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Mitigation Study Colombia

Foreword

The United Nations Framework Conwention on Climate Change requests all paries
to the conwention to present their national inventoryof anthropogenic emissions by
sources and removals by sinks of all greenhouse gases. Dewloping counties are
notobliged but are most welcome to elaborate option in programmes and pojects
to mitigate greenhouse gas emissions. GTZ acting on behalf of the Geman
Federal Ministry for Economic Co-operation and Development (BMZ) supportingin
its programme to implement the UNFCCC, those developing countries which are
open an interested to contribute climate protection.

Colombia had decided to go beyond its for formal obligation and requested support
for a mitigation study after the greenhouse gas inventory was completed. The
results presented here clearlyindicate thatthere are many opportunities to combat
the global challenge and in the same time achieve also local benefits.

The good results of the mitigation study is to distributed to excellentand dedicated
team of ACCEFWN indicating the high professional standard already achieved and
climate change work of our Colombian partners. GTZ likes to congratulate
ACCEFYN for the excellent outcome of the study. Furthermore, we also like to
thank for the brilliant co-operation with ACCEFYN and we hope to continue this co-
operation on further climate change issues. We also like to thank the climate
change expert from the Danish UNEP Collaborating Centre on Energy and
Environment for the profound and professional advice and the capacity building
support to the Colombian team.

Holger Liptow
(Head of the project Climate Change)
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GHG EMISSIONS IN COLOMBIA 1998-2010

Fabio Gonzalez B. ® and Humberto Rodriguez M.”
Abstract

The Greenhouse Gas Emissions baseline scenario 1998-2010 was deweloped from
the energy and no-energy sector projections. This study considered the same
greenhouse gases as the 1990 Inventory. One of the major findings is theinaease
in the participation share of the energy sector from 31% in 1990 up to 72% in 2010,
while the non-energy sector decrease its share from 69% to 28% in the same
period. The total emissions increase from 167 M/year in 1990 to 174 Mt/year in
2010, an increase of only4%.

Keywords: Greenhouse gas emissions, Colombia, Projections, Inventory

INTRODUCTION

The stated objective of the United Nations Framework Convention on Climate
Change (the Convention) signed by 155 countries in Rio de Janeiro, Brazil, in1992
is to bring about"stabilization of greenhouse-gas concentrations in the atmosphere
at alevel that would prevent dangerous anthropogenic interference with the cimate
system" (Article 2). As guiding principles for accomplishing this aim the
Convention provides among other things that all Parties "should protect the dimaic
system forthe benefit of present and future generations of humanity on the basis of
equity and in accordance with their common but differentiated responsibilities and
respective capabilities," and that they "should take preventive measures to

anticipate, prevent or minimize the causes of climate change and mitigate its
adwerse effects” (Article 3).

The Convention was adopted by Colombia on May 9, 1992 and approved by the
Colombian Congress inLaw 164 of 1995. The Supreme Courtof Justice passeda

favorable judgement on the constitutional nature of the Convention, which was
ratified on March 22, 1995 and came into force for Colombia on June 20, 1995.

Colombia, as a Non-Annex 1 country, is bound by the following general
commitments laid down for all nations signatories to the Convention:
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e To develop, periodically update, publish and submit to the Conference of the
Parties national inventories of anthropogenic emissions of all greenhouse
gases notcontrolled bythe Montreal Protocol;

To use IPCC methodologyin preparing the inventory; and

To draw up, implement, publish and regularly update national programs
containing measures for mitigating climate change through treatment of
anthropogenic emissions.

In this context, the /nventory of Greenhouse Gases - Colombia 1990 " was
prepared during 1995 and 1996 by the Colombian Academy of Exact, Physical and
Natural Sciences (the Academy) with support from the German Technical
Cooperation Agency (GTZ) and collaboration from the Environment Ministry. As a
follow-up to the Inventory a second study, Options for Reducing Greenhouse-Gas
Emissionsin Colombia 1998-2010, was undertaken by the Academy in 1998 again
with support from GTZ. Methodologlcal guidelines developed by UNEP??and the
US Country Studies Programme were followed in preparing the new study. The
reason for adopting internationally accepted methodologies was to facilitate
comparison between findings from different countries.

This paper presents the main findings of the GHG Emission projections for the
Base Case Colombia 1998-2010

BASE CASE 1998-2010

The activities affecting greenhouse-gas emissions may be divided into two seclors:

energy and non-energy. The base case describes the expected ewlutions of bah
sectors forthe period under study, on the basis of a number of given development

prospects for the country.

