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Executive Summary

1 Purpose and scope of the study

New opportunities for climate change mitigation arising from a higher energy
integration among Andean Pact nations were analysed within the framework of the
UNEP 7/ GEF Project. Apart from the search for regional mitigation actions, the study
was mainly aimed at detecting methodological problems which arise when passing
from a strictly national view to the co-ordination of regional actions to deal with
climate change.

In accordance with the available resources and data, and in view of the mainly
methodological nature of the project, it was decided to analyse the opportunities to
delve into the energy integration of the Region as regards electricity and natural gas
industries and their eventual impact on the emission of greenhouse gases.

It is necessary to point out that all opinions and conclusions drawn from the present
work only express the view of its authors and in no case do they represent the view of
the respective governments.

2 The Andean Region

The Andean Region comprises Bolivia, Colombia, Ecuador, Peru and Venezuela,
covering a surface close to 3.125 million square miles. The Andean population (104
million inhabitants) registered in 1996 an average income of $ 1,700 per inhabitant, in
1990 US dollars.

For some countries in the Region (Venezuela, Ecuador and Bolivia), the exportation of
their hydrocarbon resources represents a significant source of income to the economy
and acquires relevance in the financing of federal budgets. Venezuela and Ecuador
export oil, while Bolivia exports natural gas.

In terms of meeting domestic energy requirements, all Andean nations have a
significant supply of energy resources, specially hydroelectricity and different types of
hydrocarbons.

As regards oil and oil products, Bolivia and Peru were importers in 1995, while
Colombia, Ecuador and Venezuela exported from 57% to 89% of their production. The
hydrocarbon reserves of Bolivia and Peru are mainly of natural gas. The domestic
natural gas market has yet to be developed in Peru, while in Bolivia natural gas
contributes with 25% of the net domestic energy supply, and it also exports 54% of its
natural gas production to Argentina and will do soon to Brazil. The largest producer of
natural gas in the Andean Region is Venezuela, where natural gas contributed with
54% of the net domestic energy supply in 1995. The natural gas market is at a stage of
full development in Colombia, where the main hydrocarbon is mineral coal, which is
mainly exported.

Hydroelectricity has a prevailing share in the supply of electricity within the Andean
Region (72% of electricity generation in 1995), even when there are asymmetries as we



move further inside the Region. Natural gas is the main burned fossil fuel in power
stations (63% of the total fuel burned).

Final energy consumption in 1995 reached 34 GJ / inhabitant, highly influenced by the
high energy consumption of Venezuela. These values include biomass products used
for energy purposes (16% of the total amount). A gradual substitution of biomass was
registered during the last decades - particularly in Ecuador and Colombia -, increasing
the growth rate in the consumption of hydrocarbons and electricity. It was precisely
the substitution of biomass that which allowed cutting down the share of the
Household and Commercial Sector in final energy consumption by more than 10%
during the last 25 years. It is worth mentioning that over 30% of final energy
consumption within the Andean Region is registered at the industrial sector, slightly
below the transport share.

The significance of the oil industry in some Andean Nations - specially Venezuela - is
the reason why the energy sector’s own consumption registers a similar volume to the
burning of fossil fuels in all power stations of the Region, representing some 12% of the
net domestic energy supply.

The energy intensity of the Andean economy (gross supply of primary sources per
GDP unit) has been kept relatively constant during the last 25 years, ranging around 31
GJ per million 1980 US dollars.

3 The course of COz; emission within the Andean Region

Non-biogenic emission of the Andean Region’s energy system reached in 1995 220,000
Gg of COg, representing 2.2 tons of CO; per inhabitant per year and less that 1.3 kg of
CO; per 1980 US dollar generated by the Andean economy. Even when there are
dissimilarities among the Andean nations with respect to their emission indicators, the
Region’s contribution to global warming was and still is quite scarce.

Even when total non-biogenic CO; emission within the Region shows a rising trend
during the last 25 years - equivalent to an average 3.2 % annual rate - specific emission
indicators (per capita emission and emission intensity of the economy) register a much
more moderate trend, with average annual rates not exceeding 0.8%.

It is worth pointing out that such a moderate rise in emission took place within a
context of strong expansion in the consumption of non-biogenic energy sources
through biomass substitution in final consumption, which in some countries could not
be extrapolated in the future due to the depth of the historical substitution process.

Several factors contributed to restrain the rise in emission, generally actions and
policies related to energy supply. In the first place, the oil-exporting Andean nations
made a great effort to cut down the flaring of natural gas associated to crude-oil
production, additionally increasing the energy efficiency of the energy system. At
present, fugitive emission originated in the flaring of natural gas represents less than
1% of the total emission of the energy sector, against an 8% in 1970.

At the same time, the higher use of natural gas led to a substitution in the consumption
of oil products, mainly within the electricity sector, with clear benefits in terms of
lower CO, emission, due to that source’s lower carbon content.



Nonetheless, the highest impact on the evolution of emission within power stations of
the Andean Region was undoubtedly given by the exploitation of hydroelectricity,
which increased by 20% its share in total electricity generation during the last 25 years.

The total volume of emitted CO, per every Gwh generated in the Region did not reach
250 tons in 1995, that is, 46% less than the unit emission of power stations in 1970.

4 Current energy strategies within the Andean nations

Energy industries within the Andean nations are of a significance which falls beyond
the mere interest in guaranteeing the domestic supply of energy in the long run, in
view of the influence of hydrocarbon exports on State financing.

In this context, the Andean nations have decided to expand the exploitation of their
energy resources and delve into the surveying of their territories for the purpose of
guaranteeing the sustainability of this policy in the long run. This promotion is being
carried out in a context of deep restructuring of energy industries, aimed at attracting
private investors and cutting down the State share. This general approach may be
appreciated in all Andean nations, and coincides with a prevailing trend in Latin
America, although the degree of progress of the reforms is not homogeneous as we
move further inside the Region.

Bolivia, Peru and Colombia have progressed in the process of privatisation of facilities
and in the establishment of competitive markets, mainly in the electricity industry,
where reforms were implemented at a higher speed. In turn, reforms in Ecuador and
Venezuela are at their implementation and debate stages, respectively.

The opening levels of the energy markets, as well as the ownership and regulation
system, vary in the different Andean nations, especially as regards the oil and natural
gas industry. There is higher homogeneity in the restructuring of the electricity
industry - at least in those nations which have already implemented it -, and the trend
is towards the vertical and horizontal disintegration of the industry, with a view to
promoting the establishment of a competitive wholesale electricity market with scarce
State influence.

Within such context, the energy policies in force in the Andean nations tend to develop
the domestic natural gas market through the construction of transportation and
distribution facilities, with the sole exception of Ecuador, whose measured natural gas
reserves are insignificant.

Under the new regulation and the current conditions of the international unit market
for electricity generation, there is no doubt that electricity generation may swiftly
contribute to the expansion of the domestic natural gas market in those nations in
which the resource is available. Official policies promote in the medium term
hydrocarbon substitution within the manufacturing industry and, in the long term, the
use of compressed natural gas in transport, which would have a beneficial impact on
CO; emission.

The official prospective studies for the electricity sector already incorporate this
expectation of a more intensive use of natural gas within power stations, the
consumption of which would rise by 94% until the year 2010, even when
hydroelectricity generation will still representing 65% of total electricity generation
within the Andean Region.



This evolution would presuppose a slight increase in CO, emission per generated Gwh
(of some 15% with respect to estimated values for 1996), although it would remain
within reduced margins for international standards.

5 Energy integration and its environmental effects

The promotion of economic and energy integration in Latin America in general and in
the Andean Region in particular registers a long tradition expressed through
agreements from government to government and through the establishment of
regional integration bodies (OLADE, CIER, ARPEL, etc.). These actions led in the past
to the construction of two-nation hydroelectricity stations, electricity interconnections,
oil supply agreements and natural gas exports.

As from the energy systems restructuring, we notice a rising interest in the part of
private energy companies in developing regional energy markets in their search for
new business opportunities, favoured by the presence of the same company groups on
both sides of the national borders.

The highest impact of this situation was registered in the natural gas industry of South
America’s South Cone, where private oil companies from Argentina and Bolivia have
been quite active in the signing of agreements for the construction of international gas
pipelines with Brazil, Chile and Uruguay. Bolivia seems to move towards higher
energy integration with non-Andean neighbouring nations (MERCOSUR), favoured by
topographic conditions, the attraction of the potential natural gas market and a higher
energy complementary condition with these nations rather than with those from the
Andean Region.

