globe might
result from the increased impinging radiation characteristic of
the last 100 years of intense solar activity (14) and that, the
augmented atmospheric dust pollution from volcanic origin, may
even counteract the greenhouse warming, with the consequent
cooling the earth for considerable time, one should retain the
effects of greenhouse gases as real and preoccupying.

In addition to COz, mention should alsoc be made of the
deleterious effects of NO. and of SO= emissions, both in coal or
oi} burnirig energy producing plants, and by low quality fuel
burning wvehicles and stationary diesel engines, that, after
chemical oxidation in air, are land deposited, severely affecting
agriculture and forests in many countries. Apart from local
incidence, these pollutants are relatively of lesser importance
for Brazil, thanks to the major participation of hydroelectric
power generation and the sizeable utilization of alcohol fuel to
drive about 4 millions cars (Table 4) (1S5S). A recent thorough
survey on this effect in Europe repaorts the relative sensitivity

of its ecosystems to acidic depositions (15),.
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Agricul ture, animal husbandry, microbiai anaerobic
decomposition and/or the fermentation of biomass in paddy fields,
in marshes and the digestion of ruminants, generate gases (in
addition to COz and €O, typical of the first process), such as
CHa (methane) that directly (CHa) or indirectly (CO, via
interaction with OH* radicals) contribute to deplete the
atmospheric ozone iayer, respnnsiblehfnr the absarption of the
ultraviolet emissions from the Sun. These are proved to adversely
affect live matter on the earth’'s surface. Although the
contribution of these natural and anthropogenetic gases is
sizable, as shown in the Table 2, the real culprits are the CFs
(fluorocarbons) acting as powerful scavengers of Ozone forming
radicals. Figure 8 illustrates the main contributors to global
warming and ozone layer depletion (12).

To sum up the relative contribution of the greenhouse gases
are as follows: CO»> (46%), chlorofluorcarbons (24%), CHa (18%),
ozone (7%], and NOQ, (54). While chlorofluorcarbons are of recent
employment lending to atmospheric concentrations of about 1 ppb,
its contribution to the greenhouse effect is 15,000 bigger than
CO=.

The . measures proposed to face the warming up effect
presently accepted as most probably originating from the
greenhouse effect-induced mostly by anthropogenetic €0z - would
entail, among other initiatives to promote:

1. Stringent conservation measures.

Z. Voluntary and/or enforced reduction of emissions.
3. Increased utilization of natural gas.

4. Intensification of renewable biomass use.

5. Afforestation.
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6. Utilization of hydroelectricity,

7. Increased use, world wide, of nuclear energy.
The stringent conservation measures via saving technologies
both hard and soft, through the appropriate enforcement of
policies for energy use and mgnagement. Energy conservation
policies and management imply: i) intensified training of
experts;y ii) stddy and analysis of existing energy sSOurces;
1ii) development and testing of improved and new technologies
and systems; iv) implementation and application of improved
new technologies; v) information and education of the publics
vi) and, most important, the political willingness to promote
administrative intervention in the form of legisiation, rules
and regulations. All technological and nontechnological,
active and passive energy conservation activities can be
assigned to one of three categories "energy saving", "rational
use of energy" and “"substitution of enerqgy sources".

All.these measures demand close examination of the overall

situations. A primary consideration would be the close

scrutiny of the primary energy consumption pattern along time,
in ®ach country and/or region, such as the one shown for
Brazil in figure 9.

The voluntary and/or enforced reduction of emissions. A
taxation proportional to a country’'s emission has been
proposed in many quarters. Admittedly enforced reductions of
detrimental emissions would entail the creation of strong
international agreed upon mechanisms of dubious efficacy,
probably to be plagued by sundry political controversies.

The increased utilization of natural gas, directly or hydrogen

enriched through, for instance, an approach first suggested by
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Marchetti (3, 1lé). For the specific energy content of a fuel
increases with its hydrogen content relative to carbon.

In any case the feasibility of this approach is contingent
on heavy investments in capital, in technology, and-all
important-in the sclution of the pertinent nuclear reactor
safety problems, indispensable to ensure public support (Table
3). | |

The global energy system is extremely inert, sluggish so
that any measure to be taken to significantly alter the
prevailing pattern shall demand much time and effort.

