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PREFACE 

In accordance with Article 4 of the United Nations Framework Convention on Climate Change 
(UNFCCC), all Parties are required to develop, periodically update, publish and make avail-
able to the Conference of the Parties, national inventories of anthropogenic emissions by 
sources and removals by sinks of all greenhouse gases not controlled by the Montreal Proto-
col using comparable methodologies to be agreed upon by the Conference of the Parties. 

A methodology for conducting such inventories was developed by the OECD Environment 
Directorate, the International Energy Agency (lEA), and the IPCC Working Group I Techni-
cal Support Unit and was proposed as the standard methodology as required under the 
Convention. 

In order to test and further refine the method, the UNEP Atmosphere Unit, working in 
collaboration with the UNEP Global Environment Facility (GEF), implemented a series of 
nine complementary national studies using these "IPCC Guidelines for National Greenhouse 
Gas Inventories". 

This report is one of the nine technical reports resulting from this effort. Based partly on this 
study and on a series of regional workshops sponsored by UNEP under the GEF funded 
programme and with the assistance of experts from a number of countries, an improved 
version of the IPCC Guidelines was prepared and approved at the Tenth Plenary Session of 
the IPCC in Nairobi (November 1994). 

The First Conference of the Parties to the UNFCCC (Berlin, April 1995) also adopted the 
IPCC methodology as the recommended standard to be employed by all Parties in making 
their inventories in accordance with Article 4. 

It is hoped that this report will assist other country study teams in the development and 
updating of future inventories of greenhouse gases. 
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Elizabeth Doweswell 
Executive Director 

United Nations Environment Programme 
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EXECUTIVE SUMMARY 

Earth's atmosphere has been in constant change through time but nevertheless the faster pace 
of more recent times has been alarming: the atmosphere's composition has changed with an 
acceleration unknown in any other stage of human history. 

The sustained increase of greenhouse gases in the atmosphere, caused by human activities, 
is the main cause of alarm since we know with certitude that the affected radiative balance of the 
atmosphere will produce global climate changes. 

In June, 1992, in Rio de Janeiro, Brazil, 155 countries signed a Framework Convention on 
Climate Change, which main objective was to attain the stabilization of greenhouse effect gases 
concentrations in the atmosphere, at such a level to stop the dangerous anthropogenic interferences 
in the climate system. The signatory countries at the Convention got involved, among other 
objectives, in the performance of national inventories on the emissions of greenhouse effect gases and 
in the implementation of national programs aiming to provide measures towards the mitigation of 
climatic change. 

Costa Rica ratified the Convention on June 13, 1994 and as part of its compromise and as part 
of the National Program on Climate Change, the first inventory of emissions of greenhouse effect 
gases in the country was implemented. 

In order to make the results of the inventory able to be compared with those from other 
countries, it was carried out by following the "Guidelines for the Elaboration of National Inventories 
on Greenhouse gases" as proposed by the IPCC/OECD (1994) and the reference year was 1990. 

The National Inventory on Emissions of Greenhouse Effect Gases for Costa Rica, was 
elaborated as part of a larger project: "Country Studies, by sources and sinks of greenhouse gases 
emissions". (GF/4102-92-42), implemented by the Climate Unit of the United Nations Program for 
the Environment (UNEP) and sponsored by the Global Environmental Fund (GEF). 

The evaluation was charged to the National Meteorology Institute, which in turn coordinated 
a team of professionals and technicians from various institutions. 

The inventory included six gases: Carbon Dioxide (CO 2), Carbon Monoxide (CO), nitrous 
oxide (N20), methane (CR4), nitrogen oxides (NOx), and Non-Methane Volatile Organic Compounds 
(NMVOC), in five economic activity areas: Energy, Industrial Processing, Agriculture, Changes in 
Land Usage and Forestry and Waste Management. 

The, total emissions for greenhouse gases in Costa Rica for the year 1990 were estimated to 
be 5479.3 Gg, which is equivalent to 5 479 300 tons. To this total, the Energy Sector contributed 
with 2665.6 Gg (2 665 600 tons), Industrial Processes with 367.9 Gg (367 900 tons), Agriculture 



with 139.81 Gg (139 810 tons), Changes in Land Usage 2 285 450 tons), and Waste Management 
with 20.5 Gg (20 500 tons). 

The Percentage Distribution for each one of the aforementioned sectors appears in figure 1. 
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A resume of the results by sector follows herein: 

1. ENERGY 

The production, transformation, management and energy consumption activities are known 
to generate important amounts of greenhouse gases. In this section the emissions produced by the 
consumption of fossil fuel, by the usage of the biomass as thel and by the fugitive emissions due to 
storage and transportation of hydrocarbons were evaluated. 

For the Energy Sector, we estimated separately, the emissions of CO 2  and the emissions for 
all other gases (CO, NOx, N20, CH4  and NMVOC). 

The total emissions in 1990 accounted for 2665.6 0g, amount that represents 48.6% of the 
total emissions. The percentage contribution from each one of the gases is represented in figure 2. 
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FIGURE 2 
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CO2  EMISSIONS 

The estimations of CO 2  were done over the total imports and production of fuels and the final 
usage of fuels. They were calculated upon the basis of an apparent consumption of 35177 TJ, for 
1990. 

The apparent consumption of solid biomass in 1990 was 31029 TJ, nonetheless, the CO2  
emissions for such usage were not accounted for, since the biomass comes mainly from pruning and 
agricultural residues in renewable systems (since the plants grow the following year), reason for 
which the emitted CO2  was considered fixed again in the vegetation. 

CO2  emissions in Costa Rica for 1990 were estimated in 2381.4 Gigagrams (Gg) that 
represents a 43.5% of the total emission of greenhouse gases. 

EMISSIONS FROM OTHIR GASES 

The calculations for other gases different from CO 2, were divided in four sections: Mobile 
sources; stationary sources; burning of bomass and fugitive sources. 
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EMISSIONS FROM MOBILE SOURCES 

The estimation of emissions from mobile sources included CO, CH 4, NOx, N20, and 
NTvIVOC, was calculated over the average consumption of fuel, estimated over the number of 
vehicles in the country, average mileage by vehicle and type of fuel. 

The total emissions from mobile sources were estimated in 233.15 Gg, amount that is 
divided in 200.3 Gg (85.9%), from gasoline motor vehicles and 32.85 Gg (14.1%), for Diesel fuel 
vehicles. 

In the estimated emissions from gasoline vehicles, 80.05 Gg (50%) are carbon monoxide 
produced by automobiles, followed by light trucks and pick ups with 25% (40.66 Gg) and 
motorcycles with 13% (21.32 Gg). 

As for the methane emissions, automobiles contributed with 35% of the emissions, followed 
by four-wheel traction cars and motorcycles with a percentage of 29% each. 

Likely, automobiles contributed with 54% of the NOx emissions, followed by light trucks with 
a 31%. 

N2 0 emissions in automobiles and light trucks were equally distributed with 50% each, 
respectively. 

Finally, a 43% of the NMVOC emissions were provided by automobiles, 27% by light trucks 
and 20% by motorcycles. 

The emissions for diesel fuel consumption were basically produced by heavy trucks, which 
contribute with 80.4% of all carbon monoxide emissions, followed by light trucks responsible for a 
9.9% of the emissions for diesel consumption. These vehicles were responsible for NOx, N 20, and 
NMVOC emissions, in the same proportions as those for CO above. 

Of the total emissions corresponding to mobile sources using diesel fuel, three gases were 
encountered to be the most important: NOx with a 56%, CO with 32% and NMVOC with 12%. 

EMISSIONS FROM STATIONARY SOURCES 

Emissions from stationary sources for 1990, have been classified in various sectors, according 
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to the type of source: Industrial, Residential, Commercial, Public, Agriculture and Transformation. 

The Agriculture and Industrial Sectors include the energy consumption of manufacturing and 
agricultural industries, as well as the agricultural consumption by itself 

The Transformation Sector includes consumption related to the production of electricity by 
means of thermal plants and the transformation of primary sources into secondary sources, as in the 
case of oil refineries. 

The results obtained for these gases showed that the Industrial and the Transformation 
Sectors are the major contributors with 1.6 Gg and 0.45 5 Gg, accordingly. 

EMISSIONS FROM BURNING THE BIOMASS 

We considered two types of biomass: the liquid and the solid biomass. CO 2  emissions coming 
from biomass utilized as fuel, did not account herein since this usage of the biomass is considered to 
be a sustainable one. 

The liquid biomass comprehends the production of ethanol. In 1990 the production of ethanol 
was estimated in 487 Ti. Notwithstanding the large amount, the alcohol produced was not used as 
an energy source: it was utilized entirely in the pharmaceutical industries and the production of 
alcoholic beverages. 

The solid biomass includes firewood, coffee peelings or husks, "bagazo" (dried sugar cane 
stalks) and other agricultural residue. This type of biomass causes the emission of other gases, of 
which methane represents 19.4% and carbon monoxide gets a 78.4%, of the total emissions for that 
gas in the Energy Sector. 

EMISSIONS FROM FUGITIVE SOURCES 

Fugitive emissions are the ones produced by volatile hydrocarbons which escape during the 
manipulation of fuels. In Costa Rica this gas sources are very scarce, since the country does not 
count with natural oil nor gas wells. The only emissions found are those from the storage and refining 
of crude oil. 

Methane emissions in this division were estimated to be 1.55 E-2 Gg of methane, which 
corresponds to 0.3% of the total emissions for this gas in the Energy Sector. 

The emissions for other gases in the Energy Sector totalized 284.2 Gg, which contributes with 
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5.2% to the total emission in the Energy Sector. 

SECTION 2: INDUSTRIAL PROCESSES 

Industrial processing and production, which always include some type of chemical of 
physical transformation of some materials, do cause emissions of greenhouse gases. 

In the case of Costa Rica we considered the emissions generated solely by the cement 
production industry, since the IPCC methodology has not yet developed guidelines for other types 
of industrial processes. 

Cement production in 1990 was 738000 tons, which in turn generated 367.9 Gg, that is 
367900 tons of CO2, amount that represents a 7.5% of total emissions for that gas. 

SECTION 3: AGRICULTURE 

Gas emissions due to agricultural activities are related to diverse processes of production and 
handling, in which methane, carbon monoxide and nitrous oxide are released. 

The Agriculture Section was subdivided, for evaluation purposes, in five subsections: 

- Emissions from cattle and other farm animals. 
- Emissions from rice production. 
- Emissions from burning of Savannahs. 
- Emissions from burning of agricultural residues. 
- Emissions from agricultural soil. 

CATTLE AND OTHER FARM AMMALS 

The subsection of cattle and farm animals includes the methane emissions caused by enteric 
fermentation and by the handling of manure. 

The estimation of the emissions was done taking into account the population of cattle and 
farm animals in the country for 1990, the information available on feeding and managing systems 
and the emission factors for each specie. 

In order to estimate the emissions from manure handling and disposal, the number of animals 
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which are kept in confinement and whose manure is handled in closed systems was taken into 
account, as well as, emissions from animals managed in pastures were taking into account using 
diferents emission factors.. 

The emissions for enteric fermentation accounted for 111.66 Gg of methane and the 
emissions for manure handling were 3.5 Gg, which represented a total of 115.2 (3g. 

RICE PRODUCTION 

In the flooded soils used in rice plantations, methane is produced by the reduction of carbon 
dioxide with hydrogen, and this reaction depends on the amount of hydrogen-donating agents and 
on the type of soil. The production of flooded-field rice produce methane emissions due to the 
anaerobic decomposition of organic matter that remains under water. 

In Costa Rica in 1990, 12000 hectares were cultivated with flooded rice and over this area 
was estimated the emission of methane accounted 8.67 Gg. 

BURNING OF SAVANNAS 

The seasonal burning of pastures and savannahs generates emissions of CO 2, CO. CH4, N20 
and NOx. In the estimation the emissions of CO2  were considerated to be null (0), since the 
following year growth of the vegetation replaces the burned biomass and fixes the gas again but the 
emissions of all the other gases, were considered net emissions. 

The emissions for other gases in the inventory were estimated over the number of hectares 
which are burned each year, and calculated over the information on fires and the evaluation of burned 
areas obtained after the analysis of Landsat TM images. 

The emissions totalized for 2.77 (3g, of which 95% were carbon monoxide emissions. 

BURNING OF AGRICULTURAL RESIDUES 

Residues and waste produced in agricultural activities are either burned in the fields, left to 
decay and decompose or used as fuel. The burning of agricultural residues in the fields is considered 
a non-producer of net emissions of CO2, since this gas is re-absorbed in the next cultivation period 
but such burning does produce net emissions of other gases. 



INTRODUCTION 

In 1990, on its first evaluation report, the Intergoverment Panel on Climatic Change (JPCC) 
concluded that the increment of concentrations of greenhouse gases on the atmosphere, orginated by 
human activity, could warm the planet's surface and that if those gas emissions were to coontinue at 
the current rate, the average world temperature would increase during the next century at a rate of 
0.3 °C each decade (with a gap of 0,2 a 0,5 Q. 

As an answer to the concern caused by the report, 155 countries were joined in Rio de 
Janeiro, Brazil, on June, 1992; signed a Framework Convention on Climatic Change, whose main 
objective was to attain an stabilization of greenhouse gases concentrations in the atmosphere, at a 
level low enough to stop dangerous anthropogenic interferences in the climatic system. 

The signatory countries of the Convention committed themselves, among other objectives, 
towards the implementation of national programs containing measures to be taken in order to reduce 
climatic changes and in order to be prepared for the impacts of adapting to such changes. Likewise, 
they were compromised as for taking into account, inasmuch as possinle b, all considerations related 
to climatic changes on their policies, economic and social plans; to promote and support the 
development and difihision of practical technologies and processes leading to the reduction or 
prevention of emissions, and to promote education, training and sensibilization of the general public 
on the subject. 

The Convention was to be enforced since March, 19994 and its compromises became 
mandatory for the signatory countries. Costa Rica ratified the Convention on June 13, 1994 and in 
an effort to apply the policies and as part of the National Program for Climate Change, it implemented 
the first inventory on greenhouse gases emissions, by sources and sinks, in the country. 

THE INVENTORY PROCESS 

In order to meet the Convention specifications, on what concerns the inventories using 
comparative methods, the first inventory for Costa Rica was implemented following the guidelines 
for the elaboration of national inventories on greenhouse gases, provided by IPCC-OECD (1991). 
Following the guidelines stated in the agreement of the Negotiating Committee of the Framework 
Convention on the aforementioned year, the emisssions were evaluated for 1990, so that the inventory 
could be comparable with those elaborated by other countries. 
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Box 1 

THE RADIATIVE FORCING 

On yearly average of around one third of the radiation coming from the sun is reflected 
back into space; the rest is absorbed into the atmosphere, but most of that radiation is in 
turn absorbed by the terrestrial surface, the ocean and the ice layers. Solar radiation 
absorbed by the surface and the atmosphere (around 240 Watts/rn2) is compensated at 
the top atmospheric layers, by the radiation going out in infrared wave longitudes. 

A change in the net radiation at the top of the troposphere (also known as 
tropopause), due to changes in either the solar radiation or the infrared radiation, is 
defined as the "Radiation Forcing". A radiative forcing alters the balance between the 
"in coming" radiation and the "out coming" radiation, and over a certain period of time, 
the climate responds to this alterations by trying to reestablish the radiation balance. A 
positive radiation forcing tends -on the average- to warm the surface, and a negative 
radiation forcing tends to cool off the surface. 

The anthropogenic emissions of gases, such as CO 2. CH4, N20, CFCs and other 
halocarbons, contribute to the increase of the "greenhouse effect". Some atmospheric 
minor constituent, such as nitrogen oxides and carbon monoxide, in despite of being non-
greenhouse gases by themselves, may influence the concentration of other gases with 
positive greenhouse effect (particularly, the tropospheric ozone), through atmospheric 
chemistry. Contributions of this type are known as indirect radiative forcing. 

Human activities have also produced an increase of the amount of aerosols in the 
atmosphere, originated mainly by the oxidizing of sulphur dioxide (SO 2) and the 
burning of the biomass, which cause a direct radiative forcing by the reflection and 
absorption of solar radiation. An indirect radiative forcing is believed to result from the 
influence of aerosols on the size of water drops in clouds, and subsequently, on its 
reflectivity. The radiative effect of aerosols is mainly negative and tends to cool off the 
surface. 

Natural factors, such as the increment of aerosols in the atmosphere, produced by 
volcanic activity or by changes in the solar emissions, may also produce a radiative 
forcing. 