Private natural gas industry agents compete against electricity generators to attract
foreign markets for their products, the coexistence of initiatives for gas pipelines and
electricity interconnections to supply the same market being more and more frequent.

Within this general trend of the Latin American energy agents, integration projects
towards the inside of the Andean Region still depend on official initiatives, and there is
no record of private agreements to develop this type of projects.

It must be admitted that the energy systems of the Andean nations are competitive
rather than complementary. Leaving aside the production and transportation of oil
products - the integration of which will surely bring benefit to the parties but whose
impact on the emission of GHG is harder to measure - the Andean nations anticipate a
more intensive exploitation of their own natural gas reserves, with the sole exception of
Ecuador, where known reserves are not enough to promote the substitution of oil
products.

The existence of own natural gas reserves - usually closer to domestic markets - does
not mean that no natural gas exportation projects have been discussed among the
Andean nations. In fact, there are already official agreements for the construction of a
gas pipeline between Venezuela and Colombia, which would make the supply of
Colombia’s Gas Massification Program more reliable. Nevertheless, certain problems
have come up at the time of agreeing on a sound natural gas supply volume, since
Venezuela would export associated natural gas the production of which depends on
the exploitation rate of the oil fields.

The impact of the construction of this gas pipeline on the Colombian system’s GHG
emission would not be quite significant in as much as Colombian plans already
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presuppose a swift penetration of natural gas to replace oil products and electricity for
cooking purposes within the Household sector.

At some moment, it was also proposed to export Bolivian natural gas to Peru’s
southern region (1lo) to supply power stations and meet the heat consumption of the
industrial mining complexes. However, this idea did not prosper and, on the contrary,
private generators began the construction of thermal stations burning Colombian
mineral coal. Although from an energy viewpoint this project represents an example of
co-operation between both Andean nations, its impact in terms of CO; emission is
unfavourable.

An alternative which was not much analysed in the past but which result indeed in
emission reduction is the supply of natural gas to Ecuador from Colombia, with the
possible backing of Venezuelan natural gas should the planned gas pipeline between
both nations become a reality. Burning natural gas in the Ecuadorian power stations
would allow cutting down CO; emission by some 1,200 Gg per year (calculated on the
basis of the expected thermal generation for the year 2010), both through the
substitution of oil products as well as due to a higher efficiency in combined cycles
with respect to the steam turbines foreseen in power plans. The impact would be even
higher should natural gas penetrate the final uses of energy, specially within transport
- as compressed natural gas -, even when its effect would not be as swift due to its
lower penetration speed.

Electricity integration in the Andean Region is currently restricted to the
interconnections related to the supply of border areas, except for the cases of Colombia
and Venezuela, where there are three lines with a joint transport capacity of 380 MW,
representing 5% and 7% of current peak load of both systems.

At present, the Regional Electricity Integration Commission (CIER, in its Spanish
abbreviation) is holding studies to analyse the prospects of a higher integration of the
South American systems and the challenges for the establishment of a subcontinental
electricity market. It is possible that the results of this study will show the possibility of
delving into electricity interchange among the Andean nations with clear advantages
as regards the reliability of the electricity supply.

Nevertheless, it must be said that the Andean systems have quite similar
characteristics, which reduce complementation possibilities. In particular, and as
regards the possibilities of thermal generation substitution, the hydrological rates of
the Andean nations are similar and the systems have their own thermal compensation.

The international electricity trade favoured by cost differences within the Andean
nations would still prove convenient, but its impact on emission reduction would be
scarce.

The projects on the shared use of the hydraulic resource by Andean nations - surveyed
as the present study was being carried out - are of scarce magnitude and high cost, and
their individual contribution to mitigation would not exceed 400 Gg of CO; per year.

This type of projects is precisely that which requires a special promotion on the part of
the governments and regional integration bodies if the purpose is to have private
agents from the energy industries developing such projects. In particular, the detection
of the sites and the holding of basic studies are not easily dealt with by private
investors, and will require official promotion.



Even in those cases in which the interest of the companies may promote energy
interchange between the nations, certain adjustments will be required as regards
regulation in order to prevent asymmetries in the markets and in the way to take
possession of the benefits resulting from the higher integration. The consideration of
the impacts of energy integration projects on global warming proves even more
complex every time the projects have to do with private commercial agreements. This
type of benefits is not clearly perceived by the investors unless there are economic
compensation mechanisms and the Andean nations are still far from the co-ordination
of strategies and actions to deal with the climate change issue.

6 Conclusions

One of the key objectives of the UNEP/GEF "Economics of GHG Limitations" Project
was to test through case studies the applicability of the IPCC methodology to the
particular case of the developing nations, both from a purely national viewpoint as
well as from a regional perspective.

Abstracting the difficulties posed by this method when applied to mitigation studies of
national scope, its use in the detection and selection of regional mitigation options
seems highly complex, particularly in Regions where regional decision processes are
not clearly institutionalised.

The IPCC methodology presupposes the definition of unique decision criteria to
evaluate and order the different mitigation options, making national projects compete
with regional ones. The "automation” of the decision through the construction of the
mitigation incremental cost curve presupposes the comparability of the different
options and excludes the negotiation process present in every integration project.

Notwithstanding the fact that these comments apply to every regional study, they
become much more relevant when member nations are not obliged to take mitigation
actions in the medium run, as is the case of the Andean Region.

The Andean nations have yet to determine a national strategy to deal with the climate
change issue, which would exceed the restriction on the consumption of fossil fuels
within their territories. As hydrocarbon exporting nations, the impact of international
climate change mitigation agreements on them is twofold: on the one hand, on account
of the higher costs represented by the restriction on their own GHG emission without
affecting their economic development; and on the other, due to the influence of
restrictions on the burning of fuels within central markets over the volume and prices
of their exports. Within this context, the adoption and co-ordination of strategies
among member nations proves complex, and is incipient at the present stage.

On the basis of these considerations, and in view of the scarce resources available for
the present research work, it was decided to carry out a first exploratory analysis of the
regional mitigation options which would result from higher energy integration within
the electricity and natural gas industries.

Although possibilities of setting up electricity and natural gas markets are real, their
impacts on GHG emission from the energy system would not prove substantially
higher than those which the nations could achieve through the use of their own energy
resources, in view that the Andean systems are competitive rather than
complementary.
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More in-depth studies and detail information will be required - unavailable for the
present study - to be able to properly evaluate all benefits associated with higher
energy integration. Nevertheless, the supply of natural gas to Ecuador seems to be the
alternative with the highest impact on GHG emission.

If we were to analyse the supply and final consumption of energy jointly, we would
most certainly detect additional mitigation options resulting from higher co-operation
and co-ordination in the energy field.
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Climate Change Mitigation

1 The international context and the developing world

Although developing world nations are not immediately bound to carry out actions
with a view to mitigating the emission of greenhouse effect gases (GHG), an increase in
GHG concentration in the atmosphere and its potential consequences on climate
change deserve the attention of the entire nations of the globe. Considering the
magnitude of the potential effects of climate change, the application of policies based
on the precaution principle is recommended. GHG inventories and vulnerability and
adaptability studies are to be found within this context.

To concern as regards vulnerability to an increase in ocean levels, we now add the
impact of the change in the precipitation system on the development of economic
activities and on the sustainability of populations from different regions. This aspect
proves to be particularly critical in the developing world, since the degree of
vulnerability to these phenomena depends on the capacity of the social groups to
absorb, dampen or mitigate the effects of these changes, something which is associated
with the possibility of having proper technology, infrastructure and means.

Due to the gravity of the issue, time is running out to determine effective actions to
mitigate climate change. The current process in search of consensus within
international fora calls for the active participation of the developing world to guarantee
that equitable decisions are adopted, considering both future impact as well as
historical contribution to the generation of the problem.

1.1 Mitigation impact

In general, when we speak about the impact of actions to mitigate climate change in the
developing world, we think of the consequences which the implementation of a
mitigation policy within their territories would have on their economic and social
development. Setting aside methodological difficulties to properly evaluate the
incremental costs of mitigation actions within their own borders, the interesting issue
here is to point out the importance of analysing the impact that a more and more
restrictive international context with respect to GHG emission would have on the
possibilities of economic progress for developing nations.

As these measures affect more drastically the consumption patters in force within the
industrialised world, this could also affect the international market of certain products,
which prove vital to finance the development of the developing world. To this respect,
it should be borne in mind that most of the fossil energy traded at the international
market comes from developing countries and is destined to the industrialised world.
Even when environmentally necessary, a drastic cut in the consumption of these
products would have a significant economic effect in the developing countries which
produce energy, which, on account of their own characteristics, would have difficulty
in restructuring their economies in a short period.