Bearing in mind the sequential energy substitution model
shown in Figure 10, gas shall constitute the main primary
energy source in the future. This increasing dominance of
natural gas shall be in 20 years responsible for about 50% of
the total COz emission, as displayed in Figure 11 due to
Marchetti.

The ihtensificatinnl of renewable biomass use—as in the
Brazilian Alcohol Programme, which represents today 13,0% of
our energy consumption..

Afforestation. The cultivation of 1 trillion trees, covering
about S million sduare km 1is deemed to be necessary to
significantly alleviate the warming up effect. The ltand
surface to be covered reaches the area of the whole legal
Amazon Reqion...

Brazilian Floran Project, sponsored by the "Instituto de
Estudos Avangados" (University of S. Paule), is supposed to
attain 20,000 sg km.

The utilization of hydroelectricity as a renewable eanergy

source on which comments will follow further on. Its important
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relative participation on the Brazilian matrix is shown in
Table 4.

7. Increased use, world wide, of nuclear energy.

Regarding the last item one should keep in mind that the use
of nuclear energy implies again an enormous technical revolution
because another 40-tn 5@ million juﬁp in energy intensity (200
million ev per fission), as compared to combustion energy, has to
be dealt with (1).

In any case as one shall see, nuclear energy already
represents about 18%4 of the world electricity generation and 5-6%
of the total energy bill, its market penetration despite public
resistance to its use, being according to Marchetti truly
irreversible (3, 17) (Figure 12).

Regarding the measures so far adopted by the international
community to deal with the ozone layer depletion problems are in
a much m;re advanced stage than those to deal with the greenhouse
effect, a protocol having been agreed upon at Toronto, which was

ratified so far by a number countries.
I1

After these introductory remarks consideration should now be
given to some pertinent and more guantitative data.

The primary energy substitution world wide for about a dozen
decades is shown in Figure 1@, taken from a study conducted by
Marchetti at the International Institute for Applied Systems

Analysis (I1IAS5A) (2, 3J}. It displays interesting features which
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hopefully will facilitate the examination of the problem at hand.

Thus it is remarkable that:

1.

Firstly, by 1B60, biomass energy in the form of wood,
represented almost 75% of the world primary energy, coal
accounting for the balance. By 1950, that is to say in about
7@ years, biomass participation amounted only for less than
5%.

On the other hand, coal utilization was maximum by 1928 (78%),
reducing subsequently its participation to 25%, in 1985, which
is the same level it displayed 120 years before, in 1865..

0il started its penetration by the last decade of the XIX
century, to peak BB years later, in 1978, and, since then,
with a steady tendency to reduce its participation.

Gas, introduced about 1@ vyears later than o0il, is still
increasing (present share ™~15-20%) and is anticipated to
become the dominant primary energy source for the next 50

years.

These observations seem to constitute valuable indications:
Primary energies have been introduced into the market
sequentially with large time constants—taking about 50 years
to have their market share reduced from 50%Z to 1@%.

The world energy system seems to obey a kind of internal, hard
logics, irrespective of classical market monetary forces.
Apparently two world wars and the 1930°'s major economic crisis
seem to hardly have affected its inner workings, deviations
from the predictive smooth lines amounting to less than 5%.
Obviously the specific energy content of each fuel increases

from wood to coal to o0il to gas, that is with higher H/C
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ratio. One may predict, as remarked above, a greater use of
natural gas (> 60% by 2030), and surmise that pure hydrogen,
or in mixture with natural gas, m;y emerge as a fuel, perhaps,
according to Marchetti, via the thermolysis and/or the shift
reaction of water and gas, in specially built high temperature
nuclear reactors (146), according to a scheme shown in Figure

13.

Incidentally Marchetti rightly argues that should this
technigque come true, humanity would eventually mimic
photosynthesis and thus disconnect itself from our Sun, a welcome
solution to all. The remaining major culprits are the inevitable
nuclear wastes, which according to Marchetti may not affect the
irrevocable market penetration of nuclear energy illustrated in
the Fig. 12.