Forthe energy sector's base case we took into account the figures and findings of

analyses conducted by the Mining and Energy Planning Unit (UPME) of the
Ministry of Mines and Energy. UPME is responsible forgenerating energy plans,

programs and policies, compiling historical data, and making projections ofenergy
demand for the short medium and long term. By complementary use of
econometric and analytical models, UPME has estimated final energydemand by

taking into account possible substitutions in the residential, industrial and transport
sectors, |n V|ew of expected diversification in the types of energy available in

Colombia>

To make projections ofthe national system's energy needs, UPME employed the

ENPEP® analytical model, which gets a feedback of econometric projections. The
model uses a non-linear general equilibrium approach to determine the balance of

energy supply and demand, and takes into account all processes, programmesor

GHG Emissions in Cdombia 1998-2010
3117



Acacemia Cdombiana de Ciercias Exactas Fisicas y Naturales

actions designed to bring about energy substitution, efficient use of energy, and
use of efficient equipment.

By employing these two types of model in acomplementary fashion, itis possible
to use historical data regarding the evolution of demand to determine its historical
tendency and modify it by incorporating the expected effects of applying different
actions. Such actions include programmes for promoting rational energy use,
energy substitution (forexample, natural gas rather than electricity, for cooking), or
technological changes in equipment. This methodology was therefore very
appropriate for the specific aims of the mitigation study here presented. Italso
made it possible to estimate final energy demand without completely
disaggregating economic subsectors or energy use.

UPME took as its base scenario, from among the different combinations discussed
by it (charges, fuel switches, etc.), a scenario of "not doing anything about the
envronment,” that is to say, the countrys energy path if current policies and
demand tendencies were maintained. This scenario is built on the following
assumptions:

e The macroeconomic scenario is initially based on the National Planning
Department's official scenario for 1997-2000. From 2001 on GDP is assumed
to grow at an average annual rate of 4.5%, which is close to Colombia's
average historical long-term growth rate (see Table 1)

Table 1. Gdp Growth Rates Used In Scenarios For Projecting Energy Demand

1997 1998 1999 | 2000 | 2001-2010 Mean

3.6% 38% | 511% | 4.7% 4.5% 4.44%
Source: Plan Energético Nacional 1997 - 2010, UPME, 1997

e |Increase inresidential-sector charges is govemed byLaw 287, which provides
that the residential-sector charges shall rise to 86.4% ofthe reference cost by
the year 2000 and thereafter be kept constant in real terms. Gas prices are
linked to wellhead ceilings established in resolutions by the Energy and Gas
Regulatory Commission (CREG) and to gas transport and distribution costs.
Table 2 shows real increments in residential-sector charges:

Table 2. Tariff Increases Used In Scenarios For Projecting Energy Demand

1997 1998 1999 2000 2001 2002-2010

1.9% 0.0% 123% | 11.2% | 5.3% 0.0%
Source: Plan Energético Nacional 1997 - 2010, UPME, 1997

GHG Emissions in Cdombia 1998-2010
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e For the urban-residential sector the cost of credit is assumed to be 4 points
above the consumer price index (annual inflaton), with five-year funding

periods for the first scenario.

As regards street lighting, econometric projections are used for this demand.

Noincrementat all is considered for refinancing capacity.

e The electric-energy expansion strategy chosen for the base case is LP-1 ° Ower
the short term (1997-2000) capacity expansion is expected to consistof 1783

MW generated by gas, 150 MW by coal, and 732 MW by hydropower. Ower the
long term (2001-2010) installed capacity would be further increased by 3607

MW generated bygas, 450 MW by coal, and 2531 MW byhydropower.

This is the mostrealistic and likely scenario because planned expansion in this
sector is being strictlycarried out forsome years now. These developmentplans
are constantly reMewed and updated. Figure 1 shows expected growth in demand

in the coming years, up to 2010.

Figure 1 Final Energy Demand Base Case 1996-2010
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By the year 2010 the country will be consuming 252.6 MBOE (excluding fuelwood),
about 100 million less than today. Ifwe add fuelwood, consumption starts at 180
MBOE and rises to 290 MBOE. Figure 2 presents the projected range of final
energy demand (excluding fuelwood) for the base case, before GDP scenario

GHG Emissions in Cdombia 1998-2010
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changes. The annual increase expected ower the whole period under study (1996-
2010) ranges between 4.03% and 3.35%.

