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FOREWORD

The Global Bioenergy Partnership (GBEP) has produced a set of twenty-four indicators 
for the assessment and monitoring of bioenergy sustainability at the national level. The 
GBEP indicators are intended to inform policymakers about the environmental, social and 
economic sustainability aspects of the bioenergy sector in their country and guide them 
towards policies that foster sustainable development. The indicators, which were agreed 
upon by GBEP Partners and Observers at the end of 2011, needed to be pilot tested in 
a diverse range of national contexts in order to assess and enhance their practicality as a 
tool for sustainable development and to strengthen the capacity of countries to measure 
bioenergy sustainability. 
Given the data requirements and the broad range of necessary scientific expertise in what 
is a relatively new area, some countries may require technical and financial assistance in 
order to measure the indicators and use them to inform policymaking. In response, FAO, 
which is among the founding members of the Global Bioenergy Partnership, tested the 
indicators in Colombia and Indonesia, with generous support from the International 
Climate Initiative (ICI) of the Federal Ministry of the Environment, Natural Resource, 
and Nuclear Safety of Germany. 
This report presents the results of the testing of the GBEP indicators in Colombia. 
In order to test the indicators and study their practicality within the specific country 
context, whilst also contributing to national capacity development, the measurement of 
the indicators was entrusted to a team of researchers from the Universidad Nacional de 

Colombia, sede Manizales, supported by researchers from the International Center for 
Tropical Agriculture (CIAT) based in Cali. FAO stimulated the institutional coordination 
for the project by involving the relevant stakeholders, under the lead responsibility of the 
Ministry of Agriculture and Rural Development.
The testing provided Colombia with an understanding of how to establish the means of 
a long-term, periodic monitoring of its domestic bioenergy sector based on the GBEP 
indicators. Such periodic monitoring would enhance the knowledge and understanding of 
this sector and more generally of the way in which the contribution of the agricultural and 
energy sectors to national sustainable development could be evaluated. 
The testing in Colombia also provided a few lessons learnt about how to apply the indicators 
as a tool for sustainable development and how to enhance their practicality. 

Maria Michela Morese
Natural Resources Management Officer

Project Coordinator
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C H A P T E R

1.1 INTRODUCTION

The Global Bioenergy Partnership (GBEP)1 is an international initiative that has 
produced a set of twenty-four indicators for the assessment and monitoring of bioenergy 
sustainability at the national level (see section 1.4). The GBEP indicators are intended 
to inform policymakers about the sustainability aspects of the bioenergy sector in their 
country and guide them towards policies that foster sustainable development. 
The indicators, which were agreed at the end of 2011, by over 70 among GBEP Partners and 
Observers, needed to be pilot tested in a diverse range of national contexts in order to assess 
and enhance their practicality as a tool for sustainable development and to strengthen the 
capacity of countries to measure bioenergy sustainability. At the same time, the countries 
where the tool is tested will obtain valuable information regarding the performance of 
their bioenergy sector. More importantly, the testing of the indicators should provide 
countries with an understanding of how to establish the means of a long-term, periodic 
monitoring of their bioenergy sector based on the GBEP indicators, which should result in 
an important enhancement in knowledge and understanding of this sector and indeed more 
generally of the way in which the contribution of their agricultural and energy sectors to 
national sustainable development could be evaluated. It was also understood that, given 
the data requirements and the broad range of necessary scientific expertise in what is a 
relatively new area, some countries may require technical and financial assistance in order 
to measure the indicators and use them to inform policymaking. 
In response, FAO, which is among the founding members of the Global Bioenergy 
Partnership, began to explore possible ways to test the indicators in those developing 
countries that had expressed an interest in such a project. This led to a proposal for a 
project in Colombia and Indonesia, which was accepted for funding by the International 
Climate Initiative (ICI)2 of the Federal Ministry of the Environment, Natural Resource, 
and Nuclear Safety of Germany. The project started in October 2011 and ended in 
September 2014. 
Over the course of this project, the indicators have also been piloted or implemented 
to varying extents in Argentina, Brazil, Germany, Ghana, Japan (Kyoto Province), the 

1  Global Bioenergy Partnership website: www.globalbioenergy.org 
2  http://www.bmu-klimaschutzinitiative.de/en/news

1 PILOT-TESTING OF 
GBEP SUSTAINABILITY 
INDICATORS FOR 
BIOENERGY IN COLOMBIA: 
OVERVIEW 
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Netherlands, the United States of America, and whereas Italy will begin the pilot testing 
in the upcoming future. New activities on this front continue to emerge and practitioners 
are able to share experiences through the GBEP Working Group on Capacity Building for 
Sustainable Bioenergy.

1.2 PROJECT GOALS AND ACTIVITIES

The main goals of the project were to: 
1. assess and enhance the capacity of Colombia and Indonesia to measure the GBEP 

indicators and use them to inform bioenergy policymaking; and 
2. learn lessons about how to apply the indicators as a tool for sustainable development 

and how to enhance the practicality of the tool. 
To achieve these goals, the project developed the following main activities:

 Institutional and stakeholder mapping;
 Identification of national consultants; 
 Establishment of multi-stakeholder task force (and roles of members);
 Project kick-off meeting to familiarise task force with indicators and project 

objectives and receive initial feedback on the indicators and project plan;
 Assessment of data availability, followed by workshop to validate findings and 

receive additional sources of information;
 Initial assessment of institutional and human capacity and gaps;
 Formulation of overall data collection methodology and methodologies for each 

indicator suited to national context;
 Capacity development on indicator concepts and methodologies;
 Data collection and indicator evaluation: meetings with stakeholders to validate 

provisional results, fill data gaps and discuss indicator methodologies along the way;
 Provisional results reviewed by FAO and technical experts;
 Technical workshop to present provisional results and seek feedback;
 Workshop to present and receive task force feedback on provisional indicator 

results and recommendations for:
- improvements to the GBEP tool (including indicator methodologies) and 

applications for its future use;
- capacity to measure the indicators in the country in the long term; and 
 institutional arrangements, policies and practices to improve performance 

against indicators;
 Regional workshop to share experiences from the project with governments 

from other countries in the respective regions and help to establish an agenda for 
cooperative action towards sustainable bioenergy sector development;

 Finalisation of results and recommendations, including discussion with stakeholders 
to gain buy-in to final report and inter-country lesson learning; and

 Discussion on next steps to embed lessons learnt and develop a platform to measure 
indicators periodically over the long term.



15

PILOT-TESTING OF GBEP SUSTAINABILITY INDICATORS FOR BIOENERGY IN COLOMBIA: OVERVIEW CHAPTER 1

1.3 PROJECT METHODOLOGY IN COLOMBIA 

In order to test the indicators and study their practicality within the specific country 
context, whilst also contributing to national capacity development, national consultants 
were contracted. After the interviewing and screening phase conducted by FAO, 
the measurement of the indicators was entrusted to a team of researchers from the 
Universidad Nacional de Colombia, sede Manizales, supported by researchers from the 
International Center for Tropical Agriculture (CIAT) based in Cali. FAO stimulated the 
institutional coordination for the project by involving the relevant ministries and asking 
the government to name one ministry to lead coordination of the engagement of domestic 
stakeholders in the project, including through chairing a national multi-stakeholder task 
force to be established for the purposes of the project. In Colombia, the government 
charged the Ministry of Agriculture and Rural Development with the lead responsibility 
for this project. 
The engagement of national consultants, ministries and other stakeholders was considered 
fundamental to obtaining a national perspective on the practicality of the GBEP indicators, 
to assess the national capacity to measure the indicators in real-life conditions and to make 
use of the project to strengthen and diversify national discussions on the sustainability of 
their bioenergy. 
Discussions with the aforementioned stakeholders were also held with the aim of 
identifying the most relevant and widespread technologies for the production and use of 
bioenergy in the country. Based on the indications that emerged during these discussions, 
while considering the emphasis placed by current national policies on liquid biofuels for 
transport, it was decided that the focus would be on ethanol from sugarcane and biodiesel 
from palm oil. Although liquid biofuels from other feedstocks (e.g. biodiesel from jatropha 
or castor oil) and some solid biofuel based applications (e.g. wood gasification) have been 
or continue to be investigated as well in Colombia in particular as potential solutions 
for extending access to energy in the non-interconnected zones, these technologies are 
not reported to have resulted in significant energy production thus far. On the other 
hand, bioenergy produced from cogeneration in sugar mills (from bagasse) represents a 
noteworthy share of total primary energy supply. This form of bioenergy is discussed in 
the context of the ethanol production chain where relevant to the indicators.
National actors were supported by FAO and other international experts throughout 
the project. In particular, FAO, along with experts inter alia from the donor country, 
Germany, provided technical support to the national consultants during meetings and 
through electronic and telephonic communication on the meaning of and rationale 
behind the indicators and their indicative methodological approaches; as well as on how 
to adapt the existing GBEP methodological approach to the country context; and how to 
implement the chosen methodologies. FAO reviewed the information provided by the 
national consultants through an iterative dialogue and complemented it with information 
available from literature, international databases and other electronic sources. Throughout 
the project, meetings of the multi-stakeholder task force and of subsets of actors were 
held to discuss the developments of the project, recommendations for future steps and 
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consequences of emerging results for policy development. FAO also conducted bilateral 
interviews with key stakeholders to enrich the project conclusions and recommendations. 
In the mid-point and final meetings, a small number of international experts from 
intergovernmental organizations, ministries, bilateral development agencies and research 
institutions also participated to share their knowledge and help broaden the community of 
practice engaged in the implementation of the indicators on the ground. The experiences, 
recommendations and lessons learned from the pilot testing of the GBEP indicators for 
bioenergy in Colombia were discussed with national stakeholders and subsequently shared 
with representatives of governments from neighbouring countries during a workshop 
that was held in Bogotá in December 2012. In addition to raising awareness about the 
GBEP indicators and sharing experiences about their initial implementation, this regional 
workshop was also used to help establish agendas for cooperative action on sustainable 
bioenergy sector development.  
 

1.4 THE GBEP SUSTAINABILITY INDICATORS FOR 
BIOENERGY 

The Global Bioenergy Partnership (GBEP) is an international initiative where over 70 
Partners and Observers (simply referred to as ‘members’ throughout the rest of this 
report), amongst governments, intergovernmental organizations and civil society, work 
in the areas of the sustainability of bioenergy and its contribution to climate change 
mitigation. GBEP provides a platform for sharing information and examples of good 
practice in sustainable bioenergy and the initiative builds its activities upon three strategic 
areas: sustainable development, climate change, and energy and food security. It also 
seeks to enhance collaborative project development and implementation, with a view to 
optimizing the contribution of bioenergy to sustainable development, taking into account 
environmental, social and economic factors. In December 2011, GBEP published a report3 
with a set of twenty-four sustainability indicators for bioenergy, with contributions from 
all members and agreed on a consensus basis. The GBEP indicators are currently been 
implemented by the members in several countries worldwide in order to enhance their 
practicality and the capacity of countries to measure the indicators and derive policy 
recommendation from this process.
Even though several national and regional initiatives4 either have defined or are in the 
process of defining their own sustainability criteria for bioenergy (mainly focused on 
liquid biofuels), the uniqueness of the work of GBEP lies in the fact that it is currently 

3  The GBEP report “The Global Bioenergy Partnership Sustainability Indicators for Bioenergy. First Edition” 
available at:  www.globalbioenergy.org

4  Detailed overviews of a number of these initiatives can be found in the Compilation of Bioenergy Sustain-
ability Initiatives that was prepared by the FAO’s Bioenergy and Food Security Criteria and Indicators 
(BEFSCI) project. This compilation, which is updated on a regular basis, is available at http://www.fao.org/
bioenergy/foodsecurity/befsci/62379/en/ 
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the only initiative that has built consensus among a broad range of national governments 
and international organizations on the sustainability of bioenergy, and in the fact that the 
emphasis is on providing measurements useful for informing national-level policy analysis 
and development. Moreover, the GBEP work addresses all forms of bioenergy. The 
GBEP sustainability indicators do not feature directions, thresholds or limits and do not 
constitute a standard, nor are they legally binding on GBEP members. 
GBEP sought to develop a holistic set of science-based and technically sound indicators 
for a national evaluation of the domestic production and use of modern bioenergy. All 
members were invited to contribute with their respective experiences and technical 
expertise to the development and refinement of the indicators.
GBEP first developed and provisionally agreed on a list of themes, and then established 
three sub-groups: (1) Environmental – co-led by Germany and UNEP; (2) Social – led by 
FAO; and (3) Economic and Energy Security – co-led by IEA and UN Foundation. These 
sub-groups undertook the detailed work on indicators for these themes, which were equally 
divided between the three sub-group headings. The GBEP report on the sustainability 
indicators of bioenergy also contains a section listing examples of contextual information 
about cross-cutting issues relating to the legal, policy and institutional framework of 
relevance to bioenergy and its ability to contribute to sustainable development. It is 
suggested that this contextual information might aid the analysis of the indicators with the 
ultimate goal of informing policy development.
During the process of developing the indicators and their underlying methodology sheets, 
GBEP members took into account and used the work of relevant organizations and 
international processes related to environmental quality, social welfare and sustainable 
economic development. Examples of some of the relevant international organizations 
whose work has informed the development of indicators include the International Energy 
Agency (IEA), the International Labour Organization (ILO), the UN Development 
Programme (UNDP), the UN Environment Programme (UNEP), the Food and 
Agriculture Organization of the United Nations (FAO), the UN Industrial Development 
Organization (UNIDO) and the World Health Organization (WHO). 
The development of the indicators made use of existing guidance documents on sustainable 
development as discussed in the global community, especially taking into account the 
Millennium Development Goals (MDGs), the Commission on Sustainable Development 
(CSD), and Agenda 21. GBEP developed themes that are connected to the social impact 
of access to modern energy services, notably human health and safety and rural and 
social development. Access to modern energy services from bioenergy for households 
and businesses can promote social development and poverty reduction and as such can 
contribute to achieving various MDGs, including those related to health, education and 
gender equality. 
GBEP developed indicators relevant to the economic themes of sustainability, including 
those that cover the concepts of economic development, energy security, resource 
availability and efficiency of use, infrastructure development, and access to technology. 
Indicators related to these themes were informed by the work of the CSD, international 
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organizations, and the work of agencies and ministries within the governments of GBEP 
members.
Within the environmental pillar, a number of central themes were considered as part of the 
discussion of the GBEP sustainability indicators, including those related to greenhouse gas 
emissions, productive capacity of the land and ecosystems, water and air quality, biological 
diversity, and land-use change. Within these themes, mitigating greenhouse gas emissions 
and protecting biological diversity are two of the important aspects that were discussed 
and incorporated within relevant indicators and their underlying methodologies. 
Therefore, the development of the indicators was informed by relevant international 
processes also focusing on these themes, including the Convention on Biological Diversity 
(CBD), the Intergovernmental Panel on Climate Change (IPCC) and the UN Framework 
Convention on Climate Change (UNFCCC). 
The selection criteria for the indicators were relevance, practicality and scientific basis. 
Additionally, the geographic scale was considered, as well as whether the full set of 
indicators was balanced and sufficiently comprehensive while still practical. 
In the following pages, the twenty-four GBEP bioenergy sustainability indicators are 
set out under the three pillars, with the relevant themes listed at the top of each pillar. 
The order in which the indicators are presented has no significance. Full supporting 
information relating to the relevance, practicality and scientific basis of each indicator, 
including suggested approaches for their measurement, can be found in the methodology 
sheets for each indicator in the 2011 report on the indicators5.

5  Part II of the GBEP Report on Indicators for Sustainable Bioenergy: Methodology Sheets. Available at  
www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/Indicators/The_GBEP_Sustainability_Indi-
cators_for_Bioenergy_FINAL.pdf

6 In light of discussions on the issue and considering the state of the science on quantifying possible indirect 
land-use change (ILUC) impacts of bioenergy, it has not yet been possible to include an indicator on ILUC. 
GBEP notes that further work is required to improve our understanding of and ability to measure indirect 
effects of bioenergy such as ILUC and indirect impacts on prices of agricultural commodities. GBEP will 
continue to work in order to consolidate and discuss the implications of the current science on these indirect 
effects, develop a transparent, science-based framework for their measurement, and identify and discuss 
options for policy responses to mitigate potential negative and promote potential positive indirect effects 
of bioenergy.
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PILOT-TESTING OF GBEP SUSTAINABILITY INDICATORS FOR BIOENERGY IN COLOMBIA: OVERVIEW CHAPTER 1

ENVIRONMENTAL PILLAR

THEMES

GBEP considers the following themes relevant, and these guided the development of indicators under this pillar:

Greenhouse gas emissions, Productive capacity of the land and ecosystems, Air quality, Water availability, use efficiency 

and quality, Biological diversity, Land-use change, including indirect effects7

INDICATOR 

NAME
INDICATOR DESCRIPTION

1. Lifecycle GHG 

emissions

Lifecycle greenhouse gas emissions from bioenergy production and use, as per the methodology 

chosen nationally or at community level, and reported using the GBEP Common Methodological 

Framework for GHG Lifecycle Analysis of Bioenergy ‘Version One’

2. Soil quality Percentage of land for which soil quality, in particular in terms of soil organic carbon, is 

maintained or improved out of total land on which bioenergy feedstock is cultivated or harvested

3. Harvest 

levels of wood 

resources

Annual harvest of wood resources by volume and as a percentage of net growth or sustained 

yield, and the percentage of the annual harvest used for bioenergy

4. Emissions 

of non-GHG 

air pollutants, 

including air 

toxics

Emissions of non-GHG air pollutants, including air toxics, from bioenergy feedstock production, 

processing, transport of feedstocks, intermediate products and end products, and use; and in 

comparison with other energy sources

5. Water use and 

efficiency

Water withdrawn from nationally determined watershed(s) for the production and processing 

of bioenergy feedstocks, expressed as the percentage of total actual renewable water resources 

(TARWR) and as the percentage of total annual water withdrawals (TAWW), disaggregated into 

renewable and non-renewable water sources

Volume of water withdrawn from nationally determined watershed(s) used for the production 

and processing of bioenergy feedstocks per unit of bioenergy output, disaggregated into 

renewable and non-renewable water sources

6. Water quality Pollutant loadings to waterways and bodies of water attributable to fertilizer and pesticide 

application for bioenergy feedstock cultivation, and expressed as a percentage of pollutant 

loadings from total agricultural production in the watershed

Pollutant loadings to waterways and bodies of water attributable to bioenergy processing 

effluents, and expressed as a percentage of pollutant loadings from total agricultural processing 

effluents in the watershed

7. Biological 

diversity in the 

landscape

Area and percentage of nationally recognized areas of high biodiversity value or critical 

ecosystems converted to bioenergy production

Area and percentage of the land used for bioenergy production where nationally recognized 

invasive species, by risk category, are cultivated

Area and percentage of the land used for bioenergy production where nationally recognized 

conservation methods are used

8. Land use 

and land-use 

change related 

to bioenergy 

feedstock 

production

Total area of land for bioenergy feedstock production, and as compared to total national surface 

and agricultural and managed forest land area

Percentages of bioenergy from yield increases, residues, wastes and degraded or contaminated 

land

Net annual rates of conversion between land-use types caused directly by bioenergy feedstock 

production, including the following (amongst others):

arable land and permanent crops, permanent meadows and pastures, and managed forests;

natural forests and grasslands (including savannah, excluding natural permanent meadows and 

pastures), peatlands, and wetlands
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SOCIAL PILLAR

THEMES

GBEP considers the following themes relevant, and these guided the development of indicators under this pillar:

Price and supply of a national food basket, Access to land, water and other natural resources, Labour conditions, 

Rural and social development, Access to energy, Human health and safety

INDICATOR NAME INDICATOR DESCRIPTION

9. Allocation and 

tenure of land for 

new bioenergy 

production

Percentage of land – total and by land-use type – used for new bioenergy production where:

a legal instrument or domestic authority establishes title and procedures for change of title; and

the current domestic legal system and/or socially accepted practices provide due process and 

the established procedures are followed for determining legal title

10. Price and supply 

of a national food 

basket

Effects of bioenergy use and domestic production on the price and supply of a food basket, 

which is a nationally defined collection of representative foodstuffs, including main staple 

crops, measured at the national, regional, and/or household level, taking into consideration: 

changes in demand for foodstuffs for food, feed and fibre;

changes in the import and export of foodstuffs;

changes in agricultural production due to weather conditions;

changes in agricultural costs from petroleum and other energy prices; and 

the impact of price volatility and price inflation of foodstuffs on the national, regional, and/or 

household welfare level, as nationally determined

11. Change in 

income

Contribution of the following to change in income due to bioenergy production:

wages paid for employment in the bioenergy sector in relation to comparable sectors

net income from the sale, barter and/or own consumption of bioenergy products, including 

feedstocks, by self-employed households/individuals

12. Jobs in the 

bioenergy sector

Net job creation as a result of bioenergy production and use, total and disaggregated (if 

possible) as follows:

skilled/unskilled

temporary/indefinite

Total number of jobs in the bioenergy sector and percentage adhering to nationally 

recognized labour standards consistent with the principles enumerated in the ILO Declaration 

on Fundamental Principles and Rights at Work, in relation to comparable sectors

13. Change in 

unpaid time spent 

by women and  

children collecting 

biomass

Change in average unpaid time spent by women and children collecting biomass as a result of 

switching from traditional use of biomass to modern bioenergy services

14. Bioenergy used 

to expand access 

to modern energy 

services 

Total amount and percentage of increased access to modern energy services gained through 

modern bioenergy (disaggregated by bioenergy type), measured in terms of energy and 

numbers of households and businesses

Total number and percentage of households and businesses using bioenergy, disaggregated 

into modern bioenergy and traditional use of biomass

15. Change in 

mortality and 

burden of disease 

attributable to 

indoor smoke

Change in mortality and burden of disease attributable to indoor smoke from solid fuel use, 

and changes in these as a result of the increased deployment of modern bioenergy services, 

including improved biomass-based cookstoves

16. Incidence 

of occupational 

injury, illness and   

fatalities

Incidences of occupational injury, illness and fatalities in the production of bioenergy in 

relation to comparable sectors
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PILOT-TESTING OF GBEP SUSTAINABILITY INDICATORS FOR BIOENERGY IN COLOMBIA: OVERVIEW CHAPTER 1

ECONOMIC PILLAR

THEMES

GBEP considers the following themes relevant, and these guided the development of indicators under this pillar: 

Resource availability and use efficiencies in bioenergy production, conversion, distribution and end-use, Economic 

development, Economic viability and competitiveness of bioenergy, Access to technology and technological 

capabilities, Energy security/Diversification of sources and supply, Energy security/Infrastructure and logistics for 

distribution and use

INDICATOR NAME INDICATOR DESCRIPTION

17. Productivity Productivity of bioenergy feedstocks by feedstock or by farm/plantation

Processing efficiencies by technology and feedstock

Amount of bioenergy end product by mass, volume or energy content per hectare per year