The magnitude and the chronology of the climatic changes due to radiative forcing may 
depend on the concentration of greenhouse gases and aerosols, on their growth rate and 
on the specific responses of the climatic system. 
Taken from: IPCC, 1994. 
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Box 2 
THE GREENHOUSE EFFECT 

The Earth absorbs solar radiation, mainly on its surface. The atmosphere and the 
oceans radiate this energy back as long wave radiation (thermal, terrestrial or infrared). 
In the atmosphere, part of this thermal radiation is absorbed by radiatively active gas ( 
the greenhouse gases), mostly by water vapor but also by carbon dioxide, methane, 
fluorocarbons (CFCs), ozone and other gases. Absorbed energy is radiated back in all 
directions, both upwards and downwards, so that radiation which is eventually lost into 
space comes mostly from the colder and higher layers of the atmosphere. The result of 
all this is that the surface loses less heat into space than it would lose in the absence of 
such gases with a greenhouse effect and therefore keeps itself warmer. This 
phenomenon, which works as a blanket wrapped around the earth, is known as the 
greenhouse effect. 
Taken from: IPCC, 1992. 

The inventory was elaborated mainly as part of the project entitled "Country Studies of 
Greenhoiuse Gases Emissions by sources and sinks" (GF/4 102-92-01), sponsored by the Climate 
Unit of the United Nations Environmental Program (UNEP) and financed by the Global 
Environmental Fund (GEF). 

The evaluation of the inventory was charged to the NATIONAL METEOROLOGICAL 
INSTITUTE, which coordinated the work of a an experts team with specialists from many associated 
institutions working in the areas of energy, industrial processes, agriculture, land use and waste 
management. 

The inventory included six gases: carbon dioxide (CO2), methane (CH4), nitrous oxide (N20), 
carbon monoxide (CO), nitrogen oxides (NOx) and other non methane volatile organic compounds 
(NMVOC). Fluorocarbons were not included since they are included in the Montreal Protocol and 
not in the Framework Climate Convention. 

ORGANIZATION OF THE INVENTORY 

According to the IPCC methodology, the inventory was divided into five main areas, 
corresponding to the five most important categories; Energy, Industrial Processes, Agriculture, Land 
Use Change and Forestry and Waste Management. 



In the Energy Sector emissions were estimated of 
- CO2  by combustion of fossil fuels 
- Other gases, produced by combustion on mobile sources 
- Other gases, produced by combustion on stationary sources 
- Other gases, produced by combustion of biomass 
- Methane from manipulation of hydrocarbons 

On what concerns Industrial Processes, the inventory focused on the production of cement, 
as there is not a well defined methodology for the analysis of other industrial processes. 

In Agriculture, the emissions of methane were calculated from: 

- Enteric fermentation 
- Manure disposal 
- Rice production 

The emissions of other gases, produced by burning other agricultural residues and savanna 
burning, as well as the emission of nitrous oxide (N 20), produced by the utilization of fertilizers 
in agricultural soils were also calculated. 

In the section Land Use Change and Forestry, the inventory included estimations of the 
emissions and absorptions of CO 2, for: 

- Changes in forest and other woody biomass stocks 
- Forest and Grasslands conversion 
- Abandonment of managed lands 

Moreover, for the emissions of other gases by burning of forests in situ were also accounted. 

In the section Waste management, the emissions of methane in landfills and wastewater were 
accounted. 
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Box 3 

INTERGOVERNMENTAL PANEL ON CLIMATIC CHANGE 
(IPCC) 

The Inter-govermental Panel of Experts on Climatic Change (IPCC) was established 
by the World Meteorological Organization (0MM) and the United Nations for the 
Environmental Program (UNEP), in 1988 with the following objectives: 

Evaluation of scientific information related to various subjects including the 
problems of climatic change, such as the emissions of the two most important greenhouse 
gases, the alteration of the radiative balance on Earth, and the necessary steps in order 
to evaluate the social and economic consequences of the climate change. 

Formulation of strategies as a realistic response to the problems set by the climate 
change. 

The group of experts started their duty by establishing three work teams charged 
with: 

assess available scientific information on climate change, 
assess the environmental and socio-economic impacts of climate change, and 
formulate response strategies. 

The Group of Experts completed their first evaluation report in 1990, which consisted 
of 

- General review 
- Resumes for those responsible of policies in the three work teams of IPCC. 
- Reports from the three work teams of IPCC. 
In their fifth session, in March 1991, the Panel adopted a set of guidelines which the 

countries may utilize in order to implement national inventories on the emissions 
of greenhouse gases, base on the Compendium of Methods, compiled by the 
Organization for Economic Development and Cooperation (OECD), the International 
Agency for Energy (AlE), with support from the U.S.A., the UK, and Norway. 

Since then, the Work Group for Scientific Evaluations (Group I), working together 
with the OECD and the ME, refined the methodology for the generation of reports on 
the national emission rates, reports which would count with international recognition and, 
also establish systems and procedures for data gathering, such as the compilation, 
revision, and generation of reports of national inventories. 

The IPCC/OECD program provided technical support for the national projects and 
studies on the inventories of greenhouse gases, sponsored by the UNEP and other 
organizations. 

Taken from: IPCC, 1992 



Box 4 

GENERAL INFORMATION ON COSTA RICA 

Costa Rica is a Central American country, located between latitude of 8° 2' 26" to 
1100 0'O" and a longitude of 82° 33' 48" to 85° 57' 57". It has a extension of5l000 Sq. 
Km, and it is located between the Atlantic and Pacific Oceans. 

Costa Rica has a mountain range which crosses the country from Northeast to 
Southeast, presenting a diverse range of terrains from lowlands up to peaks 3850 meters 
high; it has average temperatures of 25 to 27 °C in the lowlands, and 10 to 12.5 °C in the 
mountain zones, with precipitation ranging from 1500 mm to 5000 mm per year. 

The country has a population of around 3 100 000 inhabitants, of which 1 500 
000 inhabitants is the economically active population, and this is found mainly in the 
major economic activities: Agriculture (24%), Services (24%), Commerce (20%), 
Industry (19%), Construction (16%) and Public Services (6%). 

The capital city, San Jose, is located in the central sector of the country and it is 
the labor hub of the nation. The Central Plateau is the most densely populated sector and 
hosts approximately 1 500 000 people, and it is also the sector with most of the 
industrial, commercial and services activities. 

Aproximately, 20% of the national territory is found under some kind of 
protection (forestry, wildlife or national park), and this makes of Costa Rica one of the 
countries with more protected territory. 

Agricultural exports and tourism are the main sources of currency. Bananas, 
coffee, sugar cane, flowers and ornamental plants are the main exports of the country. 
In 1990, there were 11 000 hectares planted with coffee, 28 296 hectares with bananas, 
68 152 hectares with non-traditional crops (sepsa, 1993), which represented, 
respectively, 6%, 24% and 15% of the total cultivated lands for that year. Grains for 
internal consumption (rice, beans, corn) occupied an area of 180 893 hectares (SEPSA, 
1993), equivalent to 40% of the total cultivated area. 



SECTION 1. ENERGY 

The energetic sectors are of primordial importance for national economies. Nevertheless, 
production activities, transformations, managements and consumption of energy, are known to 
generate important amounts of greenhouse gases such as carbon dioxide and monoxide, methane and 
other hydrocarbons, nitrous oxide and nitrogen oxides, among others. 

Costa Rica utilizes hidroelectric, thermal and geo-thermal energy. As sources the biomass 
and fossil fuels are utilized. The main fossil fuel is petrol, which is imported as crude oil or as 
denvated products. The biomass is used as fuel in important amounts, and this biomass comes mostly 
from coffee peelings, sugar cane waste, firewood and other agricultural residues. 

For the energy sector the emissions of CO 2  and other gases such as: CO, N 20, CH4, NO y 
NIvWOC (acronym for Non Methane Volatile Organic Compounds) were estimated. 

EMISSIONS OF CARBON DIOXIDE 

For the calculations of CO 2  emissions the "top-down" system was used, which estimated 
emissions from the total consumption and subdivides this total by type of fuel. The basic information 
was taken from the National Energetic Balance for 1990 (DSE, 1991), which accounted all data for 
imports, exports and changes in stocks for that year. 

The imports of fossil fuel, both solid and liquid, was of 42073 terajoules (TJ), of which 4088 
TJ were exported and there was an increment in stocks of 1065 TJ. Of the imported total, 1743 were 
consumed in international air transport and, in accordance with the methodology, this amount is 
added up to international deposits. For the estimation of aviation kerosene, which adds to 
international deposits, the consumption of this fuel in domestic flights and was found to be 3.6% of 
the final consumption. 

The apparent consumption for 1990, was of 35177 TJ; it was called apparent because some 
fuel was not utilized for energetic purpose, which means it does not act as a carbon deposit, such 
being the case of asphalt and asphaltic mixes, which were used in road pavement; of naphtha, both 
light and heavy, which was used in the production of plastics and solvents, and 1% of kerosene, 
which was also used as solvent. 

The emission factors for carbon and for combustion efficiency, necessary for estimating CO2  
emissions, were provided by the IPCC in their Reference Manual. Fuel effciency for liquid fuels was 
assumed to be 0.99 and for solid fuels that of 0.98. (See appendixes). 
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Table 1.1 shows the types of ftiels utilized in the country, as well as their respective apparent 
consumption, the emission factor for carbon and the estimated CO2  emissions. 

TABLE 1.1 
CO2  EMISSIONS, BY TYPE OF FOSSIL FUEL 

TYPE OF FUEL APPARENT 
CONSUMPTION 

(TJ) 

CARBON 
EMISSION 
FACTOR 

EMISSIONS 
OF CO2  

(Gg) 

LIQUIDS  

CRUDE OIL 17391 20,0 1262.58 

GASOLINE 6393 18,9 438.61 

JET 
KEROSENE 

-941 19,5 -66.62 

OTHER 
KEROSENE 

67 19,6 4.69 

GAS/DIESEL 
OIL 

12898 20,2 945.74 

RESIDUAL 
FUEL OIL 

1087 21,1 83.27 

LPG 1049 17,2 65.49 

NAPHTHA 532 20,0 -47.73 

ASPHALT 246 22,0 -47.59 

IFOS -3555 20,0 -258.1 

LIQUID TOTALS 35167 - 2380.34 

SOLIDS 

MiNERAL 
CARBON 

3 26,2 0.29 

COKE 7 29,5 0.77 

SOLID TOTAL S 10 - 1.06 

TOTAL 35177 1 	- 238.1.4 
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In 1990, the apparent consumption of the solid biomass was that of 31029 TJ. This biomass 
account for the utilization of firewood, coffee peelings, sugar cane waste and other agricultural 
residues. Firewood is mostly used for domestic, industrial and commercial energy and the most 
common sources is pruning of shade trees in some crops such as coffee, along with wood from 
agroforestry systems and garden hedges. This energetic source is considered to be sustainable as it 
allows the biomass to grow again. For that reason, the emissions of CO 2  from the biomass when 
used as fuel, do not account for the total of emissions. 

Table 1.2, shows CO2  emissions, by biomass combustion. 

TABLE 1.2 
CO2  EMISSIONS ORIGINATED FROM THE BIOMASS 

TYPE APPARENT 
CONSUMPTION 

(TI)  

CO2  EMISSIONS 
(Gg) 

Solid biomass 31029 3367.8 

Liquid biomass 487 N/A 

Gaseous biomass N/A N/A 

TOTAL 31516 3367.8 

N/A: Does not apply. 

CO2  emissions for the Energy Sector, were estimated in 2381.4 Gg which represents a 48.4% 
of the total emissions for the gas in the sector. 

EMISSIONS OF OTHER GASES 

The calculations for the emissions of other greenhouse gases, different from CO 2, were 
divided in the following subsections: mobile sources, stationary sources, emissions from the 
burning of biomass and fugitive emissions. 

The calculations for the emissions of stationary sources were done upon the basis of residual 
fuel oil and diesel oil consumptions in the industrial, commercial, residential, agricultural and 
transformation sectors. No calculation. was done for the individual consumption, due to lack of 



information on group consumption. 

As for mobile sources the consumption was itemized by type of fuel (gasoline or diesel oil), 
and also by type of motor vehicle. 

In the biomass subsection for the emission of other gases produced by burning firewood, 
coffee peelings, sugar cane waste and other agricultural residues were accounted. 

In the fugitive emissions subsection, the methane emissions caused by manipulation of 
hydrocarbons was estimated. 

EMISSIONS BY MOBILE SOURCES 

For the estimation of emissions coming from mobile sources we performed a research to find 
out the average annual mileage and the existence or non-existence of catalytic convertors in motor 
vehicles in Costa Rica, for the year 1990. The research was directed to both gasoline and diesel oil 
cars. The motor vehicles under the study were: automobiles (motor cars of particular use), jeeps 
(four-wheel traction cars), family vans, light and heavy trucks. Following this categories, in order 
to determine their annual average mileage and to determine the use of catalytic converters was carried 
to sampling. 

In order to estimate the annual average running of buses, taxis and motorcycles, information 
on the amount of these types of vehicles found at the Public Registre for Property was obtained at 
the Energy Sector Direction the annual mileage was calculated (DSE, 1991). 

The number of vehicles in Costa Rica was obtained from the report "Information Update on 
the motor vehicle sector, up to December, 1993" (Villegas, 1994). 

CO, CH4, NO,, N20 y NMVOC for emissions were calculated utilizing the emission factors 
provided by the IPCC methods, both for diesel oil vehicles and gasoline cars. The emission factors 
used for vehicles without an emission control device, as according to the results of the research on 
annual average mileage and usage of converters (Villegas, 1994), most motor vehicles in the country 
do not have a catalytic converter, or else Wit once had that type of device, it is malliinctioning or has 
been eliminated. 

The emission factors for gasoline vehicles, by type of gas emitted, appear on Table 1.6, in 
appendix 1. 

In Costa Rica, the number of automobiles surpasses that of other types of motor vehicles. 
All heavy trucks in the country use diesel oil, carbon monoxide emissions for use of gasoline in mobile 
sources were as follows: 50%, thhat is 80r.85 Gg was provided by automobiles; light trucks show 
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25% (40.66 Gg) and motorcycles follow with 13% (21.32 Gg), 

As for methane emissions, the most important contribution were from automobiles, with 
35%, followed by four-wheel traction (jeeps) cars and motorcycles with 29% each. 

Likewise, automobiles contribute with 54% of the NO emissions, followed by the light trucks 
with 31%. 

On what concerns N 20 emissions, automobiles and light trucks account, each one 
respectively, for 50%. 

Finally, 43% of the NMVOC emissions was provided by automobiles, 27% by light trucks 
and 20% by motorcycles. 

Emissions caused by gasoline in mobile sources, by type of gas, shown as percentages of the 
total of emissions, are presented in figure 1.1, it can be observed in the figure that CO contributes 
to 8 1 % and NMVOC accounts for 15%. 

FIGURE 1.1 

TOTAL EMISSIONS 
MOBILE SOURCES (GASOLINE), 1990 
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As for transportation vehicles using diesel oil, heavy trucks account for 80.4% of the CO 
emissions, followed by light trucks with a 9.9%. 

Methane emissions and their proportions are very similar to carbon monoxide emissions. 
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NO emissions are mostly produced by heavy trucks and light trucks. 

Two types of motor vehicles are found to be the sources of N 20 emissions, as they use diesel 
oil: heavy trucks, with a total of 0.03 Gg and light trucks with 0.011 0g. 

Of the 3.96 Gg of NMVOC thrown into the atmosphere by diesel fuel vehicles, 2.93 Gg 
correspond to heavy trucks, 0.17 Gg by buses and 0.53 Gg by light trucks. Those are the motor 
vehicles with a larger contribution of gases. 

Of the total of emissions corresponding to mobile sources which use diesel fuel, three gases 
account for the largest shares on emissions: NO with 56%, CO with 32% and NMVOC with 12% 
(see figure 1.2). 

The total of gases emissions, produced by combustion in mobile sources, is illustrated in table 
1.3. 
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TABLE 1.3 
EMISSIONS IN MOBILE SOURCES 

FUEL 
EMISSION 

  Gg  

CO 	CH4  N20 NOx NMVOC 

Gasoline 162,23 	0,9 0,02 7,86 29,27 

Diesel oil 10,40 	0,12 0,05 18,32 3,96 

Total 172,63 	1 	1,00 1 	0,07 26,18 33,23 

The total emissions by gasoline was 200.3 Gg (859%) and by diesel oil was 32.85 Gg 
(14.1%). 

In general, from total emissions by mobile sources, 74.1% is carbon monoxide, NMVOC and 
NOx with 14.3% and 11.2%, respectively. (figure 1.3). 

FIGURE 1.3 

TOTAL EMISSIONS 
MOBILE SOURCES (1990) 
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EMISSIONS FROM STATIONARY SOURCES 

Emissions due to stationary sources for 1990, have been classified in various sectors, 
according to sources: industrial sector, residential, commercial, public, agricultural and the 
transformation sector. 

The agricultural and industrial sector include the energy consumption of manufacturing 
industries and agricultural industries, as well as the agricultural consumption by itself. 

The residential and commercial sectors include all consumption corresponding to the domestic 
and commercial activities. 

The public sector comprehends the government consumptions and that from government 
institutions, including public services and utility companies. 

The transformation sector includes energy consumption caused by the production of electricity 
with thennal plants and the transformation of primary sources into secondary sources, by oil 
refinement. 

The consumption rates for diesel and residual fuel oil for each one the above mentioned 
sectors, were taken from the National Energetic Balance, for 1990 (DSE, 1991). 