A similar situation could take place in the market of other energy-intensive products,
specially basic goods such as steel and other metals. In this case, the industrialised
nations could resort to importation as an effective means to assign the responsibility of
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GHG emission to the exporting countries. After the second oil crisis at the end of the
1970s, a similar method was used to bring down the energy intensity of the
industrialised world, displacing energy-intensive industries towards developing
countries with a guaranteed low-cost energy supply.

Ever since globalisation began to show the need to carry out adjustments in the
industrialised economies, the idea that international trade should have some type of
regulation against any sign of disloyal competition in the markets began gaining
strength. Apart from the agreements reached within the World Trade Organisation
(WTO), some voices called for the consideration of social and environmental aspects in
such regulations.

The international context has forced nearly all developing countries to carry out
structural adjustments in their economies, which notably affected the capacity of their
internal markets to sustain growth of economic activity within their borders. Under the
present circumstances, their economic growth depends and will depend on their
capacity to position themselves within the markets of the developed nations. Hence,
the conditions to be imposed by the industrialised nations to open their markets to
international trade are of vital significance for the development of the developing
countries.

In particular, environmental regulations could force the developing world to assume
the cost of climate change mitigation just to guarantee their insertion to the
international markets and contribute to overcome the deep social crisis brought by the
economic adjustment plans.

These considerations on the impacts on development are not aimed at debating on the
unsuitability of mitigating climate change, which, in accordance with every analysis,
should be implemented in the short run. Nevertheless, it seems important to bear these
aspects in mind at the time of agreeing on actions to take and on cost distribution.

1.2 Risks and opportunities for climate change mitigation

Even when the weather is affected by the concentration of GHG in the atmosphere, the
industrialised nations insist on concentrating the analysis on the future evolution of
annual emission and its distribution in the different regions of the globe. However, the
irreversibility of past emission should not restrict the debate to the future
responsibilities of the different countries in increasing their current levels of GHG
concentration.

In fact, the proposed theoretical and conceptual approaches are based on models and
criteria which prove incapable of considering the contribution to the generation of the
problem. Instead, they are oriented to the search of more attractive mitigation
opportunities from a cost viewpoint. Since the methods recommended to appraise
mitigation options are strongly influenced by income distribution, the final result may
lead to the paradox of giving priority to the implementation of mitigation actions in the
regions which register less relative responsibility in the emergence of the problem.

However, and considering the planetary characteristic of the weather, it is important to
reach the voluntary action of all nations to bring down future GHG emission and
prevent the developing world from future taking of development paths which have
already proven their lack of environmental sustainability. An effective restriction
would demand, however, deep change both in consumption patterns in force as well as
in production ways. Even if the re-conversion effort were to be mainly carried out in
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the industrialised world, the developing countries would face the cost of maintaining a
low standard of living for a significant part of their population on account of
difficulties to guarantee an adequate growth rate for their economies.

To additionally assume the commitment to implement actions to bring down GHG
emission within their borders would translate for the developing world into an
increase of these social and economic costs, which would hardly be evenly distributed
among all social and economic agents. In the present context of social fracture and
trans-nationalisation of their economies, the governments of the developing countries
face the exhaustion of their capacity to guarantee social equity when distributing
mitigation costs.

Hence, the evaluation of actual climate change mitigation costs should be strongly
related to considerations on equity. Although it could be deemed that this type of
problem has to do with the domestic policy of the developing nations and is subject to
the ethical and political appraisal made by each government in particular, it is
important that the equity issue be included in debates, methodological guides and
training courses aimed at establishing a consistent approach to the studies on
mitigation within the developing world.

At the same time, the international negotiation process on climate change mitigation
should progress towards an equitable distribution of mitigation costs within the
international community. From this perspective, the analysis of the present situation
and of the expected future evolution of GHG net emission for the different countries
proves insufficient. It is necessary to determine the historical responsibility for having
reached current GHG concentration levels in the atmosphere and for the levels to be
reached in the next 100 years.

Serious debate is required for this purpose on the extension of the historical period to
analyse, the way to allocate the CO; sinks shared by the international community and
the establishment of criteria for the allocation of emission between exporters and
importers in the international trade of GHG-emission-intensive goods. To the examples
previously given for this type of tradable goods, we could add the deforestation in
certain developing countries promoted by wood exports. Such accounting should be
carried out on the basis of responsibilities on the levels of GHG concentration,
allocating “assets” and “liabilities” to each country correlated with the allocation and
contribution of funds for climate change mitigation.

In the specific case of Latin American nations, their historical contribution to climate
change mitigation through hydroelectric development is internationally renowned.
What is less mentioned is the economic and social cost these nations had to face for
their “environmental’” contribution to the international community after having to
complete these works through their own resources and short-term high-interest-rate
loans from international private banks, which led to a rise in their external debts. It
may be stated that such harmful effects were fuelled by a certain inefficiency in the
handling of the funds, but we cannot deny the international benefit of this capital
allocation policy adopted by Latin American countries to the detriment of immediate
consumption and the economic welfare of their peoples.

It is to be expected that the contribution of the different regions of the globe to GHG
concentration in the atmosphere will continue showing significant asymmetries,
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maintaining a higher responsibility of the industrialised world. Recent studiest'show
that the contribution of Annex 1 countries to global warming in the year 2096 would be
some 30% higher than that of the rest of the world, even assuming that their emission
dropped some 40% for the year 2016 and that the emission of the rest of the world rose
some 300% for the same year.

Although the Convention on Climate Change introduces the issue of equity in its
Section 3, the international negotiation process has been marked by the defence of the
economic interests of each participant, and its results do not cease to show the power
relations within the international community. However, never before has the
interdependence of all nations been so clear as to provide solutions to a problem which
due to its nature equally affects all inhabitants of this planet. Hence, we face a unique
opportunity to transcend domestic interests and co-operate in the search for effective
and viable actions to mitigate climate change.

2 Opportunities for a regional approach

In this international context, it seems appropriate to transcend national borders in the
analysis of the actions and consequences of climate change mitigation measures and
evaluate the opportunities posed by a higher regional integration. In the same way, the
analysis of integration projects could include the dimension of the climate change, with
a view to specifying its contribution to the mitigation of GHG emission for the region
as a whole, as well as for each member nation.

The detection of these opportunities may strengthen co-operation and integration ties
within the region, although in certain cases it will require additional negotiation efforts
to determine criteria to allocate regional environmental benefits among member states,
allowing compensations to the region’s hinterland. In fact, the United Nations Frame
Convention on Climate Change admits regional representation at the Conference of the
Parties, on condition that it replaces the national representations of member nations.

Although the diversity of particular interests and situations of the countries could pose
difficulties to the achievement of joint representations of these characteristics, stronger
regional interaction would certainly facilitate the interchange of experiences and the
co-ordination of criteria and strategies to face negotiations at international fora.

In the special case of Andean Subregion countries, the fossil fuel producer / exporter
nature these nations share could facilitate the search for a common regional strategy to
deal with the climate change issue.

3 Methodological challenges

The preparation of two regional mitigation studies within the context of the
GEF/UNEP Project, “Economics of GHG limitation” presupposes the analysis of the
applicability of available methods to carry out mitigation studies within a regional
scope. In accordance with the analysis made, transcending national borders to
comprise a regional scope requires significant methodological adjustments with respect
to the following:

1 Pinguelli L, Kahn Ribeiro S.: “Present, past and future contributions to global warming”.
COPPE/UFRJ, 1996
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. Redefinition of the goals and scope of the study

. Methods to evaluate regional mitigation alternatives
. Ways to set up the Scenarios
. Consideration of the implementation issue

We sum up below the methodological adjustments which we deem necessary for each
one of the aspects previously mentioned.

3.1 Goals and scope for a regional study

The available methods to carry out domestic mitigation studies are aimed at facilitating
the incorporation of the environmental dimension in the domestic process of
government policy and strategy decision-making. Thus, they suggest the use of
different instruments to decide among conflictive goals in order to establish a priority
order among the mitigation options analysed. This means to represent the utility
function (or preference structure) of the political decision-maker.

One of the most promoted methods to carry out this task - which assumes the
reduction of multiple objectives to the addition of scalar elements in a common
measuring unit - is the use of shadow prices for those input and production factors
which could be affected by the implementation of the mitigation options. Costs thus
calculated would represent the inverse of the social welfare associated with each
mitigation option analysed. Thus, the ordering of the options in accordance with their
rising incremental costs would automatically represent the priority allocated to the
different mitigation alternatives by the political decision-makers in representation of
the society as a whole.