Production cost per unit of bioenergy

18. Net energy 

balance

Energy ratio of the bioenergy value chain with comparison with other energy sources, 

including energy ratios of feedstock production, processing of feedstock into bioenergy, 

bioenergy use; and/or lifecycle analysis

19. Gross value 

added

Gross value added per unit of bioenergy produced and as a percentage of gross domestic 

product

20. Change in the 

consumption of 

fossil fuels and 

traditional use of 

biomass

Substitution of fossil fuels with domestic bioenergy measured by energy content and in annual 

savings of convertible currency from reduced purchases of fossil fuels

Substitution of traditional use of biomass with modern domestic bioenergy measured by 

energy content       

21. Training and 

re-qualification of 

the workforce

Percentage of trained workers in the bioenergy sector out of total bioenergy workforce, and 

percentage of re-qualified workers out of the total number of jobs lost in the bioenergy sector

22. Energy diversity Change in diversity of total primary energy supply due to bioenergy

23. Infrastructure 

and logistics for 

distribution of 

bioenergy

Number and capacity of routes for critical distribution systems, along with an assessment of 

the proportion of the bioenergy associated with each

24. Capacity and 

flexibility of use of 

bioenergy

Ratio of capacity for using bioenergy compared with actual use for each significant utilization 

route

Ratio of flexible capacity which can use either bioenergy or other fuel sources to total capacity
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C H A P T E R

2.1 COUNTRY CONTEXT

2.1.1 Overview
Colombia is located in the North-western part of South America, with a total land area 
of 1,141,748 km2 (Organización Panamericana de la Salud, 2012; FAOSTAT, 2011). It 
has an estimated population of around 47 million people, with a wide range of ethnic 
backgrounds. The majority of the population (76 percent) lives in urban centres, with the 
main cities located in the highlands of the Andes mountains (DANE, 2013). 
Colombia has a tropical climate, however there are significant climatic differences 
related to elevation. It is the second most biologically diverse country on Earth, home to 
approximately 10 percent of the world’s species, and it is also one of the world’s richest 
countries in aquatic resources (Convention on Biological Diversity, 2014). A considerable 
part of the natural ecosystems, mainly in the Andean and Caribbean regions, have been 
converted to agriculture (Convention on Biological Diversity, 2014).
With a GNI per capita of 7,020 USD, in 2012 Colombia was classified as an upper middle 
income economy. In terms of value added, in 2012 the main economic sectors were services 
(around 56 percent of GDP), followed by industry (around 38 percent of GDP) and 
agriculture (around 7 percent of GDP) (World Bank, 2014) 
In 2010, Colombia had one of the highest GINI indexes in the World (around 56 percent), 
signalling a high level of inequality in the distribution of income. In 2012, 32.7 percent of 
the population lived below the poverty line, and the prevalence of undernourishment was 
above 10 percent of the population. In the same year, life expectancy at birth was 74 years 
(World Bank, 2014; FAOSTAT, 2014) 
Colombia has suffered from an internal conflict over the last half-century, exacerbating 
poverty and inequity, resulting in insecurity, particularly in rural areas, huge levels of 
internal displacement and an environment conducive to an illicit drug sector. However, in 
recent years security has started to improve and peace talks between the government and 
the principal guerrilla group operating in the country (Fuerzas Armadas Revolucionarias 

de Colombia) are on-going (INDEPAZ, 2013) 

2 COUNTRY SITUATION AND 
DOMESTIC BIOENERGY 
SECTOR
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2.1.2 Agriculture 
Agriculture plays an important role in Colombia’s economy and society. The country 
has a total of 44 million ha of agricultural land, out of a total land area of 111 million ha 
(FAOSTAT, 2011). In 2012, agriculture value added was equal to around 7 percent of GDP 
and, in 2010 the sector employed around 18 percent of the total workforce (World Bank, 
2014; UN DATA, 2014).
Colombia’s diverse climate and topography allows the cultivation of a wide variety of 
agricultural products. The main crops are coffee, rice, maize, sugarcane, oil palm, potatoes, 
cocoa, cassava, bananas and other fruits. Coffee remains Colombia’s leading legal cash and 
export crop, followed by bananas. Cattle raising is very common and almost 40 million 
ha of land are dedicated to this activity; mainly in the Andean region and in los Llanos 
Orientales (FAOSTAT, 2011).  
The country can be divided into five geographical areas, characterized by different types of 
climate, topography, soils and agricultural systems (see Figure 2.1) (Hudson, 2010; DANE, 
2006):

 The Andean region, which comprises a range of climates depending on the altitude 
and has varying soil fertility. It includes the inter-Andean region, which has very 
fertile soils, very good infrastructure, and the most technically developed agriculture 
of the country. This is the main sugarcane production area of the country;

 The Llanos Orientales region, also known as the Orinoquía, has a Tropical Savanna 
climate and low fertility soils, except at water meadows. Extensive stock breeding is 
practiced in this area, where significant oil palm expansion has taken place in recent 
years, which is also being targeted for sugarcane expansion, including for biofuel 
production (Romero-Ruiz et al., 2011; Correa et al., 2005); 

 The Caribbean zone, which has a Tropical Savanna climate. Banana and cotton are 
the main crops grown in this region, where there are numerous cattle ranches as 
well;

 The Pacific region, which has a Tropical Rainforest climate and where agriculture is 
mostly subsistence-based; and

 The Amazon region, which has a Tropical Rainforest climate, very fragile soils and 
little agriculture.
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F i g u r e  2 . 1

Regions of Colombia

Source: IGAC, 2012

2.1.3 Energy
Oil is the main energy source in Colombia, accounting for 41.7 percent of the total 
primary energy supply, followed by natural gas with 23.5 percent, while coal accounts 
for 9.8 percent. Among renewable energy sources, hydro contributes 11 percent to the 
total primary energy supply, followed by woodfuel with 8.7 percent, and bagasse with 3.5 
percent (see figure 2.2). Bagasse is a co-product of sugarcane processing that is used for 
co-generation in mills, which can meet this way their electricity needs and sell any surplus 
to the grid. Finally, ethanol and biodiesel, which are used in the transport sector blended 
with gasoline and diesel, account respectively for around 1 percent and 0.7 percent of the 
total primary energy supply (UPME & MINMINAS, 2010).  
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Source: Edited from UPME & MINMINAS, 2010.

The transport sector accounts for 35 percent of total final energy consumption, followed 
by the industrial sector with 28 percent and the residential sector with approximately 
21 percent. The agriculture/forestry sector contributes around 7.3 percent to total final 
energy consumption (UPME, 2010). 
As of 2011, there were around 2 million people, mainly indigenous and Afro-Colombian, 
without access to the electricity grid. These people were spread over 88 municipalities in 
17 departments, accounting for 66 percent of the territory. In these areas, electricity is 
obtained mainly from diesel generators, solar panels or small-scale hydropower plants 
(OLADE-UNIDO, 2011; PROURE, 2010, p. 12). 

2.2 MODERN BIOENERGY: POLICY, LEGAL AND 
INSTITUTIONAL FRAMEWORK

2.2.1 Policy and legislation
During the past decade, the Colombian Government has adopted a number of measures 
to promote bioenergy production and use. Almost all of these measures address liquid 
biofuels for transport, namely ethanol and biodiesel.
In 2001, the Colombian Government adopted Law 693/2001, in order to promote the 
increased use of non-conventional energy sources and regulate the production, marketing 
and use of alcohol based fuels. Through this law, the Government established a mandatory 
blending of ethanol into gasoline, which was initially set at 10 percent for cities with more 
than 500,000 inhabitants such as Bogotá, Cali and Medellín (Resolution No. 18 0687/2003). 
This mandatory blending percentage has been modified several times since then. As of 

F i g u r e  2 . 2

Share of Total Primary Energy Supply (TPES), 2009
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November 2013, the mandatory blending was set at 8 percent (E8) in all departments but 
three, where no blending mandate was in place. Based on Resolution No. 90932/2013, 
in December 2013 the mandate was increased to 10 percent in the Central, Southern and 
South-western zones of the country (FedeBiocombustibles, 2013).  
As of November 2013, blending levels and their distribution across the country are shown 
in figure 2.3, alongside the location of the ethanol plants.

Source: FedeBiocombustibles, 2013

Concerning biodiesel, Law 939/2004 was enacted with the aim of stimulating the production 
and commercialization of biofuels of vegetable or animal origin for use in diesel engines. 
This Law introduced a mandatory blending for biodiesel, which was gradually raised. As 
of December 2013, the blending mandate ranged from 10 percent (B10) in the Western 
part of the country to 8 percent (B8) in the Central part and 2 percent (B2) in the Eastern 
part, which is scarcely populated (Fedebiocombustibles web-site). The biodiesel blending 
mandates for the different regions of the country and the location of the biodiesel plants 
are shown in figure 2.4.

F i g u r e  2 . 3

Mandatory blending of ethanol into gasoline and ethanol plants (November, 2013)
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Source: Fedebiocombustibles website

As stipulated in Decree 4892/2011, the Ministry of Mines and Energy and the Ministry of 
Environment and Sustainable Development can set mandatory blending for ethanol and 
biodiesel higher than 10 percent. They can also adapt the mandatory blending level when 
exceptional situations occur (of social, public interest and/or national convenience) or 
when the national supply of biofuels is too low to comply with the mandatory blending. 

2.2.2 Incentives
The Colombian Government has put in place a number of incentives that directly or 
indirectly promote investments in the bioenergy sector. These include:

 Exemption from the sales tax for sugarcane; reduced sales tax for sugarcane 
molasses; and tax exemption for the revenues from the sale of electricity from 
biomass produced by power generation companies7, subject to environmental and 
social requirements8 (Law No 788/2002);

7  The sale of electricity from cogeneration (e.g. from bagasse) to the grid is subject to a 20 percent tax, while the 
electricity used for own consumption is exempted from this tax (Law No 1215/2008).

8  As stated in Law No 788/2002, in order to be eligible for this exemption, CO2 emissions certificates shall be 

F i g u r e  2 . 4

Mandatory blending of biodiesel in diesel and biodiesel plants (November 2013)
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 Tax exemptions for the net revenues from the exploitation of new oil palm 
plantations; and, for biodiesel, exemption from the sales tax and from the ‘global’ 
tax (impuesto global) on diesel fuel (Law No 939/2004);

 Credit incentives for sowing crops intended for ethanol and biodiesel production, 
through the Secure Agricultural Income Programme (Programa Agro Ingreso 

Seguro); and the Incentive for Rural Capitalization (Incentivo a la Capitalizacion 

Rural), aimed at promoting the establishment and replanting of oil palm plantations 
through the development of infrastructure for the processing of biomass;

 Tax Free Zones (Zonas Francas Permanentes Especiales) aimed at stimulating major 
agro-industrial projects (Decree 383/2007); and

 Minimum prices for ethanol and biodiesel, based on a scheme introduced by the 
National Council of Economic and Social Policy (CONPES) in Document 3510 
of 2008. 

2.2.3 Inter-Ministerial coordination
In order to coordinate the formulation and implementation of biofuel policies, in 2008 
the Inter-Sectoral Commission for Biofuel Management (ISCBM) was established (Decree 
2328/2008). The Commission includes the following members: the Ministry of Agriculture 
and Rural Development, the Ministry of Mines and Energy, the Ministry of Environment 
and Sustainable Development, the Ministry of Transport, the Ministry of Commerce, 
Industry and Tourism, and the National Planning Department. Other stakeholders, 
including from the private sector, can participate as guests in the Commission’s sessions, 
if their presence is requested in light of the issues being discussed. These guests may 
participate in the deliberations but have no right to vote. The main functions of the 
Commission are:

 To coordinate the formulation and implementation of policies on biofuels developed 
and implemented by the various agencies and entities;

 To coordinate with the private sector national plans containing strategies for the 
management of feedstock for the production of biofuels;

 To promote development and innovation in the production and management of 
biofuels;

 To contribute to increasing the participation of Colombia in multilateral fora that 
advance international cooperation in matters related to the production and use of 
biofuels;

 To promote cooperation mechanisms between national and international 
organizations in connection with the production and management of biofuels; and

 To enact specific legislation.

generated and sold in accordance with the terms of the Kyoto Protocol, and at least half of the revenues 
from the sale of these certificates shall be invested in projects with a social benefit in the region where the 
producer operates.
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2.2.4 Private sector organizations
The bioenergy sector is well organized in Colombia, with strong producer associations 
deeply interconnected with one another. In addition, there are a number of dedicated 
organizations specialized in research, training, technology transfer and marketing related 
to bioenergy feedstocks and products.
The Colombian Federation of Biofuels Producers, Fedebiocombustibles9, was founded in 
2004 in response to the need to strengthen and promote regional projects born under the 
International Alcohol Fuel Seminar held in Bogotá in October 2003. The primary mission 
of Fedebiocombustibles is to ensure the development of biofuels activities in a manner 
consistent with laws 693/2001 and 939/2004 and other relevant bioenergy legislation. 
Feedstock producers are associated under different groups at national, departmental and 
local levels. 
At national level, there is one federation (gremio) of producers of palm oil and its 
derivatives for both food and fuel purposes, which manages two funds in support of the 
sector. Members of this federation, which is called Fedepalma10, have access to information 
and analyse concerning issues related to oil palm cultivation. In addition, Fedepalma offers 
programmes aimed at strengthening the economic, environmental and social performances 
of its members. In these activities, the federation is supported by Cenipalma11, a dedicated 
research centre on the cultivation of oil palm and on its processing and use. Finally, 
Acepalma12 is an entity specialized in the marketing of palm oil.  
For sugarcane, which is the other main bioenergy feedstock in Colombia, the two main 
national federations of producers are Asocaña13 and Procaña14. Asocaña brings together the 
sugar mills and ethanol plants, and its overall mission is to promote the development of 
the industry. Procaña, on the other hand, groups small sugarcane producers and advises 
them in signing contracts to sell cane and assists them in obtaining loans (El País, 2005). 
In addition, there are a number of other organizations playing complementary roles in the 
sugarcane/ethanol sector. These include, for instance, Cenicaña15 (the Colombian Sugarcane 
Research Center), whose mission is to perform research to obtain the highest yields and 
the most pest or disease resistant crops; and Tecnicaña16 (the Colombian Association of 
Sugarcane Technicians), whose role is to train people and to transfer technology to the 
industry (El País, 2005). 

9  http://www.fedebiocombustibles.com/v3/main-index.htm 
10  http://web.fedepalma.org//
11  http://www.cenipalma.org/
12  http://www.acepalma.com/
13  http://www.asocana.org/
14  http://www.procana.org/new/index.php
15  http://www.cenicana.org/
16  http://www.tecnicana.org/web_/
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2.3 MODERN BIOENERGY PRODUCTION

In Colombia, production of liquid biofuels for transport, namely ethanol from sugarcane 
and biodiesel from palm oil, has increased significantly in recent years. Conversely, 
regarding heating and cooking and off-grid electricity generation, as of 2014 there was 
no significant use of modern bioenergy in Colombia. Whilst liquid biofuels from other 
feeedstocks beside sugarcane and palm oil (e.g. ethanol from cassava and biodiesel from 
jatropha or castor oil) and some solid biofuel based applications (e.g. wood gasification) 
have been or continue to be investigated in Colombia in particular as potential solutions 
for extending access to energy in the non-interconnected zones, these technologies are 
not reported to have resulted in significant energy production thus far. On the other 
hand, bioenergy produced from cogeneration in sugar mills (from bagasse) represents a 
noteworthy share of total primary energy supply. 
As already explained in chapter one, the relative weight of the different types of modern 
bioenergy in Colombia is reflected in this report, which focuses on the sugarcane-based 
ethanol and palm oil-based biodiesel supply chains, based also on the indications provided 
by national stakeholders. In addition, bioenergy produced from cogeneration in sugar 
mills (from bagasse) is discussed in the context of the ethanol supply chain where relevant 
to the indicators.

2.3.1 Ethanol 
In 2012, Colombia produced approximately nearly 292,000 tons of ethanol, up from 
around 21,300 tons in 2005, when production started (see figure 2.5). All the ethanol 
produced in the country is consumed domestically and as of 2012 Colombia was neither 
an exporter nor an importer of this fuel (Asocaña, 2013).

F i g u r e  2 . 5

Ethanol production (t/year), 2005-2012

Source: Adapted from Asocaña, 2013
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Almost all of the ethanol produced in Colombia is obtained from sugarcane17 molasses, 
even though ethanol plants have the flexibility to use different types of sugarcane-based 
products, e.g. different types of molasses or sugar juice directly, depending on market 
conditions. In Colombia, production of ethanol is integrated within the sugar mills, which 
produce a number of co-products beside ethanol, such as sugar, panela, bagasse, electricity 
and compost. 
Productivity of sugarcane is extremely high in Colombia, with an average yield of around 
120 t/ha/year. This is due to a number of factors, including: the tropical climate; the very 
fertile soils of the Valle geográfico del río Cauca, which is the main sugarcane production 
area18; the year-round harvest cycle; and sustained investments in applied research and 
development in crop management and agricultural practices (Quintero, 2008).  
The harvested area of sugarcane increased from 182,000 ha in 2005, when ethanol 
production started, to 207,000 ha in 2012 (see figure 2.6). In parallel with the increase 
in ethanol production that occurred during this period, domestic sugar consumption 
remained substantially stable in the country, while net exports of sugar decreased (for 
further details, see indicator 10).

Source: Asocaña, 2013

17  Saccharum officinarum.
18  As of 2013, sugarcane was produced mainly in six departments: Caldas, Cauca, Cesar, Norte de Santander, 

Risaralda and Valle del Cauca, with the bulk of the production concentrated in Valle del Cauca and Cauca 
(Asocaña, 2013).
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2.3.2 Co-generation from bagasse
In Colombia, sugarcane mills use bagasse, which is a by-product of sugarcane processing, 
for cogeneration. In 2012, mills had an installed capacity of 182 MW, of which 129 MW 
were needed in order to meet the electricity demand of the mills, while 53 MW were 
available to generate surplus electricity to be sold to the grid. By 2015, installed capacity is 
expected to increase to 333 MW (Asocaña, 2013).

2.3.3 Biodiesel
In 2012, Colombia produced around 490,000 tons of biodiesel, up from about 22,700 
million tons in 2008, when production started (see figure 2.7). As in the case of ethanol, all 
the biodiesel produced in the country is consumed domestically and, as of 2012, Colombia 
was neither an exporter nor an importer of this fuel.

Source: FedeBiocombustibles, 2013

In Colombia, biodiesel is obtained from oil palm (Elaeis guineensis). Domestic production 
of crude palm oil has increased significantly during the past two decades and the share 
of it used for biodiesel production has grown very rapidly since production of this fuel 
started, from around 5 percent in 2008 to approximately 45 percent in 2012 (Ministry of 
Agriculture, 2012).
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As shown in figure 2.8, the aforementioned increase in the production of palm oil has 
been the result of a considerable expansion in the area harvested of oil palm19, which will 
continue over the coming years as newly planted areas continue to come into production20 
(Ministry of Agriculture, 2012). 

Source: Ministry of Agriculture, 2012

In parallel with the increase in biodiesel production that occurred between 2008 and 2012, 
in Colombia there was a decrease in exports and an increase in imports of palm oil, while 
the domestic supply of this oil for food remained substantially stable (for further details, 
see indicator 10).
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ENVIRONMENTAL PILLAR

3.1 INDICATOR 1: LIFECYCLE GHG EMISSIONS

Description:
Lifecycle greenhouse gas emissions from bioenergy production and use, as per the 
methodology chosen nationally or at community level, and reported using the GBEP 
Common Methodological Framework for GHG Lifecycle Analysis of Bioenergy ‘Version 
One’. 

Measurement unit(s): 
Grams of CO2 equivalent per megajoule (gCO2eq/MJ)

3.1.1 Testing of indicator 1 in Colombia
For the testing of indicator 1 in Colombia, the software BioGrace© (version 4c21), which 
is one of the few existing bioenergy-specific Greenhouse Gas (GHG) emission calculation 
tools, was used. The Life Cycle Analysis (LCA) that was conducted under this indicator 
covered the following GHGs22: Carbon dioxide (CO2), methane (CH4), and nitrous oxide 
(N2O). Regarding sugarcane-based ethanol, the analysis focused on the Valle geográfico 

del río Cauca, which is the main sugarcane production area in Colombia, while in the case 
of palm oil-based biodiesel the focus was on three out of the four producing areas, i.e. all 
excluding the South-Western zone. For sugarcane-based ethanol, two different types of 
feedstock production systems were considered, i.e. with mineral vs. organic fertilization. 
For palm oil-based biodiesel, various combinations of land-use changes (i.e. no land-use 
change and conversion of lands with low vs. high carbon stocks), feedstock production 
systems (i.e. low vs. high input) and waste treatment (i.e. with and without methane 
capture) were analyzed.
Most of the required data and information regarding the various stages of the ethanol and 
biodiesel supply chains were found in chapter two of the CUE report (CUE, 2012), which 

21  Available at http://www.biograce.net/content/ghgcalculationtools/recognisedtool/
22  The global warming potential (GWP) of each GHG considered was taken from IPCC (2006): 1 g CO2e/g 

CO2; 21 g CO2e/g CH4; and 310 g CO2 e/g N2O).

3 RESULTS OF PILOT-TESTING
OF GBEP SUSTAINABILITY 
INDICATORS FOR 
BIOENERGY IN COLOMBIA
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was conducted with the support of the Inter-American Development Bank (IDB) and with 
the participation of the Colombian Ministry of Mines and Energy and of major producer 
federations. These data and information were then integrated with default values included 
in BioGrace.

3.1.2 Key findings

Ethanol
In Colombia, production of ethanol is integrated within the sugar mills, which produce a 
number of co-products beside sugar and ethanol, such as panela, bagasse and compost. In 
addition, sugarcane mills use bagasse, which is a by-product of sugarcane processing, for 
cogeneration. In 2012, mills had an installed capacity of 182 MW, of which 129 MW were 
needed in order to meet the electricity demand of the mills, while 53 MW were available 
to generate surplus electricity to be sold to the grid (Asocaña, 2013).
As mentioned above, in the case of sugarcane-based ethanol the LCA that was conducted 
under this indicator focused on the Valle geográfico del río Cauca, which is the main 
sugarcane production area in Colombia. As reported in CUE (2012), in recent years no 
land-use change to sugarcane took place in this area due to sugarcane expansion. 
Two different feedstock production systems were analysed in order to reflect the different 
nutrient management regimes found in sugarcane cultivation in the country: 

a. Mineral fertilization: 400 kg/ha of urea, 156 kg/ha of ammonium sulfate, 44 t/ha of
harvest residues left in the field Organic; yield: 115 t/ha; and

b. Organic fertilization: 160 kg/ha of urea, 25 kg of di-ammonium phosphate, 5.825 kg/
ha of vinasse, 8,000 kg/ha of compost; yield: 111 t/ha.

Concerning the two aforementioned feedstock production systems, emissions linked to 
the production and use of fertilizers and pesticides were accounted for23. GHG emissions 
from diesel use for agricultural operations and from the generation of the electricity used 
for irrigation were considered as well. 
Regarding sugarcane harvesting, emissions from diesel use for the share of output 
mechanically harvested (i.e. 30 percent) were calculated, while for the remaining share of 
output manually harvested emissions from pre-harvest cane burning were considered. 
The results of the LCA for the feedstock production system A and B are reported in tables 
3.1.1 and 3.1.2 respectively. As shown in these tables, GHG emissions were found to be 
slightly higher for A (i.e. Mineral fertilization) compared to B (Organic fertilization), due 
to the use of larger amounts of nitrogen-based fertilizers.