The emission factors, itemized by type of fuel, and for each energetic activity, were taken 
from data base of the Energetic Information System of Latin American Organization for Energy 
(OLADE, 1992). Those emission factors were used since specific data concerning fi.iels and 
equipment in Costa Rica were not available. 

Also only the emissions of NO,, NMVOC y CO. since there were no emission factors for the 
other gases. 

The results obtained for those gases are presented in table 1.4. In the table emission sector, 
for each one of the estimated gases can be observed. It can also be observed that both the industrial 
and the transformation sector are the greatest contributors, with 1.6 Gg and 0.45 5 (ig, accordingly. 
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TABLE 1.4 
EMISSIONS FROM STATIONARY SOURCES 

SECTOR TOTAL 1990 (EN Gg)  

NO x E-6 NMVOC x E-6 CO x E-6 

Residential 2281.2 124.7 179.5 

Commercial 54051.8 2914.6 4181.6 

Public 65642.8 3348.8 4744.5 

Industrial 1467115.6 74157.7 104835.1 

Agricultural 68446.2 3661.2 5243.5 

Transformation 405661.4 20475 28934.9 

I TOTAL 2063199.1 104681.9 148119 

Figure 1.4 shows the percentage distribution for the emissions from stationary sources, 
originated by the usage of diesel and residual fuel oil. 

FIGURE 1.4 

TOTAL EMISSIONS 

STATIONARY SOURCES (1990) 
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BIOMASS EMISSIONS 

It was taken into consideration two types of biomass: solid and liquid. The liquid biomass 
comprehends the production of ethanol, with a value, for 1990, of 487 Terajoules (TJ). 
Notwithstanding the value, this alcohol is produced for non-energetic values, it is used entirely for 
pharmaceutical usage and for the elaboration of alcoholic beverages. 

The solid biomass, as it was mentioned before, includes firewood, coffee peelings, sugar cane 
waste and other agricultural residues. In order to estimate the emissions of this subsection, data on 
consumption was utilized, provided by the National Energetic Balance for 1990 (DSE, 1991) was 
used. Carbon production uses firewood as raw material, with a production of 25 Kg of carbon per 
each 100 Kg of firewood burned; that means an eficacy of 25 %. Therefore, the total biomass 
consumed in the carbon production was estimated applying a factor of 4 to the total carbon 
consumed in 1990. The carbon fractions for the biomass were taken from the JPCC methodology 
(TPCC, 1994); the combustion efficiency was estimated according from data provided by the National 
Energetic Information System (SIEN, 1992). 

On what concerns the carbon rates in relation to other gases herein evaluated, the values 
recommended in IPCC methodology were applied.. 

Table 1.5 shows the values for the emissions of other gases, by burning of biomass and in 
accordance to the data in table 1.5, methane represents 8.0% and carbon monoxide 88.2% of the total 
emissions by biomass burning. 
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TABLE 1.5 
EMISSIONS OF OTHER GASES, 

BY BURNING THE SOLID BIOMASS 

GAS TOTAL 
EMISSION 

(Gg) 

Methane (CH4) 4.31 

Carbon monoxide 42.63 
(CO)  

Nitrous oxide 0.05 
(N20)  

Oxides of Nitrogen 1.81 
(NOx)  

NMVOC N/A 

N/A: Do not aply. 

FUGITIVE EMISSIONS 

Fugitive emissions are those obtained from volatile hydrocarbons released by the manipulation 
of fuels. 

Methane emissions from fugitive sources are relatively low in Costa Rica, as there are no 
natural oil nor natural gas wells in the country, and the only existing emissions are those from crude 
oil storage and refinement. 

In order to calculate the said emissions, the emission factors provided by the IPCC methods 
were utilized. (see appendix 1). 

The result was 1.55 E-2 Gg for methane, which corresponds to a 0.3% of the total emissions 
of that gas in the energy sector. 

Table 1.6 shows the corresponding values for the emissions of other gases in the study for 
different energy subsectors, except for CO2 . 
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TABLE 1.6 
TOTAL EMISSIONS OF OTHER GASES, BY SECTOR 

SECTOR CO CH4  N20 NO1  NMVOC 
Mobile source 172.63 1.00 0.07 26.18 33.23 

Stationary 
sources 

0.15 ND& ND 2.06 0.1 

Biomass 42.63 4.31 0.05 1.81 ND 

Fugitives ND 1.55 E -2 ND ND ND 

TOTAL 1 	215.4 1 	5.32 1 	0.12 30.05 1 	3 3.3 3 

NID: No available data. 

The emissions of other gases, for 1990, had a percentile contribution for the Energy Sector, 
corresponding to the totals for each one of the included gases, itemized as follows: 

CH4  3.3 % 	N20 	17.6% 
NO1  89.7 % 	NMVOC 100.0 % 
CO 65.0 % 
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SECTION 2. INDUSTRIAL PROCESSES 

A great variety of industrial processes not related to energy production, originate emissions 
of greenhouse gases. The main sources of emission are those process in which some chemical or 
physical transformation or from one material to another occur. 

In diverse processes, such as the production of coke, iron, steel, aluminum, iron alloys, 
fertilizers, limestone, dolomite, bricks, glass, paper, paper pulp, printing, etc., CO 2  emissions are 
produced. Some processes also produce other emissions related to fuel combustion in order to obtain 
energy, but those emissions are consider in the Energy Sector. 

Of the industrial processes considered in the development of methods for evaluation of 
greenhouse gases, the cement production has been identified as one of the main sources of CO2 
emissions, and for that reason, on what concerns industrial processes, the proposed IPCC 
methodology for evaluation of national inventories includes only guidelines for the estimations of 
emissions in that type of industrial processes. 

CEMENT PRODUCTION 

In Costa Rica there are only two industries dedicated to cement production: the "Industria 
Nacional de Cemento" (1NCSA) and "Cementos del Pacifico" (CEMPASA). These two plants 
produce cement from local limestone. 

Carbon dioxide is generated during the production of clinker, an intermediate subproduct of 
cement. During the calcination process, calcium carbonate is heated and thus lime and carbon dioxide 
are obtained by means of the following chemical reaction: 

calor 
CaCO3 	 > CaO + CO2  

For the evaluation of the national inventory CO 2  emissions on the data of cement production 
for 1990, provided by both industries were estimated. Table 2.1 shows this data: 
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TABLE 2.1 
CEMENT PRODUCTION 

Industry Production 
Ton cement 

INCSA 415000 

CEMPASA 323000 

TOTAL 738000 

In order to obtain the CO2  emissions the IPCC methodology for obtaining the emission 
calculation was based on was applied the asumption that all cement produced is Portland Cement, 
with an intermediate content of CaO, of 63.5%. An emission factor of 0.4985 t. for CO2  by each ton 
of produced clinker or cement, which is the factor proposed in the methodology for that type of 
cement was used in the calculations. 

Table 2.2 presents the amount of cement produced in 1990, the emission factor and the 
amounts of CO2  emitted from the cement production process. 

TABLE 2.2 
CO2  EMISSION IN CEMENT PRODUCTION 

Cement Emission factor Emission of CO, 
production t CO2/t clinker o 

tonnes cement produced Gg 

738000 0.4985 367.9 

The table shows that emissions in this process totalized 367,9 (3g. Such CO2  emission 
represents 7.5% of the total emissions for this gas. 
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SECTION 3. AGRICULTURE 

Greenhouse gas emissions due to agricultural activities are related to diverse production and 
management processes which eventually release methane, carbon monoxide and nitrous oxide. 

For the purpose of a better evaluation, in this inventory the Agriculture Section was 
subdivided in five subsections: 

- Emissions from domestic livestock 
- Emissions from flooded rice fields 
- Emissions from prescribed burning of savannas 
- Emissions from field burning of agricultural residues 
- Emissions from agricultural soils 

DOMESTIC LIVESTOCK 

The subsection domestic livestock includes the evaluation of methane emissions caused by 
enteric fermentation and manure management. 

Methane is produced naturally through the digestion processes of animals due to bacteria 
inhabiting their digestive tracts and helping in the fermentation of food. The amount of methane that 
animals emit depends on their particular digestive system and on the amount and type of ingested 
food. (Rosales, 1994 and CNP-SEPSA, 1990). 

The most important animals causing this type of emissions are dairy and non-dairy cattle, 
because of the large number of individuals and because of their particular digestive system, since they 
are ntrniants and therefore they produce larger amounts of methane than other animals. 

The estimation of emissions was performed taking into account the animal population in the 
country by 1990 and the available information on handling and feeding systems. Concerning the done 
extensively in the "apartos" (grouping) system. Cattle is fed with manufactured cow food given at 
milking time, which is performed twice a day. Cow food consumption is 0.26 tonnes per year by head 
of cattle (Quam, 1994). 45% of the dairy cattle population is found in farms located in higher zones 
with temperatures lower than 25 °C and the remaining 55% is found in lower lands. 

As for the double-purpose cattle it is also a very extended activity and it is usually found in 
lower, warmer locations (over 25 °C). 
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The information on domestic animals population in the country was obtained from 
publications of the Secretary for Agricultural Plaining (SEPSA, 1991), Molina, 1994 and Sandoval, 
1994). 

In table 3.1 the population of each one of the species considered in this inventory, can be 
observed; mules and camels were not included, since there were no estimates for mule population in 
the country; nevertheless, it is known that the population is very small so it was considered that their 
emissions were not significant and there are not camels at all in the country. 

Total emissions for enteric fermentation were calculated by applying to the population data 
emission factor by specie taken into account average weight per head and per year. Due to the lack 
of specific factors develop for animals under the conditions of husbandry in Costa Rica, the values 
proposed by Latin America in the Reference Manual of the IPCC methodology were adopted. 

For the estimation of emissions from manure management, the total number of domestic 
animals were taking into account. For swine and poultry that are confined it that most of the manure 
is mananged in closed systems. Cattle and other animals are managed in pastures. Emission factors 
from the different species took this difference into account. 

Tables 3.1 and 3.2 show data in populations, emission factors and methane emissions, by 
handling of manure and by enteric fermentation, estimated under the aforementioned suppositions. 
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TABLE 3.1 
METHANE EMISSIONS DUE TO 

MANURE MANAGEMENT IN DOMESTIC LIVESTOCK 

Specie 
Poblation 

Number of 
head  

Emission factor 

(kg/head/year) 

Methane 
emission 

Gg de metano 

Non - dairy 
cattle 

1886415 1 1.89 

Dairy cattle 297614 1 0.29 

Buffalo 2000 2 0.004 

Sheep 7000 0.16 0.001 

Goats 20000 0.17 0.003 

es 93007 1.6 0.15 

e 346200 2 0,69 

ry  L 27852778 0.018 0.5 

30505014 - 3.54 
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TABLE 3.2 
METHANE EMISSIONS BY ENTERIC FERMENTATION 

IN DOMESTIC LIVESTOCK 

Specie 
Poblation 

Number of 
head 

Emission 
factor 

(kg/head 
/year) 

Methane 
emission 

Gg of 
methane 

Non-dairy 
cattle 

1886415 57 92,43 

Dairy cattle 297614 49 16,96 

Buffalo 2000 55 0.11 

Sheep 7000 5 0.04 

Goats 20000 5 0.1 

Horses 93007 18 1.67 

Swine 346200 1 0.35 

Poultry 27852778 - N/D 

TOTAL 30505014 - 111,66 

N/D: Not determined. 

From table 3.1 and 3.2 can be observed that emission for enteric fermentation totalized 111.66 
Gg, and that emissions for manure management were 3.54 Gg. In total, the emissions from domestic 
livestock totalized 115.2 Gg. 

The relationship between the emissions by enteric fermentation and by manure handling is 
presented in figure 3.1. In the figure can be observed that enteric fermentation is responsible for 
96.9% of methane emissions produced by cattle and other farm animals. 
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FIGURE 3.1 

METHANE EMISSIONS 
DOMESTIC LIVESTOCK, 1990 

Enteric fermentation 
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Manure managem 
3.1% 

METHANE EMISSIONS FROM RICE CULTIVATION 

Flooded fields produce methane due to the reduction of carbon dioxide by hidrogen; this 
reaction depends on the amount of hydrogen producing agents and on the type of soil. This is the 
mechanism that causing emissions from flooded rice fields. Methane emissions, are produced by the 
anaerobic decomposition of organic matter that remain under water. 

In Costa Rica, the flooded rice production area not very large. According to information 
provided by Oficina del Arroz (Hernández, 1994 perssonal communication) 12000 ha (hectares). In 
1990, were cultivated with rice in 1990, using the flooding. 

This plantations were located at altitudes usually below 200 meters over sea-level, and with 
temperatures on a average of 27 °C. According to the same source mentioned above, the average 
growing cycle is 125 days and in the average the field is kept flooded for 120 days. 

The emission factor for an average temperature of 27 °C during the cultivation period, and 
with an average flooding range of 120 days, was estimated in accordance to the IPçC methodology 
(IPCC, 1994) and for the rice cultivation conditions in Costa Rica. 
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For 1990, the methane emissions in rice production was estimated to be 8.67 Gg. 

TABLE 3.3 
METHANE EMISSIONS FOR RICE PRODUCTION 

Regime from water Area harvested Emission Methane 
management factor emission 

ha (kg/ha-day) Gg 

Continuously 12238.5 5,90 8.67 
flooded 

EMISSIONS FROM SAVANNA BURNING 

The vegetation of pastures and savannas is cntrolled by alternating rainy and dry seasons and 
naturally most of its growth occurs during the rainy season. Natural and man-provoked fires usually 
occur during the dry season and the result is a recycling of nutrients and the consequent vegetation 
growth. Savanna fires are a source of carbon dioxide emissions but notwithstanding net CO 2  
emissions are considered to be zero since the burned biomass is replaced by the savanna's natural 
growth during the following year. 

Pastures and savanna fires do release many other gases such as CO. CH 4, NOx y N20, among 
others. Contrary to the above stated fact concerning carbon dioxide, these are not considered to be 
"net" emissions. 

The estimates for those gases emissions were performed in the same way than those from the 
burning of other biomass in the energy section. 

In Costa Rica, there savanna areas are less extensive them those found in other countries, but 
it does have bushy lowlands which are seasonally affected by fires, especially in the Northwestern area 
of the country (near the Pacific Coast), where the dry season lasts six months. 

There are no statistical data published on the actual number of hectares under fire each year, 
and for that reason in order to estimate the emissions the only information on fires used was that on 
statistics provided by the National Insurance Institute (INS, 1994) about fires attended. Such 
information was complemented with the evaluation of the burned areas, obtained by means of the 
Landsat TM images, for the dry season of 1992. 
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Also due to lack of information on the fraction of living biomass which is burned, the value 
provided in the IPCC methodology for Guinea, in Africa was used. Such a selection, was made 
taking into account the similarities in some climatic factors of the referred Costa Rican zone with that 
from Guinea. On what concerns the biomass density in the savanna, it was determined by 
means of consultation with experts (Marielos Alfaro, 1995). 

Values for the carbon fraction in the living and dead biomass for the savanna and shruby 
systems in Costa Rica were not found, therefore, this fraction, as well as the emission factors for the 
different gases were taking from the IPCC, Reference Manual. 

Table 3.4 shows the different values for the emission estimated in accordance to those 
assimptions. It can be observed from the table that carbon monoxide represents 95% of the total 
emissions and CH4, N20, y NOx emissions were very small. 

TABLE 3.4 
GASES RELEASED BY SAVANNA BURNING 

Gas Emission 
Gg 

CH4  0.1 

CO 2.62 

N20 1.23E-3 

NOx 0.04 

EMISSIONS FROM FIELD BURNING OF AGRICULTURAL WASTES 

Large amounts of residues and waste are produced by agricultural activities. Such waste is 
sometimes burned on the field, and some other times it is left on the field to decay, and sometimes 
it is utilized as biomass for energy production. 

In accordance to the methodology, it was that on-site burning of agricultural residues was a 
non-producer of net CO2  emissions, as it is supposed that emitted CO2  is re-absorbed in the following 
crop. The emissions of other gases produced by burning waste were considered to be net emissions. 

According to the Secretary of Agricultural Planning in Costa Rica, the crops which render 
more residues are: corn, rice, bananas, coffee, beans, sorghum, sugar cane and cotton (SEPSA, 1993 
and DSE, 1986). 
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The estimations were done for all those crops, with the exception of bananas which residues 
are not burned and coffee which residues accounted for in the energy sector. In the case of sugar 
cane, the volume took into consideration did not include "bagaze" the dried sugar cane stalks, which 
also accounted for in the energy sector. 

For the estimations of emissions of other gases, the emission factors provided in the IPCC 
methodology were used. Due to lack of data on the fraction of dry matter in the residues, which is 
the case of Costa Rica, the corresponding values for cotton and beans, provided by the National 
Inventory of Uganda (Miriistiy of Natural Resources, 1994) and as for sorghum and sugar cane used 
in the National Inventory of the United States (U.S. EPA, 1994) were used. Data for the fraction 
burned on the field and the for the relationship of productlresidue, was determined in consultation 
with national experts (F. Mojica, personal communication). 