In 1996 UPME published an update of its Generation Expansion Plan -
Transmission . This plan presented, to the various agents in the electric sector,
four development strategies designed for the short, medium and long term.

Figure 2. Projected range of final energy demand
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The short term is the period 1996-2000. For this period UPME included only
already defined electricity generation and transmission projects. Atthe time of
publication of the Electric Expansion Plan several of those projects were in the
design stage and some others even under construction, which is why the short
term is the same for all four strategies

Forthe long term (2001-2010) various combinations of gas, coal and water power
plants are considered. UPME proposed four different strategies, identifiedasLP-1,
LP-2, LP-3, and LP-4. LP-4 is the strategy with the largest component of coal-fired
themoelectric generation and is therefore the one considered in the various
emission-reduction analyses conducted in this study, because itis the scenario
with the greatestamount of greenhouse-gas emissions.

The non-energy sector considered in this study consists ofthe forestry andfamrming
subsectors. The main assumptions with regard to forestryare that deforestation

will proceed at a rate 0f200,000 hectares per yearup until 2010. In 1995 the area
of natural forests under exploitation was about 35,000 hectares, producing an

GHG Emissions in Cdombia 1998-2010
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estimated volume of 1,969,216 cubic meters of timber, of which 1,386,772 cubic
meftres were legally registered and the remaining 582,444 cubic metres evaded
state control '° Itis assumed that this national consumption tendencywill coninue
for the next 10 years with a 4% annual growth.

Accumulated reforested area up until 1995 amounted to 270,000 hectares®
Reforestation for commercial purposes ower the next 10 years is estimated at
332,000 hectares "', and will be entirely camried out by the private sector. Afurther
231,000 hectares are expected to be planted as protective reforestation by
Autonomous Regional Corporations and Sustainable Development Corporations,
with support from the Environment Ministry and loans from the Inter-American
Dewlopment Band and the World Bank.

In addition, agroforestry (forestplantation and forest-grazng systems)is projected
to cover an area of 195,000 hectares. Much of this activitywill be carried out in the
coffee-growing region, where an estimated 300,000 hectares are to be switched
from coffee crops to other uses, induding some 175,000 hectares to be converted
to agroforestry systems.

As regards the farming sector, the following assumptions have been made: For
crop farming, particulary the crops included in the Greenhouse-Gas Inventory,
such as rice, maize, sugar cane, African palm and cotton, very little reactivation of
production is estimated for either the shortterm (1996-2002) or the medium term
(2002-2008). For example, itis assumed that the total area underrice (some
400,000 hectares) will notvary markedlybut undergo fluctuations of no more than
5% and possiblya small variation in composition, the proportions of continually
flooded and intemittenty flooded rice paddies changing from 65% : 35% (reported
in the 1990 Greenhouse-Gas Inventory) to around 60% : 40%'.

For stockbreeding, the assumptions are as follows: Population growth for catle will
be between 2% and 2.5% a year, for poultry a uniform 2.5% a year, and for other

animals referred to in the Inventory between 1 and 2% a year. The stockbreeding
sector as awhole will grow atthe same rate as in the previous period: 2.5% ayear.

The burning of farm waste in the field is still considered to be seldom practiced in
Colombia and hence a negligible quantity in counting the amounts of greenhouse

emissions. Savanna burning is traditional practice and as such estimated to
contribute to greenhouse-gas emissions in much the same way as before, since
the total savanna area subjected to burning in Colombia will continue to be the

same as reported in the Greenhouse-Gas Inventory with 1990 as base year. This
means that no growth is taken into accountfor savanna burning.

GHG Emissions in Cdombia 1998-2010
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BASE-CASE EMISSIONS

In estimating emissions for the base case, the energy sector and the non-energy
sector were considered separately.

Energy-sector emissions

For the energy sector, projections generated by the ENPEP model were used in
the IMPACTS module to calculate emissions, with emission factors depending on
the type of technology. These factors were taken from the IPCC methodology'™
and from the AP-42 standards™. For the non -energy sector, carbon-dioxde and
methane emissions were estim ated on the basis of the assumptions described and
using the methodologyof the Inventory.

Carbon dioxide: Figure 3 shows total CO,emissions for differentsectors of
the economy. Total emissions amounted to 66.4 Mtonnes in 1996. Theyshow a
tendency to grow and are expected to rise to more than 120 Mtonnes by 2010,
which means that by the end of the next decade CO, emissions will be double the
level they registered in 1990.