23  Emissions from the transportation of fertilizers and pesticides were not taken into account due to their low 
significance.
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g CO2eq/MJethanol

ENERGY CONSUMPTION 3.08

Diesel 3.08

AGROCHEMICALS 3.58

Urea 3.14

Ammonium sulfate 0.06

Pesticides 0.38

SEEDING MATERIAL 0.08

Seeds 0.08

IRRIGATION 0.39

Electricity 0.39

Field N2O emissions 6.27

Emissions from trash burning 3.14

TOTAL 16.54

Source: Own calculations based on CUE, 2012

g CO2eq/MJethanol

ENERGY CONSUMPTION 3.20

Diesel 3.20

AGROCHEMICALS 1.72

Urea 1.30

Diammonium phosphate 0.04

Vinasse 0.00

Compost 0.00

Pesticides 0.39

SEEDING MATERIAL 0.09

Seeds 0.09

IRRIGATION 0.40

Electricity 0.40

Field N2O emissions 4.45

Emissions from trash burning 3.14

TOTAL 13.01

Source: Own calculations based on CUE, 2012

Ta b l e  3 . 1 . 1

GHG emissions from ethanol feedstock production: 
A - Mineral fertilization (yield 115 t/ha; moisture content 65.8%)

Ta b l e  3 . 1 . 2

GHG emissions from ethanol feedstock production: 
B - Organic fertilization (yield 111 t/ha; moisture content 65.8%)
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With regard to the feedstock processing stage, the GHG emissions associated with the 
generation of the energy used in the process24, and those due to the production and use of 
the required chemicals25 were calculated. Emissions from water treatment and composting 
operations were considered as well. In addition, GHG emissions from the transportation 
of the sugarcane from the field to the plant and of ethanol from the plant to the capital city 
Bogotà were taken into account. Conversely, emissions related to the building of all types 
of infrastructures along the sugarcane-based ethanol supply chain were not accounted for.
The GHG emissions from the various stages of the sugarcane-based ethanol supply chain 
were then summed up. For the steps of the supply chain associated with the production, 
transportation and processing of all sugarcane regardless of its end-use, the allocation to 
ethanol was done on an energy basis. 
As shown in tables 3.1.3 and 3.1.4, emissions from the cultivation stage are equal to 16.5 g 
CO2e/MJ in the case of feedstock production system A (i.e. Mineral fertilization) or about 
43 percent of total GHG emissions (table 3.1.3), and 13 g CO2e/MJ in the case of feedstock 
production system B (i.e. Organic fertilization) or about 34 percent of total emissions 
(table 3.1.4). This means that, under both feedstock production systems, the processing 
stage accounts for the majority of GHG emissions. This is due both to the absence of 
emissions from land-use change on the feedstock production side and to the relatively high 
emissions from the generation of the energy used in the processing stage, which is obtained 
from coal in addition to bagasse. 

g CO2eq/MJethanol Total
Contribution 
to total GHG  
emissions

FEEDSTOCK PRODUCTION 16.54 43.61%

Cultivation of sugarcane 16.54

PROCESSING 18.76 49.48%

Sugar plant 17.13

Ethanol plant 1.63

TRANSPORTATION 2.62 6.91%

Sugarcane (field to plant) 1.08

Ethanol (plant to filling station) 1.54

LAND USE CHANGE 0.00

Total 37.9 100.00%

Source: Own calculations based on CUE, 2012

24  In addition to sugarcane bagasse, mills tend to use coal as well for cogeneration.
25  The chemicals used in the processing stage contributing less than one percent to total emissions were not 

taken into account.

Ta b l e  3 . 1 . 3

Total GHG emissions from sugarcane-based ethanol: A - Mineral fertilization
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g CO2eq/MJethanol Total
Contribution 
to total GHG 
emissions

FEEDSTOCK PRODUCTION 13.00 37.82%

Cultivation of sugarcane 13.00

PROCESSING 18.76 54.57%

Sugar plant 17.13

Ethanol plant 1.63

TRANSPORTATION 2.62 7.62%

Sugarcane (field to plant) 1.08

Ethanol (plant to filling station) 1.54

LAND USE CHANGE 0.00

Total 34.4 100.00%

Source: Own calculations based on CUE, 2012

The GHG emissions associated with the ethanol produced under feedstock production 
systems A and B were then compared with the fossil fuel reference, i.e. the emissions 
associated with the production and use of gasoline. As shown in figure 3.1.1, in the case 
of A (i.e. Mineral fertilization) the GHG emission reduction compared to the fossil fuel 
reference was approximately 55 percent, while in the case of B (i.e. Organic fertilization) 
this reduction amounted to around 59 percent.

Source: Own calculations based on CUE, 2012

Ta b l e  3 . 1 . 4

Total GHG emissions from sugarcane-based ethanol: B - Organic fertilization

F i g u r e  3 . 1 . 1

Total GHG emissions from sugarcane-based ethanol (A - Mineral fertilization; B - Organic 
fertilization) and fossil fuel reference
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Biodiesel
The Colombian palm oil and biodiesel industries generate several co-products beside crude 
palm oil and biodiesel, including kernel oil, kernel cake, glycerol, soap and oil-palm cobs. 
As mentioned above, in the case of palm oil-based biodiesel the LCA that was conducted 
under this indicator focused on three out of the four main producing areas, i.e. all excluding 
the South-Western zone.
Two different feedstock production systems were analysed in order to reflect the different 
nutrient management regimes found in oil palm cultivation in the country, namely:

a. High input, with a yield of 25 t/ha per year of fresh fruit bunches (FFB); and
b. Low input, with a yield of 15 t/ha per year of FFB.

In addition, two different options were considered for the management of Palm Oil 
Mill Effluent (POME, which is a by-product of palm oil production) and the associated 
emissions: one with methane capture and one without.
As in the case of sugarcane-based ethanol, the majority of the required data and information 
were taken from CUE (2012). According to this study, in the three production areas 
considered, oil palm expansion took place mainly on lands with low carbon stocks (e.g. 
pastures), thus contributing to carbon sequestration. However, according to Henson et al. 
(2012), information on land use change due to oil palm expansion is sparse in Colombia, 
especially with regard to the South-Western zone, where significant oil palm expansion 
has taken place in recent years. In the grey literature there is a great deal of reference to 
such expansion being a cause of deforestation in this area, which was not considered in 
CUE (2012). In order to account for this and provide an indication of the GHG emissions 
associated with different types of land-use changes due to oil palm expansion, in addition 

Ta b l e  3 . 1 . 5

Total GHG emissions from palm oil-based biodiesel production: A – High input (FFB yield 
25 t/ha; moisture content 34%)

  g CO2eq/MJbiodiesel

ENERGY CONSUMPTION 0.12

Truck for transportation of FFB (diesel) 0.08

Truck for transportation of dry product (diesel) 0.04

AGROCHEMICALS 3.80

N - fertiliser (kg N) 2.73

K2O - fertiliser (kg K2O) 0.64

P2O5 - fertiliser (kg P2O5) 0.25

EFB compost (palm oil) 0.00

Pesticides 0.18

Field N2O emissions 6.16

TOTAL 10.08

Source: Own calculations based on CUE, 2012
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to the conversion of land with low carbon stocks, two other options were considered, 
namely no land-use change and conversion of high carbon stocks. As in the case of 
sugarcane-based ethanol, the inputs accounting for less than one percent of total GHG 
emissions were not taken into account in the LCA. 
As shown in tables 3.1.5 and 3.1.6, the GHG emissions from the two feedstock production 
systems considered were found to be substantially in line.

g CO2eq/MJbiodiesel

ENERGY CONSUMPTION 0.12

Truck for transportation of FFB (diesel) 0.08

Truck for transportation of dry product (diesel) 0.04

AGROCHEMICALS 3.92

N - fertiliser (kg N) 2.73

K2O - fertiliser (kg K2O) 0.64

P2O5 - fertiliser (kg P2O5) 0.25

EFB compost (palm oil) 0.00

Pesticides 0.30

Field N2O emissions 6.16

TOTAL 10.20

Source: Own calculations based on CUE, 2012

Based on different combinations of land-use change and methane capture, six different 
scenarios were then analysed for both Low input and High input, and their GHG 
emissions were compared with the fossil fuel reference, i.e. the emissions associated with 
the production and use of diesel. 
The first two scenarios considered entail the conversion of lands with low carbon stocks, in 
line with the information from CUE (2012) for the three production zones considered, and 
two different types of POME management, namely with methane capture (i.e. Scenario 1) 
and without (i.e. Scenario 2). While both scenarios result in very significant GHG emission 
reductions compared to the fossil fuel reference, the low-input system appears to deliver 
the highest GHG emission savings. The results in figure 3.1.2 also show the considerable 
GHG emission savings associated with methane capture from POME which, combined 
with conversion of land with a low carbon stock and a low input system, can even lead to 
a net carbon sequestration.  

Ta b l e  3 . 1 . 6

Total GHG emissions from palm oil-based biodiesel production: B – Low input (FFB yield 
15 t/ha; moisture content 34%)
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Source: Own calculations based on CUE, 2012

In scenarios three and four, it was assumed that oil palm expansion did not result in any 
land-use change. In this case, the GHG emissions associated with the production of palm 
oil-based biodiesel were found to be higher than in the first two scenarios, due to the 
lack of carbon sequestration associated with the establishment of oil palm plantations 
on lands with low carbon stock. However, also in the third and fourth scenarios, the 
GHG emissions of biodiesel were lower (i.e. between 34 and 67 percent) than the fossil 
fuel reference and methane capture was found to play a key role in reducing total GHG 
emissions from biodiesel production (figure 3.1.3). 

Source: Own calculations based on CUE, 2012

F i g u r e  3 . 1 . 2

Total GHG emissions from palm oil-based biodiesel and fossil fuel reference: Scenarios 1, 2

F i g u r e  3 . 1 . 3

GHG emissions from palm oil-based biodiesel and fossil fuel reference: Scenarios 3, 4
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Finally, in scenarios five and six the carbon sequestration calculated under the first two 
scenarios was turned into an emission of the same amount of carbon as a result of a 
hypothetical conversion of land with high carbon stock (e.g. forest).  In this case, GHG 
emissions were considerably higher than under the previous scenarios. In the absence of 
methane capture, total GHG emissions from palm oil-based biodiesel production were 
found to be close to the fossil fuel reference in the case of High yield and even higher than 
such reference in the case of Low yield.

Source: Own calculations based on CUE, 2012

3.1.3 Main conclusions and recommendations

Results of indicator measurement
Regarding sugarcane-based ethanol, two different types of feedstock production systems 
were considered, i.e. mineral vs. organic fertilization. GHG emissions from the cultivation 
stage were calculated to be 16.5 g CO2e/MJ in the case of feedstock production system A 
(i.e. Mineral fertilization) or about 43 percent of total GHG emissions, and 13 g CO2e/
MJ in the case of feedstock production system B (i.e. Organic fertilization) or about 34 
percent of total emissions. This means that, under both feedstock production systems, the 
processing stage accounts for the majority of GHG emissions. This is due to the absence, 
on the feedstock production side, of emissions from recent land-use change (at least in the 
Valle geográfico del río Cauca), as well as to the relatively high emissions from the energy 
used in the processing stage, which is obtained from coal in addition to bagasse. In the case 

F i g u r e  3 . 1 . 4

GHG emissions from palm oil-based biodiesel and fossil fuel reference: Scenarios 5, 6
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of Mineral fertilization the GHG emission reduction compared to the fossil fuel reference 
was approximately 55 percent, while in the case of Organic fertilization this reduction 
amounted to around 59 percent. 
Concerning palm oil-based biodiesel, six scenarios were analysed, based on various 
combinations of land-use changes (i.e. no land-use change and conversion of land with low 
vs. high carbon stocks), feedstock production systems (i.e. low vs. high input) and waste 
treatment (i.e. with and without methane capture).
In the absence of land-use change and especially in the case of conversion of lands with 
low carbon stocks, palm oil-based biodiesel can lead to considerable GHG emission 
reductions compared to fossil-based diesel. These reductions disappear if lands with high 
carbon stocks are converted. In addition to land-use change, the other key determinant of 
the GHG emission profile of palm oil-based biodiesel is the management of the methane 
emissions from POME. When methane capture systems are in place, the GHG emission 
reduction potential of palm oil-based biodiesel is greatly enhanced.

Future monitoring of indicator 1 in Colombia
The indicator received a large amount – probably the largest amount – of attention 
from stakeholders during the project and was clearly considered highly relevant by 
all stakeholders. The importance given to low carbon development is clear from the 
Government’s action in this area and biofuels feature in a proposed Nationally Appropriate 
Mitigation Action (NAMA). 
GHG LCA is complicated and data-intensive and there is to some extent a trade-off 
between practicality and accuracy in the methodology (including for data collection) 
applied. This trade-off can be mitigated by agreeing a national methodology and applying 
this nation-wide in such a way that values according to other major methodologies used 
in regulatory schemes (such as those of the US, California and EU) can also be generated. 
Fundamentally, it must be born in mind that conducting a GHG LCA is not the same as 
conducting an assessment of mitigation potential within a system. The GHG LCA result 
(i.e. the value in terms of g CO2e/MJ, in the case of bioenergy) is useful for monitoring 
progress within a system (whether the national bioenergy system or a subset of this, such 
as sugarcane ethanol production in the Valle geográfico del río Cauca) over time. The 
emission profile broken down by phase within the system is useful for fine-tuning this 
monitoring to observe how different subsets of activities and actors within the system 
are performing with regard to GHG emissions. Such results can also be compared with 
equivalent values from other systems (e.g. palm oil-based biodiesel produced in two 
different regions of Colombia, or sugarcane-based ethanol produced and used in Colombia 
versus sugarcane-based ethanol produced and used in Brazil), but in undertaking such 
comparisons, particularly among different countries, the differences in methodology and 
in biophysical, socioeconomic and policy context must be taken into account. Comparison 
with national targets can also be useful, where such targets exist, and the multi-stakeholder 
process adopted for the piloting of the GBEP indicators provides a useful model for an 
ongoing process that could establish time-bound targets for each indicator. Another useful 
approach, as used by CUE (2012) is to compare average results for a country or class of 
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bioenergy system with the “best in class” results, which may reveal the approximate scope 
for improvement if the system classes (typology) are adequately defined.
With regard to the results emerged from the testing of indicator 1, a number of 
recommendations can be made. 
Concerning sugarcane-based ethanol, the high productivity of the sugar supply chain in 
Colombia is well studied and documented. This, combined with the absence of land-use 
change in the Valle geográfico del río Cauca over the period since ethanol production 
from sugarcane began, tends to lead to a very competitive GHG profile, as shown above. 
However, possible improvements in some practices could still favorably impact the GHG 
emissions of the sector. 
The major sources of emissions along the sugarcane-based ethanol supply chain were 
found to be energy generation in the processing stage and pre-harvest cane burning and 
agrochemical production and use in feedstock production.
With regard to the emissions associated with the generation of the energy used in the 
processing stage, incentives to increase the use of bagasse and thus decrease the share of 
coal should be evaluated. Further mitigation potential could lie in increasing the efficiency 
of the co-generation system. 
GHG emissions from pre-harvest cane burning in the field could be avoided by 
mechanization of the harvesting procedure, which in turn is understood to necessitate a 
(feasible) change in sugarcane varieties. Such a change could result in significant mitigation 
as well as improvement in local air quality (see Indicator 4), but would be accompanied by 
increased energy (diesel) consumption in the machinery used to harvest the cane. Another, 
more significant, trade-off would be with the reduction in employment opportunities for 
manual labourers. A means to finance the creation of substitute job opportunities would 
be required for this shift towards a cleaner practice to be undertaken, as was achieved in 
Brazil. This would require an equitable sharing of the cost between the government and 
the sector. International sources of financing for social and/or environmental protection 
could also be sought and the incremental benefit of achieving certification through this 
shift could also be assessed. 
With regard to the emissions associated with the production and use of agrochemicals, 
while in general integrated pest and weed management are recommended approaches, 
further analysis of the mitigation potential achievable by reducing fertilizer and pesticide 
application would be necessary, since this could affect yields. 
Concerning palm oil-based biodiesel, the major sources of GHG emissions were found 
to be the production and use of agrochemicals in feedstock production and the waste 
treatment. 
Application of pesticides can be minimized through the implementation of integrated pest 
management. Application of fertilizers can be minimized as well, through monitoring 
the impact of fertilizer rates on nutrient content in leaves and soils to understand how 
much fertilizer application is actually superfluous and represents both an economic cost 
to the producer and an environmental cost as a result of loss to the atmosphere or water 
bodies. Although historically analysis is reported only to have looked at leaves and not 
soils, Cenipalma now undertakes both foliar and soil analyses, so a next step would be to 
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determine, in dialogue with them and other stakeholders, whether current monitoring and 
analysis is adequate and whether appropriate actions are taken as a result of this work. 
Finally, regarding herbicide use, CUE (2012) states that in general growth of plants around 
the oil palms is permitted, and these are controlled through periodic cutting, mowing or 
use of herbicides. Application of integrated weed management practices would be likely to 
reduce GHG emissions due to herbicide application. 
In order to reduce emissions from waste treatment, methane capture and use for energy (or 
at least flaring26) needs to be more widely adopted. A CDM methodology was produced 
for this sectoral mitigation action and 32 palm oil mills (representing 81 percent of national 
production) are part of the scheme, which was projected to generate 757,067 certified 
emissions reduction units (CERs) per year over 21 years and 250 MW of cogenerated 
energy. Those plants that have made the shift are reaping financial rewards – mainly 
through energy sales rather than the relatively low income from CERs. However, so far 
the actual uptake of methane capture and use technology is limited to around 6.5 percent 
of total crude palm oil production (Fedepalma, 2014). Potential incentives the promote 
methane capture and use for energy should be evaluated.
With regard to land-use change, there are two main types of phenomena that need to be 
carefully considered in light of future oil palm developments. First, there is the possibility 
of expansion of oil palm cultivation onto land with high carbon stock. As shown above in 
scenarios five and six, this can result in significant GHG emissions, which can be even higher 
than those associated with the production and use of fossil-based diesel. Second, there can be 
expansion of oil palm plantations onto land formerly used for pasture or cultivation of rice or 
other food crops. This results in a carbon sink, but poses risks of displacement of some of the 
former agricultural production, which could in turn bring about net GHG emissions from 
LUC elsewhere in the country or, through increased demand for rice imports, for example, 
in another country. The need to establish locally the potential for such indirect effects was 
pointed out in CUE (2012). Henson et al. (2012) also refer to the phenomenon of conversion 
from rice to oil palm, which could bring significant GHG savings through direct LUC, but 
which could also lead to displacement of rice to other areas. These indirect effects could be 
monitored through a combination of satellite monitoring, statistical analysis, modeling and 
ground-truthing through surveys/interviews.
Finally, from the perspective of the national institutional capacity to evaluate this indicator 
over the long term, there are a number of necessary but feasible steps. There exists a 
relatively good capacity for GHG LCA in a small number of research institutions. The 
study conducted by the CUE (2012) involved LCA experts from the Swiss Federal 
Laboratories for Materials Science and Technology (EMPA), in Switzerland, but some 
increase in national capacity seems to have accrued from this collaborative exercise. 
However, this is a complex subject and one of great importance to the sector, not only 
in terms of its ability to fulfil requirements of various international certification and 
regulatory schemes of interest to it. Therefore, there is still a need to: 

26  A recent paper states that even methane capture and flaring reduces, for one particular palm oil mill in Ori-
noquía, emissions for palm oil production by 50%. However, currently only a few mills even employ this 
practice (Henson et al., 2012).
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 formally agree a national methodology; 
 strengthen awareness and understanding among all relevant stakeholders 

(government, private sector and NGOs) of the full range of sources of emissions in 
the lifecycle and how these are treated under different methodologies;

 fine-tune technical details of current best practice regarding certain issues in LCA 
(chiefly allocation among co-products, LUC and treatment of non-CO2 GHG 
emission from biomass burning); and

 undertake research to develop more carbon stock values and emissions factors 
specific to the diverse range of situations in Colombia. 

To provide a steady stream of the necessary data, diagrammatic representations of 
biofuel production systems that are up-to-date and show quantified flows of materials 
and emissions and how these are accounted for in the national and other relevant LCA 
methodologies would be useful. For LUC, the consistent collection and interpretation of 
satellite images would be necessary, but this need not be an additional burden on account 
of the measurement of the GBEP indicators. National efforts under REDD+ and other 
low-carbon rural development strategies and plans may already trigger this analysis. There 
are several capacity development initiatives in this area already underway in Colombia. 
Cooperation with Brazil’s experienced agency National Institute for Space Research 
(INPE) could be profitable in this regard.

Relevance, practicality and scientific basis of indicator 1
The GBEP Common Methodological Framework has been demonstrated to be a reliable 
tool for reporting the methodology applied in GHG LCA of bioenergy production 
and use. Its value could be further exploited by calculating LCA values using the major 
different methodologies of relevance to Colombia (in this study BioGrace was used) and 
comparing these methodologies using the Framework, step-by-step, to allow analysis of 
the effect of methodological differences on the LCA results. 
The testing of indicator 1 in Colombia has produced valuable lessons along the process:

 A “mapping analysis” of the bioenergy supply chain is recommended: the exact 
understanding of each procedure, including processing and conversion, becomes 
the basis for decisions (allocations, assumptions, considerations, etc.). This greatly 
helps defining the boundaries of the system under analysis and circumscribing the 
research;

 Allocation methods based on physico-chemical properties of the products, e.g. 
energy contents or mass balance, provide more stable and intuitively comparable 
results over time and are more amenable to inclusion in regulatory incentive 
schemes. The economic allocation is by its nature susceptible to particular market 
conditions, which in turn can unpredictably modify the results. Whilst in principle 
these changes might also affect decisions over the choice of end use of oil palm 
FFB, in some cases these decisions may be fixed in advance or by other (e.g. policy) 
constraints, making results derived using economic allocation harder to compare 
and interpret. The priority for long-term monitoring should therefore be mass and 
energy allocation, but use of economic allocation and substitution methods would 
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also be useful to deepen the understanding of the impacts of biofuel policy and 
production practices on GHG emissions;

 It is also recommended to include an allocation factor differentiated by stage of 
the chain: similarly to what is proposed in the model BioGrace, where different 
allocation factors are given for the different stages of the process;

 As discussed above, some Colombian stakeholders were of the view that it would be 
useful to try to evaluate the indirect emissions attributable to biofuels, in particular 
as a result of potential displacement of productive activities such as rice production 
or cattle raising by the expansion of oil palm in response to demand for biodiesel. 
Internationally, methodologies for this calculation have been implemented, but 
to do so for Colombia would require significant new work, starting with the 
participatory development of an agreeable methodology and implying the need for 
ongoing monitoring of land-use change, e.g. through satellite images;

 Finally, there is some debate in the literature about whether non-Kyoto climate 
forcers (e.g. CO and black carbon) that are released by pre-harvest burning and 
bagasse combustion should be included in GHG LCA for sugarcane ethanol, due 
to their global warming effect. However, in this study, as is normally the case, 
these emissions and their radiative forcing effects were not considered in the LCA. 
This is a subject for further investigation: since the radiative forcing effects of such 
compounds vary with timing and location, global warming potentials for these 
short-lived gases and particles would need to be established in Colombian (or 
similar) conditions (Sanhueza, 2009). 