Table 3.5 shows a list of crops which residues are burned on the field, as well as their 
respective volumes and gas emissions from each one. 

TABLE 3.5 
EMISSIONS FROM AGRICULTURAL WASTES 

Crop Quantity 
of residue 

Gg 

Gas emitted 
Gg  

CH4  CO N20 NOx 

Maize 225.851 0.06 1.28 0.002 0.06 

Rice 20 0.01 0.24 0.000' 0.01 

Beans 16.621 0.01 0.19 0 0.01 

Sorghum 38.751 0.02 0.49 0.001 0.02 

Sugar 739.763 
Cane  

0.45 9.44 0.011 0.4 

Cotton 0.186 0 . 00* 0 . 00* 0.000' 0 

Total 32162.7 0.55 11.64 0.014 0.5 

*: Minus of 0.01 
':Minus of 0.001 
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EMISSIONS FROM AGRICULTURAL SOILS 

Agricultural or cultivation soils may emit or absorb gases such as N 20, CO2  and methane. 
N20 emissions are produced by the application of synthetic and organic fertilizers, and biologic 
fixation of nitrogen in the soil. The emissions volumes depend on the humidity contents of the soil, 
on its temperature, on the concentration of nitrate or ammonia in the soil and on the carbon contents 
and pH. 

Estimations of N20 emissions were done by applying a simple approximation to the 
metodology proposed by the OCDE in 1991 which estimates emissions upon the basis of total 
consumption of fertilizers. 

Information on the total consumption of non-organic fertilizers during 1990 was obtained 
from statistics on the national production and on imports carried on by the company Fertilizantes de 
Centro America (FERTICA), the most important producer and imported of fertilizers in the 
country and FAO (1991). The applied emission factor was that from the report of the National 
Inventory of the United States (U.S. EPA, 1994). 

Table 3.6 presents the volume of fertilizers used in Costa Rica for 1990, and the emissions 
of nitrous oxide cause by its application on the crops. 

With forementioned assumption the N 20 emissions from agricultural soils were 0.465 Gg. 

Such estimation did not include organic fertilizers as, according to experts on the field, its 
usage in this country is scarce, and because of that it was not quantified ( Mojica, F., 1995). 

TABLE 3.6 
EMISSIONS FROM AGRICULTURAL SOIL 

Volume from Emission Nitrous oxide 
fertilizer factor emission 
Tonnes Gg 

25310.4 1 	0,0117 1 	0.465 

In 1990, agricultural activities were responsible for the emission of 139.81 Gg of greenhouse 
gases, an amount that represents 2.6% of the total emissions. 



The most abundant gas was methane, which totalized 124.52 Gg. To that amount, cattle and 
farm animals contributed with 115.2 and rice cultivation contribute with 8,67 Gg. 

FIGURE 3.2 

EMISSIONS IN AGRICULTURE 
1990 

Figure 3.2 shows the total emissions for the agriculture sector, and it can be observed 
relative contribution to that 89.1% were methane emissions and 10.2% of the emission were carbon 
monoxide. emisión de monóxido de carbono. 
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SECTION 4. LAND USE CHANGE AND FORESTRY 

Through the photosynthesis carbon is stored in plants biomass. When this plant biomass is 
burned or decomposes, that carbon is released as CO2 . Changes in the different usages of the soil 
produce changes in the amount of carbon stored in the biomass, and consequently produce changes 
in the emissions of CO2. when biomass is burned or decomposes. Other gases such as CH 4, CO, N20, 
and NOx are also emitted when the biomass is burned. 

During the evaluation of inventories on the emissions of greenhouse gases, it must be taken 
into consideration all the changes of the biomass in the biosphere, that could change the amount of 
carbon stored, this shall include changes in forests, savannas with trees, pasture fields, and farming 
land, either for crops or for cattle raising; changes also include reforestation, and the secondary 
growth which is found in abandoned fields or pastures. 

For the inventory of net emissions of greenhouse gases in Costa Rica, the emissions of carbon 
dioxide and monoxide, nitrogen oxides, nitrous oxide and methane produced by: 

- Changes in forest and other woody biomass stocks. 
- Forest and grassland conversion. 
- Abandonment of managed lands, were estimated. 

CHANGES IN FOREST AND OTHER WOODY BIOMASS STOCKS 

In this subsection CO 2  emissions from tree plantations, managed forests and other bodies of 
trees which are affected by human activity were considered. Also, the absorption of CO 2, by the 
annual increment of the biomass in plantations or forests under explotation were accounted. 

The carbon fixed in the plantations was estimated over the data of planted area and on the 
annual growth rates of each of the species planted 

Data on plantations area in the last decade were obtained from statistics at the General 
Forestry Direction (1994), and from SEPRENA (1990), covering a period from 1980 to 1990. The 
annual growth rates for the different species were taken from the IPCC Reference Manual, as it was 
found their values to be consistent with the country's data on the most common species. For the 
carbon fraction in dry matter, the value of 0.45, proposed in the IPCC methodology was adopted. 

The biomass extracted from forest or tree plantations was treated according to its final 
destination, being it timber or firewood. In the 80's decade in Costa Rica, commercial timber was 
extracted mainly from the natural forests and not from tree plantations. On the other hand, according 
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to the information on the energy balance, firewood is obtained from seasonal pnrning of trees used 
as shade for coffee or from garden hedges. To avoid double counted, therefore, emissions from forest 
cutting were calculated in the forest conversion subsection and emissions from firewood were 
consider in the energy section, and these two sources of emission were not considered in the final 
calculations of this subsection. 

CO2  fixation was estimated on the basis of the data of reforested areas from 1980 to 1990, 
since these cultivated areas were supposed to be still growing in 1990. 

Table 4.1. presents the data for the plantations areas in thousands of hectares (kha), the annual 
growth rates for each species, in tons of biomass, and the fixation of CO 2  in gigagrams. As it can be 
observed in the table, taking all these  into consideration, the total absorption in plantations during 
such period was estimated to be 883,2 Gg. 

TABLE 4.1 
CO2  ABSORPTION IN TREE PLANTATIONS 

Plantation Area of Annual CO2  
forest/biomass growth rate removal 

stocks 
kha ton/ha Gg 

Eucalyptus 3,8 14,5 90,7 
spp.  

Tectona 3,3 8,0 44,0 
grandis  

Pmus caribea 1,3 10,0 22,1 

Cupressus 0,9 10,0 14,5 
lusitanica 

Gmelina 21,6 14,5 516,0 
arborea 

Mixed 17,5 6,8 195,9 
hardwoods 

Total 48,4 - 883,2 
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FOREST AND GRASSLAND CONVERSION 

In this subsection, CO2  emissions due to deforestation were estimated. 

Changes in the land use, like changing a forest into pastures or crop fields, is usually followed 
by the cutting of all plants and slash and burn techniques or by burning wood as firewood. These 
actions, plus the decaying left-over wood and plant matter may cause that carbon, the main 
component of vegetal material, returns to the atmosphere as CO2  The pastures or agricultural 
systems that develops after the clearing, store less carbon than the original forest. 

Pastures or crop fields which are not cultivated for long periods regrowth. The ecosystems 
that develops with this secondary growth, normally store less carbon per hectare than the original 
forest system; therefore, the change from forest to field crops or pastures represents a net emission 
of CO2 . 

The combustion of the felled biomass, both at the location or elsewhere, also produces 
nitrous oxides, nitrogen oxide, carbon monoxide and methane and they all have greenhouse effect. 

In Costa Rica, the development of agriculture, from the historical point of view, was due to 
the enlargement of the cultivated lands, as more forest were cut and more forest land became 
farmland. 

Around 1822, the population density was of 1 inhabitant per square kilometer. In the 19th 
century, sugar cane, tobacco and coffee (which was first exported in 1825) became the dominant 
crops and most agricultural land in the center zones of the country were dedicated to those products. 
At the turn of the century, a spontaneous colonization toward the coastal zones, expanded the 
agricultural frontier, from the center hub towards the Pacific coast; colonies turned into cattle ranches 
and they occupied extensive areas always with very scarce population (Tossi, 1974). 

The said process turned more critical during the last four decades, due mainly to official 
expansion policies, to very liberal land-owning regulations, and to a high population growth rate, 
caused by the traditional idea of a very large family unit. In the 1950's decade, another social 
process started, which was known as the Cattle Sub-culture, which fostered the conversion of forest 
into cattle pastures even farther. This process was based on policies which sponsored the exports 
of meat and offered credit -mostly backed up by external sources- and subsidized cattle farming. 
Finally, a large sector of the country became cattle ranches and large pastures, causing great damage 
to traditional agricultural ways and, of course, to the natural forests (Solorzano, 1991). 

Such a pattern was then reverted in the 1980's, when a process of awareness for reforestation 
was started all over the country. It was fostered by the Government and reinforced by the private 
enterprise. This change can be noted in the data of reforested areas. Since, between 1970 and 1979, 
approximately 20.6 Hectares per year were reforested and in the 1980-1989 period the average rate 
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of reforested area of 2500 hectares per year, between 1990 and 1993 the rate grew to 14 367 halyear 
(MIRENEM, 1994) for a total of 111 479.4 Ha reforested in 24 years. 

In 1989, the forest cover represented 28% of the national territory, which means 1556 275 
ha, of which 893 325 ha were found under some protection system, and 155 338 ha corresponded 
to secondary forests (MIRENEM, 1994). 

CO2  RELEASE 

As it was mentioned before, due to the fact that CO 2  emissions are caused either by burning 
or by decomposition of plant matter, for the calculations of this inventory, both, the immediate 
emissions, those caused by slash and burn of the natural forest, and the delayed emisions, those 
caused by the decay, were estimated. 

According to the assumptions of the methodology, immediate emissions are referred to as 
yearly in the inventory, while those caused by decay, under tropical conditions, may occur after 10 
years (for above ground biomass) and 25 years for the roots and underground matter. 

Immediate emissions were estimated for 1990. Datum of deforested area in that year was 
used as starting point for the calculation. Emissions from the decaying of plant matter left over on 
the site after cutting was estimated for the 10 years period prior to the inventory year, using the 
average anual deforestation rate between 1980 to 1989 as basic data. Regarding the emisions from 
underground biomass, information on land use, as shown in a 1965 map (AID, 1965) was used as 
reference to estimate changes in the 25 years period before 1990; nevertheless, due to a lack of well-
developed methods for the calculation of emissions by root decomposition in tropical soils, the 
calculus for the emissions of decaying plant matter in the soil were not performed. 

Information on the deforested area for 1990 was obtained from the Direction of Forestry in 
the Ministry of Natural Resources, Energy and Mines (MIRENEM, 1994). Only one type of forest: 
the tropical rain forest was consider since, after consulting national the experts, it was determined 
that deforestation in the last years of the 80's decade and beginning of the 90's occurred only in that 
type of forest. 

The biomass by hectare in this ecosystem was assumed to be 155.1 Ton/Ha, a value that was 
determined for forests in the Tropical Zone of the Americas (Brown and Lugo, 1984). 

According to MIRENEM (1994), the average annual deforested area between 1990 and 1993 
was of 18 000 ha, which, according to the preceding assumption, representes 2791.8 kTn of biomass. 
This value was considered a representative datum for the year 1990, on which to start the 
calculations for the emissions. 
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In applying the methodology, the emissions were calculated in relation to the cut biomass, 
therefore, the rest of the biomass in the system, that means the one which is left intact and the one 
which grows back in the same site in the coming years was deducted. 

As it was mentioned above, in Costa Rica, deforestation for the last 25 years was caused 
fundamentally by the expansion of cattle activities, anyhow, the traditional conversion of natural 
forests into pastures did not mean the absolute destruction of all trees, since it was a custom to leave 
in the "potreros" (the traditional pasture or grazing area) around 15 to 20 trees per hectare, in order 
to provide some shade for the animals (Eng. Marielos Alfaro, personal communication). In this type 
of pasture spotted with trees or "potrero", the persistent amount of biomass is much larger than that 
of a flat treeless pasture. 

Assuming an average biomass value of 1 Ton/tree, it was estimated that after the clearing, 
the site might hold an amount of biomass around 20 Ton/ha. This amount expanded to 18000 ha 
represents a biomass of 360 kTn. This amount was deducted from the 2791.8 kTn and then the total 
of the felled biomass was supposed to be 2431.8 lctn. 

To estimate the emissions the portion of that biomass was used as timber and was not burned 
at the felling location was also deducted. According to permits issued by the General Forestry 
Direction, in 1990 the extraction allowances amounted 643304 cubit meters of timber (MIRENEM, 
1994). A similar amount, nonetheless, could haven extracted with no authorization at all (E. Cyrus, 
M. Alfaro: personal communication). For that reason and based on the opinion of other experts in 
the timber business, an average extraction of 60 m 3/ha was assumed. 

Taking 0.5 Tn /m3  as the density of the extracted wood, this extraction turns to be 30 Tn/ha, 
and applied to 18000 ha this represented a total of biomass extracted as timber of 540 kIn. 

Deducting this amount, a value of 1891.8 kTn was obtained as the total biomass that 
produced emissions. 

Emissions from the burning were estimated for the burning of biomass on and off site. The 
value of 0.45 for the carbon fraction in the biomass and 0.9 as the combustion efficiency proposed 
in the IPCC methodology were used. 

The amount of biomass which remains as trunks and branches for decay represents 4% of the 
total biomass (M. Alfäro, personal communication), with respect to the total biomass (2431.8 kTn), 
it means that 2334.52 kTn is burned on site or extracted from it. Deducting the timber 540 
kTn of timber extraction it was obtained that the amount of biomass burned on site could be 
estimated as 1794.7 kTon. 

In the case of Costa Rica, because firewood extraction was not consider as one of the 
driving forces for the cutting, estimations of emissions from biomass burned off site included only 
that of the industrialization of timber. In Costa Rica, industry utilizes only 55% of the total 
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extracted volume, the remaining 45% is left in the process as residues (Censo de Ia Industria del 
aserrio, 1984). Over an extraction of 540 kTn this represents 243.0 kTn of sawdust and other 
residues which are burned or use as organic fertilizer. Data on the amounts of sawdust which is re-
utilized, were not available, but agricultural experts agree on that this is not significant since they 
assume that most of the residue is burned. 

The total amount of biomass burned was then estimated in 2037.9 kTn (1794.7 in the felling 
site and 243.0 kTn elsewhere). In the case of forest conversion emissions of CO 2, were estimated 
for this whole amount since no fixation in the following year is supposed to occur, and regrowth 
is considered in the abandoned land section. 

Given all the previuos assumptions, total emissions of CO 2  due to forest burning were 
estimated as 3026.1 Gg of CO2 . 

The biomass which is left to decay was considered to be 4% of the total felled biomass. The 
emissions by decaying of the biomass were calculated upon 31830 Ha, a datum of the average 
deforested area between 1974 and 1989 (DGF). Therefore, the total biomass which decomposed in 
the felling site was estimated to be 172.0 kTn, and the emission for this source as 283.8 Gg of CO 2 . 

The details for the emissions by burning and decaying are shown in Table 4.2. The Table 
also shows the total emissions of CO2  produced by the conversion of forests. According to the 
assumptions previously described, in the period of time to which this inventory is referred, the 
emissions from this source, totalized 3310.0 Gg. The detailed calculations appear in Table 5.2 of 
Annex 1. 

TABLE 4.2 
EMISIONS FOR FOREST AND GRASSLAND CONVERSION 

ss 
Area 
kha 

CO2 Emisions 
Gg 

iate emisions 
[byburning 

18.00 3026.1 

on for Decay 31.83 283.8 

49.83 3310.0 
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EMISSIONS OF OTHER GASES BY FOREST CLEARING 

The emissions of other gases different from  CO2, were calculated over the amount of 
biomass felled and burned on site (1794.7 kTn). The biomass which is burned outside of the felling 
site is not taken into account, in order to avoid a double calculation, since it accounted for the 
emissions of biomass used as ftiel (firewood). The emissions ratios of each gas to estimate the 
amount of each gas produced in the burning were adopted from the IPCC methodology. 

The results obtained are shown in Table 4.3 

TABLE 4.3 
EMISSIONS OF OTHER GASES 

Gas Emission 
Gg 

CIT4  11.63 

CO 101.75 

N20 0.08 

NOx 2.89 

Total 116.35 

The porcentual contribution from each one those gases to the total emissions by changes in 
land use, may be observed in Figure 4.1. The graph shows that the gas emitted in the largest 
amount, representing 87.5%. of the emisiones of the other gases is carbon monoxide. 
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FIGURE 4.1 

EMISSIONS OF OTHER GASES 
IN FOREST CONVERSION, 1990 

ABANDONMENT OF MANAGED LANDS 

When lands or crop fields or "potreros" (pastures) are abandoned and allowed to regrowth 
in natural ecosystem, there is an accumulation of carbon in the aboveground biomass and in some 
cases, also in the underground biomass. 