A final reminder on Figure 1@ is that it is no more than a
mere snaﬁshnt depicting the energy situation prevailing in 1985:
both population and energy consumption, since then, have been
growing world-wide at approximately the same ~2,3% or, at a lower
pace, due to recession to reach the presently observed 11.4 TW
year refdrred to above in Table 1, taken from W. Hiafele. It sums
Wup not only the current world situation and also displays
different scenarios that have been envisaged to somewhat freeze
the CO> emission (18).

It is to be hoped that conservation measures and mainly
technological advances may, as in the past, increase the
efficiency of energy utilization, to permit the fulfillment of
the more optimistic scenarios. In fact examination of scenarios

cited in reference (2), in 1976, and shown in Figure 14 and 15
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for two hypothesis of 4% and 15% of nuclear participation by the
year 2000, would Have considerable. repercussions on the world
enerygy balance, putting special pressure on gas resources as
demonstrated in Table 3. By the way, nuclear and gas generated
energies seem to constitute major interlinked contributions to
the abetment of the greenhouse effect.

In fact as shown in Figure 16, taken from an analysis of
different energy sources by Marchetti, already by the year 2010,
5@% of all CO> emissions must originate from natural gas burning.
Gas availability will depend both on increased reserve
discoveries and, perhaps, critically, on the intensity of future
nuclear energy use (Fig. 15).

The examination of the Brazilian primary energy consumption
by source from 1941 to 1985 is presented in Table 4 and displayed
in Figures 9 and 1&. Figures 17-18 and Table 5, cover not only
the 1973~-1989 time span, but also prospects for year 2000 (World
Energy Conference Ex. Committee Meetingl.

Again, in close similarity to the world situation previously
scrutinized:

1. the same behaviour pattern seems to operate in Brazil, though
primary -energy introduction occurs at a much faster rate, as
shown in Figure 9, representing the evolution of total energy
utilization in Brazil from 1970 on to 1985 (B.E.N., 1987). The
observed rate of 4.3 to 7.1% per year varies at about twice the
world consumption pace. Returning to the previous Figure 9 it can
be anticipated that: i) as in the international scenario tHe
relative participation of o0il, in the national energy balance
shall steadily decrease, perhaps to about 254 in ten years. This

perspective is largely shared in a document prepared by the
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National Committee for the World Energy Conference (19 and 28);
ii1) ftirewood and charcoal participat%ons also decrease from 15%Z
in 1988 to about 10%Z or little more 1@ vyears period, It will
probably take some 20-30 vears for Brazil to reach the present
world average biomass share, provided that the present 2.6% p.a.
rate of reduction for firewood utilization is maintained, and
that charcoal production be increasingly originated from
cultivated forests via the use of the well knawn pyrolysis and/or
of continuous carbonization—distillation techniques. This
technology is presently under development by the ACESITA company.
Its use would increase the vield of charcoal from 40% to more
than 70%, apart from the recovery of other valuable gases and
volatile products (21, 22, 23).

Extrapolation for charcoal and firewood’'s participation of
&-7% by 2006 would still represent a very important share of our
energy balance since at that occasion, an eguivalent consumption
of 21 x ;B“ t.o.e., would still prevail, as compared to the
27 x 10* t.o.e. used in 198S5.
iii) While coal as an energy source has had a modest increase
from ©.9% to 1.4%, in 135 years (197@-19835), metallurgic coal’'s
share has significantly grown from 2.6% to 3.9%, during the same
periaod. The upward inflexion—-shown for coal subsequent to the
1973 oil crisis, may well refiect the strong government
incentives to replace o0il particularly, in the cement making
industry (Fig. 9). As expected the cessation of these incentives
has reverted the situation to the long term relative reduction in
coal utilization behaviour observed world-wide.
iv) Electricity participation will also continue to grow,

certainly at a lower rate than in the past, when it reached rates
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as high as 12.3%4/year in the 70's, to place the country as the
7th producer of electricity in the Qnrld (200 "TWh in 198&6)! 1If
trust is to be placed in the Brazilian 2010 Plan, for the total
consumption of electricity (364.4 TWh), the country shall be
ahead ot Italy and of England by the vear 2000, provided a 6.3%
p.a. rate of consumption is ocbtained in 199@-1995 and that a
4.5% p.a. rate of growth is attained, in the 1995-2000 period
(19).