Figure 3.CO, Emissions by Economic Sector
(Mtonl/year)
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The largestincrease in emissions is expected to come from the electric sector. In
1996 the electric sector was responsible for 8% of total CO, emissions, but by
2002 this share will be up to 14% and by 2008 as high as 22%.

GHG Emissions in Cdombia 1998-2010
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Although emissions from the transport and industrial sectors will increase, their
percentage shares of total emissions are expected to fall, owing to the electric
sector's large increase. In 1996 theirshares were 32% and 34% respectively, but
by 2008 they will drop to 31% and 25% respectiwely. Itis importantto point out
thatthe industrial sector's share of total emissions will fall from 34% to 25% mainly
because of the penetration of natural gas in this sector. The percentage share of
the residential-cum- commercial sector does not vary much over the period under
study.

Methane: Inthe energy sector methane is discharged as fugitive emissions in
coal mining, oil exploitation and natural-gas management; itis also produced by
combustion in the different sectors of the economy (referred to as “other energy').
Figure 4 shows the expected base-case evolution of methane emissions in the
energy sector.

Figure 4. Methane emissions inthe energy sector
(kton/year)
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As can be seen from Figure 4, out of total methane emissions in 1996, 146,000
tonnes, 75% consisted of fugitive emissions, while in 2010 their share will rise to
82% because of expansion in coal mining and oil exploitation.

Methane emissions from combustion (other energy) were mainly produced by the
residential-cum-commercial sector, because of the use of fuelwood; but this
sector's share shows a tendency to drop from 67% of combustion emissions in
1996 to 59% in 2010.

Non-methane volatile organic compounds: NMVOC emissions inthe
commercial, industrial and electric sectors are negligible compared with emissions
in the residential and transport sectors, as can be appreciated from Figure 5. Asin

GHG Emissions in Cdombia 1998-2010
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the previous cases a steady increase is registered in emissions from these two
sectors. Butthe residential/commercial sector's share of total emissions fallsfrom
43% in 1996 to 38% in 2008, while the transport sector's rises from 57% in1996 to
62% in 2008.

Figure 5 NMVOC emissions by economic sector
(kton/year)
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Nitrogen oxides: In Colombia nitrogen oxides (NOx) are mainly discharged by
the transport sector (136,443 tonnes in 1996), the industrial sector (48,849 tonnes),
and the electric sector (20,738 tonnes). The greatestincrease will again be in the
electric sector, with projected emissions rising to 138,515 tonnes by the end ofthe
nex decade, almost seven times the 1996 level. Compared with the other sectors,
the urban and commercial sectors produce negligible quantities of nitrogen axdes.

In 1996 some 250,000 tonnes of NOx were emitted by the seven sectors.
Emissions are expected to rise to about 500,000 tonnes by 2010.

Carbon monoxide: The transport and rural sectors are the chief sources of
carbon monoxide emission, discharge from other sectors being fairlylow amounts
in comparison. A little over 29 Mtonnes of carbon monoxide were released into
the air in 1996 (Figure 7), and the total is expected to climb to almost 4 Monnesby
2010. The main emitters will again be the fransport and rural-residential sectors.
Over the period 1996-2010 transport emissions rise from 1.8 to 2.8 Mionnes, while
rural emissions increase from 1.1 to 1.4 Mtonnes.

GHG Emissions in Cdombia 1998-2010
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Figure 6 NOx Emissions by Economic Sector
(kton/year)
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In 1996 the rural sector accounted for 39% of total carbon-monoxide emissions
and the transport sector for 59%. The rural share decreases to 34% by 2008,

whereas the fransport share increases o 64%. The industral and transformation
sectors barely contribute 2% of annual carbon-monoxide emissions ower the whole
period.

Figure 7. CO Emissions by Economic Sector
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Nitrous oxide: The major sources of nitrous oxide (N,O) emission are the
commercial, industrial and transport sectors. In all, some 920 tonnes of nitrous

GHG Emissions in Cdombia 1998-2010
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oxide were emitted in 1996. The total is expected to double bythe end of the next
decade to about 1,800 onnes.

Figure 8. N.O Emissons by economic sector
(tonlyear)
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The electric sector's share of total nirous-oxide emissions is expected to increase

from 3% in 1996 to 16% in 2010. The transport share remains constant over the
whole period under study. Other sectors' contributions to the total decrease: the

residential/commercial sector's from 23% in 1996 to 17% in 2008, and the
industrial sector's from 28% to 22% by the end of the period under study.