Last, but not least, whilst the GBEP theme finally selected within the broad climate change 
topic was GHG emissions (under which indicator 1 was developed), in the Colombian 
context the issue of climate change adaptation is of great concern. It therefore seems 
necessary, particularly in order to assess the long-term sustainability of the national 
bioenergy sector, either to formulate an indicator of the sector’s contribution to, or 
consistency with, climate change adaptation or to draw conclusions regarding this issue 
from the results of relevant existing GBEP indicators (e.g. indicators 5, 8, 10, 11, 12). 
Clearly this can only be done in the context of information regarding the projected impacts 
of climate change on national agricultural and energy systems: such information does exist 
for Colombia and is being used and enhanced, for example, within the Estudio de Impacto 
Económico del Cambio Climático en Colombia and the elaboration of the Plan Nacional 
de Adaptación al Cambio Climático.
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3.2 INDICATOR 2: SOIL QUALITY

Description:
Percentage of land for which soil quality, in particular in terms of soil organic carbon, is 
maintained or improved out of total land on which bioenergy feedstock is cultivated or 
harvested. 

Measurement unit(s):
Percentage

3.2.1 Testing of indicator 2 in Colombia
The methodological approach of indicator 2 was adapted to the set of conditions found 
in Colombia. It was not possible to carry out direct soil surveys and consequent analyses 
of soil organic carbon (SOC) and other parameters related to soil quality. Therefore, 
secondary data were retrieved from the relevant institutions in the country and analyses 
were performed; however, some limitations due to specific data scarcity were encountered.
Information available from different governmental reports and national scientific 
institutions on soil quality in Colombia was found to be, in fact, insufficient to define the 
percentage of land for which soil quality is maintained or improved out of the total land 
devoted to bioenergy feedstock cultivation. 
In response to the gaps in data availability, FAO and the researchers from the Universidad 
Nacional de Colombia (UNAL) decided to map risks to soil quality in sugarcane and 
oil palm cultivation zones and search for evidence (either biophysical or relating to soil 
management practices applied) that could shed light on whether these risks are being 
successfully managed or are actually resulting in significant deterioration in soil quality. 
This mainly qualitative analysis was supplemented with an exemplificative calculation of 
SOC content, based on information found in the literature concerning soil quality from 
studies performed in bioenergy production areas. 
Finally, assuming that the necessary information on soil quality was available, an ideal 
methodological approach for the Colombian context is proposed.



52

]
E

N
E

R
G

Y
[

The indicator measurement was therefore approached as follows:
 Analysis of soil maps;
 Determination of the relationship between risk-zones and bioenergy zones; 
 Estimation of SOC change related to bioenergy zones; and
 Recommendations for maintaining or increasing SOC content.

 
For consistency with analyses performed for other indicators, the year 2000 was used as 
the baseline year.

3.2.2 Key findings
With regard to soil erosion, several studies were performed in the 1980s, 1990s and 2000s 
in order to define the extent and the severity of this phenomenon in Colombia. To date, 
neither the volume of soil lost annually due to agricultural activities nor the exact surface 
affected by erosion have been clearly defined. Estimates of soil erosion incidence on arable 
land in Colombia have been made by a number of relevant institutes in Colombia27. As 
shown in table 3.2.1, these estimates vary widely.

Source: edited from UNAL – IDEA, website.

27  The institutes that have studied and reported on soil quality in Colombia are the Instituto Nacional de los 
Recursos Naturales Renovables y del Ambiente (INDENEMA, until 1995), the Instituto de Hidrología, 
Metereología y Estudios Ambientales (IDEAM), and the Instituto Geográfico Agustín Codazzi (IGAC).

Ta b l e  3 . 2 . 1

Evaluation of soil erosion in Colombia according to different national research institutes, 
1977-2000

Evaluation of soil erosion
INDERENA IGAC IDEAM IGAC IDEAM

1977 1987 1998 1998 2000

No erosion 24.8% 48.5% 0% 14.7% 52%

Not appreciable N/A  N/A  N/A   44.9% 4.6%

Slight 36.4% 28% 45.5% 19.5% 9.5%

Moderate 12.8% 12.9% 11.1% 11.3% 8.9%

Severe 0.6% 7.8% 7.8% 3.3% 10.8%

Very severe 1.6% 0.7% N/A  0.5% 14.2%

Other 23.8% 2.1% 35.6% 5.8% N/A  

Total 100% 100% 100% 100% 100%
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In 2000, severe and very severe erosion affected about 25 percent of the arable land in 
Colombia (IDEAM, 2001). However, IGAC reported that in 1998 less than 4 percent 
of total arable land in the country presented signs of severe and very severe erosion. 
Data variability complicates the effective definition of the extent of erosion incidence 
in Colombia. It is likely that the methodologies used to assess erosion by the national 
entities were different, mainly concerning the scale of the satellite imagery and aerial 
photos available. According to UNAL (sede Bogotá), to the aforementioned causes must 
be added the lack of trained staff and the lack of adequate funds to perform field validation 
campaigns (UNAL, website), especially in the early days of remote sensing techniques use 
in Colombia. Ideally, Colombia should measure erosion on a yearly basis, incorporating 
field validation and selecting priority areas for intervention and implementation of the 
possible solutions; however, this has not been achieved yet. 
It is important to highlight that the data in Table 3.2.1 refer to the percentage of the 
incidence of erosion at the national level. Within the Colombian territory, certain regions 
are greatly more erosion-prone than others due to their geography and history. For 
example, in the case of the Caribe region a study form IDEAM (2001) has shown that 
erosion occurs on 94 percent of the territory, whereas in the vast Amazonia and Pacífico 
regions, smaller percentages (3 percent and 16 percent respectively) of land are affected by 
the phenomenon. 
In 2004, the Departamento Administrativo Nacional de Estadística (DANE-IGAC, 2004), 
IGAC and the Subdirección de Agrologia prepared a joint report on the incidence of 
erosion on Colombian soils with the aim of solving the conflicts emerging from the cross-
comparison of previous studies. This study of soil erosion in Colombia indicated that, as 
of 1998, 14.63 percent of the territory did not show signs of erosion, while no appreciable 
signs of erosion were found in 44.83 percent of the territory of Colombia. A portion equal 
to 19.51 percent of the territory appeared to be affected by mild erosion, while moderate 
erosion affected 11.33 percent of the land in Colombia. Finally, severe and very severe 
erosion phenomena were found in 3.30 percent and 0.54 percent of the land respectively. 
The broad conclusion that can be drawn by the aforementioned studies on erosion 
incidence in Colombia, is that, as of 1998, the majority of the territories North and West of 
the Codillera Oriental were undergoing moderate to severe erosion (roughly 35 percent of 
the total land). The study also concluded that erosion was causing excessive sedimentation 
in the Magdalena, Atrato, Sinu, San Jorge, Cauca and Chicamocha rivers as well as in the 
Bethany and Guavio Chivor reservoirs (DANE-IGAC, 2004).
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Source: IGAC – SIGOT, 2012
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Erosion map of Colombia. Green indicates areas where no erosion is detected; yellow and 
brown shades indicate areas of moderate to severe erosion.
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With regard to salinization, in Colombia soils susceptible to it cover approximately 86,592 
km2, of which 90.39 percent is located in dry regions (figure 3.2.1). The Northern region 
of the Caribe, where oil palm is cultivated, is the most prone to salinization phenomena, 
followed by inter-mountainous valleys. In particular in the department of Cauca, the Valle 

del Cauca (main sugarcane cultivation area) shows high susceptibility to salinization and 
high salinity levels in the soils (IGAC, 2013).

Source: Adapted from IGAC - SIGOT, 2012

Additional information regarding the characteristics and the issues affecting the soils used 
for the production of the two main bioenergy feedstocks in Colombia, i.e. oil palm (Elaeis 

guineensis) and sugarcane (Saccharum officinarum), are reported below.
In Colombia, sugarcane is cultivated primarily in the Valle del Cauca, within the Cauca 
department. The superimposition of the land cover map for this area to maps of soil 
erosion risk, salinization and desertification28 risks, reveals that in the areas of cultivation 

28  Desertification is defined by the United Nations Convention to Combat Desertification as “land degradation 
in arid, semi-arid and dry sub-humid regions resulting from various factors, including climatic variations 
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Salinization susceptibility map of Colombia
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of sugarcane in Colombia there is low erosion risk. However, due to high salinity and 
low precipitation, the Valle del Cauca has a high desertification tendency. A study from 
Madero et al. (2011) showed that in the sugarcane fields in the municipalities of Palmira, 
El Cerrito and Candelaria in the Valle del Cauca, soils do not present a high level of 
compaction. The vast majority of the sugarcane production fields in these municipalities 
present a bulk density of < 1.35 g/cm3, which is a relatively low value for soils having a 
high utilization coefficient, according to the authors. 
With regard to soil organic carbon, according to CUE (2012), in 2000 the amount of SOC 
present in the soils where sugarcane was cultivated was 1.19 percent of the soil mass29, 
while in 2010 this amount had decreased to 1.11 percent. On the other hand, a study from 
Universidad Nacional de Colombia sede Palmira (Madero et al, 2011), has found that the 
organic matter content of soils in the Valle del Cauca is between 4 percent and 6 percent. 
This would imply a SOC content of roughly 2 - 3 percent30. Furthermore, it was reported 
that, over a 20-year period, total organic matter content in the soils where sugarcane 
plantations are found in the Valle del Cauca had increased from 1.5 percent to 5 percent 
(equivalent to a SOC content increase from about 1 percent to roughly 3 percent). In light 
of these discrepancies, it is clear that the establishment of a baseline value for SOC content 
in the soils employed for the production of sugarcane in Colombia requires further studies. 
With regard to the other key bioenergy feedstock in Colombia, oil palm plantations are 
located in the Northern, Central, Western and Eastern departments of the country. Even 
within each of the four zones there is a high diversity of soils on land planted with oil palm. 
The differences in soil characteristics are due to the natural processes of soil formation, as 
well as to the management of the soil before and during oil palm cultivation (Fernando 
Munévar, 1998). Palm oil production in Colombia is found most frequently on oxisol, 
inceptisol and entisol soil types. The general characteristics of these soils are medium to 
low fertility, good drainage and acidic pH. Inceptisol soils also have high organic carbon 
content. 
In Colombian oil palm plantations, the most important factors that affect soil quality are 
associated with salinization (Fig. 3.2.2) and erosion (Fig. 3.2.1). In terms of SOC, oil palm 
plantations have been established mainly on pastures and on land previously used for 
annual crops, which are characterized by low levels of above- and below-ground biomass 
and thus by a relatively low SOC content. The establishment of oil palm plantation has 
therefore led to an increase in the content of SOC in the soil. According to CUE (2012), in 
2000 the amount of SOC present in the soils where oil palm was cultivated was 0.71 percent 
of the soil mass. In 2010, on the same soils, the cultivation of oil palm had contributed to 
the sequestration of organic carbon into the soil, and the amount of SOC was 0.81 percent 
of the soil mass. In relative terms, this means that the concentration of SOC increased by 
14.1 percent in the period 2000 – 2010 in the areas surveyed (CUE, 2012). 

and human activities”.
29  This analysis was performed on a sample of soil from the surface to a depth of 30 cm. A 2009 FAO expert 

consultation on the measurement of GHG emissions and mitigation potential in agriculture, forestry and 
fisheries suggested a depth of 50 cm was more appropriate.

30  The conversion factor for SOC from Organic Matter is 1.72 (http://soilquality.org/indicators/total_organic_
carbon.html).
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3.2.3 Main conclusions and recommendations

Results of indicator measurement
As mentioned, on soil organic carbon (SOC) and other parameters related to soil quality, 
secondary data were retrieved from the relevant institutions in the country and analyses 
were performed. Based on these, some general observations can be made regarding key 
issues and trends related to soil quality in Colombia, including in relation to the two main 
bioenergy feedstocks, i.e. sugarcane and oil palm.
With regard to soil erosion, as of 1998 the majority of the territories North and West of the 
Codillera Oriental were undergoing moderate to severe erosion (roughly 35 percent of the 
total land). Erosion was causing excessive sedimentation in the Magdalena, Atrato, Sinu, 
San Jorge, Cauca and Chicamocha rivers as well as in the Bethany and Guavio Chivor 
reservoirs (DANE-IGAC, 2004). According to Figure 3.2.1 prepared by IGAC – SIGOT, 

in the main sugarcane production area (i.e. the Valle del Cauca), the risk of erosion appears 
to be low.
With regard to salinization, the Northern region of the Caribe, where oil palm is cultivated, 
is the most prone to salinization phenomena, followed by inter-mountainous valleys. In 
particular in the department of Cauca, the Valle del Cauca (main sugarcane cultivation 
area) shows high susceptibility to salinization and high salinity levels in the soils. This, 
combined with low precipitation, determines a desertification tendency (IGAC, 2013).
Finally, concerning soil organic carbon, for sugarcane the results are mixed. Conversely, oil 
palm plantations, which have been established mainly on pastures and on land previously 
used for annual crops, appear to have contributed to an increase in the content of SOC in 
the soil.

Future monitoring of indicator 2 in Colombia
The difficulties encountered during the measurement of this indicator highlighted the 
need for harmonized time series of soil quality data for parameters of interest. Moreover, 
primary data collection activities, soil sampling in the field and in situ and laboratory 
analyses of the samples should be performed at appropriate intervals as proposed by the 
GBEP methodological approach. In the literature, information of this kind is scarce for 
Colombia and the assumptions required may affect the establishment of baseline values 
and the monitoring of soil quality. 
It is therefore suggested to perform a primary data collection campaign in the areas used 
for bioenergy feedstock production aiming to analyse SOC content and other parameters 
of interest for this indicator (e.g. conductivity, salinity, erosion and compaction, among 
others). Furthermore, it is recommended to involve land owners/managers and bioenergy 
producers for the collection of primary data in the field. This is particularly the case for 
SOC content in the soils used for bioenergy feedstock production, where the scarce 
literature that was found has presented inconsistent results. 
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The measurement of biophysical parameters should be complemented by a systematic 
surveying of soil management practices to determine whether risks to soil quality are being 
managed adequately and indeed gain a better understanding of how soil quality could be 
improved in areas of bioenergy feedstock production. This would require the compilation 
of good practices suited to specific soil and agroecological conditions and crops, building 
on what is already known within the sector. 
The overriding conclusion of the work on this indicator is that there is insufficient 
baseline data and monitoring of SOC and other key soil quality parameters, including 
soil management practices. Whilst increased (and methodical) soil quality monitoring 
in key cane and palm areas would be advantageous, organisation of information on 
implementation of good agricultural practices (GAPs) that should favour soil quality 
(including SOC) maintenance or increases would seem a cost-efficient alternative or 
complement. 
A fundamental part of the necessary data collection process is tighter inter-institutional 
collaboration and a clear demarcation of responsibilities in this area. Only in this way 
will the efforts of various public and private entities be efficient and conducive to the 
establishment of consistent definitions and methodologies and a robust time series 
for critical soil quality metrics and maps. It would appear that IGAC is best placed to 
play the lead in terms of systematizing and mapping soil quality and land use data. But 
Cenicaña, Cenipalma, Corpoica and universities such as the Universidad Nacional de 
Colombia will all have a role to play in ensuring that research, monitoring and analysis is 
conducted consistently and in accordance with the needs of cane and palm producers: it 
should be recalled that understanding the soil and the impacts of crop production on the 
soil is crucial to productivity, profits and long-term viability of the sector in addition to 
environmental quality.
As mentioned above, a first, cost-effective step would appear to be to ensure that GAPs that 
are specific to local conditions and that will lead to increased cane and palm productivity 
with decreased agrochemical inputs are identified and documented and that land managers 
are trained in these practices through the support of extension services, including those of 
the federations and producer associations31. This whole process, including the identification 
of determinants of adoption of identified GAPs, should be documented and shared with 
the multi-stakeholder task force. Such an initiative is likely also to inform and facilitate 
eventual compliance with certification schemes such as RSPO and Bonsucro. 
 
Relevance, practicality and scientific basis of indicator 2
With regard to the possibility of following the more qualitative approach suggested by 
the GBEP methodological approach – namely measuring the extent of application of good 
soil management practices – experts from the sector were consulted, but answers were not 

31  During the testing of indicator 2 in Colombia, an attempt was made to measure the extent of application of 
good soil management practices. Experts from the sector were consulted, but answers were not very precise. 
A more in-depth survey, including farmers amongst its respondents, did not appear feasible within this 
project but with the support of the federations it could be possible in the future.
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always very precise. Should these answers have been more accurate and complete, further 
guidance on how to practically use good agricultural practices as a proxy for measuring 
changes in soil quality would have been more useful. 
A separate issue that arose during the work in Colombia relates to the question of whether 
the GBEP indicator or its methodological approach might be adapted to take account of 
the impacts on soil quality of the application of vinasse, biocompost and perhaps residues 
from the bioenergy production process.
According to USDA (2009), the use in Colombia of Indian rather than Brazilian 
technology for ethanol plants enables these plants to comply with environmental 
regulations set by the Colombian government by producing low volumes of vinasse32, 
the by-product generated after the distillation of fermented molasses, and allows for the 
vinasse to be further processed. As is well known, vinasse, if disposed of without adequate 
processing, can have a damaging effect on water or soil quality. The report goes on to state 
that Colombian processed vinasse contains high amounts of potassium, phosphorus, and 
magnesium, which makes it suitable as a fertilizer33. Whether this fertilizer (or compost, 
another co-product of the ethanol chain) is sold or applied directly to the land owned 
by the ethanol facility, there may be a benefit to soil quality as a result of the ethanol 
production. However, the question of how to evaluate the marginal impact on soil quality 
of these biofuel co-products is challenging. Furthermore, whilst in theory some sort of 
a credit towards the value of Indicator 2 might seem appropriate, this indicator does not 
follow a lifecycle assessment approach (wherein a substitution method could be applied to 
allow for such co-product credits). It is therefore suggested that the impacts on soil quality 
of the application of such co- and by-products to land used for feedstock cultivation be 
reflected only to the extent in which their use is captured in the definition of GAPs for 
feedstock production and indirectly to the extent that their use affects productivity, GHG 
emissions, energy balance and other indicators. Where they are used for agricultural 
production outside of the bioenergy system that produced them, their benefits should be 
captured through their contribution to the value added of the sector.  
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3.3 INDICATOR 3: HARVEST LEVELS OF WOOD 
RESOURCES

Description: Annual harvest of wood resources by volume and as a percentage of net 
growth or sustained yield, and the percentage of the annual harvest used for bioenergy 

Measurement unit(s): 
 m3/ha/year, tonnes/ha/year, m3/year or tonnes/year 
 percentage

3.3.1 Testing of indicator 3 in Colombia
For the testing of indicator 3 in Colombia, data on forest cover and forest productivity 
over the decade 2000–2010 were compiled and analysed, together with data on annual 
harvest of wood resources and on the share of it used for bioenergy. 
However, part of the indicator could not be measured, as data on net annual growth and 
sustained yield was not available when the testing was carried out. As of 2014 a National 
Forest Inventory (Inventario Forestal Nacional) was under development in Colombia 
(SIAC). Once completed, the Inventory should provide information related to the net annual 
growth / sustained yield, enabling the completion of the measurement of indicator 334.

3.3.2 Key findings
According to the forestry information system, forests cover 60.8 percent of the continental 
surface of Colombia (MADS, 2011). Forests are found in 31 of the 32 departments that 
comprise Colombia. Natural forests are concentrated mainly in the Amazonía region, 
which includes six departments (Amazonas, Caquetá, Guainía, Guaviare, Putumayo and 

Vaupés) and accounts for around 35 percent of the country’s territory, while the largest 
extension of secondary forests is found in the Antioquia department (see figure 3.3.1). Data 
on forest area by forest cover type is presented in table 3.3.1.

Type
Tropical 

rainforest

Tropical 

scrub-lands

Tropical dry 

forest

Tropical 

moist 

deciduous 

forest

Tropical 

mountain 

systems

Total 

NF 42,688,900 86,100 5,135,500 47,910,500

FNF 7,214,000 800 573,100 1,966,100 9,754,000

SL 249,100 117,400 357,100 552,700 1,276,300

PF 2,700 1,800 145,700 150,200

Total 59,091,000

Source: CUE, 2012. Where: Natural forests (NF); Fragmented natural forests (FNF); Scrublands (SL); Planted forest (PF)

34  Whilst in Colombia, within the scope of this project, it proved impossible to find information on this, coun-
tries that are part of the Montréal Process and are measuring its indicators, from which this GBEP indicator 
was adapted, should encounter no problems in this regard.

Ta b l e  3 . 3 . 1

Total area (ha) by forest cover type
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Source: IGAC (2010)

Despite various yearly oscillations, a diminishing trend can be observed in the total area 
covered by forest between 2000 and 2010. During the decade 2000-2010, the forests of 
Colombia have lost approximately 1 percent of their total surface (MADR, 2011).
The annual harvest of wood resources by volume in Colombia is shown in figure 3.3.2. The 
aggregated amount of wood harvested in Colombia decreased from over 14.1 million m3 in 
2000 to around 12.3 million m3 in 2010 (FAOSTAT, 2012). 

F i g u r e  3 . 3 . 1

Forest cover in Colombia. In dark green are natural forests; secondary forests are 
represented in light green.
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Source: FAOSTAT, 2012

The share of the different uses of the harvested wood is shown in figure 3.3.3. Woodfuel 
represented the main use of wood in Colombia between 2000 and 2010, with a share of 
over 70 percent of total wood products. A slight decrease in this share can be observed in 
recent years (FAO, 2012).