Actually the historical evolution of Brazilian installed
electric potential and hydroelectricity production shown in
Figures 19 and 20, covering the 1914 to 1985 (installed) and 1940
to 198@ periode (production), allows for an extrapolation to only
2780 Twh, for the year 2000, a figure much more conservative than
the 2.2 growth factor in 14 years assumed by the Eletrobras
planners, cited above (19).

In Figure 19 it is shown that only about one fourth of the
axisting.potential of 238 GW has been installed.

Social and political controversies connected with the
construction of dams, with the consegquent flooding of land,
particularly in the Amazon Region, are anticipated (™“100,000 sq.
km) , if the major bower plants under construction, those
undergoing expansion, as well as those under the studies and
design phases, depicted in Figure 21 are effectively installed in
our country. This figure includes both the Angra I, I1, and 1III
nuclear plants (3,387 MW) as well as a number of coal-fired
stations in the South (H = hydroelectric; N = nuclear; T =
thermic).

The installation of these plants would lead to considerable

firm power flow between regions in the country, & shown in
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Figure 22, with consequent impacts of the extended projected
and/or existing power transmission lines (19). -

In any case hydroelectricity ;ill certainly play a major
role in the future Brazilian energy consumption and production.
In fact increased electricity consumption is a worldwide
tendency.

To sum ups the-energy consumptioﬁ pattern in Brazil]l displays
in actual fact one of the largest renewable energy participation
in any world’s national systems. In fact as can be observed in
Figure 23 and Table ¢é, hydro, sugar-cane (alcohol, sugar, and
bagasse), and firewood consumptions increased by a factor of 3 in
15 years, from 39,143 x 10 t.oc.e., in 1970, to 106,009 x
18= t.o.e., in 1985, representing respectively 58.7% and &61.3% of
the total consumptions of 66,712 and 172,946 x 10~ t.o.e., at
these dates..

It should however be noted that a large share of the
firewood.consumed originated from natural forests and, therefore,
can not be strictly considered as truly renewable. For a ™~60%
non-renewed contribution, a corresponding to 20,200 x 10= t.o.e.
would lead to & CO= injection, in an amount reaching the same
order of magnitude as that associated with the renewable energy
produced by the sugar-cane cultivation (22,653 x 10 t.p.e.).
These numbers do point out to the need for exercising a major
effort in afforestation. The more so, since this destruction is
baéically effected in the "cerrado" (savannha), a region covering
¥1.5 x 18® sq. km. of the country’'s area, which as a consequence
remains the most adversely affected ecosystem in Brazil.

The COz emission problem in Brazil is, of course, further

aggravated by the ongoing destruction of the rain forest which
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now is at a slower pace, particularly in the Amazon Region. These
activities together with the combustion, in 1988, of o0il
(84,263 t.o.@), coal (6,113 t.o.e.}), gas (2,249 t.o.e.), charcoal
{6,538 t.o.e.), and firewood (17,847 t.o.e.) — all X 10 the last
two being partially renewed (424 for charcoal and 3I3% for
firewood (24)) all contribute considerably to Brazil's share in
COz emission.

The Brazilian carbon emission situation prevailing in 1987
results from a total of 68.26 X 180* t.o.e., which includes in
addition to o0il, coal and natural gas the contribution of
firawood and charcoal that in all would lead to minimum emission
of 68 X 10® ton C/year which correspond to a little more than 1%
of the total world CO. emission, thanks to the hydroelectricity,
alcohol fuel, and other biomass contributions to the Brazilian
energy matrix. These numbers - given remaining uncertainties on
the pertinent data -~ are in reasonable agreement with recent
results r;pnrted by Pinguelli and collaborators in 1990 (26).

Since then the situation has improved as seen in Table 59,
for 1988 (19), and for 1990.

Anyway the above data does not include the contribution of
the present forest burning in the Amazon which involves about
13,808 km2/year, for 1990, and 11,130 km=/year, for 1991 -

{INPE), to the COz emission. Uncertainties remain regarding the
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carbon emission contributions as a result of inhomogeneities in
the biomass distribution in the Reqion. Estimates have however
been made to indicate that about 4 to 5% of the total world
emission results from forest burning in the region (25, 26, 28).