For this inventory, in order to estimate the fixation of carbon in the secondary forest 
developed over crop fields or in cattle pastures which were abandoned, the amount of land affected 
by this change, was determined comparing the changes in land use between 1979 and 1990-91. 

In order to determine the extension and type of change in the last years, maps of land use, 
developed on the interpretation of Landsat MSS sattelite images from 1979 and Landsat TM, with 
band combination of 3, 4 and 5 from 1990 to 1992 were used. The analysis could not be taken 
back 25 years because of lack of data and information on comparable scales to those of 1979 and 
1990. For the 60s decade, the only map available on land use was a map of 1965 at the 1:750000 
scale. According to that in 1965, 63% of the country, that is 3 213 000 Ha was covered by some 
type of forest, 1.43% by improved pastures, 4% by abandoned pastures, 12.5% by crop fields, and 
the rest of the territory by water bodies or urban areas. However, this information was used only as 
reference, since the emissions by underground biomass decay were not accounted. 
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For the 1979 map the images utilized were at the scale of 1:200000, while for the 1990 map 
the scale was 1:100000, in both cases the minimal mapping unit was 25 Ha (0.25 km2). Whenever 
possible and/or necessaiy aerial pan-chromatic photographs in scale 1:600000, covering most of the 
national territory were used to compare or verif' the interpreted units. 

The information obtained from the image interpretation 90-92 was verified with field trips, 
more specifically for revising areas which were doubtful in their initial interpretations. 

In the interpretation of the images the following types of cover, were identified: 

- Primary forest. 
- Secondary forest. 
- Pastures. 
- Wetlands. 
- Crop fields, cultivated areas (temporary and permanent). 
- Burned areas (only in the 1990-1992 map). 
- Other types of cover (combinations of various covers). 
- Naked soil, infrastructures, and water bodies. 

From the maps, the number of hectares in each of categories was evaluated and the 
changes in use, determined by comparison of the covers between the two periods. The following 
changes were identified: 

- From natural forest to pasture. 
- From secondary forest to temporary crop field. 
- From secondary forest to pasture. 
- From crop field to pasture. 
- From natural forest to permanent crop field. 
- From natural forest to temporary crop field. 
- From pasture to secondary forest. 
- From pasture to crop field. 
- From crop field to secondary forest. 
- From secondary forest to permanent crop field. 

The maps for the area of peninsula de Nicoya, in the western part of the country is included 
as an example. 

The evaluation was performed using a geographical information system (ARCINFO), ifies 
with the total of the information, were created in order to use them later as the basis of the future 
updates of the inventory. 

Due to lack of time for the presentation of this report only the estimations of changes of 
land use, for two zones in the country: The Atlantic Basin and the Nicoya Peninsula, in the Dry 
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Pacific Coast were included in the quantification of the emissions. Those two areas were considered 
to be representative of the different conditions related to trends in the changes of land use for the last 
decade. The complete evaluation will be published as an Appendix to this report, once the evaluation 
for the rest of the national territory is concluded. 

The areas corresponding to each one of the changes are presented in Table 4.4. 

TABLE 4.4 
CHANGES IN USE BETWEEN 1979 AND 1990-91 

Type of change Area 
kha 

Pasture to secondary 
forest 

70,28 

Secondary forest to 
pasture  

122,15 

Secundary forest to annual 
crop  

12,64 

Primary to Secundary 
forest 

28,52 

Crops to pasture 24,1 

Pasture to crops 65,48 

Crops to secondary forest 10,42 

Primary forest to pasture 74,28 

Primary forest to crops 23,9 

In order to estimate the CO 2  absorptions only the changes from pasture or crop field to 
secondary forest, changes in which there is significant change in the biomass stored in the system 
were consider. Considering the maps as representing the situation in 1990, that amounted 80.7 kha. 

To estimate the carbon fixation for this natural regeneration, an annual growth rate of 8.0 
Tn/ha was adopted for the moist forest of the Atlantic region and 4.0 Tn/Ha for the dry forest of the 
peninsula de Nicoya was used. These growth rates are derived by assuming that tropical forest 
regrowth to 70% of its undisturbed biomass on the first 20 years. 

To the total biomass generated a carbon fraction of the surface biomass of 0.45 (as proposed 
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by IPCC) was applied to estimate the CO2 uptake. In order to avoid the double accounting of tree 
plantations and reforested areas, these were included in the category of "permanent crops". 

Table 4.5. presents the estimated values of CO2  absorption by plant growth in abandoned 
areas. 

TABLE 4.5 
CO2  ABSORPTION IN ABANDONED LANDS 

Abandoned area 
kha 

CO2  absorption 
Gg 

80,70 257,70 

The emissions for the different activities included in the Section Land Use Change and 
Forestry are presented in figure 4.2. There emissions from forest clearing and uptake by plantations 
and regeneration on abandoned land can be compared. 

The result of the global evaluation of the three sub-sections was a total net emission of CO 2  
of 2169.1 Gg, which represents a 44.1% of the total emissions of CO2  in Costa Rica, for 1990. 
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BOSQUE NATURAL 21,417.00 3.40 7,006.50 1.11 
BOSQUE NATURAL INTERVENIDO 53,715.20 10.12 17,113.20 2.71 
BOSQUE SECUNDARIO 172,325.50 27.37 158055.60 25.03 
MANGLAR 12,187.80 1.94 12,705.70 2.01 
HUMEDAL.,. 10,546.70 1.68 8,602.70 1.36 
PASTO 281,390.30 44.70 296,163.10 46.89 

ULT1VOSTEMPORALES 18,296.50 2.91 53,670.80 8.50 
CULT1VOSPERMANENTES 49,279.00 7.83 65,140.00 10.31 
QUEMAS I - 12,142.40 1.92 
lNFRAESTRUcTURA CUERPOS DE'AGUA 350.30 0.06 965.20 0.15 
TOTALES 629,508.30 100.00 631,565.20 100.00 



SECTION 5. WASTE 

Humankind generates a large amount of waste through production and almost any other 
activity. When such waste contains organic matter, its decomposition generates greenhouse gases, 
especially methane. 

Waste disposal, either at an open garbage dump or in landfills may generate methane, 
although in different amounts. Likely, residual waters containing organic material may also generate 
significant amounts of methane. 

For this inventory the evaluation of emissions coming from waste was subdivided in two sub-
sections: 

- Emissions caused by waste in landifils. 
- Emissions caused by wastewaters. 

LANDFILLS 

Organic material decomposes with help of aerobic bacteria producing other compounds, 
which in turn are attacked by anaerobic bacteria not methanogenic and finally by methanogenic 
bacteria which do produce biogas. This biogas is composed by 50% of CO2  and by of 50% of 
methane. Carbon dioxide dissolves in soil water while methane is released into the atmosphere. 

Methane production in landfills depend on a few factors such as aerobic decomposition, 
microbian biomass, lixiviation and methane oxidation, among other. 

The simple method reccomended by IPCC supposses that methane is released the same year 
when the waste is deposited in the landfill. This does not really happen but it provides a good 
approximations to the real emission amounts. 

In open garbage dumps, emissions are not a very significant soruce of methane since 
methane formation happens by the effect of methanogenic bacteria which work in absence of 
oxigen. 

For the calculations of methane emissions, data on the volume of solid waste of domestic 
origin going to the landfills in urban and rural areas, were taken from the National Waste 
Management Plan (Government of Costa Rica, GTZ, 1991). Decomposition of organic carbon in 
the garbage dumps is not total and part of that matter remains in the landfill for a longer term. In 
the country there is no available information on the fraction of organic carbon which decays, and 
because of that the value of 0.15 as the fraction that decay recomended in the methodology and for 

42 



the actual decaying, the factor 0.77 was used. As for the fraction of methane in the garbage dump 
gas the value of 0.5, suggested for developing countries was used. 

In Costa Rica, the most highly concentrated urban area is the Central region. This Great 
Metropolitan Area hosts 1 657 771 inhabitants, which corresponds to 56% of the total population. 
According to data published by the National Waste Management Plan (Government of Costa Rica, 
GTZ, 1991), this area produces 915.5 tons of waste evely day, which accounts for 334157.5 tons per 
year. This waste is composed by a 62.1% of bio-degradable matter. Thus, emissions for 1990 were 
estimated over a total of 207511.8 tons. of bio-degradable matter. 

The methane output is not recovered at all and therefore it is released into the atmosphere 
entirely. 

Methane eniissionsprodiced by the said volume of waste were estimated to be 15.98 Gg. 

For the rest of the country, the waste is deposited in open garbage chimps, since that waste 
amounts to 175236.5 tones per year, of which 108821.86 tons are bio-degradable. Emissions from 
thus part of the wastes were not calculated due to the incertitude of data and the methodology to 
be applied. 

Are presented in table 5.1. values for bio-degradable domestic waste, as well as the methane 
emissions from that waste, in 1990. 

TABLE 5.1 
METHANE EMISSIONS FROM LANDFILLS 

Area Biodegradable Methane 
wastes emission 

Gg 
Gg 

Central 
counties, 99.89 7.69 

part of GAM 

Rest of 107,62 8.29 
GAM 

Rest of the 108,82 N/A 
country  

Totali 316,33 15,98 

GAM:: Great Metropolitan Area 

As it is seen in the table, emissiàns: from fidfihis totalized I 598..Gg. 
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WASTE WATER 

Residual waters may emit methane according to the amount of organic material contained 
therein; this may be evaluated by the amount of oxigen which is consumed in the decaying process 
of such organic matter. This factor is identified by the bio-chemical demand of oxigen (DBO) of 
residual waters. 

For the estimation of emissions from residual waters this section was subdivided into: 

- Emissions from municipal wastewaters. 
- Emissions from industrial wastewaters. 

MUNICIPAL WASTEWATERS 

According to the reccomended methodology, the emissions were estimated over the volume 
of residual waters. The generation rates of DBO was suppossed to be 0.0146 Gg DB0 5  /1000 
people/year (IPCC, 1994). 

The volume of wastewaters was calculated according to the population in urban areas where 
a larger percentage of residual waters was supposed to be treated anaerobically. Emissions were 
estimated for a population of 1 657 771 inhabitants of the Great Metropolitan Area (GAM), in 1990 
(Government of Costa Rica, GTZ, 1991). Since there was no complete information available on what 
concerns the volume of water, the value of 0.10 as the fraction of residual waters anaerobically 
treated, proposed for Latin America by the IPCC was adopted. 

Emissions from municipal wastewaters were the population and the results are presented in table 5.2. 

TABLE 5.2 
METHANE EMISSIONS BY MUNICIPAL 

WASTE WATER 

Population 
Zone (Nbr. em 

inhabitants) 

M]thane 

Great 1657771 
Metropolitan 

area 
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INDUSTRIAL WASTEWATERS 

In Costa Rica residual waters are generated by various industries, mainly food industries. 

For the calculation of methane emissions of the industrial output information on the volume 
of residual waters for the main industries in the country, included in the Plan for Sanitation and 
Sanitary Tubing of the Great Metropolitan Areas (SNAA, 1990) was used and for the calculations 
the methodology from IPCC was applied. The values of the bio-chemical oxigen demand (BOD) 
in residual waters for those types of industries were taken from the those proposed in the Reference 
Manual of the IPCC. For municipal waters, it was suppossed that only a 10% of the total of residual 
waters were treated anaerobically. 

The different types of industries, the corresponding volumes of residual waters and the BOD 
values, are presented in Table 5.3 

TABLE 5.3 
EMISSIONS FROM INDUSTRIAL WASTEWATER 

Industry 
Volume of 

residual 
water, in 

BOD 
concentrations 

in 
kg/I 

Methane 
emissions 

Gg 

Fruit and grain 341,768 
processing  

0,003 0,02 

Beer production 821,232 0,085 1,54 

Meat packing 67,131 0,02 0,03 

Agricultural 23683,857 
industry  

0,019 1,04 

Oil and grease 3102,018 0,002 1,30 

Paper mills 71,504 0,004 0,01 

Slaughtering 1224,261 0,004 0,05 

Total 29311,77 - 3,99 
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The contribution percentages for each one of those industrial emissions and their residual 
waters, are presented in figure 5.1, by type of industry. It can be easily observe that the beer 
processing plants are the largest sources of methane with 38.6% of all methane emissions on 
industrial residual waters, followed by oil and grease processing industries, with a 32.6%. 

Figure 5.1 

Methane emissions 
Industrial wastewater, 1990 

Papr 0.3% 
OM and gnus 32.6% 

AgrIcultural 26,1% 

444 
.4
0

4.4.4 4 4 4 

Most packing 0.6% 	 Frtnrin i% 

Beer 366% 

Figure 5.1 represents the percentage distribution of methane emissions from the Waste 
Section. It can be observed that emissions from landfills amount for a 78% while emissions from 
wastewaters get a 22%. 

01.1 



Figure 5.2 

METHANE EMISSIONS 
WASTE, 1990 

LindfihIs 
78,0% 

Municipal witwat•rs 	Industrisi wastswatsr 
2,6% 	 19,6% 

The total for the Waste Management Sector, was estimated to be that 20.5 Gg for methane, 
and this corresponds to a 12.6% of the total emissions for that gas. It can be observed in Ch&t 5.1 
emissions from landfills correspond to a 78% of the total emissions of that gas for the Waste Section. 
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SECTION 6. TOTAL EMISSIONS AND WARMING POTENTIALS. 

The total gas emissions with greenhouse effect in Costa Rica, estimated for 1990 was that of 
5479.3 Gg (5 479 300 tons). The contributions for that total are in case of the Energy Sector 
2665.6 Gg and the Land Use Change Sector with 2285.4 Gg. In both cases the gas with the largest 
emission was CO2, a 90% of the total emissions. The totals for gas emissions by sector are 
represented in both Table 6.1 and figure 6.1. 

TABLE 6.1. 
TOTAL EMISSIONS FOR GREENHOUSE GASES, 1990. 

SECTION 
TOTAL EMISSIONS 

   Gg  

CO2  CH4  CO N20 NOx NMVOC TOTAL 

Energy 2381.4 5.32 215.4 0.12 30.05 33.33 2665.6 

Industrial 
Processess 

367.9 - - - - - 367.9 

Agriculture - 124.52 14.26 0.48 0.55 - 139.81 

Land Use 2169.1 11.63 
Change  

101.75 0.08 2.89 - 2285.4 

Waste - 20.5 - - - - 20.5 

Total 4918.4 161.97 331.41 0.68 33.49 33.33 5479.3 
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Box 6.1 
RADIATIVE FORCING 

The Earth's climate depends on the radiative equilibrium of the atmosphere. A few 
factors such as energy variations on radiation from the Sun or the concentrations of 
greenhouse gases, may alter such balance causing a "radiative forcing" on the climate. 
The increase of such human-originated gas concentrations with a greenhouse effect is 
presently causing a radiative forcing. 

The increase of the radiative forcing does force the Earth/Atmosphere system into 
reaching new balancing temperatures in accordance with gas concentrations. In order to 
facilitate the calculations and in also in order to evaluate the possible political options, 
experts have developed the concept of GWP (Global Warming Potential). The GWP is 
defined as the warming obtained through a certain period of time which produces an 
instantaneous release of a mass unit (1 Kg) of a determined greenhouse gas. 

In order to estimated its effect on climate the GWP also accounts for the concentration, 
average permanence of each gas in the atmosphere and all this is expressed in terms of 
the effects caused by the release of an equivalent amount of CO2 . Thus, it is estimated 
that in the term of 20 years, methane proves to be 63 times more effective than CO2, and 
nitrous oxide 270 times more effective, while over a period of 100 years methane, which 
permanence rate in the atmosphere is shorter, is 21 times more effective and oxide 
nitrous proves to be 290 times more effective. 

Briefed from the IPCC, 1994. 
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In order to provide an instrument that contributes to the analysis of mitigation options, the 
global warming potentials were estimated, based upon the total emissions for 1990, over time 
horizons of 20 and 100 years. The results are presented in Tables 6.2. and 6.3. 

As it can be observed from the Tables, in the middle length term (20 years), on what concerns 
Costa Rica, the main contribution to global warming would be that from methane, produce mostly 
by the Agriculture Sector, and which relative total, in reference to the equivalent potential of CO 2 , 

will amount to a relative contribution of 66.3%. The second most important contributor is Carbon 
Dioxide, with a relative contribution of 32,5%, provided, in equal shares, by the Energy and Land Use 
Change sectors. For a time horizon of 100 years, the main radiative forcing comes from CO 2, with 
a relative distribution of 58.2%. With that time horizon, methane only accounts for a relative 
distribution of 39.5%. 