 Source: FAOSTAT, 2012

The figures described above, which show a decreasing share of wood products used for 
woodfuel, combined with a decrease in the volume of harvested wood, are compatible with 

F i g u r e  3 . 3 . 2

Annual harvest of wood resources by volume in Colombia, 2000-2010

F i g u r e  3 . 3 . 3

Share of different uses of wood produced in Colombia, 2000-2010
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the trend in woodfuel consumption in Colombia that has been reported in other studies. 
According to ILAC (2013), woodfuel consumption in the country decreased by over 20 
percent from 1999 (ca. 27 TCal) to 2009 (ca. 21.4 TCal). The substitution of woodfuel with 
natural gas promoted by the programme Gas para el Campo appears to have contributed 
to this decrease, while modern bioenergy technologies do not seem to have played a key 
role in displacing traditional uses of biomass in Colombia, at least during the period of 
time that was considered.
Historically, wood used for fuel in Colombia has mostly been employed in the form 
of firewood (Espinal et al., 2005; Ministerio de Agricultura y Desarrollo Rural, 2007); 
nevertheless, more recently a growing fraction is being destined to charcoal production. 
According to UPME (2010), in 2009 around 481,000 tonnes of charcoal were produced in 
Colombia. 
Summarized below are the provisional results for Indicator 3 as regards current use of 
wood for energy, which also contribute usefully to a baseline for any future modern 
bioenergy developments using wood as the fuel:

 Average annual harvest of wood resources by volume (2000 – 2010): 12.4 million 
m3/year

 Average annual harvest of wood resources as percent of net growth or sustained 
yield: not available

 Percentage of annual harvest of wood resources used for bioenergy (2000 – 2010): 
71 – 77 percent

3.3.3 Main conclusions and recommendations

Results of indicator measurement
Forests cover 60.8 percent of the continental surface of Colombia, with a 1 percent 
decrease in the total forest area reported between 2000 and 2010 (MADS, 2011; MADR, 
2011). During the same period, the amount of wood harvested in Colombia decreased from 
over 14.1 million m3 to around 12.3 million m3 (FAOSTAT, 2012).
Over 70 percent of the harvested wood is used as woodfuel, even though this share has 
slightly decreased in recent years. In parallel, a decrease in fuelwood consumption has been 
reported (FAOSTAT, 2012). 
Historically, wood used for fuel in Colombia has mostly been employed in the form 
of fuelwood (Espinal et al., 2005; Ministerio de Agricultura y Desarrollo Rural, 2007); 
nevertheless, more recently a growing fraction is being destined to charcoal production 
(UPME, 2010).
Data on the net annual growth or sustained yield was not available when the indicator 
was tested. However, both the average annual harvest of wood resources by volume (12.4 
million m3/year in 2000-2010) and the percentage of annual harvest of wood resources used 
for bioenergy (71 – 77 percent in 2000-2010) could be obtained. 
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Future monitoring of indicator 3 in Colombia
The Colombian stakeholders considered that this indicator was not currently relevant, 
since they wished to focus on modern bioenergy and in particular liquid biofuels for 
transport. Attempts to evaluate the indicator to the extent possible did, however, show 
that it sheds useful light both on the use of woodfuel in the country and on the state of 
knowledge about this energy use and its sustainability impacts. Perhaps most importantly, 
the data seems to reveal a very significant proportion of harvested wood is still used 
for energy purposes, despite a slight decrease in woodfuel consumption in recent years. 
Therefore, monitoring of this indicator would be important in Colombia. 
In order to improve the effectiveness of future measurement of indicator 3 in Colombia, 
analysis of the forest cover should be more detailed and should include specific information 
related to natural woodland, planted woodland, agro-forestry systems, as well as the 
relationship between production systems and bioenergy production. Generally, wood 
resources for energy purposes tend to come mainly from certain sub-categories (e.g. agro-
forestry systems). Therefore, disaggregated studies would offer a better understanding of 
the paths of wood resources for bioenergy. 
The forthcoming National Forest Inventory might include some of this information, as 
well as data related to the net annual growth or sustained yield, enabling the completion of 
the measurement of this indicator.

Relevance, practicality and scientific basis of indicator 3
Based on the experience with the testing of indicator 3 in Colombia, a few recommendations 
can be made regarding possible future improvements to the indicator methodology:

1. In the lack of information about net growth or sustained yield, a possible alternative
would be to undertake surveys and a literature review regarding the state of a
country’s managed forests to determine if over-harvesting is considered to have
occurred and, if so, where. This information could then be overlaid with the
information on sources of wood for modern energy purposes.

2. In order to understand the way in which woodfuel use affects the sustainability of
wood harvesting, it would be useful to gather information on the end use and, in
particular, the use efficiency (which has a critical impact on the amount of wood
needed to be harvested and therefore on the sustainability of wood harvesting for
energy purposes). Such information could be gathered through surveys of those
involved in this sector and supplemented with expert estimates.

3. Data should indicate the impact of bioenergy production on the traditional uses
of biomass and the indicator could be improved by developing and including a
methodology to derive this information.

More in general, further guidance on the scope and methodology of this indicator appears 
necessary. For instance, the indicator caused some confusion among the Colombian task 
force regarding whether it only applied to managed forests and whether it only applied to 
modern bioenergy. Further clarification on this issue may be necessary.
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3.4 INDICATOR 4: EMISSIONS OF NON-GHG AIR 
POLLUTANTS, INCLUDING AIR TOXICS

Description: 
Emissions of non-GHG air pollutants, including air toxics, from 
(4.1) bioenergy feedstock production,
(4.2) processing, 
(4.3) transport of feedstocks, intermediate products and end products, and 
(4.4) use; and in comparison with other energy sources 

Measurement unit(s):
Emissions of PM2.5, PM10, NOX, SO2 and other pollutants can be measured and reported in 
the following ways as is most relevant to the feedstock, mode of processing, transportation 
and use. 

 4.1 mg/ha, mg/MJ, and as a percentage 
 4.2 mg/m3 or ppm 
 4.3 mg/MJ
 4.4 mg/MJ

3.4.1 Testing of indicator 4 in Colombia
For the testing of indicator 4 in Colombia, the national regulation concerning non-GHG 
air pollutants was reviewed and an analysis of information on emissions from bioenergy 
sources found in the literature was conducted. 
Sufficient data and information could not be found on non-GHG emissions from biodiesel 
production and therefore the measurement of the indicator could be completed only for 
ethanol.
In any analysis based on secondary data, the completeness of the available information 
directly affects the representativeness of the estimates. In this case, it should be noted that 
data concerning emission of non-GHG air pollutants from ethanol feedstock transport and 
other logistics operations (indicator 4.3) were not found. Consequently this component of 
the indicator (4.3) could not be calculated. 
For the purpose of this project, CO, NOx, SO2, and PM were measured for the ethanol 
supply chain35. Emissions of other non-GHG pollutants were not addressed due to lack 
of sufficient data.  
Starting from information found in literature, calculations were performed to derive 
emission values for all stages of ethanol production and use excluding transport (on 
which data could not be found), namely agricultural production, processing and use. The 
non-GHG emissions from the first two of these phases were then summed and presented 
alongside the emissions from gasoline processing, by way of a well-to-tank comparison of 
E100 and gasoline. 

35  In Colombia, emissions of NOx, SO2, and PM are regulated and monitored. Although emissions of CO are 
not regulated, they are nonetheless monitored.
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Finally, a comparison was made between the non-GHG emissions associated with the use 
(tank-to-wheel) of E10, which reflects the current ethanol blending mandate in Colombia, 
and those associated with the use of gasoline. 
Emissions were measured and reported in g/MJ rather than mg/MJ as suggested by the 
GBEP methodological approach for this indicator. In the case of indicator component 4.2, 
which addresses feedstock processing, emissions were reported in g/MJ for practicality 
reasons. 

3.4.2 Key findings
The estimated non-GHG pollutant emissions of a typical ethanol supply chain in 
Colombia are shown in Figures 3.4.1 to 3.4.4. This analysis was based on secondary data. It 
should be noted that data concerning emissions of non-GHG air pollutants from feedstock 
transport and other logistics operations were not found. 
For the feedstock production stage, the most relevant practices having practically 
measurable emissions of non-GHG air pollutants were considered. Pre-harvest cane 
burning is a common practice in Colombia and this study found that this operation is also 
the main source of emissions of non-GHG pollutants such as carbon monoxide (1,706 
mg/MJ) during the feedstock production phase of the supply chain, as well as, to a lesser 
extent, particulate matter (118 mg/MJ) and NOx (71 mg/MJ) (figure 3.4.1) (CUE, 2012; 
Leal, 2005; Madriñan, 2002).
Information concerning emissions for the other components of the feedstock production 
stage (i.e. agricultural practices prior to harvest) have not been included since these have 
been considered minimal compared to the emissions from cane burning in the field and 
their measurement would have been excessively difficult within the scope of this project.

Sources: CUE, 2012; Leal, 2005; Madriñan, 2002

F i g u r e  3 . 4 . 1

Non-GHG emissions from cane burning in Colombia
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On the other hand, as shown in figure 3.4.2, the processing stage of a typical ethanol 
supply chain in Colombia is responsible for emission of NOx and particulate matter from 
cogeneration36, at a rate of 21 mg/MJ and 10 mg/MJ respectively (CUE, 2012; Leal, 2005; 
Madriñan, 2002). Given the data available, these emissions were not expressed in units of 
ambient concentrations (mg/m3 or ppm) per unit energy.

Sources: CUE, 2012; Leal, 2005; Madriñan, 2002

The emissions of each of the four non-GHG air pollutants studied in this analysis from 
the first two phases of the ethanol production chain, i.e. feedstock production (here limited 
to pre-harvest cane burning) and processing into ethanol, are summed and presented 
alongside the emissions from gasoline processing in Figure 3.4.3, by way of a well-to-tank 
comparison of E100 and gasoline. 
It can be observed that emissions of CO are 3.5 times higher for ethanol than for gasoline; 
emissions of NOx from ethanol are over twice those from gasoline; emissions of particulate 
matter from ethanol are over three times as high as those from gasoline; whereas emissions 
of SO2 from gasoline are about 40 times higher than those from ethanol (CUE, 2012).

36  In Colombia, sugarcane mills use bagasse, which is a by-product of sugarcane processing, for cogeneration. In 
2012, mills had an installed capacity of 182 MW, of which 129 MW were needed in order to meet the electric-
ity demand of the mills (Asocaña, 2013).

F i g u r e  3 . 4 . 2

Non-GHG emissions from processing of sugarcane into ethanol in a typical supply chain 
in Colombia
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Source: CUE, 2012

Finally, a comparison was made between the non-GHG emissions associated with the use 
(tank-to-wheel) of E10, which reflects the current ethanol blending mandate in Colombia, 
and those associated with the use of gasoline. 
As shown in figure 3.4.4, emissions of non-GHG pollutants from E10 blends are generally 
lower than emissions from the use of straight gasoline (tank-to-wheel). In particular, 
compared to gasoline, E10 emits 17 percent less CO, 15 percent less NOx, 16 percent 
less PMx, and 34 percent less SOx. These results are consistent with information found in 
literature (Rojas, 2007).

F i g u r e  3 . 4 . 3

Comparison of non-GHG emissions from ethanol and gasoline, well-to-tank (excluding 
fuel use)

Ethanol Gasoline
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Source: CUE, 2012

3.4.3 Main conclusions and recommendations

Results of indicator measurement
As already noted, the measurement of this indicator could be completed only for ethanol, 
due to lack of availability of sufficient data related to biodiesel.
Regarding the feedstock production stage, pre-harvest cane burning was found to be the 
main source of emissions of non-GHG pollutants and especially of carbon monoxide. 
Non-GHG emissions from feedstock production were then added to those associated with 
processing into ethanol and a well-to-thank comparison was made with gasoline. In the 
case of SO2, emissions from gasoline were about 40 times than those from ethanol, while, 
for each of the other three non-GHG pollutant considered, emissions from ethanol were 
considerably higher than from gasoline.
Finally, the non-GHG emissions associated with the use (tank-to-wheel) of E10 were 
found to be lower than those associated with the use of gasoline. (CUE, 2012)

Future monitoring of indicator 4 in Colombia
The indicator seems to be of high relevance to Colombia, given that i) pre-harvest burning 
in sugarcane fields is one of the recognized environmental and health challenges facing 
the cane sector; and ii) ethanol can significantly reduce non-GHG air pollutant tailpipe 

F i g u r e  3 . 4 . 4

Comparison of non-GHG emissions from E10 and gasoline in Colombia for fuel use (i.e. 
tank-to-wheel)
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emissions compared with gasoline and hence represent a means of improving urban air 
quality.
The practicality of measuring the indicator for those components that are understood 
to be most relevant is quite high, but could be enhanced further in future measurements 
by focusing on improving the activity data (i.e. information about actual practices across 
Colombian biofuel production sites) about cane burning and cogeneration systems.  
As pre-harvest cane burning and the cogeneration system were found to be the major non-
GHG emission sources in the ethanol supply chain in Colombia, any recommendations for 
non-GHG air pollutant emissions reduction should be addressed toward these practices. 
As mentioned under Indicator 1, the need for pre-harvest cane burning could be avoided 
by mechanization of the harvesting procedure, which in turn is understood to necessitate 
a (feasible) change in sugarcane varieties. Such a change could result in significant 
reduction in emissions of both GHG and non-GHG air pollutant emissions, but would be 
accompanied by increased energy (diesel) consumption in the machinery used to harvest 
the cane. 
The non-GHG air pollutant emissions from the combustion of bagasse in the cogeneration 
system could be reduced by improving the efficiency of these systems and ensuring that 
the boilers have particle emission controls. Further investigation is required to identify 
the scope for such improvements with respect to the current equipment being used in 
Colombia.

Relevance, practicality and scientific basis of indicator 4
Indicator 4 was found to be very relevant for Colombia, given the environmental and 
health challenges posed by pre-harvest cane burning, and the potential reduction in the 
emission of non-GHG pollutants in urban areas associated with the use of E10.
During the course of this project, FAO discovered two issues for revision in the GBEP 
report on the indicators (FAO, 2011). First, the measurement units suggested for the 
processing phase (indicator component 4.2) are mg/m3 or ppm, whereas the options should 
read mg/MJ (if emissions per unit energy are measured) or mg/m3.  MJ or ppm/MJ (if 
changes in ambient concentrations per unit energy are measured).  
Second, in the methodological approach it is suggested that, where feasible, a full lifecycle 
analysis should be conducted. This approach does not appear to be meaningful, in light of 
the fact that the impacts of non-GHG air pollutants are mainly local. 
Comparing tailpipe emissions is straightforward, given that these emissions, whether from 
biofuel blends or fossil fuels, occur in the same place. However, it is less straightforward 
to compare non-GHG air pollutant emissions produced in a field with emissions produced 
in an oil refinery. 
The most reasonable methodological approach seems to be to ask which ultimate outcome 
we are most interested in and determine how the different fuels impact upon this outcome. 
The outcome of interest would seem to be human health, and hence a more scientifically 
robust methodology might seek to attribute changes in human health in the cane regions to 
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emissions from cane burning and cogeneration and compare these with changes in human 
health in workers on oil refineries or any other affected population on a per unit energy 
basis. Such an attempt would, though, be fraught with other methodological challenges 
relating to the question of attribution. Nonetheless, in the long-term, monitoring of both 
respiratory diseases and ambient pollutant concentrations in both cane-producing regions 
and urban centres and using statistical methods to determine links to energy production 
would be useful. 
However, it would appear more practical, and perhaps precautionary, to seek to identify, 
assess against multiple criteria (e.g. selected GBEP indicators) and implement best available 
options for eliminating (or reducing) cane burning and for reducing emissions from 
cogeneration. Only in the case of difficulty in justifying the cost of the implementation 
of such measures might it be necessary to quantify the health impacts of such emissions.
Finally, it is also recommended to include CO (e.g. from cane burning) in the list of non-
GHG air pollutants explicitly mentioned in the section of the GBEP report (FAO, 2011) 
on this indicator that suggests measurement units for the indicator, and indeed consistently 
throughout where priority pollutants are indicated.
Furthermore, during the compilation of this indicator, some issues relating to the 
adaptation of the GBEP methodological approach to the Colombian context and to data 
availability arose. The following recommendations are suggested in order to improve the 
practicality of indicator 4:

 Identify the stages having the highest relevance in terms of emissions of non-GHG 
air pollutants and focus measurements and analyses on these. In the case of ethanol, 
cane burning (4.1 feedstock production) and cogeneration (4.2 feedstock processing) 
were the main contributors to non-GHG air pollutant emissions. Other sources of 
non-GHG air pollutants from ethanol production may have lower relevance and the 
measurement of these contributors may be impractical. 

 As a consequence, it could be advisable to consider using emissions from cane 
burning and from cogeneration as proxies for indicator components 4.1 and 4.2, 
respectively. 

 In order to reduce the impracticality of measuring very low emissions of non-GHG 
air pollutants, mass balance analyses may be used to estimate these parameters. 

 In order to include all sources of emission of non-GHG air pollutants, it is 
recommended to collect data for at least two complete well-to-wheel cycles.  
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3.5 INDICATOR 5: WATER USE AND EFFICIENCY

Description: 
(5.1) Water withdrawn from nationally determined watershed(s) for the production and 
processing of bioenergy feedstocks, expressed 
(5.1a) as the percentage of total actual renewable water resources (TARWR) and 
(5.1b) as the percentage of total annual water withdrawals (TAWW), disaggregated into 
renewable and non-renewable water sources; 
(5.2) Volume of water withdrawn from nationally determined watershed(s) used for 
the production and processing of bioenergy feedstocks per unit of bioenergy output, 
disaggregated into renewable and non-renewable water sources 

Measurement unit(s): 
(5.1a) percentage 
(5.1b) percentage 
(5.2) m3/MJ or m3/kWh; m3/ha or m3/tonne for feedstock production phase if considered 
separately

3.5.1 Testing of indicator 5 in Colombia
The testing of indicator 5 in Colombia began with the study of the current situation 
related to water supply, demand and uses, and with the characterization of water basins 
in the country. Subsequently, two major watersheds where a significant level of bioenergy 
feedstock production is currently taking place, namely Cauca and Meta, were selected for 
the measurement of the indicator. 
Water resources were estimated using FAO AQUASTAT whilst for overall information 
concerning water availability and water demand, national reports were consulted. For 
the two selected watersheds, data was available on the total actual renewable resources 
(TARWR), but no figures could be found for the total annual water withdrawals (TAWW).

3.5.2 Key findings
Colombia’s TARWR is 2,360 Km3/y (FAO AQUASTAT). Total annual water withdrawals 
vary between 0.3 and 1 percent of the TARWR. Figure 5.1 shows the share of water use 
by sector in Colombia, with agriculture accounting for 61 percent of total annual water 
withdrawals, followed by the municipal sector with 26 percent. In addition to water for 
feedstock production, the bioenergy sector also requires water for the processing of the 
biomass: this amount is part of industrial water use, which accounts for 9 percent of total 
annual water withdrawals (IDEAM, 2008). 
Water withdrawals vary considerably between dry and average years in Colombia. 
According to Garcia et al. (2001), in average years, water availability is medium to high 
(>0.6 Mm3/km2·s) in the majority of the departments of Colombia; in contrast, in dry years 
water shortages are recorded and many departments experience low water availability 
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(<0.6 Mm3/km2·s). This is the case for the Cauca department, where there is significant 
sugarcane production. In Risaralda, another department where sugarcane is cultivated, the 
majority of the territory shows low water availability even in average years (57 percent of 
the territory); in dry years, 86 percent of the territory experiences water shortages (Garcia 
et al., 2001).

Source: IDEAM, 2008

Ethanol
Over 90 percent of sugarcane production in Colombia is concentrated in the Valle 

Geografíco del río Cauca, which includes the departments of Cauca, Valle del Cauca and 
Risaralda. For this reason, the Cauca watershed was selected for the measurement of 
indicator 5.
In order to describe the dynamics of water withdrawals for sugarcane-based ethanol 
production in Colombia, sources found in the literature and official governmental reports 
were analyzed. Water withdrawal trends for sugarcane cultivation (agricultural water) 
and ethanol processing (industrial water) were studied and tentative values of water 
withdrawals as share of TARWR (5.1a) and per unit of energy output (5.2) were derived. 
As already mentioned above, data on TAWW could not be found for the Cauca watershed.
According to CUE (2012), most sugarcane cultivations in the Valle geográfico del río 

Cauca use irrigation to compensate for the water lost through evapotranspiration in dry 
periods of the year. Irrigation takes place about five times a year and total annual irrigation 
water can vary between 5,000–9,000 m3/ha. Cenicaña states that with appropriate irrigation 
technology, this quantity could be reduced to 3,600 m3/ha. 
In the sugarcane plantations studied in the CUE report (2012), depending on the location 

F i g u r e  5 . 1

Water withdrawal by sector in Colombia, 2008
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and the irrigation method, total irrigation water varied between 1,800 and 9,000 m3/ha/
year, leading to irrigation water efficiencies of between 20 and 75 m3 of water per tonne 
of sugarcane. In fact the plantation using the least water only used canal irrigation, but 
also obtained the lowest yields of the sample: the water use per tonne of cane was still, 
however, the lowest. From a water efficiency perspective, the next best plantations used 
twice the water per tonne of cane as the most water-efficient, but the yields obtained were 
around 50 percent higher than those of the latter. The least water-efficient plantation used 
four times the water per tonne of cane as the best, yet its yields around 25 percent higher. 
This hints at an interesting relationship between water efficiency and yields among the 
CUE sample, though of course, while rainfall is assumed constant across these sites, the 
performance still depends on other site-specific conditions in addition to other aspects of 
management practice.
The results of indicator components 5.1a and 5.2 for the Cauca watershed are reported in 
table 5.1 below. With regard to 5.1a, results are presented for both dry years and average 
years. As already mentioned, due to lack of data indicator component 5.1 could not be 
expressed in terms of share of TAWW (indicator component 5.1b). Finally, under indicator 
component 5.2, the disaggregation into renewable and nonrenewable water sources could 
be done only for the ethanol processing stage.
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Parameter Value

TARWR in the watershed - average year (IDEAM, 2012) 49.86 Gm3/yr

TARWR in the watershed - dry year (IDEAM, 2012) 20.94 Gm3/yr

Sugarcane cultivation, water requirement per hectare (E-mail correspondence 

with Asocaña)

15,600 m3/ha/yr

Planted area of sugarcane in the watershed, 2012 (Asocaña) 223,905 ha

Total water requirement for sugarcane cultivation in the watershed 3.49 Gm3/yr

Water requirement for sugarcane cultivation for ethanol production in the 

watershed37

0.75 Gm3/yr

Percentage of TARWR withdrawn for sugarcane cultivation in the watershed - 

average year

7.01%

Percentage of TARWR withdrawn for sugarcane cultivation for ethanol 

production in the watershed - average year 

1.51%

Percentage of TARWR withdrawn for sugarcane cultivation in the watershed - 

dry year

16.68%

Percentage of TARWR withdrawn for sugarcane cultivation for ethanol 

production in the watershed - dry year

3.60%

Total water withdrawn for feedstock processing into ethanol in the watershed 

(CUE, 2012)

0.015 Gm3/yr

Water withdrawn for feedstock processing into ethanol in the watershed from 

renewable sources 

0.003 Gm3/yr

Share of total water withdrawn for feedstock processing into ethanol in the 

watershed from renewable sources 

22.07 %

Water withdrawn for feedstock processing into ethanol in the watershed from 

non-renewable sources

0.012 Gm3/yr

Share of total water withdrawn for the feedstock processing into ethanol in the 

watershed from non-renewable sources 

77.93 %

Total water withdrawn for feedstock production and processing into ethanol in 

the watershed

0.769 Gm3/yr

5.1a: Total water withdrawn for ethanol feedstock production and processing in 

the watershed as a percentage of TARWR in the watershed - average year 

 1.54%

5.1a: Total water withdrawn for ethanol feedstock production and processing in 

the watershed as a percentage of TARWR in the watershed - dry year

 3.67%

5.2: Volume of water withdrawn for ethanol feedstock production and 

processing in the watershed per unit of energy output38

0.055 m3/MJ

Sources: IDEAM, 2012; Asocaña; CUE, 2012

37 This is based on the share of sugarcane used as ethanol feedstock in Colombia, i.e. 21.6 percent on an energy 
basis (CUE, 2012).

38 Based on data and calculations related to water withdrawals included in the table, combined with sugarcane 
production data in the Cauca watershed from Asocaña (2013), Fedebiocombustibles (2014) and e-mail cor-
respondence with experts from Asocaña.