Notwithstanding the assumed objectivity of shadow prices, there is no doubt from a
theoretical point of view on their high dependence on the subjective appraisal of the
decision-maker. Since it does not result from a process of global optimisation of the
economic system, they represent the “trade-off between objectives” or relevant aspect
for decision-making from the special viewpoint of the political decision-maker.

Apart from the objections and difficulties for the application of this approach in
defining domestic policies, it seems highly inadequate within the regional scope. In
fact, regional decision-making results from a negotiation process, which is more or less
strenuous depending on the levels of regional understanding and integration, which
may never be “automated” through the construction of a joint utility function which
may allow to conclude the order of priorities for the options analysed. It is important to
point out that this negotiation among national representatives may not be eluded, even
in those regions in which integration process has reached high institutionalisation
levels, as is the case of the European Union.

On the other hand, the ordering of mitigation options presupposes that they are fully
comparable in terms of wills and political decision-makers involved. Comparison
between regional options may be strongly affected every time the regional options
involve different countries.

In our opinion, and in accordance with these considerations, there is no doubt that the
scope of a regional study should be exploratory in order to identify joint mitigation
options and contribute with judgement elements for the further negotiation process on
their regional and domestic impacts, as well as on the eventual obstacles which could
oppose to their implementation.
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3.2 Evaluation of regional alternatives

Regional mitigation options should be submitted together with an analysis of their
impacts - as wide as possible -, both as regards type of impact as well as the
geographical area in which they would take place.

As regards type of impact, the following should be included:

. Environmental effects

. Direct impact on the economic sector which would apply the mitigation actions
. Direct costs of undertaking the actions analysed

. Some macroeconomic considerations, as far as possible

It would be convenient to include - apart from the quantification of GHG emission
saving - some considerations on other local environmental impacts of the options
analysed.

Since, as a general rule, there are no development plans applicable to a region as a
whole, the type of impact to analyse will depend on the scope of the regional study in
particular, as well as on the prior identification of explicit policies within member
nations. Nonetheless, we must acknowledge the difficulty in going further with a
detailed study on the macroeconomic impacts of the regional mitigation options.

With respect to the geographical area of the impacts, it is important to note that certain
regional mitigation options could produce quite asymmetric effects among member
nations, even when they show a clearly positive balance for the region as a whole. In
these cases, it is essential to identify these asymmetries in order to facilitate the
adoption of compensating mechanisms among the parties during the negotiation
process.

Hence, a regional mitigation study may hardly go beyond the construction of impact
matrixes - one per each member, apart from the regional matrix - , which allow to
compare the different effects of the regional options analysed. Any appraisal of these
impacts in terms of their desirability will depend on the subjective evaluation of
domestic political decision-makers and on their willingness to facilitate agreements
with the other parties involved.

3.3 Setting up the scenarios

Even when is not our aim to build a regional mitigation incremental cost curve, we
shall need regional Scenarios to go further in the quantification of the impacts of
regional options, as far as available information allows it.

The specification levels of the scenarios will thus depend on the extent of the specific
regional study. However, they should allow to anticipate the effect on essential
variables with and without the option analysed, both for the region as a whole as well
as for each member nation.

The regional Baseline Scenario should be the addition of the provisions of member
nations to the sectors where regional mitigation options may be considered. These
provisions may include or not domestic climate change mitigation options, depending
on the commitments undertaken by the parties.

In the event that the mitigation potential of a regional option would be limited or
restricted by a domestic action, the degree of existing competitiveness between both
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options as for sensitivity should be analysed. Nevertheless, from a strictly regional
viewpoint, it does not seem advisable to ignore domestic decisions, which could have
different degrees of implementation.

As far as regional studies aim at promoting the search of consensus on the most
effective strategy and methods within the region to mitigate climate change, these
should be understood as a process with an initial exploratory stage which may delved
into according to the interest shown by the parties. It is clear that the characteristics of
these studies and of the analysis scenarios will vary as we move further into this
regional decision process.

A similar situation may take place with respect to the order of inclusion in the
Mitigation Scenario of the different regional options identified. Contrary to the case of
domestic studies, a regional mitigation scenario is not associated with a certain GHG
emission saving objective nor does it represent an established mitigation action
program.

Although difficulties to determine the order of priority among mitigation options
when setting up a scenario are not the exclusive territory of regional studies,
uncertainties may be much higher than in domestic studies, specially if we consider
that the viability of the different options may depend on a further negotiation process.

Hence, its seems best to carry out at a first instance an analysis of the direct impacts of
each regional option and, whenever it may correspond, determine the crossed impact
among the mitigation options as for sensitivity, without assigning priority to any of
them.

3.4 The implementation issues

In the case of regional studies, the viability of the regional options could be affected by
legal and / or regulatory asymmetries among member nations, and this could
represent an additional obstacle to their implementation. The importance of legal and
regulatory aspects will depend on the sector for which mitigation options were
detected. Such issues could be especially significant for energy industries within the
present context of regulatory change that the nations are carrying out with unequal
rate and views on the most appropriate methods to guarantee the normal supply of
energy requirements within their territories.

An issue which should deserve special attention in regional studies is the treatment of
the eventual asymmetries in GHG emission savings within member states resulting
from regional mitigation actions. From this viewpoint, more strength should be given
to the purpose of regional studies to contribute with elements of judgement for further
negotiations among the parties.

For this purpose, it will be necessary not only to quantify GHG savings for the region
as a whole, but also to clearly indicate the impact of the regional mitigation option
analysed on the emission of each of the countries involved, considering both direct and
indirect emission.

4 Scope of the Andean Region Study

The specific situation of the Andean Region, comprising Bolivia, Colombia, Ecuador,
Peru and Venezuela, was analysed within this general perspective, and without losing
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sight of the main purpose of this project, that is, to test the applicability of the
methodology in question.

The energy sector was chosen among all sectors in which regional co-operation could
be expected in the search for regional climate change mitigation options, both on
account of its higher information availability as well as for the existence of institutions
in the region which have long promoted energy integration actions.

Within the energy supply industries, special attention was given to the electricity
industry and to the possibilities of setting up a sub-regional Natural Gas market. This
election does not mean in any way that there is a lack of attractive mitigation options in
other socio-economic sectors. However, their study would require the application of
human and economic funds quite above those available for the preparation of the
present study.
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Diagnosis for the Andean Region

1 Socio-economic characterisation

The Andean Subregion comprises Venezuela, Colombia, Ecuador, Peru and Bolivia,
and is located at the northern and centre-western portion of South America. In all, it
covers a surface of a little over 2.9 million square miles of territory framed by the
Andean mountain range. This attribute provides the region with an ample weather
variety, notwithstanding the fact that it is entirely located within a tropical area. The
region is also rich in minerals.

In accordance with information from the Regional Electricity Integration Commission
(CIER, in its Spanish abbreviation), the total population of the Region reached 104
million inhabitants by 1996, with a 73% urbanisation degree. Hence, the Region’s mean
population density is just over 22 inhabitants per square kilometre.

Nonetheless, the Region is not homogeneous neither in its urbanisation level nor in its
territorial occupation density. The countries registering a higher urbanisation rate are
Venezuela (81%), Colombia (75%) and Peru (72%). In the other end, we have Bolivia
(54%) and Ecuador (61%).

These two countries with higher rural population proportion are precisely those with
higher population rate, 2.4% and 2.1%, respectively. In Colombia and Peru, the
population growth rate has dropped throughout the period to level around a yearly
1.7%. Only Venezuela, with a yearly 2.2%, does not follow the rule which goes that the
higher the urbanisation level the lower the population growth.

The Andean Region as a whole also shows a deceleration in its population growth,
which currently around a yearly 1.9%.

According to publications from the Latin American Economic Commission (CEPAL, in
its Spanish abbreviation), the Region’s Gross Domestic Product (GDP) reached in 1996
178,000 million 1990 US dollars. Thus, per capita GDP reached US$ 1700 per inhabitant.

In the Region’s hinterland, the scattering of the per capita product is significant. While
Bolivia barely reaches 50% of the regional mean income, Venezuela exceeds it by
almost 50%. Only Peru and Venezuela register a per capita product higher than the
regional mean figure. Colombia and Ecuador register a very similar per capita GDP, of
some 75% of the region’s figure.