TABLE 6.2 
RELATIVE EMISSIONS OF GRENHOUSE GASES 

CONCERNING THEIR GLOBAL WARMING 
POTENTIALS, FOR A TIME HORIZON 

OF 20 YEARS 

GAS EMISSION GWP RELATIVE RELATIVE 
Gg Horizon 20 TOTAL CONTRIBUTIONS 

years 

Carbon dioxide 4918.4 1 4918.4 '32.1 
(CO2) 

Energy 2381.4 2381.4 15.6 
Industrial 367.9 367.9 2.4 
Processes 
Land Use 2169.1 2169.1 14.2 
Change  

Methane 161.97 63 10204.1 66.7 
(CH4) 5.32 335.2 2.2 

Energy 124.52 7844.8 51.2 
Agriculture 11.63 732.7 4.8 
Land Use 20.5 1291.5 8.4 
Change 
Waste 

Nitrous oxide 0.68 270 183.6 1.2 
(N20) 

Energy 0.12 32.4 0.2 
Agriculture 0.48 129.6 0.9 
Land Use 0.08 21.6 0.1 
Change 
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TABLE 6.3 
RELATIVE EMISSION OF GREENHOUSE GASES 

CONCERNING THEIR GLOBAL WARMING POTENTIALS 
FOR A TIME HORIZON OF 100 YEARS 

GAS EMISSION GWP RELATiVE RELATWE 
Gg Horizon 100 TOTAL CONTRIBUTION 

years  

Carbon dioxide 4918.4 1 4918.4 57.7 
(CO2) 

Energy 2381.4 2381.4 28.0 
Industrial 367.9 367.9 4.3 
processes 
Land Use 2169.1 2169.1 25.5 
Change  

Methane 161.97 21 3401.4 39.9 
(Cl-I4) 5.32 111.7 1.3 

Energy 124.52 2614.9 30.7 
Agriculture 11.63 244.2 2.9 
LandUse 20.5 430.5 5.1 
Change 	- 

Waste 

Nitrous oxide 0.68 290 197.2 2.3 
(N20) 

Energy 0.12 34.8 0.4 
Agriculture 0.48 139.2 1.6 
Land Use 0.08 23.2 0.3 
Change 
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ANNEX 1 



Modulo Energia 

Submoduio CO2 de fuentes de energia (enfoque de combuslibles detallados) 

Hoja de trabajo 1.1 

Hoja 1 de 5  

A 	B 	C 	0 	 D 	 E 

produccion 	lmportaciôn 	Exputoclon 	DepoetoG Ifltecn. 	CarrKD€ de stock Corsurno ap 

Tço de combttble 	 TJ 	1J 	IJ 	TJ 	 TJ 	 LI 

Foeles 	Corrbtztbles 	PelToIeo cudo 	- 	17592 	- 	 201 	17391 

tquoG 	 pnmIoG 	 liquidos de 	 - 	 - 	 - 	 - 	 - 

oos ratizal  

Corthustblse 	Glrla 	 6504 	10 	 - 	 101 	6393 

secundalos 	Queroseno 	 1285 	379 	1743 	104 	 -941 

de oeocôr 

Queroseno 	 0 	0 	0 	 -67 	 67 

Diesel 	 13153 	162 	0 	 93 	12898 

Fueloilres,ducl 	 2258 	0 	0 	 1171 	1067 

LPG 	 1098 	0 	 49 	 1049 

Etar 	 - 	 - 	 - 	 - 

Natto 	 0 	2 	 -634 	532 

Asfalto 	 173 	0 	 -73 	 246 

LLLrlCOntes 	 - 	 - 	 - 	 - 	 - 

Coquede 	 - 	 - 	 - 	 - 

pelroleo  

Materlos pnmcis 	 - 	 - 	 - 	 - 

de refineia 

OtroGacettes 	 0 	3535 	 20 	 -3555 

Total de Ikuidoe fosiles 	 - 	43 	4088 	1743 	1085 	35167 

Fosiles 	 Combusttles 	 Antraclta 	 - 	 - 	 - 	 - 	 - 	 - 

sSbdos 	 pnmcios 	 Cabon de cocp - 	 - 	 - 	 - 	 - 	 - 

Otro 	 - 	 - 	 - 	 - 	 - 	 - 

CbonmineraI 	- 	3 	0 	0 	 0 	 3 

Lignito 	 - 	 - 	 - 	 - 	 - 	 - 

TtsbC 	 - 	 - 	 - 	 - 	 - 	 - 

Corrblb)es 	 Bly bilguetce 	 - 	 - 	 - 	 - 	 - 

secundaios 	prerodcz  

Coque 	7 	0 	0 	 0 	 7 

TotaldefceiIeslIdos 	 - 	10 	0 	0 	 0 	 10 

Fosiles goseosos 	 Gos nattral (se 	 - 	 - 	 - 	 - 	 - 

Blomosa 	 Blomosa 	3)029 	0 	0 	 0 	31029 

.olldO 

Blomosa 	655 	447 	669 	 146 	 487 

udo   
Ba 	- 	- 	- 	 - 	- 

Total 	 31884 	447 	669 	 146 	- 	31516 



Modulo Energia 
Submodulo CO2 de fuentes de energia (enf,oque de combustibles detallados) 

Hoja de trabajo 11 

Hoja 2 de 5  
G 

tact or de 

converSn 

(li/unit) 

H 

Corsumo 

cpereryte 

TJ 

I 

Factor de 

emeiOn de cabSn 

(I C[1J) 

J 

Contenido de 

cabOn 

(t C) 

K 

Conteniao do 
cabSn 

(Gg C) 

Tpo de combtble x 83 TJ 

Fasdes 

llquidos 

Con bl4tbles 

primalos 

Petrolea crudo 1 17391 200 34782 347.82 

Uquidos de 

gas nattzol 

- - - - - 

Combuettiles 

secundorios 

GasDira 1 6393 189 120.83 120.83 

Queroseno 

do a'nacn 

1 441 195 -18.35 -18.35 

Guerceeno 1 67 196 1.31 1.31 

DIesel 1 12898 20.2 260.54 260.54 

Fueloil residual 1 1087 211 22.94 22.94 

LPG 1 1049 172 18.04 18.04 

Etano - - - - - 

Natta 1 532 200 10.64 10.64 

ftiafolto 1 246 220 5.41 5,41 

LLIyicant - - - - - 

Coque do - - 

petroleo  

- - - 

Matencs pflmas 

de reltneria 

- - - - - 

Otrosaceites 1 -3555 200 -71.10 -71.10 

Total de hquldos fcxiles - 35167 - 698.08 698.06 

Fosdes Combustbles Antracita - - - - - 

solldos pnmorios Cabon do coc - - - - - 

OtTo - - - - - 

Cabon mineral 1 3 262 0.08 0.08 

Ugnito - - - - - 

Tuba - - - - - 

Combuetbles 

securidorlos 

81 y bflquetas - - 

prersa  

- - - 

Coque 1 7 295 0.21 0.21 

Total do belles solidc* - 10 - 0.29 0.29 

Fosles gaseosos Gas natisal (Se - - - - - 

Biomasa Slomasa 1 31029 

seilda  

299 927.77 927.77 

Slomasa 1 487 

hqulda  

200 914 9,74 

Blomasa 

gaseasa 

- - - - - 

Total 31516 - 937.51 937.51 



Modulo Energia 
Submodulo CO2 de fuentes de energia (enfoque de combustibles detafados) 

Hojadetrabajo 1.1 
Hoja 3de5  

L 

Cono 

ofrnacenado 

(og C) 

M 

Emi5n neta 

de cc3b6fl 

(Gg) 

N 

Fraccen c$e cuón 

Oxidoda 

0 

EmiSn de 

cbôfl cictual 

 (Gg C) 

P 

Emi5n de 

CO2 actual 

(Gg CO2) 

rpo de combiEble 

fcfles 

nqudcm 

CorTt>Lettes 

pnmtO6 

Petroleo crudo - 34782 0.99 344.34 1262.58 

Uquido€ de 

gas naStal 

- - - - -  

Combustbles 

securaio 

Glra - 120.83 0.99 119.62 438.61 

Ouerceno 

de a.iaoSn 

- -18.38 0.99 -18.17 -45.62 

Querceeno 0.016 1.20 0.99 128 4.69 

Diesel - 260.54 0.99 257.93 945.74 

tueloil reedual - 22.94 0.99 22.71 83.27 

LPG - 18.04 0.99 17.86 66.49 

Etarro - - - - - 

Nafta 23.79 -13.15 0.99 -13.02 -47.73 

Astalto 18.52 -13.11 0.99 -12.98 -47.59 

Li.Encantes - - - - - 

Coquede - - 

petroleo  

- - - 

Matence pnmce 

cle refineno 

- - - - - 

Otros acertes - -71.10 0.99 -70.39 -258.10 

Total de liquidos fosiles 42.33 655.76 - 649.18 2320.34 

FOSIIeS Combr$tbles Antracita - - - - - 

sOlidce pnmtos Cabon de coc - - - - - 

Otro - - - - - 

Ccbon mineral - 0.08 0.98 008 029 

ugnito - - - - - 

Rsba - - - - - 

Corrbttbles 

secundaios 

81 y boquetos - - 

prereados  

- - - 

Coque - 0.21 0.98 0.21 0.77 

Total de toses solidos - 0.29 - 0.29 1.08 

Fosiles gcoeoscz Gas natrzal (se - - - - - 

81OmcZa 8lomo - 

sollda  

927.77 0.99 918.49 3367.8 

Blomosa 9.74 0 0.99 0 0 rIlqqUkOJG
mcxa 

gcoeosa 

- - - - - 

Total 9.74 927.77 - 918.49 3367.8 



Modu(o Energa 
Submodulo 002 de fuentes de energa (Referenda) 

Hojadetrabajo 1.1 

Hoja 4 de 5 EmsIones de depatos internacionales (aéreo y rnar11mo)  
A 

Cantdodes 

eghmackm 

B 

Factor de 

conveqon 

(1J/unidod) 

C 

Cantidade 

Eshmacks 

(Ti) 

0 

Factor de 

emiOn de ccsb6r 

(t C/TJ) 

E 

Contende 

de cabón 

(t C) 

F 

Conten,do 

de ccbon 

(Og C) 

Tpo de combL$tble 

Fosiles OtrO cabOn - - - - - - 
Iidos Cabans*b- 

bitumirloso 

- - - - - - 

Files Golra - - - - - - 
flquido Queroseno 

de asnociôn 

1743 1 1743 19.5 33988 33.99 

0eel - - - - - - 
Fuel oil ruol - - - - - - 
Liicantes - - - - - - 

174.3 



Modu!o Energa 

Submodulo CO2 de fuerites de energlo (Ref ererlcki) 

Hojadetrabojo Li 

Hoja 5 de 5 Emtsiones de depôtos internacionaes (aéreo y ma(thmo)  

G 

IracciOn cle 

cabono 

arnaceno 

H 

Cabana 

aflocenOo 

(Gg C) 

I 

Emsion 	net(m 

do cabón 

(Gg C) 

J 

fraccon de 

cabón oxidada 

K 

Emn de 

cabOn actual 

 (Gg C) 

L 

Ern.,onos de 

CO2 octuales 

(Gg CO2) 

Tpo do combistble 

Fo6des Otro cabôn - - - - - - 

96HdO6 CabSnsL.t- 

bituminoso 

- - - - - - 

FSsIles G<olha - - - - - - 

itquiaoe Queoseno 

do avioci6n 

0 0 33.99 0.99 33.65 123.38 

 12338 



MóduIo Energia 

Subrnadulo CO2 de fuentes de energlo (Referencia) 

Roja de trabajo RojO auxiliar 1.1 Eslimaciôn de carbono almacenodo en productos 

I-4ojaldel  

A 

Contidod 

do corrD1bIe 

Li 

8 

Factor do 

converón 

(LiIunid.od) 

C 

Cantidod de 

cOrrbt.etble 

(Li) 

0 

Factor de 

emióo do carb6r 

(?C/Li) 

E 

Contenedo do 

cabSn 

(IC) 

F 

Contenido do 

c(3tón 

(GgC) 

G 

Fraccion de 

cabono 

do,acendoo 

H 

Cabono 

aacendoo 

(GC) 

Ipo do combitble 

Nofta 1487 1 1487 20.0 29740 29.74 0.8 23.79 

Litncantes - - - - - - - 

Asfatto 842 1 842 22.0 18524 18.52 1.0 18.52 

Aceites 

aiquitrones 

- - - - - - 

- 

- - 

Gas notijal - - - - - - - - 

0I - - - - - - - - 

LPG - - - - - - - - 

Otros combLxtbla 1 1 1 19.6 19.6 19.6-3 0.8 0.016 

Bomosallquida 487 1 487 20.0 9740 9.74 1.0 914 



Mádulo Energia 

Submôdulo Biomasa tradicional quemada como combustible 

Hoja de trabajo 1.3 

Hoja lde3  
A B C D E F G H 

Bioma fracclOn de Contenido de Frocción Total de Ta Cabono emedo Emisiones do rnetano 

coreumdo catôn de cbón oxIdodo cbôn lberado C-Cl'44 como 044 tie la boma 

(ktdm) labiomc0 (ktdm)  (ktC) (ktC) (GgCI-14) 

Madero(Leodrecto) 1495.6 0.48 717.9 0.19 136.4 0.012 1.64 2.18 

Rewduos Agricocs 773,9 0.44 340.5 0.44 149.83 0.005 0.75 

Coreumo tie ccjbón 12.68 087 11.03 0.45 4.96 0.14 0.00695 0.03927 

Produccón tie ctjbór 1331 0.063 084 112 

Otros (Espec8ca)  

' ...... . . 4.31 

Produccn tie cab6n 

Entrada (modera) 50,72 0.48 24.34 24.34 

Entrada (otTo) - - - - 

aIida(catôn) 1268 067 1103 11.03 

Cabono Iberado 13.31 



MOdulo Energia 
Submôdulo Biomasa tradicional quemada como combuslible 

Hoja de trabajo 1.3 

Hoja 2de3  

Ta de emai6n 

C-CO 

J 

C emildo 

como CO 

(kt C) 

K 

CO emutkio 

(Gg CO) 

L 

R6n cabonO/ 

rufrógeno 

M 

Nitrogeflo 

total lberado 

 (kt N) 

N 

To de emi6n 

N/N20 

0 

NifrOgeno emitdo 

como N20 

 (kt N) 

P 

F'QO emitido 

(Gg N20) 

Madera(odfecto) 0.06 8,18 19.09 0.015 2.05 0.0)7 0.014 0.022 

Residuos Ag1cokz 0.05 8.99 20.96 0.015 2.25 0.007 0.016 0.025 

Cor- umodecabôn 0.05 0.3 0.7 0.015 0.07 0.07 0.2 0.0082 

Produccndecab6n 0.06 0.6 1.86 0.015 0.2 0(5)7 0.14 0,022 

Otros (Especrnc)  

................ '.' 42.63 ........ •,.,.-.,.'.,,,.,.,.,............. ... .............. 0.05 



Môdulo Energia 

Submôdulo Blomasa tradicional quemoda como combustible 

Hoja de trabajo 1.3 

Hoja 3de3  
Q 

Tca de emión 

N/NOx 

R 

N emito 

como NOx 

(ct N) 

S 

NOx emtdo 

(Gg NOx) 

Madera(lzodtecto) 0.121 0.28 0.81 

PiduceAgdcoI 0.121 0.271 0.89 

Corumo de cabón 0.121 O.W895 0.029 

Producc5n de cab.,n 0.121 0.024 0.08 

O1To (EspecifIc)  

1 81 



MOdulo Energia 

Submódulo Emisiones de metano de actividades de gas y petrôleo 

Hop de trabajo 1.5 

Hoja I de 1  

Categorla A B C D 

Actividad Factor de Emisiones de Emlsiones de 

emisiôri CH4 CH4 

(kg CH4) (Gg CH4) 

PET ROLEO  

Explocaciôn - - - - 

c'rouccion - - - - 

Trorpcte - - - - 

ReThacion 1759PJ 745ICH41PJ 13106 0,013 

Aimocenamiento 1759PJ 140 ICH4/PJ 

..... 