Ta b l e  5 . 1

Water use associated with ethanol production, Cauca watershed



79

RESULTS OF PILOT-TESTING OF GBEP SUSTAINABILITY INDICATORS FOR BIOENERGY IN COLOMBIA CHAPTER 3

Parameter Value

TARWR in the watershed - average year (IDEAM, 2012) 148.24 Gm3/yr

TARWR in the watershed – dry year (IDEAM, 2012) 81.91 Gm3/yr

Oil palm cultivation, water requirement per hectare (Fedepalma,1991) 19,440 m3/ha/yr

Planted area of oil palm in the watershed, 2012 (Agronet, 2014; Fedepalma 

2012)

199,569 ha

Total water requirement for oil palm cultivation in the watershed 3.88 Gm3/yr

Water requirement for oil palm cultivation for biodiesel production in the 

watershed39

1.75 Gm3/yr

Percentage of TARWR withdrawn for oil palm cultivation in the watershed - 

average year

2.62 %

Percentage of TARWR withdrawn for oil palm cultivation for biodiesel 

production in the watershed - average year

1.18%

Percentage of TARWR withdrawn for oil palm cultivation in the watershed - dry 

year

4.74 %

Percentage of TARWR withdrawn for oil palm cultivation for biodiesel 

production in the watershed - dry year

2.14%

Total water withdrawn for feedstock processing into biodiesel in the watershed 

(CUE, 2012)

0.099 Gm3/yr

Water withdrawn for feedstock processing into biodiesel in the watershed from 

renewable sources 

0.085 Gm3/yr

Share of total water withdrawn for the feedstock processing into biodiesel in 

the watershed from renewable sources 

86.36 %

Water withdrawn for feedstock processing into biodiesel in the watershed from 

non-renewable sources

0.013 Gm3/yr

Share of total water withdrawn for feedstock processing into biodiesel in the 

watershed from non-renewable sources 

13.64 %

Total water withdrawn for biodiesel feedstock production and processing in the 

watershed

1.85 Gm3/yr

5.1a: Total water withdrawn for biodiesel feedstock production and processing 

as a percentage of TARWR in the watershed - average year 

 1.25%

5.1a: Total water withdrawn for biodiesel feedstock production and processing 

as a percentage of TARWR in the watershed - dry year 

 2.26%

5.2: Volume of water withdrawn for biodiesel feedstock production and 

processing in the watershed per unit of energy output40

0.065 m3/MJ

Sources: IDEAM, 2012; Agronet, 2014; Fedepalma, 2012; Concorsio CUE 2012

39 This is based on the share of crude palm oil that is used for biodiesel production in Colombia, i.e. 45.12 per-
cent (Ministry of Agriculture – UMATAS, 2012).

40 Based on data and calculations related to water withdrawals included in the table, combined with oil palm 
production data in the Meta watershed from IDEAM (2012) Fedepalma (2014).

Ta b l e  5 . 2

Water use associated with palm oil-based biodiesel production, Meta watershed
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Biodiesel
As in the case of ethanol, both scientific literature and official government reports were 
consulted in order to describe the dynamics of water withdrawals for palm oil-based 
biodiesel production in Colombia. 
Information concerning water withdrawal for oil palm cultivation (agricultural water) and 
biodiesel processing (industrial water) were thus retrieved and tentative values for water 
withdrawals as share of TARWR (5.1a) and per unit of energy output (5.2) were estimated. 
The Meta watershed covers one of the main oil palm and biodiesel production areas of 
Colombia. The results of indicator components 5.1a and 5.2 for this watershed are reported 
in table 5.2 above. With regard to 5.1a, results are presented for both dry years and average 
years. As in the case of sugarcane-based ethanol in the Cauca watershed, due to lack of data 
indicator component 5.1 could not be expressed in terms of share of TAWW (indicator 
component 5.1b) for the Meta watershed either. Finally, under indicator component 5.2, the 
disaggregation into renewable and nonrenewable water sources could be done only for the 
biodiesel processing stage.

3.5.3 Main conclusions and recommendations

Results of indicator measurement
Two key watersheds with significant levels of bioenergy feedstock production and 
processing were selected for the measurement of indicator 5, namely the Cauca watershed 
(for sugarcane-based ethanol production) and the Meta watershed (for palm oil-based 
biodiesel production).
As expected, the results confirmed that the bulk of the water withdrawals associated with 
bioenergy production are linked to the feedstock cultivation phase. More precisely, with 
regard to sugarcane-based ethanol production in the Cauca watershed, water withdrawals 
were 50 times higher for the cultivation phase than for the processing phase. Concerning 
the production of palm-oil based in the Meta watershed, the cultivation phase accounted 
for 18 times more water withdrawals than the processing phase.
Due to the lack of data on the TAWW, it was not possible to determine the level of water 
stress and the contribution to it of bioenergy feedstock production and processing in 
the two watersheds considered. However, data on the TARWR in these two watersheds 
was available for both average years and dry years. Total water withdrawn for bioenergy 
feedstock production and processing as a percentage of TARWR was found to be 
significantly higher in dry years compared to average years. In the Cauca watershed, 
in particular, total water withdrawn for the production and processing of ethanol from 
sugarcane was 3.67 percent in the dry year, compared to 1.54 percent in the average year. 
In the dry year, water withdrawn for the cultivation of all the sugarcane produced in 
the Cauca watershed alone was almost 17 percent, bringing this watershed very close to 
the 20 percent threshold generally used to define medium-high water stress, even before 
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accounting for any other activity and the related water withdrawals.
The share of renewable vs. non-renewable water sources was available only for the 
processing phase, which accounts for a very small fraction of total water withdrawals for 
bioenergy production, as explained above. In the Cauca watershed, most of the water 
withdrawn for ethanol processing came from non-renewable sources (78 percent), while in 
the Meta watershed over 86 percent of the water withdrawn for biodiesel processing came 
from renewable sources. 

Future monitoring of indicator 5 in Colombia
As the bioenergy sector continues to expand in Colombia, monitoring of indicator 5 in 
key watersheds with significant levels of bioenergy feedstock cultivation and processing 
will be of crucial importance.
The testing of indicator 5 yielded some interesting results for Cauca and Meta, providing 
a good basis for future monitoring of this indicator in these two important watersheds and 
highlighting a few issues that deserve further attention. 
For instance, the analysis showed that cultivation of sugarcane (including for ethanol 
production) in the Cauca watershed might contribute to a situation of medium-high water 
stress in dry years. However, in order to determine whether this is actually the case and 
conduct an accurate analysis, it is fundamental to get hold of data related to the TAWW for 
the Cauca watershed, as well as for every other key watershed in the country.
Another important variable that should be monitored is the share of renewable vs. non-
renewable water sources used to produce bioenergy. For the Cauca and Meta watersheds, 
this information could be found only for the processing phase, which accounts for a very 
minor share of total water withdrawals for bioenergy production. Therefore, in order to 
portrait a meaningful picture it would be important to get hold of data related to the type 
of water sources used for feedstock cultivation as well.

Relevance, practicality and scientific basis of indicator 5
As explained in the previous section, the relevance of the issues addressed by indicator 
5 was confirmed during the testing of the GBEP sustainability indicators for bioenergy 
in Colombia, which also highlighted the importance of the future monitoring of this 
indicator in the country.  
In Colombia, the analysis was done for two selected watersheds, namely Cauca and Meta. 
Indicator 5 should be measured in other key watersheds as well. However, aggregating 
the results for all the main watersheds in order to come up with average national figures 
might not be a meaningful exercise, as these figures might not reveal potential situations of 
water stress, including severe ones, in specific watersheds where bioenergy feedstocks are 
cultivated and processed.
The testing of indicator 5 in Colombia also highlighted the importance of considering both 
average years and dry years, as the TARWR and thus the share of it used for bioenergy 
production might change significantly. This means that, even though in an average year 
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bioenergy production might be using only a relatively small share of TARWR, in dry 
years this production might contribute to trigger a situation of water stress. Therefore, the 
importance of measuring indicator component 5.1a for both average and dry years should 
be stressed in the methodology sheet of this indicator.
An issue that might affect the practicality of indicator 5 relates to the boundaries of 
watersheds, that in most cases do not overlap with those of the administrative units for 
which statistics on production of bioenergy feedstocks and products are available. Due to 
this issue, in some cases it might be difficult to determine the amount of water withdrawn 
in a specific watershed for bioenergy production. 
Last, but not least, even though two major watersheds were selected for the analysis in 
Colombia, data on TAWW and on the share of renewable vs. non-renewable sources out of 
total water withdrawals for feedstock cultivation could not be found. Data availability and 
quality might be an issue in other developing countries as well, affecting the practicality 
of this indicator.
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3.6 INDICATOR 6: WATER QUALITY

Description: 
(6.1) Pollutant loadings to waterways and bodies of water attributable to fertilizer and 
pesticide application for bioenergy feedstock production, and expressed as a percentage of 
pollutant loadings from total agricultural production in the watershed 
(6.2) Pollutant loadings to waterways and bodies of water attributable to bioenergy 
processing effluents, and expressed as a percentage of pollutant loadings from total 
agricultural processing effluents in the watershed 

Measurement unit(s): 
(6.1) Annual nitrogen (N) and phosphorus (P) loadings from fertilizer and pesticide active 
ingredient loadings attributable to bioenergy feedstock production (per watershed area): 

 in kg of N, P and active ingredient per ha per year 
 as percentages of total N, P and pesticide active ingredient loadings from agriculture 

in the watershed
  (6.2) Pollutant loadings attributable to bioenergy processing effluent: 
 pollutant levels in bioenergy processing effluents in mg/l (for pollutant concentrations 

and biochemical and chemical oxygen demand – BOD and COD), and (if also 
measured) ºC (for temperature), μS/m (for electrical conductivity) and pH 

 total annual pollutant loadings in kg/year or (per watershed area) in kg/ha/year 
 as a percentage of total pollutant loadings from agricultural processing in the 

watershed

3.6.1 Testing of indicator 6 in Colombia
For the testing of indicator 6 in Colombia, the physico-chemical characteristics of the 
water resources of Colombia were briefly described. With regard to indicator component 
6.1, data on average fertilizer application rates in the cultivation of sugarcane and oil palm 
and on the associated pollutant loadings into waterways and bodies of water were found 
in literature. From this data, the annual pollutant loadings into waterways from fertilizer 
application attributable to feedstock cultivation for biofuel production were estimated. 
Due to lack of data, it was not possible to express this as a percentage of pollutant loadings 
from total agricultural production in the watershed(s). 
Furthermore, data on pollutant loadings into waterways and bodies of water in the Cauca 
watershed from pesticide application in sugarcane cultivation was not available. Due to 
lack of data on pollutant loadings to waterways and bodies of water from agricultural and 
ethanol processing effluents, indicator component 6.2 could not be measured.

3.6.2 Key findings
The analysis of this indicator began with the description of the physico-chemical 
characteristics of the water resources of Colombia. Given the vast variability of 
environments encountered in Colombia, the physico-chemical properties of its waters 
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vary greatly. According to Garcia et al. (2001), the temperature of the Colombian bodies 
of water ranges between 10 and 30 ºC (fig. 1), pH between 4 and 8 (fig. 2), conductivity 
between 0 and 1000 μS/cm (0 and 10 μS/m, fig. 3), oxygen deficit between 0 and 60%, 
turbidity between 0 and 1000 NTU41 and COD between 0 and 62 mg O2/l.

Sugarcane-based ethanol
CUE (2012) reported the following average fertilizer application rates in sugarcane 
cultivation in the Valle geográfico del río Cauca: 175.5 kg/ha of N, 11.7 kg/ha of P2O5 and 
52.1 kg/ha of K2O. The same source reported also N and P loadings into the superficial 
waters of the Cauca watershed, where 134,000 ha of sugarcane are cultivated. These values 
were then allocated to ethanol production, based on the energy content of this fuel out of 
the total energy content of all products obtained from sugarcane (i.e. 21.6 percent) (table 
3.6.1). 

Ta b l e  3 . 6 . 1

Annual N and P loadings attributable to sugarcane cultivation for ethanol in the Cauca 
watershed, 2012

Value Unit

N loadings into water bodies 0.000315 Kg N/Kg cane

P loadings into water bodies 0.00001456 Kg P/Kg cane

Harvested area of sugarcane in the Valle geográfico del 

río Cauca

134,000 Ha

Sugarcane production in the Valle geográfico del río 

Cauca

13,534,000,000 Kg

N loadings into waterways from sugarcane cultivation 31.81 Kg/ha

P loadings into waterways from sugarcane cultivation 1.47 Kg/ha

N loadings into waterways attributable to sugarcane 

cultivation for ethanol production

6.87 Kg/ha

P loadings into waterways attributable to sugarcane 

cultivation for ethanol production

0.32 Kg/ha

Sources: Asocaña, 2013; CUE, 2012

As shown in table 3.6.1, based on the data reported by CUE (2012), the annual pollutant 
loadings into waterways from fertilizer application attributable to sugarcane cultivation 
for ethanol production  in the Cauca watershed were estimated at 6.87 kg/ha of N and 0.32 
kg/ha of P in 2012. However, it was not possible to express this as a percentage of pollutant 
loadings from total agricultural production in the watershed, as data on the latter was not 
available. Furthermore, data on pollutant loadings into waterways and bodies of water in 

41  Nephelometric turbidity units, more info available here: http://or.water.usgs.gov/grapher/fnu.html 
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the Cauca watershed from pesticide application in sugarcane cultivation was not available. 
Due to lack of data on pollutant loadings to waterways and bodies of water from agricultural 
and ethanol processing effluents, indicator component 6.2 could not be measured.

Palm oil-based biodiesel
For oil palm and biodiesel, a national level analysis was conducted. As in the case of 
sugarcane, data on fertilizer application rates in oil palm cultivation were reported in 
CUE (2012). This data was compiled based on a survey of three out of four oil palm 
production areas in Colombia (i.e. all excluding the South-western zone). On average, in 
the three zones surveyed, 96.36 kg/ha of nitrogen are applied to oil palm plantations, with 
a minimum of 52.8 kg/ha in the Eastern zone and a maximum of 118.7 kg/ha found in the 
Central zone. Phosphorus is applied, in the form of P2O5, at an average rate of 49.9 kg/
ha, with a minimum of 32.8 Kg/ha in the Northern zone and a maximum of 67.8 kg/ha 
in the Central zone. In addition to mineral fertilizers, oil palm plantations receive organic 
fertilizers too at varying rates. Some plantations located near mills, for instance, were 
found to apply up to 127 t/ha of cob (tusa in Spanish) (CUE, 2012).
Data on pollutant loadings into waterways and bodies of water from fertilizer application 
in oil palm cultivation in three zones of the survey (Northern, Central and Eastern) were 
available in CUE (2012) as well. These values were averaged for the total area harvested 
of oil palm in 2012 (about 300,000 ha). The attribution to biodiesel production was then 
made on the basis of the share of CPO used for biodiesel in 2012 (45.12 percent, according 
to Fedebiocombustibles, 2013). The results of the analysis are summarized in table 3.6.2.

Value Unit

N loadings into water bodies (average value) 0.000962275 Kg N/Kg FFB

P loadings into water bodies (average value) 0.001395383 Kg P/Kg FFB

Harvested area of oil palm 299,953 ha

Oil palm production (FFB) 51,291,963,000 kg

N loadings into waterways from oil palm cultivation 164.55 Kg/ha

P loadings into waterways from oil palm cultivation 238.61 Kg/ha

N loadings into waterways attributable to oil palm 

cultivation for biodiesel production

74.24 Kg/ha

P loadings into waterways attributable to oil palm 

cultivation for biodiesel production

107.66 Kg/ha

Sources: Ministry of Agriculture, 2012; Fedebiocombustibles, 2013; CUE, 2012. 

Ta b l e  3 . 6 . 2

Annual N and P loadings attributable to oil palm cultivation for biodiesel in Colombia, 2012
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As shown in table 3.6.2, based on the data reported by CUE (2012), the annual pollutant 
loadings into waterways from fertilizer application attributable to oil palm cultivation for 
biodiesel production in Colombia were estimated at 74.24 kg of N/ha and 107.66 kg/ha 
of P in 2012. However, as in the case of sugarcane-based ethanol, it was not possible to 
express this as a percentage of pollutant loadings from total agricultural production in the 
watershed, as data on the latter was not available. Furthermore, data on pollutant loadings 
into waterways from pesticide application in sugarcane cultivation was not available. 
As in the case of sugarcane-based ethanol, indicator component 6.2 could not be measured, 
due to lack of data on pollutant loadings to waterways and bodies of water from agricultural 
and biodiesel processing effluents.

Eutrophication, acidification and eco-toxicity

The CUE (2012) authors used data on fertiliser and pesticide use to calculate indicators of 

eutrophication, acidification and eco-toxicity (among others). This work indicates that the 

major sources of eutrophication and acidification arising from both ethanol and biodiesel 

production are the ammonia and phosphate loadings due to fertiliser use. Whilst on average, 

the contribution of the cultivation phase to these two indicators is the largest, it can vary 

greatly. In general, for both types of Colombian biofuels, water quality (along with air and 

soil quality) is especially affected by the production and use of fertilisers and the ammonia, 

nitrates, phosphates and heavy metals contained in them. The impact of the processing 

phase is not mentioned in the CUE report as contributing significantly to the acidification, 

eutrophication or eco-toxicity indicators. 

3.6.3 Main conclusions and recommendations

Results of indicator measurement
The annual pollutant loadings into waterways from fertilizer application attributable to 
sugarcane cultivation for ethanol production in the Cauca watershed were estimated at 
6.87 kg/ha of N and 0.32 kg/ha of P in 2012. With regard to biodiesel, the annual pollutant 
loadings into waterways from fertilizer application due to oil palm cultivation for the 
production of this biofuel in Colombia were estimated at 74.24 kg of N/ha and 107.66 
kg/ha of P in 2012. However, it was not possible to express these values as percentages 
of pollutant loadings from total agricultural production in the watershed(s), as data on 
the latter was not available. Furthermore, data on pollutant loadings into waterways from 
pesticide application in sugarcane and oil palm cultivations was not available. Last, but 
not least, indicator component 6.2 could not be measured, due to lack of data on pollutant 
loadings to waterways and bodies of water from agricultural and biodiesel processing 
effluents.
In other words, data constraints limited significantly the scope of the indicator measurement. 
As discussed in the next section, the identified data gaps need to be overcome in order to 
monitor the impacts on water quality of bioenergy feedstock production and processing.
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Future testing of indicator 6 in Colombia
The main issues identified in the testing of this indicator relate to the limited extent of 
ongoing monitoring and analysis of water quality in Colombia and, specifically, of the 
impacts of agriculture and bioenergy on the state of water bodies. 
A good starting point could be to identify the major sources of water pollutants in the 
biofuel lifecycles, identify a range of options for reducing the pollutant loadings associated 
with these sources and assess and compare the impacts of implementing these options. 
The main source of water pollution would seem to be fertiliser application42. Good 
practices that reduce fertiliser application without  undermining productivity exist, such 
as Integrated Plant Nutrient Management43. It can be observed that this objective would 
bring multiple benefits of both an environmental and economic nature. Low-input agro-
ecological approaches could also bring social benefits. 
In addition to the above course of action regarding good practices to mitigate water 
pollution “hotspots”, a concerted campaign to measure some basic indicators of risk of 
water pollution due to fertiliser and pesticide use would be another useful step. One 
option would be to start with regular and widespread monitoring of N and P balances and 
concentration of nitrates and pesticides in ground and surface waters. Such efforts could use 
OECD indicators and methodologies and this approach would be in line with Colombia’s 
plans to join the OECD: support for capacity development in this area could be sought in 
this context. As a complement to measurement of N and P balances, the AgroEcoIndex 
N, P and pesticide pollution risk indicators could be used, with potential for South-South 
cooperation with Argentina’s Instituto Nacional de Tecnología Agropecuaria.
One factor to consider in the selection of the most appropriate indicators to measure in 
such a scaled up campaign would be the type of limits set in Colombian environmental 
regulations regarding water quality and the way in which these are monitored and enforced.

Relevance, practicality and scientific basis of indicator 6
The topic of the impact of biofuel production on water quality does not seem to be among 
the highest priorities in Colombia. This may in part be due to the lack of information 
relating to these impacts. However, certainly measures that would lead to good performance 
against this indicator, such as more efficient use of fertilisers and pesticides and adequate 
treatment of vinasse and other waste streams are relevant to Colombian stakeholders, 
including the private sector, not least because they tend also to lead to increased profit and 
lower GHG emissions. 
This indicator relies on local data and analysis and therefore has a rather heavy measurement 
burden. However, very useful information could be obtained by the relatively practical 
measurement of N and P balances and complemented by monitoring of concentrations 
of these nutrients and key pesticides in ground and surface waters. These and other 
approaches are set out in the GBEP report on the indicators (FAO, 2011). The GBEP 
methodological approach could perhaps be further enhanced by more details on how to 

42  Treatment of vinasse (from ethanol) and wastewaters are also potential sources of water pollution which 
could not be investigated in the testing of this indicator in Colombia due to lack of data.

43  For an overview of this good practice see FAO (2012).
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practically make use of information on the implementation of good practices relating to 
major pollutant risks, including not only fertiliser and pesticide application but also the 
treatment, use and/or disposal of vinasse and other waste streams.
One comment made during discussion in the national project task force was that the GBEP 
indicators should include indicators of eutrophication and acidification. These are indeed 
common indicators used in environmental assessments. Regarding eutrophication, there 
are in fact many indicators and assessment methodologies, and among these combinations 
of indicators of nutrient loadings and concentrations (such as those suggested for use 
under this GBEP indicator) and indicators of phytoplankton biomass (e.g. Chlorophyll 
a) are considered useful. In this sense, the GBEP indicator might be complemented with 
biological indicators of the state of eutrophication. Acidification of water bodies can be 
monitored by measuring pH, as suggested in the GBEP methodological approach for this 
indicator. 
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3.7 INDICATOR 7: BIOLOGICAL DIVERSITY IN THE 
LANDSCAPE

Description: 
(7.1) Area and percentage of nationally recognized areas of high biodiversity value or 
critical ecosystems converted to bioenergy production;
(7.2) Area and percentage of the land used for bioenergy production where nationally 
recognized invasive species, by risk category, are cultivated; 
(7.3) Area and percentage of the land used for bioenergy production where nationally 
recognized conservation methods are used. 

Measurement unit(s):
Absolute areas in hectares or km2 for each component and for total area used for bioenergy 
production. Percentages of bioenergy production area can be calculated from these, and 
given either separately for each relevant category (i.e. different types of priority areas for 
7.1 and specific methods for 7.3) or as a combined total across such categories.

3.7.1 Testing of indicator 7 in Colombia
Within the project to test the GBEP sustainability indicators for bioenergy in Colombia, 
measurement of indicator 7 could not be completed due to lack of data. With regard 
to indicator component 7.1, an agreed, official national definition and map of areas of 
high biodiversity value or critical ecosystems was not available. In addition, a nationally 
recognized set of conservation methods was lacking for component 7.3.
Nonetheless, through the testing of this indicator, a number of relevant data and 
information was gathered, providing a good starting point for future measurements of 
indicator 7 in Colombia.

3.7.2 Key findings

Indicator component 7.1
A preliminary assessment of land cover conversion in Colombia is necessary to determine 
the implications of bioenergy production for biological diversity in the landscape. Figure 
3.7.1 shows the change in natural land vegetation that occurred historically, up to year 2010 
(IDEAM, 2011). 
In the Valle geográfico del río Cauca, where most of the sugarcane is cultivated in 
Colombia, the map shows that high conversion rates (from 35 to 85 percent) took place44. 
In the west side of Cauca Department, in the Valle del Cauca and along coastal zones, 
natural vegetation transformation rates are estimated to be lower. In the rest of the Valle 

geográfico del río Cauca, between 25 percent and 50 percent of the natural vegetation was 
transformed from its original state (IDEAM, 2011).