2 Energy within the Andean Region

Andean Region countries have abundant energy resources, specially hydroelectricity
and different types of hydrocarbons. The region shares with the rest of Latin America a
large hydroelectric potential, which is scarcely used notwithstanding the almost
excluding significance of hydroelectricity in practically all member nations.

Nevertheless, hydrocarbons are without a doubt the most significant resources in the
region, given their relevance in the financing of national budgets. According to data
from the OLADE's Energy-Economic Information System, proven hydrocarbon
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reserves reached nearly 920000 Petajoules in 1996, with the distribution shown in
Figure 1.

Figure 1  Proven hydrocarbon reserves within the Andean Region - 1996
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As may be appreciated, the relative significance of each type of hydrocarbon differs
from nation to nation. Thus, while natural gas is the main hydrocarbon in Bolivia and
Peru, the reserves of Ecuador and Venezuela are mainly of oil. Finally, mineral coal is
the most important resource in Colombia.

Although hydrocarbon reserves are significant in practically all the nations of the
Region, the situation in the Andean Region is highly influenced by Venezuela’s supply
of resources. This country contributes with a little over 90% of the region’s oil and
natural gas reserves. On the contrary, the Region’s mineral coal concentrates mainly in
Colombia (81%).

The significance attributed to hydrocarbons in the region may be appreciated in
Figure 2, which shows the temporal horizon of the production of each type of
hydrocarbon should the production registered in 1995 be maintained.

Figure 2 Hydrocarbon reserves / production ratio within the Andean Region - 1995
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However, strong asymmetries are registered in the Region’s hinterland. In the case of
oil, the highest temporal horizon is shown by Venezuela and Ecuador (64 and 24 years,
respectively), since the rest of the countries registered in 1995 a reserve / production
ratio which ranged from 8 to 14 years. With the exception of Bolivia and Peru, which
were net oil and petroleum-product importers in 1995, the remaining three countries
exported between 57 and 89% of the production of crude oil and petroleum products.

In the field of natural gas, foreign trade in the Region is still limited, and only Bolivia
regularly exports natural gas to Argentina, such exports representing in 1995 54% of its
production. The domestic market for natural gas is also little developed throughout the
member nations, with the exception of Venezuela, where it represents 54% of the net
energy supply. Nonetheless, as will be later shown, all countries from the region are
striving to develop their natural gas market.

Hence, the reserves / production ratio does not exactly show the magnitude of the
resources available in each country when production is little developed. Such is the
case of Peru, whose temporal horizon is almost 19 times that of Colombia, although
they have practically the same volume of natural gas reserves.

In turn, the high temporal horizon registered by coal production within the Andean
Region has to do both with the magnitude of reserves as well as with the relatively low
current production (less than 10% of the oil production). Nonetheless, current
production volumes depend on foreign markets (to which 78% was allotted), since
mineral coal only supplied 3% of the region’s energy requirements in 1995.

3 The development of the Andean energy system

Unless otherwise stated, information from the Energy-Economic Information System
(SIEE, in its Spanish abbreviation) from the Latin American Energy Organisation
(OLADE) will be used for the analyses submitted in this item for each one of the
member nations of the Andean Region.

3.1 Final energy consumption

Final energy consumption within the Andean Region rose steadily during the last 25
years at an average yearly rate close to 4%, until reaching 3400 Petajoules in 1995. It is
worth pointing out that this swift expansion in energy consumption coincided with a
biomass-substitution process, as may be appreciated in Figure 3. Thus, the rise in
energy service measured in terms of the energy actually used by consumers was even
higher in this period.

Indeed, biomass, which at the beginning of the 1970s represented 27% of the Region’s
final consumption, decreased its share to less than 16% in favour of the expansion of
natural gas and electricity consumption, which practically doubled their share.
Biomass substitution was especially significant in Ecuador (from 53% to 19%),
Colombia (from 35% to 25%) and Peru (from 40% to 35%). On the contrary, Bolivia
shows an irregular trend throughout the period, with a 4% rise between end years
(25% to 29%). Venezuela, in turn, practically registers no biomass consumption
throughout the period under evaluation.

Aside from the process of substitution among sources in final consumption, the growth
rate shows distinct differences among the member nations, Peru and Venezuela
representing the extreme cases, with average rates of 1.5% and 5.3%, respectively. The
strong expansion registered in consumption in Venezuela has allowed it to increase its
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share in regional consumption from 30% in 1970 to 42% in 1995, to the detriment of
Peru’s share, which fell from 26% to 14% in 1995.

Figure 3  Evolution of final energy consumption within the Andean Region
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Figure 4 shows, by way of an indicator of the significance of these differences, the
evolution of final per capita consumption for the Region and its member nations. As
may be appreciated, Venezuela doubled regional averages in 1995, notwithstanding
the fact that the strong expansion registered in the 1970s came to a halt. The other
nations of the region show a more homogeneous situation among them,
notwithstanding certain differences.

Figure 4  Final per capita energy consumption within the Andean Region
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Throughout the period, industry and transport were the most dynamic sectors,
representing as a whole in 1995 62% of the Region’s final consumption. As Figure 5
shows, the main changes in the sectoral final consumption structure were registered
during the 1970s.
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Figure 5 Sectoral structure of final energy consumption within the Andean Region
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In such decade, industry and transport gained a 6% share each, to the detriment of the
household and services sector, whose share fell from 35% to 26%. Since 1980, the share
of these three consumption sectors shows certain stability, only disturbed by
fluctuations on account of consumption for non-energy purposes. Nonetheless, such
fluctuations seem more associated with difficulties to identify the energy volumes
aimed at non-energy purposes than with actual variations.

The sectoral structure of final consumption is not homogeneous in the Region’s
hinterland. The significance of industrial consumption ranges from 40% for Venezuela
to 15% for Peru and Ecuador, with intermediate values for Bolivia (22%) and Colombia
(29%). It is worth mentioning that mining consumption in Peru is classified under
Miscellaneous, representing 13% of total consumption.

Less fluctuations are noticed in the influence of energy consumption for transport,
which ranges from 27% (Peru) to 40% (Ecuador). In the case of Ecuador, biomass
substitution within the household and commerce sectors favoured the fall in the share
of consumption in this sector (from 55% in 1970 to 34% in 1995), offset by transport
(from 25 to 40%). Only Venezuela shows a relatively significant drop in transport
throughout the period (from 41 to 33%).

Household and commerce consumption still maintain a high influence in almost all
Andean nations, from 43 to 29%, with the exception of Venezuela, where they only
represent 15% of final energy consumption.

3.2 The electricity sector

Electricity consumption rose steadily throughout the period at a yearly 6.2% rate, until
reaching 116 TWh in 1995, as Figure 6 shows. 50% of the electricity consumption is
concentrated in Venezuela, which gained 7% in its share of the Region’s total amount.

The highest growth rate was registered in Ecuador (yearly 8.9%), which practically
allowed it to double its share since 1970, reaching in 1995 6% of regional consumption.
Peru registered the lowest growth rate (yearly 3.7%), especially during the 1980s,
falling from 20% in 1970 to 11% in 1995. Colombia, in turn, shows an evolution quite
similar to that of the Region as a whole.
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Figure 6 Evolution of electricity consumption within the Andean Region
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Figure 7 shows the significance of this evolution in terms of per capita electricity
consumption for the Region as a whole and its member nations. Once again, we
appreciate the influence of Venezuela over the regional averages, with a blasting

growth as from the middle of the 1970s and until the early years of the 1980s,
equivalent to a yearly 10.7%.

Figure 7  Per capita electricity consumption within the Andean Region
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The rise in electricity consumption throughout this period was associated with the
expansion of the coverage of the service and an increase in the share of household and
service consumption, which grew from 48% to 53% of total electricity consumption in
the Region. This phenomenon was registered with more or less intensity throughout
the member nations. The current influence of household and commerce consumption
ranges from a maximum of 67% (Ecuador) and a minimum of 38% (Peru). It is worth
mentioning that the significance of electricity consumption in mining activities in Peru

is what causes the fall of the share of the household and commerce sectors in electricity
demand.
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From the point of view of the efforts to expand the electricity supply throughout this
period, a rise in network losses - from 11% in 1970 to 21% in 1995 - added to the fast
growth in final consumption. With the exception of Bolivia, which shows an opposite
trend, all the countries from the Region experienced the same problem, which
intensified as from the early years of the 1980s.