 2462,9 2,5E-3 

0.0155 

GAS - - - - 

ProducciOn/Procesamiento - - - - 

TrmOn y dlrbuci6n - - - 

OtTO - - - 

VentikciOnyflomeado - - - - 

de producciSn de 

Pelr6o y gas  

J104 de 0.0155 
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MOduIo Procesos Industriales 

Submôdulo CO2 de Ia producciOn de cemenfo 
Hoja de trabajo 2.1 

Hoja 1 de 1  

A 
Canfidad de canker o 

cemento producido 

(t) 

B 
Factor de emisiôn 

(f CO21t cflnker o 

cemento producido) 

C 
CO2 

emitido 

(t) 

D 

CO2 

emitldo 

(Gg) 
738000 0.4985 367893 367.9 



Moduo Agncultura 

Submodulo Emiones de metano de ferment, enténco y manejo de estlércol en animoles domeslicos 

Hojo de trabojo 4.1 

Hoja 1 de 1 

To de armal A 

NUrno do 

onimoles 

(1) 

B 

Factor de emion 

paa ferrnentacOn 

entnca 

(kg/cezo/ano) 

C 

Emsiones do 

Wmentocodin 

entérica 

(t/cto) 

0 

Factor de emSn 

paa manejo do 

esbércol 

(kgcc1eza/a6o) 

E 

Erneuones por 

monejo do 

esilércol 

(f/ao) 

F 

Emsiones onuales 

totales do lo 

ganocierlo 

(Gg) 

Ganado de leche 297.614 57 16964 1 297.614 17.26 

Ganado do cone 1886.415 49 92434.3 1 1886.415 94.32 

&jfajcs 2 55 110 2 4 0.11 

Oveo 7 5 35 0.16 1.12 0.04 

Ccix 5 100 0.17 3.4 0.10 

CameIos - - - - - - 

Cdod)os 93(5)7 18 1674.1 1.6 148.8 1.82 

Mu lm  - - - - -. - 

Cerdos 3462 1 346,2 2 692.4 1.04 

Ayes 27852.778 - - 0.018 501.4 0.50 

 111663.7 3535 1 115.19 



MOd ulo Agricultura 

SubmOdulo Emisiones de metano de Io producciOn de arroz 

Hoja de trabajo 4.2 
Hoja Ide 1  

Regrnende 

rnanejo del agua 

A 

Area 

cc,echada 

(Mha) 

8 

LongtuC 

cle la eOocl6r 

(c1k) 

C 

Me9aPecteQ/ 

da 

(Mhada) 

D 

Factar do 

emuaon 

(kg-ha-dla) 

E 

Emmoorm de CH4 

par monejo do agtx 

(Gg) 

Continuomente lnundo 0.0122 10 1.47 5.90 8.67 

Intermitentemente nUnd - - - - - 

Totoles 0.0122 '1 	::' :f:.:..:".;. 8,67  



Modulo Agricultura 

Submodulo Quema de sabarias 

Hoja de trabajo 4.3 

Hoja lde3  

A B C 0 E F G H 

Area guemada DerIdod de Bioma total FrocciSn Cantidad actual fraccSn de Canfidad cM Cantidad cM 

por categola bma de expuesta a la octuapnente quernoda biomasa vwa biomoma viva b,omoma mue,ta 

(especrflca) sobano quema quemado quem000 quemoda quemado 

(k)a) (t dm11-ia) (Gg dm)  (Gg dm)  ((3gdm) (Gg dm) 

pcxto8.801 5 44.01 0.8 352 0.56 1936 
. 	 ' 	

.... 	 ..': 	".: " 	
' 

charyal 	565 5 

.................. 

1782 0.8 14.26 055 784 

6.42 



MôduIo Agricutura 

Submódulo Quema de sabanas 

Hoja de trabajo 4.3 

Hojo 2de3  
I 

frocción oxidaa de 

bjoma vwa y muerta 

J 

Bioma 

total 

oxidoda 

(Gg din) 

K 

fracclón de catn 

de biomoso viva y 

muerta 

II 

Cabn 

total 

Iberado 

 (G9 C) 

Viva 	0.8 15.49 0.45 6.97 

Muerto 	1.0 15.84 0.4 6.34 

VIva 	0.8 6.27 0.45 2.82 

Muerta 	1.0 6.42 0.4 2.57 

18.7 



Modulo Agricultura 

Submodulo Quema de sabanas 

Hoja de trabajo 4.3 

Hoja 3de3  

1. M N 0 P Q p 

CabOn Rtôn nhtTogeno/ Contenedo de Tasas de Enwones Tasa de Emilones de 

Iberodo cb6n nflrógeno emón convesISn Ia quema do 

total total scbma 

(G9C)  (G9N)  (GgCo6gN)  (G9) 

0.4 0.075 16/12 0.10 	CH4 

0106 1.122 28/12 262 CO 

187 0 01122 . 	. :.:... 

0.007  785E-04 44/26 

. 

1 	1.23E-3 N20 

0.121 0.014 46/14 0.05 NOx 



Modulo Agricultura 

Submodulo Quema de residuos agricolas 
Hoja de trabajo 4.4 

Hoja 1 de 3  

Cutwas 

(Especcu) 

A 

Produccón 

anual 

(Gg cultwo) 

B 

Pôn reduo 

a culftvo 

C 	 0 

ContlOod 	Fcaccion de 

de reduo 	rna seca 

(Gg bioma) 

E 

Cantidad de 

na Seca 

(Gg (1m) 

P 

frocciôn 

quemado en 

frocclOn 

oxia 

11 

Bonxa 

total quemoda 

 (Gg drn) 

Mafz 225.851 0.4 90.34 0.25 0.9 20.33 

ArrOZ - - 20 0.83 16.6 - 0.25 0.9 3.74 

Frijol - - 16.621 0.8 13.20 0.25 0.9 2.99 

Sorgo - - 38.751 0.9 32.16 0.25 6.9 7.85 

CaadecCjcor - - 739.763 0.9 369.88 0.25 0.9 149.8 

AtgodOn - - 0.186 0.8 0.15 0.25 0.9 0.03 

18474 



Modulo Agricuitura 

Submoduo Quema de residuos agricolas 	- 

Hoja de trabajo 4.4 

Hoja 2de3  
Cultivos 

(Epecifica) 

I 

FcacciSn de 

cabôn del 

resduo 

J 

Cbon 

total 

Iberodo 

(GgC) 

K 

RosOn 

niliogeno, 

catx5n 

L 

Nltrôgeno 

total 

Ibeado 

 ($9 N) 

Matz 0.45 9.15 0.015 0.14 

ArTOZ 0.45 1.68 0.015 0.025 

trloI 0.45 1.35 0.015 0.02 

Sorgo 0.45 3.53 0.015 0.053 

CaaderUccj 0.45 67.41 0.015 1.01 

Algodon 1 	0.45 0.02 0.015 2.25-04 

7.717-  83.14 1,25 



Modufo Agrfcultura 

Submodulo Quema de residuos agricolas 

Hojo de trabojo 4.4 

Hojo 3 de 3 

M 

Tca do 

emiOn 

N 

Emisiones 

(Gg C 0 Gg N) 

0 

Taso do 

conve6n 

P 

EmBlones po 

quema do 

reduo agrlcoa 

(Gg) 

CH4 0.005 0.42 16/12 0.56 

CO 0.06 4.99 28112 11.64 

N20 0.007 0.01 44/28 0.01 

NOx 0.121 0.15 46114 0.49 



Moduo Camblo de uso de la tierra y el bosque 

Submodulo Cambios en el bosque y otras existencias de madera 

Hoja de traba)o 5.1 

Hoja lde3  

A 

Area de 

bosque/boma 

exGtente 

(o) 

B 

Tosa de 

cteclmlento 

Onual 

(t dm/t) 

C 

Inctemento 

anual de 

bsomo 

(kt dm) 

0 

FrocciSn de 

ccTtDSn 

de rnatena seca 

E 

Incremento en 

ci cabOn total 

 (kt C) 

Tropical P,antociones Acocia spp. - - - 	- - - 
Eixalpto 3.79 14.5 54.96 0.45 24.73 

Teco 3.33 8 26.64 0.45 11.99 

Cs 0.88 10 s.aD 0.45 3.96 

PIno 1.34 10 13.40 0.45 6.03 

Maderas cluait 17.46 6.8 118.73 0.45 53.43 

MOdeuX duras 

de ctecfirniento 

- 

ndo  

- - 

312.77 

- - 

140.74 Mocienxsuav 21.57 14.5 0.45 

Otto 

bo€qe 

HCrnede - 
Estocionci - - - - - 

Seco - - - - - 

OtTo (especittcor) - - - - - 

TempbdO Piantaciones Douglas fir -  - - - - 

WbioIy pine - - - - - 

Comercial Siemprevercle - - - - - 

Deciduo - - - - - 

Otto - - - - - 

Bored - - - - 

Nboles fuera de boe0ue (to) 

A 

NOrnero de 

boles 

(1000m de 

totes) 

B 

TONG de 

crecimlento 

onud 

(i 	dm/1C(X2)  

24088 



Môduo Cambio de uso de la tierra y el bosque 

Submôdulo Cambios er el bosque y otras existencias de madera 

Hoja de trabajo 5.1 

Hoja 2 de 3  

Categorta de cosecha 

F 

Cceecha 

cornerc101 

(Si es 	IlcCZle) 

(1000 

de rrera) 

G 

Tasa de 

converon/ 

exparesôn de 

biomaso 

(t dmfm3) 

H 

Blomcsa 

total removtda 

ia coeecha 

comerCd 

(kt drn) 

I 

Leha 

tradkonaI 

total 

coreurysda 

( 	(Im) 

J 

Otto 

Leo 

total de 

modera 

(kt dm) 

K 

Coreumo 

de 

blomasa 

total 

(kt dcn) 

L 

Madera 

removido 

del basque 

tao 

(kt 

M 

Coreumo de 

bomaso 

total 

de exitencias 

drfl) 

Total - - - - - - - - 



MOd ulo Camblo de iso de la tierra y el bosque 

SubmOdulo ConversiOn de bosque y paslizales 

Hoja de trabajo 5.1 

Hoja 3de3  

N 0 P Q 

frcaccion de cat,ón Lberacion ft.bsorcn 0 ConvOn a 

anua4 bacôn CO2 

decabón netade EmOno 

cabSn cZeorcion 

(ct C) (1t C) (Og CO2) 

0.45 0 240.88 883.23 



Mod uo Camblo de uso de la tierra y el bosque 

Submodulo Conversion de bosque y pastizales 

Hoja de trobajo 5.2 

Hoja 1 de 6  

rpos de basque 

A 

Area 

convertida 

anuol 

(Ido) 

B 

Bomasa 

ontes de Ia 

convereOn 

(t dr,/ho) 

C 

Bomasa 

despuès cie Ic 

convereon 

(t dn,Tho) 

0 

Can-bio neto 

en a dereidad 

de biomasa  

(t dr,,/ha) 

E 

Pdda Onual 

de blomasa 

(kt drn) 

Ttolcat Bas&je hCirne(Ic 

Bosque 

Pnmorlo 18 1851 20 135.1 2431.8 

Secundas - - - - - 

Pima10 - - - - - 

Secundorb - - - - - 

Basque seco 0 

scranas mode 

rabIes 

Pnrnalo - - - - - 

0eadado - - - - - 

- - - - - 

TempIado Slempreverde PPmalo - - - - - 

Secundaio - - - - 

Deciduo Prirni,o - - - - 

Scundac - - - - - 

Bored Pnma$o 

Sec unda a 

PostoIes - - - - - 

OtTo - - - - 



Modulo Camblo de usa de la terra y el bosque 

Submodulo Conversion de bosque y pastizales 

Hoja de trabaJo 5.2 
Hoja 2 de a 

Tpos do basque 

F 

FcacciOn do 

biomasa 

quemado on 

el sOlo 

G 

Canlidod 

do biomasa 

quernada on 

el SOlo 

(Ictdrn) 

H 

Fcacc5n de 

blomasa 

oxidada 

I 

Cantidad do 

biomasa 

oxidado 

 (lddm) 

J 

FracciOn de 

cabôn do Ia 

bcrnasa 

superficial 

K 

Canhidod do 

cabôn Iberado 

(do b,omasa 

quomada) 

 (KtC) 

Tropal Basque riOnx-dc 

Basque 

Pflmalo 0.74 1794.7 0.9 1615.2 0.45 726.8 

Socundo - - - - - - 

Pflrnaio - - - - - - 

Secundario -  - - - - - 

Basque secoo 

sdaanas made 

rabies 

PflmaiO - - - - - 

DeadadO - - - - - - 

- - - - - - 

Tompk,do Slempreverde Pflmalo - - - - - - 

Secundo - - - - - - 

Oecpdiio Pima10 - - - - - 

Secundao - - - - - - 

Boreal Pnma,o - - - - - - 

SecurczI - - - - - - 

Pastales  

OtTo  



Modulo Cambio de uso de Ia tlerra y el bosque 

Submodulo Conversion de bosque y pastizales 

Hoja de trabojo 5.2 

Hoja 3de6  

I. M N 0 P Q R S 

FracciSn de Cantidad Fraccion Cantidad de Froccion de Cantidod de CabOn CO2 total 

Tpos de basque blomasa de biornasa de biomasa blomaso cabOn de cabSn II- total Iberado 

quernoda tuew quemado kwc oxicioda oxid000 ia bioma befado Iberado (denhro y 

del sft del oft superficial (denhro y fuero del 

fuera) etlo) 

(ktdm)  (ktdm)  (ktC) (ktC) (ktCO2) 

Tropical flosque h)rnedc Pimcza 0.1 2432 0.9 2189 0.45 95.5 

Secunclario -  - - - - - 

Sosque Pnm,o - - - - - - - 

Secundb - - - - - - 

Dosque seco 0 Primaio - - - - - - 

sdoorx2 rsx)deL Deadod0 - - - - - 

tempiado Siempeverde Primario - - - - - - 
SecundC - - - - - 

Oeciduo P,lmaio - - - - - 

SecurczK, - - - - - - 

Boreol Plim10 - - - - - - - 

SecundasD - - - - - - 

PostaIes - - - - - - 

Otro 

243.2 L'tC$' 985 825.3 3026.10 



Modulo Camblo de uso de la tierra y el bosque 

Submodulo ConversiOn de bosque y paslizales 

Hoja de trabajo 5.2 

Hoja4deO  

rpos de basque 

A 

Area 

promedO 

convertida 

(10 once) 

IdIa 

B 

Biomasa 

antes do Ic 

conversion 

(t dnl/ha) 

C 

Biomasa 

despues 

do id 

conversion 

(t dm/ha) 

0 

Carrbo 

neto en 

a dereidad 

de biomasa 

(1dm/ho) 

E 

Pdida 

anual 

promedio 

de brncea 

(kt dm) 

F 

FcacciOn 

dejacia. 

paa 

decaer 

G 

Cantidaci 

do biornasa 

deda 

paa 

decoer 

(kt dm) 

H 

FacciSn 

de ccxban 

en la 

blomasa 

superilcial 

C Iberado 

de k] bomasa 

deioda 

paa ciecaer 

(kI C) 

Tropical Bosqie h0medc 

Bosque 

Pnmaio 31.83 155.1 20 135,1 430.2 0.04 172 0.45 77.4 

Secundac - - - - - - - - - 

Primaio - - - - - - - - 

Secundao - - - - - - - - - 

Basque secoo 

sdaonas made 

rabies 

Primalo - - - - - - - - - 

Deodad0  

- - - - - - - - - 

Tempiddo Slempreverde Pvimaio - - - - - - - - - 

Secundcyio - - - - - - - - - 

Oeciduo Prima,o - - - - - - - - 

Secundb - - - - - - - - - 

Boreal Pnmalo 

Secundcro :-- - - - - - - - - - 

PcetoS  

Otro - - - - - - - - - 

77.40 



Mod ulo Camblo de uso de la tierra y el bosque 

Submodulo ConversiOrt de bosque y pastizales 

Hoja de trabajo 5.2 

Hoja 5de6  

Ipos de bosque 

A 

omede 

Onual 

bosque/postd 

convetbD 

(25 oflas) 

B 

Contenoo 

de cation 

del ejelo 

antes de Ia 

converOn 

(tJrc.) 

C 

Pérdlda 

potenclol 

de cabOn 

del suelo total 

anual 

(icC) 

0 

FroCdôn de 

catiOn 

Iberado 

satire 

25 añot 

E 

Cation 

Iberodo 

del 

suelo 

(icC) 

Tropical Bosqje hC,medc 

Basque 

Prirnaso - - - - 

Secundalo - - - - - 

Pmo - - - - 

Secundalo - - - - - 

Basque seco o 

eliarlas moOt 

rabies 

Prlmaio - - - - - 

Deiladada  

- - - - 

Temptido Bampreverde Pflrnato - - - - - 

Secundczb - - - - - 

DeciduO Pnmalo - - - - - 

Secundab - - - - - 

Lm 	 -- 

I.. 