It is hoped that the present meeting will offer an
ppportunity to thrqw some light on the real quantities involved
in the tropical forests destructions contribution, for certainly
its reduction constitutes, in the coming vyears, together with
enerqQy conservation, increased hydroelectricity use, alcohol
production, afforestation and intensified natural gas
utilization, the main fields for action to abate global
atmospheric pollution in Brazil. Admittedly recession as well as
lack of a clear energy policy have not allowed for a more
determined implementation of these measures.

These objectives shall however be attained only through the
aduption‘ of policies permitting the developing countries, like
Brazil, access to credit, benign technologies and reduction of
commercial barriers to their products. These measures finally
would allow for a sane and greater energy utilization for, as we
know progress is, as in the past, inescapably dependent on energy
use.

Before closing these remarks an anticipation of the
consequences that might result from the greenhouse effect is
shown in Figures 24 and 25, where the impact of a heat wave which
stroke Marseille in the Summer of 1983, has lead to an increase
in the mortality rate by 28%. Surprisingly enough the mortality X
inverse of the absolute temperature relationship obeys Arrhenius’

Law for rate processes (27).



CBPF-CS-003/92

-17-

€ *3a1 °N ‘OIAONADIMNUN @ 'O ‘ILITHOYVH

0002 0se61 . 006T 0S8l
- — e ——— e ———
. Nc.n
»* r.
. . o,
no.m
- -
d 4
. ¢o._”

ASN AO¥ANT qTHOM J0 SYVEA 071

dVIA/I¥IX "MTD

FIGURE 1



CBPF-CS-003/92
-18-

10° Bty '
500
[-| [TRENDUNE 3%PER YEAR
100} ——— ,;':'/
50 n”
: 4
%
/
10
5
1 - '
BB0 1920 1960 2000

Figure 2: U.S. total energy consumption {(ref. 2)



CBPF~CS-003/92

-19-

(¢ "F23) £ TWNOIJI

%08
01 951 woi) 03 0) A3u13NY3 40] 3w} 3Y) 51 1y *safojouyaa) 33441 Joj » ASUILINYI JO LONNJOAS [BILIOISIH
0002 0061 0081 Q0L
L‘0 o1
uvai 3TANYD g
1i1ivdvd
savek ggafl8=lag .
- AINIIDIA4T MVl QRODZS SduY
s'v . a .
dWY] L1S5did
' §,N0S51a3 .wlo-
. v INTWYI1a
2501071132  avaivs
R.ﬁ:ﬁ: SY3A0M a1
LLSONAL
§ sivek g; o -en.._.un _ . 1ivM
NOLILPNQADERd ¥INOWWY
. $ : ol
& ¥ -
dHY]
niaos HEINUODD
dNYl
| [l i1 ﬂ
dnYT HOISNYdAXA
1830534007142 ﬁ A741uL
. _ SNOSHVY
(4 2 o .
. ) 221
3 P « INIQYNL * 3
| -7 WV wvaLs n o1
0% )T e el I
» .
\\\ [
- L
* i ri

AJNIIDLA43 NI SONIML TYDIHOLSIH



CBPF-CS-003/92

9 *JBl woxj pajelnoled “§ JIANDIA

-20-

oo_om om_ﬂ o_cﬂ _ : 9_.8._” 008T
80’2 T°00'%-
AvdX
066T °"AON ‘SVOUVA °"I°*D
IvaH ssadoud [* ]
$0‘S T-00°¢€-
ALIDIYIITA 4
, , . =
TYOINVHOTH @ $6°L
$2T T-00°2Z-
8T ™
$LZ 4-00°T-
$LE -
NOILVWHOJSNYII XOJINI 00’0
J0 XONFIDII3T HHL JO NOILATOAT
_




CBPF-CS-003/92

-

(Z1 *3=21) °JURHILUOP SUIOID] 3A®Y S[3N} [ISS0] WOI]
SUOISSTWS | JBA\ P[1OA\ 133j% A[u() °'838310] pue ainj[nol1de 03 pajejal san)lalyoe 03 L[jsowt
anp sl ‘Ire w1 s[Ad] ¢Q) suaping jey) Q) jo junoure pajerdajui ayy se sieadde 31 sUOYy
-e[ndjed 9533 Wol °Jlos pur §35210§ 3uipue)s ul 93e109s UOqIED JO [9A9] 9y Ul safueyd Lq
asaydsourje aq3 ojuy ynd Q) jo sjunours 3y Jo UOIFONIIBUCIAL 2[qRUOSEA ¥ EjIwIad o )

pue O, 10 s3u11 3319 Jo sisfjeuw puw suowsnua L)) jiss0] ayy Jo a8pajmouy ¢ Tunord