44  It should be noted that the areas with the highest percentages in cover changes also include urban areas.
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Among the areas where oil palm is cultivated and biodiesel is produced, the northern zone 
presents 12-85 percent of conversion and the central zone 24-49 percent; the eastern zone 
12-61 percent and the western zone 12-49 percent. Even in the case of oil palm cultivation 
areas it is useful to note that some of highest conversion percentages are observed in north 
and central zones, where large urban areas are located (IDEAM, 2011).
As already mentioned above, however, it should be noted that this map shows conversion 
that has taken place historically over any time up to 2010, rather than conversion that has 
taken place during the recent time period during which Colombian biofuel production 
has taken place. The percentage figures quoted above do not, therefore, necessarily 
correlate with rates of recent conversion due to biofuels or indeed any form of agricultural 
expansion.
According to the Colombian Ministry of Environment (Palacios et al., 2008), land cover 
conversion to oil palm plantations has been carried out at the expense of both natural 
vegetation and other crops in Meta, Magdalena, Bolívar, Cundinamarca, Santander, 

Casanare, Nariño and Caquetá. It is plausible that the establishment of oil palm plantations 
in the aforementioned departments in Colombia has affected biodiversity; however, it was 
not possible to calculate these effects. 
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Source: IDEAM, 2011

F i g u r e  3 . 7 . 1

Percentage of natural land cover converted in Colombia up to 2010
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As discussed under Indicator 1, information on land-use change due to oil palm expansion 
is inadequate to inform robust conclusions regarding the extent of conversion of forests 
and other forms of land cover: particularly if one is interested in the conversion associated 
with biodiesel production. Comparative analysis of various sources of information on oil 
palm-induced land-use change (CUE, 2012; Ministerio de Agricultura y Desarrollo Rural, 
2011; Henson et al., 2012,) and conservation areas (Corzo, 2008) lead to the following 
tentative conclusions regarding the impact of oil palm cultivation on natural vegetation: 
around 300 ha/yr conversion of natural vegetation (forest, wetland and other natural 
areas) has occurred in the central, eastern and northern zones (with conversion of forest 
and wetland amounting to less than 1 percent of land-use change for oil palm) and an 
undetermined amount in the western zone (Nariño) and in El Chocó. In these last two 
departments, a few reports (e.g. Instituto Alexander von Humboldt, 2000) indicate oil 
palm expansion has been associated with deforestation, but the degree is hard to quantify.
The analysis of land-cover changes is the first step to determine whether transformation 
of natural landscape, which can be the consequence of different activities, exists and 
consequently study its implications for biological diversity. 
A potential indicator for the impact on biodiversity is the number of endangered and 
vulnerable species, which is shown in figure 3.7.2 by department. The number of 
endangered and vulnerable species (CR – Critically endangered; EN – Endangered; and 
VU – Vulnerable) in the departments of the Valle geográfico del río Cauca, which is the 
main sugarcane production area, ranges between 29 and 46 by department. The lowest 
value (29) refers to the department of Cauca, while the highest value is found in the more 
northern department of Valle del Cauca. Finally, in the Risaralda department there are 
33 endangered and vulnerable species (Instituto de Investigación de Recursos Biológicos 

Alexander von Humboldt, 2010). As it is not clear whether there is overlap between the 
endangered and vulnerable species in the aforementioned departments, the total number of 
these species in the Valle geográfico del río Cauca may be higher than 46. 
With reference to the areas where oil palm is cultivated, the number of endangered species 
in the northern zone varies between 4 and 42 (depending on the department); in the 
central zone, 15 - 72; in the southern zone, 13 - 59; and in the western zone 42 species are 
considered as critically endangered, endangered or vulnerable to extinction according to 
IDEAM (2011). As it is not clear whether there is overlap between the endangered and 
vulnerable species in the aforementioned departments, the total number of these species in 
the aforementioned zones is unknown.
It should be taken into account that the statistics associated with vulnerability, endangered 
and critically endangered species retrieved do not highlight possible causes for the 
phenomena; therefore attribution to bioenergy production versus other causes cannot be 
made based on data presented.
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F i g u r e  3 . 7 . 2

Endangered and vulnerable species by department

Source: Instituto de Investigación de Recursos Biológicos Alexander von Humboldt, 2010
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Source: IGAC – SIGOT, 2012
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F i g u r e  3 . 7 . 4

Protected areas in Colombia
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In the Valle geográfico del río Cauca, natural parks, forestry reserves, land protection 
districts and other protected areas are found. Similarly, there are designated protected areas 
in all oil palm production zones in Colombia. However, it was not possible to retrieve 
data concerning the change in natural vegetation affecting the mapped protected areas 
due to bioenergy production and therefore a value for indicator component 7.1 could not 
be calculated on the basis that such protected areas represent a reasonable definition of 
nationally recognised areas of high biodiversity value or critical ecosystems. 

Indicator component 7.2
Sugarcane (Saccharum officinarum) is not classified as an invasive species in Colombia; 
thus, whilst further investigation to determine definitively if any other invasive species are 
used in the sugarcane ethanol production system, the value for indicator component 7.2 
for ethanol production is probably 0.
With regard to oil palm (Elaeis guineensis), one study classified it as highly invasive species 
in Colombia (I3N, 2012). However, this information is not confirmed by other sources 
and could not be verified within the testing of indicator 7. Data on involuntary expansion 
of oil palm and invasiveness are not available and further studies to determine whether oil 
palm is an invasive species in Colombia are necessary. In the immediate surroundings of oil 
palm plantations in Meta and Nariño, for example, high value protected areas are found. 
Studies on the invasive character of oil palm should be focused at these areas.

Indicator component 7.3
In Colombia a policy framework to promote the use of conservation methods exists, 
however its effects in sugarcane production are not documented. Sufficient information 
concerning conservation methods in the Valle geográfico del río Cauca was not found. 
As a consequence, it was not possible to calculate indicator component 7.3 for ethanol 
production. CUE (2012), however, reports that while biological control of pests has 
increased and plantations in their sample use e.g. Trichogramma and Tachinidae, pesticides 
are used in the large monoculture cane plantations to control pests and diseases.
As in the case of ethanol, the effects of the policy framework to promote conservation 
methods on oil palm production are not documented and sufficient information regarding 
the extent of current adoption of such methods could not be obtained. As a consequence, it 
was not possible to calculate indicator component 7.3 for biodiesel production. However, 
CUE (2012) reports fertiliser and pesticide use for all sample sites, whilst Castanheira et 

al. (2014, in press) indicate that at least one mature oil palm plantation in Colombia uses 
biological control for pests, avoiding any pesticide use.
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3.7.3 Main conclusions and recommendations

Results of indicator measurement
As explained above, measurement of indicator 7 could not be completed. Nonetheless, a 
number of relevant data and information was gathered, providing a good starting point for 
future measurements of indicator 7 in Colombia.
With regard to indicator component 7.1, a significant change in natural land vegetation 
occurred historically in the Valle geográfico del río Cauca, which is the main sugarcane 
production area (IDEAM, 2011). However, these figures do not necessarily correlate with 
rates of recent conversion due to biofuels or indeed any form of agricultural expansion. 
Historical rates of conversion are pretty high in oil palm production areas as well. Recent 
conversion of natural vegetation has been reported as well in these areas and especially in 
the western zone (Nariño) and in El Chocó, but the degree is hard to quantify.
With regard to indicator component 7.2, sugarcane (Saccharum officinarum) is not 
classified as an invasive species in Colombia, while one study classified oil palm (Elaeis 

guineensis) as highly invasive in Colombia (I3N, 2012). However, this information is not 
confirmed by other sources and could not be verified within the testing of indicator 7. 
Finally, concerning indicator component 7.3, a policy framework to promote the use of 
conservation methods exists in Colombia, but information on the rate of adoption of these 
methods in the cultivation of sugarcane and oil palm could not be obtained.

Future monitoring of indicator 7 in Colombia
Colombia is one of the 17 ‘Megadiverse Countries’, which is a term used to refer to the 
top biodiversity-rich countries in the world (Mittermeier et al., 1997). Therefore, as the 
domestic bioenergy sector continues to expand, monitoring its impacts on biological 
diversity in the landscape is extremely important.
In order to monitor indicator 7 in Colombia (and more precisely indicator component 7.1), 
it would be necessary to agree a single official definition of what is considered a nationally 
recognized area of high biodiversity value or critical ecosystem, at least for the purposes 
of bioenergy feedstock expansion. These areas should then be mapped. This would set the 
boundaries for the study of the effects of bioenergy production on the biological diversity 
in the landscape.
A potential indicator for the impact on biodiversity is the number of endangered and 
vulnerable species. This information was compiled for each of the main departments where 
sugarcane and oil palm are cultivated. Periodic monitoring of the number of endangered 
and vulnerable species in these areas should allow one to identify potential impacts of 
bioenergy feedstock production on biodiversity.  
With regard to indicator component 7.2, further studies to determine whether oil palm 
is an invasive species in Colombia are necessary. Studies on the invasive character of oil 
palm should be focused at production zones where high value protected areas are found, 
e.g. Meta and Nariño. In addition, while sugarcane is not an invasive species in Colombia, 
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further investigation should be undertaken to determine definitively if any other invasive 
species are used in the sugarcane ethanol production system.
Furthermore, a nationally recognized set of conservation methods should be developed in 
order to measure indicator component 7.3. In order to assess the level of adoption of these 
methods among bioenergy feedstock producers, surveys should be conducted.

Relevance, practicality and scientific basis of indicator 7
Biodiversity is an important factor in any kind of territorial development in Colombia 
given the megadiversity possessed by the country. Most work on and discussion of biofuel 
expansion in the country refers to the need to limit the impact on biodiversity. Hence the 
indicator is considered very relevant in general terms. Furthermore, the government is 
promoting conservation methods in agriculture. Conversely, the specific issue of invasive 
species does not seem to crop up much in multi-stakeholder discussion, perhaps because 
the main two feedstocks used for biofuels in Colombia, sugar cane and oil palm, are 
considered part of the landscape. 
The persistent issue of whether land-use change due directly to oil palm or sugarcane 
expansion can be attributed to bioenergy feedstock production naturally is prominent 
in this indicator. This issue of attribution can be overcome simply if measures land-use 
change due to the crops in question and then allocates a share of this land-use change to 
bioenergy in accordance with the share of the feedstock used for bioenergy production 
in the country. However, this approach is subject to criticism from those parties who 
would like to see any impacts attributed to bioenergy feedstock categorically proven to 
have resulted from crops actually used for bioenergy. Further progress towards such an 
approach can be made by restricting (the sample for) measurements to crop production 
associated with a biofuel facility.
Finally, a potential indicator for the impact on biodiversity is the number of endangered 
and vulnerable species, especially in the lack of an official definition and map of nationally 
recognized areas of high biodiversity value or critical ecosystems, as in the case of 
Colombia. The feasibility of this approach should be explored further. In case its validity is 
confirmed, this approach should be mentioned in the indicator methodology and guidance 
should be provided on how to use it to assess the impacts of bioenergy.
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3.8 INDICATOR 8: LAND USE AND LAND-USE CHANGE 
RELATED TO BIOENERGY FEEDSTOCK PRODUCTION

Description: 
(8.1) Total area of land for bioenergy feedstock production, and as compared to total 
national surface and 
(8.2) agricultural land and managed forest area 
(8.3) Percentages of bioenergy from: 
(8.3a) yield increases, 
(8.3b) residues, 
(8.3c) wastes, 
(8.3d) degraded or contaminated land 
(8.4) Net annual rates of conversion between land-use types caused directly by bioenergy 
feedstock production, including the following (amongst others): 

 arable land and permanent crops, permanent meadows and pastures, and managed 
forests 

 natural forests and grasslands (including savannah, excluding natural permanent 
meadows and pastures), peatlands, and wetlands 

Measurement unit(s): 
(8.1-2) hectares and percentages 
(8.3) percentages 
(8.4) hectares per year

3.8.1 Testing of indicator 8 in Colombia
For the testing of indicator 8 in Colombia, data on the total area of land for bioenergy 
feedstock production and as compared to total national surface and agricultural land (i.e. 
indicator components 8.1 and 8.2), was retrieved from both national and international 
statistics.
As shown below, in Colombia yields of sugarcane and oil palm did not increase in recent 
years. At the same time, as of 2013, neither production of bioenergy from wastes nor 
feedstock production on degraded or contaminated land were taking place to a notable 
extent in the country. Therefore, under indicator component 8.3 the focus was on the use 
of bagasse, which is a by-product of sugarcane processing, for cogeneration.  
With regard to indicator component 8.4, the focus was on oil palm, as in recent years the 
expansion in the planted area of this crop has been much more significant than in the case 
of sugarcane. Information found in literature regarding oil palm expansion and related 
land-use changes in selected regions of Colombia was summarized. However, due to 
lack of adequate data, it was not possible to complete the measurement of this indicator 
component. 
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3.8.2 Key findings

8.1: Total area of land for bioenergy feedstock production, and as compared to total 
national surface and (8.2) agricultural land

Sugarcane
As shown in figure 3.8.1, in Colombia the planted area of sugarcane remained substantially 
stable between 2002 and 2005. From 2006 to 2012, in parallel with the increase in ethanol 
production, there was a gradual expansion in this area, from approximately 199,000 
hectares to around 234,000 hectares. 

Source: Asocaña (2013)

As shown in table 3.8.1, in 2012 the planted area of sugarcane accounted for 0.21 percent 
of the total national surface, up from 0.18 in 2006, and for 0.53 percent of agricultural 
land, up from 0.47 in 2006. Considering the share of ethanol (in terms of energy content) 
out of all co-products of sugarcane in Colombia, in 2012 the planted area of sugarcane 
attributable to ethanol production was equal to 0.05 percent of the total national surface, 
up from 0.04 percent in 2006, and to 0.12 percent of the agricultural land, up from 0.10 in 
2006 (FAOSTAT; Asocaña, 2013).
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2006 2007 2008 2009 2010 2011 2012

Planted area of 

sugarcane (ha)

199,401 208,140 211,932 215,662 219,309 226,152 233,988

Total national 

surface (Kha)

110,950 110,950 110,950 110,950 110,950 110,950 110,950

Agricultural 

land (ha)

42,174,000 42,436,000 42,614,000 42,540,000 42,503,000 43,785,600 43,785,600*

Planted area of 

sugarcane area 

as compared to 

total national 

surface

0.18% 0.19% 0.19% 0.19% 0.20% 0.20% 0.21%

Planted area 

of sugarcane 

attributable 

to ethanol 

production as 

compared to 

national surface

0.04% 0.04% 0.04% 0.04% 0.04% 0.04% 0.05%

Planted area of 

sugarcane as 

compared to 

agricultural land 

0.47% 0.49% 0.50% 0.51% 0.52% 0.52% 0.53%

Planted area 

of sugarcane 

attributable 

to ethanol 

production as 

compared to 

agricultural land 

0.10% 0.11% 0.11% 0.11% 0.11% 0.11% 0.12%

* Estimated, not available in FAOSTAT. 
Source: FAOSTAT (2012); Asocaña (2013).

Oil palm
As shown in figure 3.8.2, the planted area of oil palm increased significantly between 2002 
and 2012, from around 180,000 hectares to over 450,000 hectares.

Ta b l e  3 . 8 . 1

Planted area of sugarcane and share of it attributable to ethanol production as compared 
to total national surface and agricultural land
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Source: Ministry of Agriculture, 2012. 

In 2012, the planted area of oil palm accounted for 0.41 percent of the total national surface, 
up from 0.32 in 2006, and for 1.03 percent of agricultural land, up from 0.85 in 2006 (table 
3.8.2). Considering the share of CPO used for biodiesel production in Colombia, in 2012 
the planted area of oil palm attributable to biodiesel production was equal to 0.18 percent 
of the total national surface, i.e. three times higher than in 2009, and to 0.47 percent of the 
agricultural land, up from 0.16 percent in 2009 (FAOSTAT; Ministry of Agriculture, 2012).

2009 2010 2011 2012

Planted area of oil palm (ha) 360,537 404,103 427,367 452,435

Total national surface (ha) 110,950,000 110,950,000 110,950,000 110,950,000

Agricultural land (ha) 42,540,000 42,503,000 43,785,600 43,785,600*

Planted area of oil palm as 

compared to total national surface

0.32% 0.36% 0.39% 0.41%

Planted area of oil palm 

attributable to biodiesel production 

as compared to national surface

0.06% 0.16% 0.16% 0.18%

Planted area of oil palm as 

compared to agricultural land

0.85% 0.95% 0.98% 1.03%

Planted area of oil palm 

attributable to biodiesel production 

as compared to agricultural land

0.16% 0.43% 0.40% 0.47%

* Estimated, not available in FAOSTAT. 
Source: FAOSTAT; Ministry of Agriculture (2012).

F i g u r e  3 . 8 . 2

Planted area of oil palm (ha), 2002-2012

Ta b l e  3 . 8 . 2

Planted area of oil palm and share of it attributable to biodiesel production as compared 
to total national surface and agricultural land
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8.3: Percentages of bioenergy from: yield increases, residues, wastes, degraded or 
contaminated land 
In Colombia, the additional demand for sugarcane and palm oil for biofuel production has 
been met through an increase in the harvested area of these crops, combined with a partial 
diversion of them from other markets. On the other hand, the productivity of sugarcane 
has remained substantially stable, while the productivity of oil palm has slightly decreased45 
(see figures 3.8.3 and 3.8.4), so no share of bioenergy can be attributed to yield increases. 

Source: Asocaña, 2013

Source: Ministry of Agriculture, 2012

45  Further details are provided on this in indicator 17 (Productivity).
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At the same time, as of 2013, neither production of bioenergy from wastes nor feedstock 
production on degraded or contaminated land were taking place to a notable extent in 
Colombia. 
However, with regard to residues, bagasse (a by-product of sugarcane processing) is 
used for co-generation in Colombian ethanol distilleries, which can meet this way their 
electricity needs and sell any surplus to the grid. In 2009, bagasse contributed 3.5 percent 
to the total primary energy supply (TPES) in Colombia, accounting for around one fourth 
of all bioenergy sources - and around 67 percent of modern bioenergy, assuming that all 
woodfuel consumption was ‘traditional’ - within the TPES (see figure 3.8.5) (UPME & 
MINMINAS, 2010).  

Source: Edited from UPME & MINMINAS (2010)

8.4: Net annual rates of conversion between land-use types caused directly by bioenergy 
feedstock production
As shown above, while the increase in the planted area of sugarcane in Colombia has been 
relatively minor in recent years, there has been a very significant expansion in the planted 
area of oil palm. Understanding where this expansion took place and what it displaced is 
essential in order to determine the conversion between land-use types caused directly by 
bioenergy feedstock production. 
According to Henson et al. (2012), information on land use change in Colombia due to 
oil palm expansion is sparse, and unfortunately it has not been possible yet to produce an 
unambiguous determination of the oil palm area through remote sensing. Nonetheless, 
some relevant data and information could be found in literature for selected regions of 
Colombia. The studies summarized below provide useful information regarding oil palm 
expansion in the country and related land-use changes, but as they cover the periods 
ending in 2005 or 2009, they cannot be used to assess the effect of feedstock production 
for biodiesel.

F i g u r e  3 . 8 . 5
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In general, Pagiola et al. (2004) reported that, for the period 1990-2005, areas under 
permanent crops (e.g. oil palm) increased, while areas under annual crops and especially 
forest decreased. With regard specifically to oil palm, Gomez et al. (2005), quoting 
Rodríguez and Van Hoof (2004), reported that up to 87 percent of the land used for this 
crop was previously occupied by pasture and annual crops (Henson et al., 2012). In a 
study focussing on the eastern zone of Colombia and covering a longer period of time (i.e. 
1972-2009), Rincón (2009) concluded that the majority of land converted to oil palm was 
previously under pasture and savannas (44 percent), followed by herbaceous vegetation 
with nearly 22 percent and annual crops (e.g. rice) with around 19 percent, while the 
share of forest was negligible (0.2 percent). Data for other regions of Colombia is less 
detailed. However, Cenipalma (2010) provided data on land use change for a sample of 
municipalities in the northern and central zones between 2000 and 2005. Also in this case, 
it was found that the large majority of land converted to oil palm was previously occupied 
by pastures and crops46 and only a negligible share by forest. In the central zone, however, 
a not well-defined category called ‘other natural areas’ accounted for over 11 percent. With 
regard to the western zone, where significant oil palm expansion has taken place in recent 
years, as stated by Henson et al. (2012) data is particularly sparse. In the grey literature 
there is a great deal of reference to oil palm expansion in this zone (Nariño department and 
Tumaco municipality in particular) being a cause of deforestation. However, peer-reviewed 
papers with detailed data on land-use change linked to oil palm expansion in the western 
zone of Colombia are lacking. 

3.8.3 Main conclusions and recommendations

Results of indicator measurement
With regard to indicator components 8.1 and 8.2, in 2012 the planted area of sugarcane 
attributable to ethanol production was equal to 0.05 percent of the total national surface, 
up from 0.04 percent in 2006, and to 0.12 percent of the agricultural land, up from 0.10 in 
2006 (FAOSTAT; Asocaña, 2013). On the other hand, in 2012 the planted area of oil palm 
attributable to biodiesel production was equal to 0.18 percent of the total national surface, 
i.e. three times higher than in 2009, and to 0.47 percent of the agricultural land, up from 
0.16 percent in 2009 (FAOSTAT; Ministry of Agriculture, 2012).
Concerning indicator component 8.3, in recent years there was no increase in the 
productivity of sugarcane and oil palm in Colombia, so no share of bioenergy can be 
attributed to yield increases. At the same time, as of 2013, neither production of bioenergy 
from wastes nor feedstock production on degraded or contaminated land were taking place 
to a notable extent in Colombia. On the other hand, bagasse, which is a by-product of 
sugarcane processing used for cogeneration, contributed 3.5 percent to the total primary 
energy supply (TPES) in 2009, accounting for around one fourth of all bioenergy sources 
(UPME & MINMINAS, 2010).  

46  Pastures and crops (annual and permanent) were grouped in this study.
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Finally, regarding indicator component 8.4, information on land use change in Colombia 
due to oil palm expansion is sparse. According to Rincón (2009), the majority of land 
converted to oil palm in the eastern zone between 1972 and 2009 was previously under 
pasture and savannas, followed by herbaceous vegetation and annual crops, while the share 
of forest was negligible. With regard to the northern and central zones, Cenipalma (2010) 
concluded that the large majority of land converted to oil palm between 2000 and 2005 was 
previously occupied by pastures and crops and only a negligible share by forest. Finally, 
concerning the western zone, reliable robust and detailed data on land-use change linked 
to the significant oil palm expansion occurred in recent years is lacking. 