Non-energy sector emissions

Forestry subsector
Emissions in the forestry subsector come from logging and buming in deforested
woods, and from the industrial use of timber mostly logged in natural forests.

Figure 9 shows the expected evolution of carbon-dioxide emissions under base-
case assumptions.

The uptake of carbon dioxide in this subsector results mainly from protective and
commercial reforestation, and also from regeneration of natural forests exploited
under licence. According to the government plans referred to as making up the
base scenario, such reforestation activity is expected to cover 76,000 hectares a
year starting from 1998. Figure 10 illustrates the evolution of CO, uptake ower the
nex ten years.

GHG Emissions in Cdombia 1998-2010
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Figure 9. CO, Emissions in Forestry Sector — Base case (Mton/year)
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Carbon-dioxide uptake reduces the subsector's net CO. emissions from 60.2
Mtonnes to 48.2 Monnes by the year2010 (Figure 11).

Figure 11. Evolution of C02 Net Emissions (Emissions and uptake)
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Farming subsector

Emissions from the farming subsector essentiallyconsist of methane and nitrous
oxide, and to a lesser extent of carbon monoxide and nitrogen oxides. Carbon-
dioxde emissions are nil, because the IPCC methodology considers that the
amount produced by biomass burning is exactly balanced by uptake resultingfrom
natural regrowth of vegetation.

Methane emissions from farming are estimated, underbase-case assumptions,at
1.6 Mtonnes in 1996, 1.8 Mtonnes by 2002, and 2.0 Monnes by 2008. Enteric
fermentation among dairy and meat cattle is the chief source of methane emission,
representing 84.5% of the total in 1996 and 87.6% by 2008.

CONCLUSIONS

Net carbon-dioxide emissions

Figure 12 shows the ewlution of total net carbon-dioxde emissions in Colombia
from the energy sector and the non-energy (in this case forestry) sector, over the
period 1997-2010.

GHG Emissions in Cdombia 1998-2010
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Figure 12. Total CO, Emissions from Energy and Forestry Sectors
Case Base 1998-2010 (Mton/year)
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Carbon-dioxide emissions in 1990 stood at 167 Mtonnes, with the energy sector
accounting for about 31% (52.3 Mbonnes) of the total and the forestry sector
(logging and forest burning) forthe rest (111.3 Mtonnes). From 1990 to 1998 the
energy sector's expansion also increased its CO, emissions from 52 Momes to 72
Mtonnes. In contrast, the forestry sector's CO, emissions plunged from 111
Mtonnes in 1990 to 60 Mtonnes in 1998, as a result of tighter controls and policy
changes at the national level in this regard. Overthe period 1998-2010 shown in
Figure 12, CO, emissions continue o fall in the forestry sector, down to 48
Mtonnes by 2010, and to rise in the energy sector up to 126 Mtonnes. Thus total
CO, emissionin 2010 (174 Mtonnes) compared with the 1990 total (167 Monnes)
shows anincrease of barely 8 Mtonnes in 20 years. This might seem an over-
optimistic scenario butitis not so actually, because the deforestation figure usedin
the 1990 Inventory, following the IPCC methodology guidelines, was the average
rate for the period 1970-1990, whereas in fact deforestation decreased steadily
from 1970 on, to the extent that by 1990 the rate was much lower than the
average. This is why there seems to be aleap between 1990 and later years: in
1998 the rate of deforestation was assumed to be 200,000 hectares/year, farbelow
the 367,000 hectares/year rate that was taken as the average for 1970-1990. This

makes it appear as though total emissions hardly increased in 20 years, with no
mitigation measures other than logging control being taken into account. The
energy sector's carbon-dioxde emissions soar from 52 Mtonnes in 1990to 126
Mtonnes by 2010, the increase being offset by a reduction in the rate of
deforestation over the same period.

GHG Emissions in Cdombia 1998-2010
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Total methane emissions

Figure 13 shows the ewlution of total methane emission in Colombia from each
type of source ower the period 1996-2010.

Figure 13. Total CH, Emissions by Source Base Case
1996 — 2010 (kton/year)
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The largest discharge is from enteric fermentation, which maintains its 70% share
of the total up to the year 2010. As in the 1990 Inventory, digestion in dairyand

meat cattle accounts for 95% of methane emissions from this source. Other
sources, in order of importance, are the energy sector with fugitie methane

emissions; sanitary landfills with emissions from anaerobic decomposition ofwaste
matter, and flooded rice paddies. Inthe base scenario, total methane emissionis
projected o show a small annual increase of about 2.5%.
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