. JBBA
0861 Sm— cq_m- ow_mpco_m—om_m_. 8.2 omw-eu_m— 0081
0
209 yios 1
snjd 3s3104 2
202 jamy pssog i
~£
Gty jero] -t
592 CoJnoswgisaing | ¢
0Ll €09 130} J1sso4
(bg,01) 0861 Jose -9
uonanpoud paiesbazuy €99

(20240 suoy cpy)
NO113NA0Yd 03 TVYNNNY



CBPF-CS-003/92

-22a

(z1 °3ox) ‘Ppaseq st £s19a013u00 20D ayy
JO gonul YoIgm IaA0 s[@poul d1yewntp 2y Surjeiqijed djay few UojONISUOAL iYL, ‘(s1eak
00ST 35e] 9y) 10j s8ull 9313 pue) sjuswpas Jo sask[eue Jo sad£y snoires £q pajen|ead aq
ues jey) suoIjen)s dtjew[d Judfesdld YjIm s[2A3] t0p aredwiod pue siead gpQ‘ 001 sdeqied
¥oeq of oy yuuad Lew A3ojopoyjew slyy, ‘s1d10e[d ul paddesy ss[qqnq ire je dunjoo]

£q fiopo; padnpoid aq ued are ul L) JO UOIJRIUIIUOD ) JO SIS [eOUOISIH g mynora

6002 0561 0061 0S8l 0081 05L1 00L1L

\@MW\@WI-SN

0ZE

ObE

(wdd 1) $3788N49 Y312V 19
WOYd SINIWIBNSYIW £0)



CBPF-CS5-003/92
=23~

ENERGY POLICY AND ENVIRONMENTAL POLLUTION

340 Cco2 (ppm)' N CH4 (ppm) ‘4
330 | 1.3
320 1.2
310. B 1.1
300} | 1
290 0.9
280 _ 0.8
270 . : : i . : . : ' 0.7
1725 1775 1825 18756 19256 1975

Year

—— CO2 (lett scale) — CH4 (right scale)

Figure 7 Long-term atmospheric concentrations of C02 and
CHy. (ret. 12)
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SUBSTITUTION OF THE PRIMARY ENERGY

SUBSTITUTION IN BRAZIL ‘

PERCENTAGE (EVOLUTION OF THE CONSUMPTION BY SOURCE]
90%12,19 ‘
50%-

HYDRAULIC
37
N\ OIL
28
WOOD
o CHARCOAL
1084 - 16,1
= ALCOHOL
® "e-_. 0 4 © 7o
® I'd
NATURAL GAS
//‘/’ '
1%8{ -4,6 : //6//;
=
o ,/ X
/.
£ - 3.I. VARGAS, 1987
0’1% L L3 v L L
1940 1950 1960 1970 1980 1990 2000

FIGURE 9
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C0; FROM NATURAL GAS vs. TOTAL €Oy ©
EMITTED FROM FOSSIL FUELS

10 T 99%

10" - 9%

109 - s0x

% 1

s 1 |
t

1500 2000 2100 2200

C. Marchetni, I1ASA, 1968

FIGURE 11 We can use again the concept of substitution to the "penetration” of CO,
emitted by burning natural gas by respect to the total CO, emitted by burning fossil
fuels. Because of the increasing dominance of this fuel, 50% of the CO; emitted will come
from it slready in 2010. This shows that processes for controlling CO, emissions to the
atmosphere should concentrate on natural gas. (ref. 17)

*
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WORLD ~ NUCLEAR ENERGY PENETRATION |
IN ELECTRICITY PHODUCTION (GWh}