An ample part of the expansion in electricity supply was based on the use of the hydro
resource, as Figure 8 shows. Indeed, the share of hydroelectricity in electricity
generation within the Andean Region rose from 51% in 1970 to 72% in 1995.

Figure 8 Hydroelectric contribution to electricity generation within the Andean Region
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The high hydro share at the beginning of the period was sustained by Peru, Colombia
and Bolivia, where hydro contributed with some two thirds of generation at national
level. Ecuador and Venezuela, in turn, even when hydroelectricity is important, had a
not so determining contribution.

Notwithstanding natural fluctuations due to prevailing hydrological conditions at each
moment, it may be stated that hydroelectric contribution has consolidated in Peru and
Colombia throughout this period. Ecuador and Venezuela have substantially altered
their generation structure, with a hydroelectric contribution respectively reaching 84%
and 70% of total generation. Bolivia is the only member nation in which
hydroelectricity has lost significance in these past years.

The alteration of the generation structure was shown in the type of input used in
power stations, as Figure 9 shows. A 36% yield was adopted in this figure for
hydroelectric plants, which is higher than the average yield of the Region’s thermal
stations throughout the period.

As may be appreciated, fossil fuels burnt in power stations in 1995 represented 34% of
the total input, natural gas registering 63% of the total amount of this type of fuel. Only
at the beginning of the 1980s, and due to the influence of the Venezuelan system,
petroleum products represented 29% of the total input in power plants.

In general terms, and with the exception of Bolivia, the Andean nations reduced their
contribution of hydrocarbons in the total input to power stations in favour of a higher
use of their hydroelectric resources.
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Figure 9 Input structure in power stations within the Andean Region
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In those countries in which the natural gas industry is more developed (Venezuela,
Bolivia and Colombia), natural gas is the most burnt hydrocarbon in power stations. In
the case of Bolivia and Colombia, the use of natural gas within power plants
materialised during the analysed period, currently reaching 85% and 52% respectively
of the total hydrocarbons burnt within power stations. Contrary to this, the natural gas
share in Venezuela as for fuel burnt within power stations dropped from 87% in 1970
to 75% in 1995. Such evolution does not necessarily represent an intention to replace
natural gas, but could be associated with the need to maintain certain levels of thermal
generation in areas where there is no natural gas available, within a context of strong
substitution of thermal generation with hydroelectricity.

The burning of mineral coal within power stations is almost solely concentrated in
Colombia, the Region’s largest coal producer. Nevertheless, the trend in this period is
that of a falling share, notwithstanding the natural fluctuations resulting from the
contingency of the hydro resource.

3.3 Gross energy supply

As may be appreciated in Figure 10, domestic gross energy supply within the Andean
Region showed an upward trend throughout the period, with an average yearly rate of
2%, until reaching 5440 Petajoules in 1995.

This rise took place together with a change in the composition by energy supply
sources, where the higher penetration of hydro energy stands out (from 5% to 19%), to
the detriment of the natural gas share (from 43% to 33%) and, to a lesser degree, of oil
(from 38% to 34%).

However, this joint result was not uniform in all member nations. With respect to
hydro energy, the comments made when analysing the evolution of the electricity
sector also apply here. It is sufficient to state that the contribution of hydro energy is of
some 20% in all countries, with the exception of Bolivia.

Contrary to this, the liquid hydrocarbon share in gross supply shows well-
differentiated situations. Only Colombia and Venezuela have managed to reduce their
dependence on oil by-products during this period, from 40% and 35% in 1970 to 38%
and 24% in 1995, respectively.
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Figure 10 Gross energy supply evolution within the Andean Region
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On the contrary, Ecuador’s dependence on petroleum products rose until reaching 60%
in 1995, due to a lack of natural gas and biomass substitution. Nevertheless, the 20%
rise in the oil share was checked by a rising use of the nation’s hydroelectric resources.
The growth in the hydro share in Peru could scarcely offset biomass substitution,
leading to an increase in oil dependence.

The natural gas share in gross energy supply registers a drop throughout the period,
both within the Andean Region (from 43% to 33%) as well as in all member nations,
with the sole exception of Colombia, where it remained around 11%. It is important to
observe that these figures correspond to gross energy supply, that is, they include
distribution, transport and transformation losses, as well as the energy produced and
not used. Most of the unused energy in the Region throughout the period corresponds
to natural gas associated to the production of crude oil.

The changes in the true role of natural gas in the supply of energy to the Andean
Region are shown by the evolution of its share in net supply (gross supply minus
unused energy), which rose from 21% to 31% in the end years. The most remarkable
changes were registered in Bolivia and Venezuela, the two largest natural gas
producers in the Region. When eliminating unused energy, a seemingly falling trend in
the natural gas share in supply is reverted in both countries, registering a significant
increase in the relative importance of this source. Indeed, natural gas - which only
represented 4% of the Bolivian net supply in 1970 - rose to 25% in 1995. Although less
significant, the rise in the natural gas share in Venezuela’s net supply was also
substantial (from 37% to 54%).

The reason for this difference lies in the control of unused energy, which represented
28% of the regional gross supply in 1970 and fell to only 4% in 1995. At the beginning
of the period, over 40% of the energy supplied by Bolivia and Venezuela was not used.
Venezuela managed to cut down this percentage to only 5% in 1995, while in Bolivia
unused energy still represents 12% of the gross supply.

It is evident that this effort to improve the use of produced energy has resulted in an
improvement in energy supply efficiency, measured in terms of the percentage of gross
supply assigned to final consumption or the energy industries’ own consumption, as
shown in Figure 11.
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Figure 11 Energy supply efficiency within the Andean Region
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As may be appreciated, the highest rise in regional energy efficiency was reached
during the 1970s, from 50% to 70%, a value that has remained relatively stable since
then. It is important to observe that, throughout the period, certain factors have
promoted higher efficiency, while others worked in the opposite direction. The first
include the reduction of flared gas in oilfields and the improvement in the performance
of power stations on account of a higher share of hydroelectricity. The main adverse
factor was the sustained increase in electricity distribution and transport losses.

Although Bolivia and Venezuela managed similar achievements as for the increase in
energy efficiency, it must be pointed out that improvements in Bolivia were slower,
and only in recent years did the rise prove to be substantial, from 47% to 66%. Ecuador,
in turn, is the only country in the Region to show deterioration in energy supply
efficiency, originating both in higher losses within electricity networks as well as in a
rise in natural gas flared in oil fields.

The highest efficiency reached in energy supply allowed maintaining a relatively stable
per capita gross energy supply in the Region (somewhat near 55 GJ/inhabit.),
notwithstanding a strong hike in energy consumption. The strife to check unused
energy carried out by Venezuela at the beginning of the 1970s allowed it to bring down
in a few years some 40% of the per capita gross supply, from 193 GJ/inhabit. in 1970 to
120 GJ/inhabit. in 1975. Since then, per capita gross supply has remained close to such
value.

There is more irregularity registered in the energy intensity trend in the Andean
economies, measured in terms of the gross energy supply per every GDP dollar, as
Figure 12 shows. The GDP series of the Andean nations included in SIEE’s socio-
economic module, expressed in 1980 US dollars, was used to calculate the indicators
shown in the above-mentioned figure.

Contrary to per capita consumption, this indicator proves to be quite sensitive to
changes in the economy structure, as well as to fluctuations at economic activity levels
which affected all Andean nations during this period. In general terms, it is verified
that the periods of economic expansion coincide with a drop in energy intensity, while
recessions lead to a rise in intensity due to the inertness of household consumption.
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Figure 12 Energy intensity within the Andean Region
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At the beginning of the 1970s, two factors joined to reduce energy intensity by 20%,
namely: economic expansion and an improvement in energy supply efficiency. The
economic standstill during the 1980s, which specially affected Venezuela and Bolivia,
reverts this falling trend in energy intensity, although not regaining the values
registered in the 1970s.

4 GHG emission within the Andean energy system

Although the development of the energy system of the Andean nations has surely led
to a significant number of local environmental impacts, we shall focus here solely on
the analysis of greenhouse effect gases (GHG). Of all thermoactive gases emitted by the
supply and consumption of energy, CO; is undoubtedly the most significant and the
only one whose volume solely depends on the type of fuel and is independent of the
special characteristics of the each burnt fuel.

Hence, and within a long-term historical perspective, it was opted to analyse solely the
evolution of CO; emission as an indicator of past trends in the contribution of the
Andean nations to the global warming phenomenon.