Mod ulo Camblo de uso de to tierra y el bosque 

Submoduto Conversi6r de bosque y pastizales 

Hoja de trabajo 5.2 

Hoja ôdeô  

A B C D E 

Lbeaclon Emmiones EmEiones LbeaciOn Lberocôn 

inmedlata par del vielo de cabOn deCO2 

pa quema decamiento a ago anual anuot 

tierr)o total total 

(25 ahos) 

(kt C) (kt C) (l 	C) (Id C) (Og CO2) 

825.3 77.4 - 902.7 3310 



-Modulo Ccmbio de uso de Ia tierra y el bosque 

Subrnodulo ConversiOn de bosque y pastizales 

Hoja de trabcjo 5,2 

Hoja 5de6  

Tos de bosque 

A 

Ptornedb 

anuol 

bcque/pastal 

converhac 

(25 atSas) 

100 

B 

Contenido 

de cabón 

del suelo 

ante, do io 

conve,Sn 

(t/ha) 

C 

P&dlda 

potencl 

de cabón 

del Suelo total 

anual 

(Id 

D 

FfOCciOnde 

cabOn 

berado 

Sabre 

25 Was 

E 

Cabón 

Iberado 

del 

sueb 

(lctC) 

Trop,cal Boiqje h0medc 

Basque 

P,lmaio - - - - 
Secundano - - - - - 

Pflmaio - - - - - 
Secundaio - - - - 

Basque seco 0 

sdoanas mode 

rabIes 

Pflmaio - - - - - 
Detiad - - - - 

- - - 
Tempbdo Siempeverde Pflmalo - - - - - 

Secundczb - - - - 
Deceiuo P,lmaio - - - - 

Secundac - - - - - 

Bed PrimcFio -  - - - 
Secundao - - - 

Pastales - - - - 
OtTo - - 



Modulo Camblo de uso de la tierra y el bosque 

Submodulo Conversión de bosque y pcsttzales 

Hoja de traboJo 5.2 

HoJoodeo  
A B C 0 E 

Lbeacôn Emmones Emisiones Lberaciôn Lbefociôn 

medaa por de-I welo de cabôn deCO2 

por quema decclmlento a largo anual anual 

llerrCo total total 

(25 a) 

(ktC) (ktC) (ktC) (ldC) (G9CO2) 

825.3 77.4 - 102.7 3310 



Modulo Cambio de uso de ki tierro y el bosque 

Subrnodulo Quema en e4 sitio del bosque 

Hoja de trabajo 5.3 

Hoja 1 de 1 

A B C D E F 

Canfldad Rón Nftrogeno Tcam En*k)rws Tcw Emijones de 

cie cabén nfrogeno/ total de em6n de ges cie ges tro 

hb&CKJO cabón lbodo de ges tra conveôn de 10 quemo 

1TO de bie toOdo 

(kIC)  (ktN) (ktC)  (G9CH4.00) 

0.012 8.72 11.63 

cc o. 43.61 28lt 101.75 

kIN  G9N2O.NOX 

72O8 001 727 . 

0.7 0.06 44/28 0,06 

• 	.... ____________ . ,.,,• 	, 	................... 

. 

0.121 0.86 ,, 2.89  



- 	MOdIiO Camo de uso de la tierra y el bosque 
Submodulo Conversion de bosque y pastizales 

Hoja de trabajo 5.4 
Hojalde3  

Peccec,iiento pci 110  de bcsCe 

A 

Area aboncionadc 

hace 20 cfas 

y recreciendo 

(Ida) 

B 

Tasa anual 

de Crecln'iento 

de biona 

eperflciaI 

(t din/ha) 

C 

Qeciento 

de blomasa 

eiperflcial 

onual 

0 

Fcocc6n de 

cabôn 

de 0 

biomaso 

superflcó 

$ 

AbsarciSn de 

cabSn de 0 

biomaso 

supeilIcd 

anual 

 (kt C) 

Bosqe 

tropical 

H(xneal3 10.45 8 83.6 0.45 37.6 

Estocional - - - - - 

Seco 70.25 4 281 0.45 126.40 

Bo.q.e 

temIoal3 

Siempreverde - - - - - 

DecKitx - - - - 

Basque baeal 

PasteaIe 

Ofro 

164.00 



Modulo Camblo de uso de la tierro y et bosque 

Submodulo Conversion de bosque y 
Hoja de trabajo 5.4  

ue3 

iecrec,mento par tpo de bosqje 

F 

Tca anual 

de cArcion 

de carbOn 

en CI suelo 

(tC!ha) 

0 

Ab6orCs6n de 

carbon total 

anual 

en sueiC* 

(- de 25 a1os) 

(ktC) 

H 

Area total 

aboncloriodc 

en mex de 25 

año 

(ldo) 

I 

Ta anud 

Je crecimient 

de bioma 

superitcial 

(tdrri/ha) 

J 

Crecniento 

anual de 

blomczo 

superflcial 

(ktdm) 

K 

Fracciôn de 

carbOn 

de 10 

b,omca 

superflckl 

L 

A±sorciôn de 

carbon anual 

en la 

b,orna 

superticsal 

 (C) 

8osque 

tropical 

Hc,nedO - - - - - - 
Estoclonal - - - - - - - 

Seco - - - - - - - 
Eosq.je 

terrpOal 

Siempreverde - - - - - - - 
Dec,duo - - - - - - 

Boscue bored 

Ptaler 

Otto .... 	::;............. - - 



Modulo Camblo de uso de Ia tierra y el bosque 

Submodulo ConversiOn de bosque y pastizales 

Hoja de trabajo 5.4 

HoJa3de3  

M N 0 P 

Tia anual Abso(ciOn Atmocn de Absorciôn 

Recrecrento par tpo de bosqie de absorci6n de cabôn cabón anua deCO2 

de cabón onual total total total 

en suelos en suelos de tlen'os 

alDaonodos 

(tCfha) (ktC) (ktC) GO2) 

BosqJe - - 
tropical Estacional - - 

Sean - - - 
Bosqe Slempreverde - - 

ternplodo Dedduo - - - 
Bosqueboreal - - 

Postal - - - 
Otro - 

*trotrj* - 164 25770 



Modulo Desechos 

Submoduo Emisiones de metano de rellenos sanitorios 

Hoja de trabajo 6.1 

Hoja 1 de 1  

A 

MSW 

amnies a 

relleno sanrtaiO 

(Gg) 

B 

FoccSn 

DCC 

C 

IeIleno 

DCC 

anual 

 (G9) 

0 

Froccion 

degradoda 

aclual 

E 

bono amx 

Iberodo 

como blogas 

 (09) 

F 

FrocclOn 

C-CH4 

a C4>iogcs 

G 

Cabon anua 

Iberodo 

como CR4 

 (Og C) 

H 

Toma de 

converi3On 

I 

CR4 

Iberodo 

 (Gg CR4) 

.1 

CR4 

reci.perodo 

(Og CR4) 

1< 

Em*iones  

netca de 

CR4 

(09 CR4) 

GAM 99.89 0.15 14.98 0.77 11.54 0.50 5.77 16/12 7.69 0 7.69 

IestoGAM 10762 0.15 16.14 0.77 12.43 0.50 6.22 16112 3.29 0 8.29 

TOTAL  1598 



Modulo Desechos 

Subrnodulo Emisones de merano de liotamiento de oguas domésticas y comerdales 

Hoja de trabajo 6.2 

Hojade1  

A B C 0 E F G H I 

PoblociOn Valor de 060 D80 Fracciôn Canhidod de Factor de em6n CR4 total Metano Emitiones  

(especmcor del agua redual anual de agua 060 del aguo de metano IDerado recierodo net 	de 

5ubcategorlas) (Gg 0605/ tratoda tratoda anoerObica (69 CR4/ CR4 

(10 	peron) RU) pers/aV'uo) (69 060) onoeroblca (69 0805) Gg 0606) (Gg CR4) (Gg CR4) (Og CR4) 

1657171 0.0146 24.20 0.10 2.42 0.22 0.53 0.00 0.53 

TOTAL ••:•.:•. 	........ 	 :... .:............:.: .... 053 



Modulo Desechos 

Subrriodulo Emisiones de metano del tratamiento de oguas industriales 

Hoja de trabajo 63 

Hoja 1de2  

A 

FIU)O de 

anual 

(MIlITOS) 

B 

-oncentrocicif 

de 

000 

(kgIl) 

C 

080 

total 

Qenerado 

(09 080) 

0 

Fcocciôn de 

agua tratOdo 

onoerobca 

E 

Cantidod de 

080 del agua 

tratada 

 (Gg 080) 

F 

Factor de emmôn 

de metao 

tOg CH4/ 

Gg 0806) 

Herroyacefo - - - - - - 

Metales no ferroEcs - - - - - - 

Fertilizantes - - - - - 

frjimentoi Coneervcz 341.768 0.023 1.02 0.1 0.1 0.22 

y beoiclas Cerveza 821232 0.085 69.8 0.1 6.98 0.22 

Vo -  - - - - 

Errpauede 

cane 

67.131 0.02 1.34 0.1 0.13 0.22 

oduct 

l6cleos 

- - - - - - 

AzOca - - - - - - 

Procesameento - - 

de pescodo  

- - . 	- - 

Acette y graso 3102.018 0.019 58.94 0.1 5,89 0.22 

Catê - - - . - - 

Bebidas geos - - - - - - 

Otro 23683.867 0.022 47,37 0.1 4.74 0.22 

Pu(,ay Pupa - - - - - 

pel Pet 71.504 0.034 0.29 0.1 0.03 0.22 

Otto - - - - - 

etiacndepefr6teo  

Tectrles 0lonqeo - - - - - - 

e511dc TeAdo, - - - - - - 

Otto - - - - - - 

CoucPu - - - - - - 

Otto 1224.1 0.022 2.45 0.1 0.24 0.22 

Total 29311.771 



Mod ulo Desechos 

Submodulo Emiories de metano del tratamiento de aguas industriales 

Hoja de trabajo 6.3 

Hojalde2  

G 

Metono 

Total 

lbeOdO 

(G9CH4) 

H 

Metano 

Receodo 

Gg CR4 

GQCR4 

Ernisiores  

rietca de 

metano 

GgCH4 

He1TO yocecO - - - 

Metcies no ferrosos - - - 

Ferfiteantee - - 

sJimentos 

y bebidos 

Conservos 002 0 0.02 

Cerveza 1.54 0 1.54 

Vino - - - 

Errpoque de 

cane 

0.03 0 0.03 

oductos - 

teos  

- - 

AZUca - - - 

Ptocesamlento - 

de pesc000  

- 

Acerteyosa 1.3 0 1.3 

CaM - - - 

Bebidas goseosos - - - - 

Otro 1.04 0 1.04 

Pu,ay 

pc,eI 

Pupa - - 

PcLeI 0.01 0 0.01 

Orro - - - 

Ret!flacn de petróteo - - - 

Textiles BlaqieO - - - 

Te1ko - - - 

Otro - - 

CauthO - - 

OtTo 0.05 0 0.05 

Totd I  1  3.99 



TABLE 7A SUMMARY REPORT FOR NATIONAL GREENHOUSE GAS INVENTORIES 

SUMMARY REPORT FOR NATIONAL GREENHOUSE GAS INVENTORIES (SHEET 2) 
Op  

Greenhouse Gas Soce and Sink Categofles CO2 Emsions CO2 Removals CH4 N20 NOx CO NMVOC 

4AgrIcufture - - 124.52 0.48 0.55 1426 - 

A Entenc Fermentation - - 111.66 - - - 

B ManLre Management - - 3.54 - • - - 

C Rice Cuthvation - - 8.67 - - - - 

D Agoculhtal Soils - - 0 0.465 - - - 

E Prescrioed Bisning of Savannas - 0.1 0.00 0.05 1 	2.62 - 

F Fieki Bisning of AgocultLraI Residues - • 0.55 0.014 0.5 11.64 - 

GOther - - - - - - - 

5 Land Use Change & Forestay 3310 1140.93 11.63 0.08 2.89 101.75 - 

A Changes in Forest and Other Woody - 88323 - - - - - 

Biomass Sloths  2.89 	- 101.75 - 

B Forest and Grassland Convesion 3310 - 11.63 0.08 - - - 

CAbandonmerlofManagedLarids - 257.7 - • - - - 

DOther - - - - - - 

óWaste - - 20.5 - - - - 

A Solid Waste DIspol on Land - 15.98 - - - - 

B Wastewater Treatment - - 4.52 - - - - 

o Waste Incineralion - - - - - - - 

D Other Waste  

701h. - - - - - - 

International Bunkers - - 



TABLE 7A SUMMARY REPORT FOR NATIONAL GREENHOUSE GAS INVENTORIES 

SUMMARY REPORT FOR NATiONAL GREENHOUSE GAS INVENTORIES (SHEET 1) 
Gg  

(eenhouse Gas Sotsce and Sirc Categories CO2 Emissions 002 Removals CR4 N20 NOx CO NMVOC 

Total National Emissions and Removals 605920 1140.93 161.97 0.68 33.49 331.41 3333 

I AllEnsrgy(Fu.lcombustlon+Fugltive) 2381.40  532 0.12 30.05 215.40 3333 

AFuelContuslion 2381.40 - - - - - 

1 Energy & Transformation Industries - - - - - - 

2 Industry (1SIC) - - - 2.06 0.15 0.11 

3Transport  - 1.00 0.07 28.18 172.3 3323 

4 Small Contuslion - - - - - 

5011w - - - - - - - 

6 Traditional Biomass Bitned for EneW - - 431 0.05 1.81 42.3 - 

B Fugitive Emissions from Fuels - - 0.02 - - - - 

lSolidFuels - - - - - - - 

2 Oil and Natixal Gas - 0.02 - - - - 

2 IndustrIal Piocassas 367.90  

1 3 Solvent and Other Product Use -  - - - - - - 



TABLE 7B SHORT SUMMARY REPORT FOR NATIONAL GREENHOUSE GAS INVENTORIES 

SHORT SUMMARY REPORT FOR NATIONAL GREENHOUSE GAS INVENTORIES (SHEET 
Og  

Greenhouse Gas Souce and Sirc Categories CO2 Emissions CO2 Removals CH4 N20 NOx CO NMVOC 

Total National Emissions and Removals 60593 1140.63 16197 0.68 33.49 331.41 3333 

1 All Energy (Fuel Contustion + Fugitrve) 2381.4 - 532 0.12 30.05 215.4 - 

AFuelContustion 2381.4 - 532 0.12 30.05 - - 

B Fugitive Fuel Emission 0 - 0.02 - - - - 

2 Industrial Precesses 367.9 - - - - - - 

3 Solvent and Other Product Use  - - - - 

4 AgricultLfe - - 124.52 0.48 0.55 1426 - 

5 Land Use Change & Fcreshy 3310 1140.63 11.63 0.08 2.89 10175 

6Waste - 20.5 - - - - 

7Other - - - - - - - 

International Bunkers I 	123.38  



ANNEX 2 



GLOSSARY 

Biomass: Organic material both above ground and below ground, and both living and dead, as for 
example: trees, crops, pasture, tree litter, roots, etc. When burned for energy purposes these are 
referred to as biomass fuels. 

Bio-degradable Waste: Solid organic waste which may react to aerobic and anaerobic bacteria and 
thus many generate methane. 

BOD: Biochemical Oxygen Demand, the amount of oxygen consumed by organic material in waste 
water during decomposition. 

BOD5 : Biochemical Oxygen Demand, on a five-days test, expressed in milligrams per liter. 

Calcination: Chemical process by which cement industry processing obtains lime and carbon dioxide 
by heating raw material (calcium carbonate) in li.irnaces. 

CFCs: Chiorofiourocarbons. A set of chemical substances which have been used in refrigeration, 
foam blowing, etc. CFCs contribute to the depletion of the earth's ozone layer in the upper 
atmosphere. Even though they are greenhouse gases, they are not included in this guidelines because 
they are already being regulated under the Montreal Protocol. 

CH4 : Methane 

CO: Carbon Monoxide. 

CO2 : Carbon Dioxide. 

Emission Factor: The coefficient that associates real emissions with activity data, as a standard 
emission unit per activity unit. 

Enteric Fermentation: The byproduct of ruminant animals digestion, which outputs as methane. 

GAM: The Greater Metropolitan Area. 

GEF: Global Environment Fund. 

Gg: Mass measurement unit,, it means Giga-grams and is equivalent to I E9 grains. 

International Deposited Fuels: Fuels utilized in the international sea and air transportation and 
which are not assigned to a particular country of origin. 

IPCC: Intergovernmental Panel on the Climatic Change. 



kha: Kilo-Hectares, a thousand hectares. 

kton: Kilo-Ton, a thousand tons. 

LPG: Liquefied Petroleum Gases, fractions of light hydrocarbons of the paraffine types, which are 
derived from refinement process and from stabilization plants of crude oil. They are mainly propane 
and butane, or a mix of those two hydrocarbons. 

Ml: Mega-liters, a million liters. 

MONTREAL PROTOCOL: An international agreement which requests from its members the 
reporting and controlling of CFC's and other chemical substances emissions which are depleting the 
ozone layer. The Montreal Protocol was undersigned in 1987, following the guidelines for protection 
of the ozone layers adopted in the Vienna Convention (1985). The Protocol was enforced in 1989 
and has since established requisites and regulations on the control and reporting of chemical 
substances that deplete ozone in the atmosphere. 

Municipal Solid Waste: Solid waste which is regularly collected by the municipality (City 
Authorities), as for example garbage collection. 

NMVOC: Non Methane Volatile Organic Compounds. 

N20: Nitrous Oxide. 

NOX: Nitrogen Oxides. 

OECD: Organization for Economic Cooperation and Development. A regional organization of 24 
free-marketing democratic nations from North America, Europe and the Pacific. 

Other Gases' Emissions Rates: The rates for carbon compounds as the carbon mass released as CH 4  
or CO (in C units), as related to the total carbon mass released by combustion (in C units). The two 
nitrogen compounds are expressed as the rates for nitrogen which is released as N 20 and NOx, in 
relation to the nitrogen contents of fuel (in N units). 

Stored Carbon: The non-burned amount of a fuel utilized as an energy source, which must 
subtracted from the apparent consumption before the calculation of emissions. 

TJ: An energy measurement unit, it means TeraJoules. 

UNEP: United Nations Environment programme. 
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