102 T 9%

. Data Source: LAEA Energy and Ecunomic Dats Bank, 1988

. z - ' ; ]
1950 1970 1980 1990 2000 2010 2020

C. Marchetti, HIASA, 1988

FIGURE 12 Nyclear energy penetration in the market of electricity production (G Wh)
is here reported. In spite of the very moody descriptions, the situation does not seem Lo
be bleak. Penetration proceeds at a slow but consistent pace and has reached (1987)
about 18% of all electricity produced (including hydro). The hitting is done assuming a
100% penetration as a maximum level. The low penetration level reached to date
impedes the calculation of a more realistic saturation point (75%7). The analysis is at
world level. The chart shows that by 2020 the "conquest” of the electrical system will be
substantially concluded, and that, if penetration has to follow the lines of Figure 4, new
very important uses have to be found in the meantime.

MARCHETTI, C. (ref. 17)
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REFORMING PLANT

Gross Energy Balances

5+ 6 Mecal
Nuclear

2
19.5|Mcal/Nm?3 - Ground 4 x 3 Mcal =[132}
Sink
2 <+ 3 Mcal
Heat
Sink

FIGURE 13 A gkeleton description of the steam reforming process with the help of
nuclear heat is bere given to show the energy balances. Basically, reforming adds about
30% to methane’s energy input. Thia extra energy obviously comes from the nuclear
heat, with an efficiency of 50% or more. This procesa appears relatively simple and very
suited to introduce large amounts of nuclear energy into the fuel system. (ref. 2)
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NS T

WOLRD PRIMARY ENERGY

1wt THE GRAKD SUBSTITUTION
vo TCE T 197080 Nuclear
6% —» aY= 100y
Lot aT= 15y
w0
w0l
\
\
\
W : S
1790

20u
C. Marchetii, I1ASA, 1988

FIGURE 15 Foggil fuels can be lumped together by summing their energy contribution to
the energy market. We obtain then a line for phasing out wood and other renewable ener-
gies. Fossils have a “product life cycle” of about 400 years, after which they will be sub-
stituted by nuclear energy in various forms. We gave two tinie conslants for the peneira-
tion of nuclear energy to show their ellect on the phase out of the fossi} fuels. (ref. 2 and 17)
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BRAZIL

GDP - GLOBAL ENERGY ELECTRIC ENERGY

1973 - 1989
Index Nr.

400

300

200

100

CBPF-CS-003/92

Electric ENergy

Global Consumption of Energy

73 74 75 76 78 79 80 81

Year

FIGURE 17,

82 8 84 8 86 87 88 89

(ref. 19)
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FIGURE 19

BRAZIL

INSTALLED HIDROELECTRIC POTENTIAL
1910 - 1989

YEAR

PERCENT OF AVAILABLE POTENTIAL

n — = 75,200t - 151.338
1-F

AVAILABLE POTENTIAL 255 MW
c.¢c. = 0,989

PROJECTED FOR 2000: 71.63 MW
PROJECTED FOR 2010: 115.7 MW

ELETROBRAS 2000: 82.2 MW
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LOGISTIC ANALYSIS OF THE EVOLUTION OF THE
HYDROELECTRIC ENERGY PRODUCTION IN BRAZIL

F
LN .
1-F SOURCE: ESTATISTICA HISTORICA DO BRASIL,
I.B.G.E. 1987 vol. 3
F$ ' '
GWh

+3.0

T

270.000

+2.0190.0% (year 2000)

'80. O%
+1,.0]

0.0450% 175.092 -
"’-1. 0'
-2.0 LNy= -223,7366+112,746¢%
Corr. Coeff.= 0.99389
-3.0 '18.684 1
® Observed
-4.,01 : 5.850]
J. I. VARGAS, Feb. 1988

1940 1950 1960 1970 1980 1990 2000 2010

FIGURE 20
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MAJOR POWER PLANTS . '
(Under construction, supplementary expansion, and in studies or design phase)

T RIO ACRE (GAS) 30 MW
H SAMUEL 217 MW
H PAREBAO/MUCAJAT 17 MW
M H-PARANA $12 NW
T MANAUS {1 (EX-BALBINA) 50 MW
H BALBINA 250 MW
H CACHOEIRA PORTEIRA 700 MW