The calculation of CO, emission was carried out as from data on energy consumption
and supply provided by SIEE, and the corresponding emission was registered using
emission factors from the emission inventories of the countries analysed. This
procedure was chosen after comparing the emission calculated in the SIEE
environmental module with the respective GHG emission inventories of the Andean
nations. Differences in emission factors, as well as in the calculation methodology,
showed the need to calculate once again historical CO; emission in a way which was
consistent with the GHG Emission Inventory reports from the Andean nations.

4.1 Total CO; emission

As may be appreciated in Figure 13, total CO; emission rose between 1970 and 1995 at
an yearly average rate of 2.9%, until reaching 276000 Gg in 1995. However, the rate has
not been uniform throughout the period. During the economic expansion registered in
the 1970s, emission rose swiftly at a yearly average rate of 4.8%. The recession which
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took place in the 1980s checked emission, which only rose at an yearly average rate of
0.7%. Emission regained its growing pace during the first five years of the 1990s, at an
average yearly rate of 3.5%.

Figure 13 Total CO, emission from the energy system within the Andean Region
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Figure 13 also included the emission originated in the burning of biomass so as to
provide a more thorough idea of the true growth rate of total emission, for the process
to substitute biomass with fossil fuels to meet the Region’s energy requirements during
this period led to a swifter rise in non-biogenic emission (an yearly 3.2%). Evidence of
this is given by the reduction of biomass share in total emission, from 27% in 1970 to a
current 20%.

Ecuador, which registered the highest biomass substitution in all Andean nations (from
53% to 19% of total consumption), clearly shows the impact over the growth rate of
non-biogenic emission. During the 1970s, non-biogenic emission rose at an average
yearly rate of 11.5%, against less than a yearly 5% in total emission. As from 1980, we
notice higher coincidence between both rates due to the suspension of the biomass
substitution process.

Specifically as regards non-biogenic emission, the oil and petroleum products share
substantially grew during the 1970s (from 59% to 70%), not only due to a rise in the use
of petroleum products but also on account of a reduction in natural gas fugitive
emission originating in natural gas flaring in oil fields.

Indeed, the control of the volumes of flared natural gas, which as we have seen
represented a rise in energy efficiency, allowed to bring down fugitive emission by
75%. As from then, a more intensive use of natural gas increased its share to 32% of
total non-biogenic emission, thus decreasing the contribution of oil products to 61%.

Emission from coal burning is not significant to the Region as a whole (less than 10% of
total non-biogenic emission). Most of this emission originated in Colombia, where coal
continues to contribute with 25% of total emission, even when the relative significance
of this source has fallen during the analysed period.

Together with the energy production and consumption volumes in each country, the
space distribution of non-biogenic emission was also highly concentrated in Venezuela
and Colombia, which in all contributed with some 80% of regional emission. In general
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terms, the period registered a rise in the Ecuadorian and Bolivian share on account of
the loss of relative significance of Peruvian emission in the Region.

As concerns emission sources, Figure 14 shows the changes registered over the last 25
years in the sectoral structure of non-biogenic emission within the Region.

Figure 14 Sectoral structure of non-biogenic CO; emission within the Andean Region
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The transport sector represents the most important source of emission, contributing
since the middle of the 1970s with close to one third of total non-biogenic emission.
Industry, in turn, contributes with a little over 20%, although its share registered
fluctuations which went side by side with the changes in industrial activity levels.

The rest of the final energy consumption sectors (Household, Commerce, Public,
Mining, Fisheries, Agriculture and Construction) have a scarce share in non-biogenic
emission, and registered a strongly falling trend throughout the period. In 1995, their
overall contribution was about half that of industry, and of only 35% of that
corresponding to transport. Nonetheless, should we consider the total emission of
these sectors, including that resulting from the burning of biomass, their emission
would exceed industrial emission.

Among the activities linked to the supply of energy, we must point out the significance
of emission from the own consumption of the energy industries, mainly the oil
industry. This emission has a relative significance similar to that of power stations,
although both registered fluctuations throughout the period. It is evident that this fact
admits two causes. In the first place, the activity level of the oil industry is associated to
exportation rather than to supplying the domestic market. In the second place, more
than 50% of electricity generation within the Region throughout the period came from
hydroelectric plants, currently reaching 72%.

The relative significance of emission from energy supply varies from one country to
another depending on its characteristics. For example, the emission associated to the
burning of fuel for the production of hydrocarbons (own consumption) is specially
significant in Venezuela, where it represented 21% of total non-biogenic emission in
1995 and, to a lesser extent, in Bolivia (13%). However, the historical trend in this type
of emission is opposed in both countries. While in Venezuela the emission of the oil
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industry reduced its share by one half throughout the period, in Bolivia its relative
importance is currently two and a half time higher.

In the same way, differences are registered among the nations with respect to the role
played by emission from hydroelectric plants. To this respect, Ecuador stands out,
where hydroelectric stations reduced their share to less than 10% since the middle of
the 1980s, when the hydroelectric share in the supply of electricity rose four times. In
the rest of the countries, on the contrary, the importance of power stations in total non-
biogenic emission rose throughout the period, notwithstanding the higher share of
hydro supply. The highest growth is observed in Bolivia, which, as we have seen, is the
only country in the Region registering a systematic fall of hydro contribution since the
middle of the 1980s.

Fluctuations in the relative importance of activities related to energy supply in total
emission are logically offset by final consumption sectors. The transport sector is in all
countries the strongest source of emission, with rising significance throughout the
period. The highest contribution is reached in Ecuador, where it represented 50% of
total emission in 1995. Only in Venezuela the contribution of the sector is lower than
29%, fluctuating around 40% in the remaining countries.

Differences in the production structures of the Andean nations are clearly shown in the
relative importance of industry emission. Regional average values are highly
influenced by the situation of Colombia and Venezuela, where industrial emission
represented 29 and 24%, respectively, of the total emission registered in 1995. It barely
exceeds 10% of total non-biogenic emission in the rest of the countries, with a general
downfall trend. It must be noted that the significance of the mining activity in Peru,
which is included in the Miscellaneous sector, places emission from this sector in
second place, after transport. Non-biogenic emission from this sector reached in 1995 a
volume similar to that registered in 1970, having recovered in the last years from a
nearly 40% fall between 1970 and 1989.

Emission from the Household and Commerce sectors is in turn significant only in
Ecuador and Peru, with a 16 and 15% share, respectively. The rising trend in emission
from this sector in Ecuador led it to gain second place as source of emission from the
industrial sector. Contrary to this, household and commerce emission in Venezuela
fluctuated around 6% of total emission.

4.2 CO;,emission indicators

The following emission indicators were calculated with a view to placing this total
emission evolution in perspective:

. specific CO, emission, measured as the amount of emitted CO; by the energy
unit used

. Unit CO. emission from power stations, measured as the amount emitted per
generated GWh

. per capita CO; emission

. CO; emission intensity, measured as emission volume by GDP unit
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5 Specific CO; emission

On account of how it is calculated, specific emission proves to be a good indicator of
the influence of the process of substitution among sources on average emission.
However, it is incapable of registering the improvements which result from higher
energy efficiency. For the purposes of the calculation shown in Figure 15, total specific
emission was calculated relating total non-biogenic emission (including both that
resulting from the burning of fossil fuels as well as fugitive emission) with the gross
domestic energy supply.

Figure 15 Total specific non-biogenic CO- emission within the Andean Region
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Total specific emission within the Andean Region shows two opposed trends during
this period. It rose some 50% during the 1970s, only to drop some 14% between 1980
and 1995. The initial behaviour of the series shows the impact of fugitive-emission
reduction and of the rise in the share of the other hydrocarbons in energy supply. As
from 1980, the fall in specific emission seems mainly related to a higher penetration of
electricity and natural gas in final consumption, as well as to the higher contribution of
hydroelectricity.

Only Venezuela shows a behaviour quite similar to that of the Region as a whole, since
the significance of its energy system is vital for the mean regional values. In the case of
Ecuador, the evolution of specific emission was mainly determined by the behaviour of
the electricity sector against scarce changes in the final consumption structure. Until
1982, a rise in emission from power stations was registered, only reverted as from 1983
through higher hydro contribution.

The specific emission of Peru and Colombia, in turn, show certain stability throughout
the period, although we note a downward trend as a result of a higher penetration of
electricity in final consumption and a growing hydro share in electricity generation.

The emission pattern in Bolivia, with a clearly different trend from the other Andean
nations, poses certain doubts as to the reliability of the starting data, particularly that
referred to the efficiency of thermal stations at the beginning of the period (over 60%).