A\

® H COARACY NUNES 30 MW

) T SANTANA (GASI 30 MW
)
H CURDA-UNA 40 MW
. 77 H TUCURLA 3,960 MW (1¢t STAGE)
4 s H PEDSE 1,112 MW

H PRES. CASTELO BRANCO
(BOA ESPERANCA) 234 MW

ik
N

H CANA BRAVA ¢80 MW
— K ITAPARICA 2,500 MW
_ XINGD 5,000 MW
L _ HFO2? DO BEZERRA 360 MW
,j-{ H/CAMACARI 11 {GAS)
”. O re H PEDRA DO CAVALG 600 MW
HAVILA 28 MW g H FORMOSO M0 MW
H BARRA DO PEIXE 450 MW = o H [TAPEB) 617 MW
H MANSO 210 MW y fk M IRAPE 420 MW
H SERRA DA MESA 1,200 MW € H CORUMBA
H CACHOEIRA DOURADA 190 MW / { H MIRANDA aolonn::w
¥ CAPIM BRANCO 624 MW

H NOVA PONTE $10 MW
H TRES INMADS 648 MW ~—
H TAQUARUGU 505 MW
H ROSANA 320 MW
H PORTO PRIMAVERA 1,818 MW
H ILHA GRANDE 1,320 MW

H ITAIPU BINACIONAL 12,600 MW
H SALTO CAXIAS 1,000 MW
H SEGREDO 1,260 MW
H[TA 1.620 MW
H MACHADINHO 1,200 MW

T CANDICITA 111 350 MW
T PRES. MEDICI 320 MW (STAGE B)

HR MW
6_ OSAL 54

H IGARAPAVA 200 MW
& H ITAOCARA 210 MW
H SIMPLICIO 380 MW
H SAPUCALA 300 MW
(57 N ALM. ALVARO ALBERTO 3,307 MW
(ANGRA I 11 & 1)
T PAULINIA I & 11 200 MW
TS. JOSE DOS CAMPOS 150 MW
H CANOAS 300 MW
T JORGE LACERDA IV 350 MW
- H DONA FRANCISCA 125 MW
TIACUL 350 MW

© IN THE STUDIES OR DESIGN PHASE
® UNDER CONSTRUCTION, SUPFLEMENTATION OR EXPANSION

FIGURE 2L. (ref., 19)

.
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BRAZIL - POWER FLOW BETWEEN REGIONS-FIRM POWER - (GW. YEAR)

SOUTHEAST
+ MiDDLE WEST
-MS

NORTHEAST
- MA

AD
B.9

D-47

mePy- INTERREGIONAL FLOW

INDEX OF REGIONAL
DEPENDENCE - %
A-1895
B-2000
C-2005
D-2010

THE ENVIRONMENTAL IMPACT OF ELECTRIC POWER DEVELOPMENT

PROJECTS

Brazilian legislation considers “environmental impacts" not only effects on physical
and biological elements, but also social, economical and cultural effects. The first
group, which might be classed as "ecological impacts”, covers effects on climate,
air, water, soll, flora and fauna. The second group deals with Impacts on people and
on social communities. indigenous population groups, which require special
treatment according to the Brazilian constitution, are included in this category.

FIGURE 22. (ref. 19)
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FIGURE 24
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HEAT WAVE AND MORTALITY ‘
IN MARSEILLE (July-August 1983)
J.P.Besancenot, La Recherche n® 223
JULY 1990
Normal Temperature: 21,89C
Normal Mortality: 28/day
5,00
0
4,800 g
71 8 ~33% ® 14-26 July
- 0 27 July-13 August
4,600 & y=2> A4
n
=
S
4,400 —~
Sy
)
ol
4,200} o
4
8
=
4,001 §.
3,800 -
3,600 .
3,400
’ 20, 25%
3,200 J TEMPERATURE 'Kt x 1073
3'00 . I ! '
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FIGURE 25
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Note. The ordinates in figures numbers 9, 10, 11, 12, 14, 15, 19,
and 20 are expressed in terms of tn F/1-F, the Fisher-Pry
transform of the logistic equation, N{(t) = N / l-exp {(—-at+b), for
N/N = F, the fraction of N, the potential occupancy of the
quantity under consideration., t = time; a = rate constant; b =
integration constant. (For details see for instance references 3
and 5.)