Aside from historical trends, note should be made of the similarity of the specific
emission of all countries in 1995, which fluctuated around 45 Tons of CO2/GJ.

35



With a view to better appreciating the effects of the substitution among sources on
emission, Figure 16 presents the evolution of specific emission in final energy
consumption.

Figure 16 Specific non-biogenic CO, emission from final consumption within the Andean Region
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As may be appreciated, the specific emission from end-use sectors within the Andean
Region decreased systematically throughout the period, being 15% lower in 1995 than
the values registered in 1970. Such behaviour is clearly influenced by the trend
registered in Venezuela, and shows higher electricity and natural gas share in final
energy consumption, as well as higher use of energy for non-energy purposes. It was
precisely this increase in the use of energy for non-energy purposes the factor which
brought about the valley in specific emission registered in Venezuela in 1989, although
that same year showed a contraction in energy consumption, specially within the
industrial and transport sectors. The base information available to carry out the present
study did not allow us to elucidate the origins of this specific modification in the
destination of consumed energy, which could well correspond to lack of homogeneity
of the series in the detection of use for non-energy purposes

It should be pointed out that the specific emission of Venezuela was systematically
below that of the rest of the Andean countries, on account of a higher penetration of
natural gas in the supply of domestic energy consumption. There is a similar trend
registered in the other nations, which shows the impact on emission of a higher
electricity penetration in final consumption.

6 Unit emission from power stations

To calculate unit emission from power stations, total emission originated in the
stations, including biogenic emission, was related to the electricity produced. In this
case, it was not possible to consider only non-biogenic emission because the available
information did not allow to identify the generation reached as from biomass,
particularly used by self-production stations. Nevertheless, biogenic emission from
power stations was below 3% of total emission in the Region throughout the period,
and shows a falling significance, representing less than 1% in 1995. However, biogenic
emission from power stations in Bolivia and Peru represented 18% and 23%,
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respectively, of station emission in 1970. Although its relative importance was reduced
throughout the period, it still contributed with 10% and 6% of station emission in 1995.

Figure 17 shows the evolution of unit emission from power stations within the Andean
Region, as well as that in each of the member nations, between 1970 and 1995.

Figure 17 Unit CO; emission in power stations within the Andean Region
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The first element to point out is the scattering in unit emission until the beginning of
the 1980s, with a 1 to 4 relation in 1970 between the lowest emission (Bolivia) and the
highest one (Venezuela and Ecuador). Even if we eliminate the value of Bolivia, which
- as previously stated - poses doubts on the reliability of the information from SEI,
there would be still be a scattering of 90%.

To explain this event, as well as the behaviour of unit emission, 3 factors which
influence this indicator were analysed, namely: the hydroelectricity share, the
efficiency of thermal stations and the type of fuel burnt in thermal stations.

The higher initial emission in Venezuela and Ecuador was mainly due to a lower hydro
share, 32% and 45%, respectively, against over 65% in the rest of the Andean nations.
The rise in unit emission at the end of the 1970s coincided with lower hydro
contribution and, in the special case of Venezuela, with a higher proportion of
petroleum products among the fossil fuels burnt in power stations. The sustained fall
of unit emission since the beginning of the 1980s was a direct consequence of the
incorporation of new hydro supply. As a result of this process, unit emission fell some
67% in Ecuador and some 53% in Venezuela.

Unit emission in stations in Colombia shows throughout the period the fluctuations
which are to be expected in a system with high share of hydroelectric stations with low
regulation capacity. Nonetheless, a falling trend is registered since the middle of the
1980s on account of a more intensive use of natural gas, to the detriment of coal.

Peru, together with Ecuador, registers at present the lowest unit emission within the
Andean Region. The systematic decrease observed in unit emission since 1980 (of
around 40%) admits 3 causes, namely: an increase in the share of hydroelectricity (of
some 70% to some 86% of total generation); a slight improvement in the thermal
efficiency of thermoelectric stations (from 27% to 35%) and the lower relative
importance of generation through biomass (from 7 to 4%).

37



On account of lack of reliability from the information on input in Bolivian power
stations for the first years of the period, we will only consider what was registered as
from 1983, when the thermal efficiency of the stations begins to reach reasonable
values. The rise in unit emission registered as from 1987 was mainly caused by a loss in
the share of hydroelectricity supply, which only contributed with 42% of total
generation in 1995. The rise in unit emission would have certainly been higher had part
of the petroleum products not been substituted with natural gas.

The evolution of unit emission in power stations within the Region results from this
change process in the electricity systems of the member nations. Considering the
weight which the Venezuelan system has in regional averages, these follow the trends
outlined for Venezuela, with an average unit emission reduction of some 47% between
1984 and 1995.

7 Per capita emission

As Figure 18 shows, the average non-biogenic emission of CO; per inhabitant has
experienced a quite stable behaviour in the last 25 years, with a rise lower than a yearly
1%.

Figure 18 Per capita non-biogenic CO- emission within the Andean Region
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In terms of per capita emission, the contribution made by the Andean Region to global
warming was and still is very scarce. Indeed, its 2 Tons of CO; per inhabitant per year
does not represent even 20% of the average per capita emission of the industrialised
nations members of the Organisation for Economic Co-operation and Development
(OECD). Even Venezuela, with a per capita emission over twice the averages of the
Andean Region, registers emission 50% lower than that of OECD nations.

Given the accrued nature of the effect of thermoactive gases on weather, the historical
responsibility of the Andean nations as regards GHG concentration in the atmosphere
would be even lower, at least with respect to their energy systems.

Quite on the contrary, the efforts made to base their supply structure in cleaner sources
from an environmental viewpoint, such as hydroelectricity and natural gas, should
translate into a credit with respect to the emission of thermoactive gases. It is precisely
this “asset” in terms of their contribution to GHG concentration in the atmosphere
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which could be used by the nations to offset an eventual future rise in emission as the
economic activity and the satisfaction of the energy needs of their population grow
within their territories.

It should be noted that the values given in Figure 18 solely correspond to non-biogenic
emission and, thus, their evolution was affected by the substitution of biomass in
energy consumption. This process was more intense throughout this period in Ecuador
and Colombia, leading to an increase in per capita emission higher than the regional
mean value (yearly 3.1 and 1.4%, respectively, against a regional 0.8%). Nevertheless,
this trend in per capita emission will hardly be extrapolated in the future, considering
the current biomass share.

The evolution of per capita emission in Venezuela, in turn, deserves special analysis.
The strong rise in energy consumption, especially electricity, led to a 40% increase in
per capita emission during the 1970s, only partially dampened by a rise in the energy
efficiency of supply. Since 1980, structural changes in electricity generation and a
higher use of natural gas allowed to bring down per capita emission until reaching in
1995 similar values to those registered in 1970.

8 The intensity of non-biogenic emission by the Andean
economy

The emission intensity shown in Figure 19 was calculated relating the total non-
biogenic emission of the energy system with the corresponding Gross Domestic
Product (GDP) values consigned in the SIEE’s socio-economic module, expressed in
constant 1980 US dollars.

Figure 19 Non-biogenic CO- emission intensity within the Andean Region
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The average regional value shows the fluctuations experienced by the Andean
economies. During the economic expansion of the 1970s, emission intensity remained
stable around 1.1 kg of CO; per US dollar of GDP. With the economic recession
registered during the first half of the 1980s, emission intensity rose 30% on account of
the higher weight of transport consumption and higher emission from power stations.
This rise in hydro share allowed to reduce the emission intensity of the Andean

39



economy as from 1984, its value being only 16% higher in 1995 than the value
registered in 1970.

This indicator also shows a certain scattering among the values of the member nations,
with minimum values for Ecuador and maximum ones for Venezuela. The rise in
emission intensity within the Ecuadorian economy at the beginning of the period was
associated to biomass substitution and with the development of the oil industry. A
slightly downward trend is observed since 1982 due to the lower emission registered in
power stations, which is currently 27% lower than the regional mean value.

Peru and Colombia, which today register an emission intensity lower than the regional
mean value (23% and 16%, respectively) are the only Andean nations which show a
downward trend throughout the period, following a drop in the energy intensity of
their economies.

8.1 Energy and CO: emission paths

The trend followed by energy intensity (gross energy supplied per GDP unit) in
accordance with per capita GDP variations marks the energy path of a country and
allows to graphically relate the evolution in energy consumption and economic
activity. At the same time, the CO; emission path represents the emission intensity
trend (total non-biogenic emission per GDP unit) in accordance with the changes
registered in per capita GDP. Figure 20 shows the energy and emission paths for the
Andean