Future monitoring of indicator 8 in Colombia
As shown above, in Colombia the additional demand for sugarcane and palm oil for 
biofuel production has been met through an increase in the harvested area of these crops, 
combined with a partial diversion of them from other markets, while yields of these 
crops have remained substantially stable (sugarcane) or have even decreased slightly (oil 
palm). As the bioenergy sector continues to expand and higher biofuel blending mandates 
are considered, it is important to continue monitoring these trends, and to put in place 
measures to stimulate productivity increases, thus reducing pressures on land.
As described above, while the increase in the planted area of sugarcane in Colombia has 
been relatively minor in recent years, there has been a very significant expansion in the 
planted area of oil palm. According to Henson et al. (2012), information on land use change 
in Colombia due to oil palm expansion is sparse, and unfortunately it has not been possible 
yet to produce an unambiguous determination of the oil palm area through remote sensing, 
as oil palms cannot be easily distinguished from forest once the canopy is closed. A few 
studies (e.g. Rincón, 2009; Cenipalma, 2010) have assessed the land-use changes linked to 
oil palm expansion in the northern, central and eastern zones of the country. However, 
these studies cover only the period up to 2005 or 2009, and therefore they cannot be used 
to assess the effect of feedstock production for biodiesel, as in Colombia production of 
this biofuel started in 2008. Furthermore, while in the grey literature there is a great deal 
of reference to oil palm expansion in the western zone being a cause of deforestation, peer-
reviewed papers with detailed data on land-use change linked to oil palm expansion in this 
zone of Colombia are lacking.
Understanding where oil palm expansion took place and what it displaced is essential, 
as this has important implications for a range of environmental, social and economic 
sustainability issues addressed by the GBEP indicators, such as GHG emissions, 
biodiversity, land tenure and food security, in addition to land-use change itself (i.e. 
indicator 8). Therefore, in order to properly monitor the GBEP indicators and conduct 
a meaningful assessment of the sustainability of bioenergy production in Colombia, it is 
crucial to conduct further research on the land-use changes associated with the expansion 
of oil palm, especially in the areas where this expansion has been more significant, e.g. the 
western zone. Even though expansion of sugarcane has been much less pronounced than 
oil palm, the associated land use change should be assessed and analyzed as well. Remote 
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sensing, field visits and stakeholder consultation are complementary tools that should be 
used in conjunction in order to study and analyze the land-use changes associated with the 
expansion of biofuel feedstocks.
As the bioenergy sector continues to expand and higher biofuel mandates are considered, 
indicator 8 could also be used, in conjunction with other GBEP indicators and with FAO’s 
BEFS Rapid Appraisal47, as a tool to inform and guide participatory territorial planning to 
meet multiple land-use objectives.

Relevance, practicality and scientific basis of indicator 8
The testing in Colombia confirmed the high relevance of the issues addressed by 
indicator 8. As explained above, understanding where expansion of feedstock production 
takes place and what it displaces is essential, as this has important implications for a 
range of environmental, social and economic sustainability issues addressed by the 
GBEP indicators, such as GHG emissions, biodiversity, land tenure and food security. 
Therefore, measuring indicator 8 and especially indicator component 8.4 is essential in 
order to conduct a meaningful assessment of the sustainability of bioenergy production 
in a country. As mentioned above, indicator 8 could also be used, alongside  other GBEP 
indicators and FAO’s BEFS Rapid Appraisal,  as a tool to inform and guide participatory 
territorial planning to meet multiple land-use objectives.
No particular issues related to the methodology of indicator 8 emerged during the testing 
in Colombia. However, this indicator is very data intensive and availability of adequate 
data for all components of this indicator (and especially 8.4) might be an issue in some 
developing countries.
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SOCIAL PILLAR

3.9 INDICATOR 9: ALLOCATION AND TENURE OF 
LAND FOR NEW BIOENERGY PRODUCTION

Description:
Percentage of land – total and by land-use type – used for new bioenergy production 
where: 
(9.1) a legal instrument or domestic authority establishes title and procedures for change 
of title; and 
(9.2) the current domestic legal system and/or socially accepted practices provide due 
process and the established procedures are followed for determining legal title.

Measurement unit(s):
Percentages.

3.9.1 Testing of indicator 9 in Colombia
Land tenure is a really complex and contentious issue in Colombia (see section 3.10.3). 
Therefore, getting hold of relevant data and information can be extremely challenging, 
this is true, in particular, for areas that have been recently converted to the production 
of bioenergy feedstocks such as palm oil. Despite some recent improvements, security is 
still a major issue in part of these areas. Furthermore, during the project on the testing of 
the GBEP sustainability indicators for bioenergy in Colombia, peace talks were on-going 
between the Colombian Government and the principal guerrilla group operating in the 
country (Fuerzas Armadas Revolucionarias de Colombia). Land tenure was one the main 
topics being discussed, and in late 2013 agreement was reached on an agrarian reform and 
on land restitution.
In light of the difficulty in getting hold of the data and information required for measuring 
this indicator and given also the rapidly changing policy and legislative environment 
related to land tenure, in the testing of this indicator in Colombia it was decided to focus 
on two key aspects related to access to land, namely distribution of land ownership and 
farm sizes and business models. These aspects were analyzed in the context of the supply 
chains of the two main bioenergy feedstocks in Colombia, i.e. sugarcane and palm oil.

3.9.2 Key findings
In this section, the main findings related to the distribution of land ownership and farm 
sizes and the business models in the sugarcane and palm oil supply chains are presented.
With regard to sugarcane, as of 2008, 76 percent of the planted area was managed by 
farmers, while the remaining 24 percent was owned by the sugar mills. Concerning the 
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distribution of land ownership and farm sizes, as of 2009 around half of the producers had 
less than 50 ha of land and accounted for 14 percent of the total planted area. The bulk of 
production (44 percent of the total planted area) was controlled by medium size producers, 
which were around 40 percent of the total and had between 50 ha and 200 ha. Finally, large-
scale producers (over 500 ha) accounted for 12.5 percent of the total land area as of 2009 
(Olade-UNIDO, 2010).
Regarding the business models in the sugarcane supply chain, as of 2008 independent 
growers accounted for around 67 percent of the land owned by farmers. Independent 
growers sign contracts with mills and receive a fixed amount of sugar for each ton of 
produce they supply to the mills, generally equal to half of the sugar content of the cane. 
Another 22 percent of the land owned by farmers was under a participatory scheme as 
of 2008. Under this type of scheme, the entire sugarcane production process is managed 
directly by the mills, with the farmers receiving a fixed amount of sugar for each tone of 
cane produced on the farm. Around 6 percent of the land owned by the farmers was under 
a leasing contract, with farmers receiving a fixed amount of sugar per hectare. Finally, 
4 percent of the land owned by farmers was under a management contract as of 2008. 
Under this type of scheme, sugarcane production is managed by the mill, in exchange for 
a commission that farmers have to pay (Olade-UNIDO, 2010).
Concerning oil palm, as of 2008 the majority of the land planted with this crop (and up 
to 80 percent in the Central Zone) was being leased (CUE, 2012). With regard to the 
distribution of farm sizes, in 2010 farms larger than 1,000 ha accounted for 35 percent of 
the total area planted, down from 46 percent in 1999, while farms with a size between 200 
ha and 1,000 ha accounted for 33 percent of the total area planted, down from 39 percent 
in 1999. As of 2010, independent growers with a farm size less than 20 ha accounted for 
almost 3 percent, while 13 percent was accounted for by farms with a size between 20 ha 
and 200 ha, with both figures just slightly lower than in 1999 (Fedepalma, 2012). 
The main change that occurred between 1999 and 2010 was the emergence of the so-called 
Alianzas, which accounted for around 16 percent of the total planted area in 2010, up from 
less than 1 percent in 1999, and which seem to explain the decrease in the relative share 
of the largest farm sizes during the same period. The Alianzas Productivas Estratégicas 

are strategic business partnerships formed by small-scale producers, which organize 
themselves in order to improve their access to credit, strengthen their bargaining power 
with the mills, and ensure market security through contracts with the latter. The Alianzas 
have been very successful in the palm oil supply chain, contributing to the growth of the 
sector (Fedepalma, 2010; FAO, 2013a). 

3.9.3 Main conclusions and recommendations

Results of indicator measurement
The analysis of the distribution of land ownership and farm sizes and of the business 
models in the supply chains of the two main bioenergy feedstocks in Colombia (i.e. 
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sugarcane and palm oil) yielded interesting results.
In sugarcane production, as of 2008 three fourths of the planted area belonged to farmers 
and the remaining fourth was owned by the mills, and the bulk of production came from 
medium size farms, with a surface comprised between 50 ha and 200 ha. With regard to the 
business models, while the majority of farmers were independent growers, a noteworthy 
share of the land owned by farmers was under a scheme entailing a strong economic and 
commercial relationship between farmers and mills, e.g. a participatory scheme.
In palm oil production, where the majority of the planted area is under a leasing contract, 
the distribution of farm sizes is more skewed than in sugarcane, with the bulk of production 
coming from very large (i.e. above 1,000 hectares) and large (i.e. between 200 and 1,000 
ha) farms and small-scale producers (around 80 percent of the total) accounting for a very 
minor share of the total planted area. During the last decade, however, there has been an 
important transformation in the palm oil supply chain, with the emergence of the so-called 
Alianzas Productivas Estratégicas. The Alianzas are strategic business partnerships formed 
by small-scale producers, which organize themselves in order to improve their access to 
credit, strengthen their bargaining power with the mills, and ensure a secure market for 
their products through contracts with the latter. As of 2010, around 16 percent of the 
planted area of oil palm was under an Alianza, up from less than 1 percent in 1999. In 
addition to having contributed to the growth of the palm oil sector, these strategic business 
partnerships have been quite effective in strengthening the inclusion of smallholders in the 
palm oil supply chain and in increasing their profitability.  

Future monitoring of indicator 9 in Colombia
Colombia has suffered from an internal conflict over the last half-century, exacerbating 
poverty and inequity, resulting in insecurity, particularly in rural areas, huge levels of 
internal displacement and an environment conducive to an illicit drug sector. In recent 
years, security has started to improve in most areas and peace talks between the Colombian 
Government and the main guerrilla group operating in the country (Fuerzas Armadas 

Revolucionarias de Colombia - FARC) have begun. Progress has been made, in particular, 
on issues related to the agrarian reform and land restitution, which are among the main 
topics that are being debated within this negotiation process, and on which recently the 
Colombian Government has adopted a number of important decisions (FAO, 2013b).
In 2010, a law was passed on the restitution of land to the 6 million farmers (campesinos) 
that have been displaced and dispossessed during the past 30 years. Furthermore, in 2014 
a new Agricultural Census will be carried out (the last one dates back to the early 1970’s), 
and soon a rural cadastre should be prepared as well. The Government also committed 
to create an agrarian jurisdiction in order to resolve tenure conflicts and formalize the 40 
percent of small land property that still lacks a formal title (FAO, 2013b).  
As these reforms move forward, indicator 9 could become a useful tool to monitor the 
performance of the rapidly growing bioenergy sector and assess its adherence to the 
revised policy and legislative framework related to land tenure.
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Relevance, practicality and scientific basis of indicator 9
The testing in Colombia confirmed the relevance of the issues addressed under indicator 
9. With regard to the practicality, getting hold of the data and information required for the 
measurement of this indicator can be quite challenging, given the sensitive nature of part 
of such data and information, and the complexity of the issues at stake. 
Indicator 9 deals with allocation and tenure of land for new bioenergy production 

specifically. Data might be particularly scarce in the case of areas recently converted to the 
production of bioenergy feedstocks. In addition, as confirmed by the testing in Colombia, 
in most cases it is not possible to identify the exact areas used for the production of 
bioenergy feedstocks. This is true, in particular, for vegetable oils such as palm oil, which 
can be transported over long distances and traded before being processed into biodiesel. 
Further guidance should be provided on these important methodological issues.
A pragmatic approach that was implemented in Colombia was to analyse key variables 
closely related to land allocation and tenure, namely the structure of land ownership, 
the size and distribution of farms, and the various types of business models found along 
the bioenergy supply chain. A similar approach could be replicated in other developing 
countries as well when a quantitative measurement of indicator 9 cannot be conducted.
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3.10. INDICATOR 10: PRICE AND SUPPLY OF A 
NATIONAL FOOD BASKET

Description:
Effects of bioenergy use and domestic production on the price and supply of a food basket, 
which is a nationally defined collection of representative foodstuffs, including main staple 
crops, measured at the national, regional, and/or household level, taking into consideration: 

 changes in demand for foodstuffs for food, feed, and fibre; 
 changes in the import and export of foodstuffs; 
 changes in agricultural production due to weather conditions; 
 changes in agricultural costs from petroleum and other energy prices; and
 the impact of price volatility and price inflation of foodstuffs on the national, 

regional, and/or household welfare level, as nationally determined. 

Measurement unit(s):
Tonnes; USD; national currencies; and percentage

3.10.1 Testing of indicator 10 in Colombia 
This indicator aims to measure the impact of bioenergy use and domestic production on 
the price and supply of a representative food basket in the context of other relevant factors. 
The measurement of this indicator consists of two main steps. 
The first step is the identification of the “representative” food basket. The most significant 
food items in people’s diets are to be included in the food basket, which may be determined 
by ranking foodstuffs based on their contribution to the average daily calorie in-take per 
capita. For the testing of the indicator in Colombia, this ranking was done using data from 
FAOSTAT food balance sheets for the latest year available, i.e. 2009. This data and the 
related ranking are consistent with the findings of the latest national nutrition survey that 
was conducted in Colombia (ENSIN, 2010).
The second step of indicator 10 includes three tiers, which provide a range of increasingly 
complex approaches for the evaluation of the effects of bioenergy production and 
domestic use (in the context of other relevant factors) on the price and supply of nationally 
determined food basket(s): 

 Tier I: “Preliminary indication” of changes in the price and/or supply of the food 
basket(s) and/or of its components in the context of bioenergy developments 
resulting from collecting data on price and supply;

 Tier II: “Causal descriptive assessment” of the role of bioenergy (in the context of 
other factors) in the observed changes in price and/or supply; and

 Tier III: “Quantitative assessment” using approaches such as time-series techniques 
and Computable General Equilibrium (CGE) or Partial Equilibrium (PE) modelling.
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Food Basket Items Kcal/per capita/day % of daily calorie intake48

Rice (Milled Equivalent) 358 13.18 %

Maize and products 333 12.26 %

Sugar (Raw Equivalent) 304 11.19 %

Wheat and products 224 8.24 %

Palm Oil 144 5.30 %

Plantains 127 4.67 %

Bovine Meat 109 4.01 %

Cassava and products 93 3.42 %

Soybean Oil 81 3.00 %

Poultry 80 2.94 %

Source: FAOSTAT (Food Balance Sheets), 2014

For the testing of indicator 10 in Colombia, tier I (“Preliminary indication”) was 
undertaken based on FAO statistics49 on production, trade, use and prices of the food 
basket items identified in step one. For sugar (from sugarcane) and palm oil, which are 
both major food basket items and biofuel feedstocks in Colombia, important changes were 
observed in terms of non-food uses, trade and prices as well, warranting further analysis.
Tier II, or the “Causal Descriptive Assessment”, could not be carried out due to lack of 
access to sufficiently detailed country-specific data and information. However, tier III 
(“Quantitative assessment”) was undertaken using the COSIMO-Aglink model, which 
is a partial equilibrium model covering about 20 agricultural commodities and about 50 
countries/regions. In addition to analysing the impacts on food markets of both ethanol 
and biodiesel production for the period 2007-2012, FAO’s COSIMO team used a forward 
looking approach to assess the potential impacts of a hypothetical increase in biofuel 
blending mandates for the period 2013-2022. 

3.10.2 Key findings
Tier I: “Preliminary indication” of changes in the price and/or supply of the food basket(s) 

and/or of its components in the context of bioenergy developments resulting from collecting 

data on price and supply

Production:
 With the onset of biofuels in Columbia, it appears there may have been a short-term 

boost to less-expensive starches; first potatoes then cassava.  This may or may not be 
based on a causal relationship between biofuels and basic food staples.

48 In 2009, the average daily calorie in-take was equal to 2,717 Kcal / per capita.
49  Unless otherwise specified, all the data presented in this tier were taken from FAOSTAT. The latest reported 

data in FAOSTAT varies according to the theme. As of early 2014, supply and use balance data was available 
until 2008 or 2009, price data was available until 2010 or 2011, and production data until 2012.

Ta b l e  3 . 1 0 . 1

National food basket of Colombia, 2009
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 Sugarcane production has levelled off from the early 2000s but has been slightly 
volatile since 2008 (figure 3.10.1).

 Palm oil production continues to increase strongly, but this has been the trend since 
the 1980s (figure 3.10.2).

Trade:
 It is clear that international trade experienced a significant development in the early 

1990s. At this Tier I level of assessment, the specifics of this change are not clear and 
this may or may not be important.

 Palm oil exports growing since 1990s, but the sudden reduction in exports and 
concurrent increase in imports from about 2007, in parallel with the increase in 
biodiesel production, warrants investigation (figure 3.10.2).

 Sugar seems to be getting increasingly volatile through the years, with net exports 
showing a decreasing trend in recent years, in parallel with the increase in ethanol 
production (figure 3.10.1). 

 The sharp increase in maize imports appears to be correlated with growth in the 
poultry industry.

 Several other commodities (eg, rice and bananas) are showing some erratic or strong 
trends, but this is unlikely to be related to biofuels.

 Otherwise the commodities of the Colombian food basket appear relatively 
unaffected.

Total Supply:
 Most commodities seem on trend, though roots and tubers have come back into 

favour both in per capita and total supply terms.
 Sugar has been strongly increasing through the years but has become more erratic 

in the most recently reported years while also appearing to be reaching a plateau 
(figure 3.10.1).

 Domestic supply of palm oil has seen a sharp upward trend from 2007, due to a 
significant increase in domestic production combined with a decrease in net exports 
(figure 3.10.3).

Use of Sugar and Palm Oil:
 FAOSTAT does not identify use of these commodities as biofuel feedstock, but 

includes it as part of the “other” category (i.e. other than food, feed, seed and waste). 
 Other use of sugar (in refined equivalent) has been occasionally erratic, but 

experiencing steady growth since the 1980s. There has been an explosive growth 
in this category since 2005 (2009 is nearly triple the level of a historic high in 
2001) (figure 3.10.3). This growth is consistent with the increase in the production 
of ethanol from sugarcane that was recorded during the same period, and which 
continued after 2009.   

 Palm oil has seen a smooth and strong increase in other uses since the late 1980s, 
with a particularly strong jump (60 percent) from 2008 (when biodiesel production 
begun) to 2009, which is the last year for which data is available on FAOSTAT 
(figure 3.10.4). Among other uses, more recent data is available on the share of 
palm oil used specifically for biodiesel production, which was estimated at around 



116

]
E

N
E

R
G

Y
[

45 percent in 2012, up from around 5% in 2008 and 19% in 2009 (Ministry of 
Agriculture, 2012). This suggests that the sharp increase in the category ‘other uses’ 
continued and possibly even accelerated after 2009, driven mainly by the demand 
for biodiesel from palm oil.

Prices:
 Price spikes post 2005 seem within given trends of the past decade (including sugar 

and palm oil), though chicken, potatoes, and some particular fruits and vegetables 
are experiencing slightly different forces than other commodities in their respective 
categories.

 Looking at sugar and palm oil in particular, prices have been on the rise since early 
2000s in both USD and LCU terms, but more erratic in LCUs. There is no specific 
change evident from 2008 onwards except maybe a slight increase in the rate of 
growth.

Source: FAOSTAT (Production; Trade; Food Supply), 2014

Source: FAOSTAT (Production; Trade; Food Supply), 2014

F i g u r e  3 . 1 0 . 1

Sugar production, trade and supply in Colombia

F i g u r e  3 . 1 0 . 2

Palm oil production, trade and supply in Colombia
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Source: FAOSTAT (Food Balance Sheets), 2014

Source: FAOSTAT (Food Balance Sheets), 2014

Tier III: “Quantitative assessment” using approaches such as time-series techniques and 

Computable General Equilibrium (CGE) or Partial Equilibrium (PE) modelling.

Scenario 1: Impacts of ethanol production on food markets, 2007-2012
In this scenario, the impact on the food markets of ethanol production in Colombia during 
the period 2007-2012 were analysed. The results described below are expressed against a 
hypothetical baseline with no ethanol production.
The scenario analysis indicated that there were no major changes affecting the domestic 
food markets caused by ethanol production in Colombia during the period 2007-2012. 

F i g u r e  3 . 1 0 . 3

Other uses of sugar (refined equivalent), including ethanol

F i g u r e  3 . 1 0 . 4

Other uses of palm oil, including biodiesel
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Domestic prices for rice, wheat, and coarse grains remained relatively unchanged in 
comparison to the baseline. 
On the other hand, domestic sugar prices increased by close to 10 percent compared to the 
hypothetical baseline with no ethanol production, pushed up by the additional demand. 
Also molasses prices strengthened significantly, as large quantities were taken up by the 
ethanol sector.  
Sugar production decreased by 0.7 million tonnes (23 percent) compared to the hypothetical 
baseline with no ethanol production, as the quantity of sugarcane/molasses used for sugar 
production was used for ethanol. Also, export of sugar went down by 0.6 million tonnes 
(46 percent) compared to the baseline (see figure 3.10.5), and domestic consumption of 
molasses rose by 17 percent, as demand for ethanol fuel use was added. Sugar consumption 
also decreased but only just slightly. 

Source: Developed on the basis of the COSIMO-Aglink model 
Note: COL: Colombia; SU: Sugar; QP: production; QC: consumption; EX: export; PP: producer price for sugar; Output: 
scenario output; Baseline: baseline results;

Scenario 2: Impacts of biodiesel production on food markets, 2007-2012
In this scenario, the impact on the food markets of biodiesel production in Colombia 
during the period 2007-2012 was analysed. The results described below are expressed 
against a hypothetical baseline with no biodiesel production.
The scenario analysis indicated that, for the period 2007-2012, the use of edible vegetable 
oil for the production of biodiesel in Colombia did not result in any major changes 
affecting the food markets. Domestic prices for rice, wheat, sugar, and coarse grains 
remained relatively unchanged in comparison to the baseline. On the other hand, vegetable 
oil prices increased by about 12 percent compared to the hypothetical baseline with no 
biodiesel production. 

F i g u r e  3 . 1 0 . 5

Sugar: level change between no-ethanol hypothetical baseline and actual ethanol 
production
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Vegetable oil exports fell by about 0.3 million tonnes (55 percent) in comparison to the 
baseline, as the quantities of vegetable oil that had been previously directed to the export 
market were channelled for biodiesel production. At the same time, compared to the 
hypothetical baseline with no biodiesel production, vegetable oils imports increased by 
0.2 million tonnes (120 percent), turning Colombia into a net importer (see figure 3.10.6). 
Finally, vegetable oil food consumption remained virtually unaffected, while production 
went up by about 3 percent in response to the additional demand from the biodiesel sector. 

Source: Developed on the basis of the COSIMO-Aglink model 
Note: COL: Colombia; VL: Vegetable oils; QP: production; FO: food use; EX: export; IM: import; BF: biofuel; Output: 
scenario output; Baseline: baseline results

Scenario 3: Impacts of an increase in ethanol blending from E10 in 2013 to E20 in 2022
The objective of this scenario exercise was to assess the implication of a hypothetical 
increase in the ethanol blending mandate in Colombia from 10 percent (E10) in 2013 to 20 
percent (E20) in 2022 (figure 3.10.7). In this case, a forward looking approach was used in 
the implementation of the scenario in the COSIMO-Aglink model. 
The 20 percent blending mandate would require an additional 600 million litres sugar-
based ethanol by 2022. To supply this amount domestically, while maintaining current 
levels of sugar production, sugarcane area would need to expand by 80 thousand hectares 
(44 percent). Assuming that this new mandate provides sufficient incentives to producers 
to expand sugarcane area and ethanol production capacity, this scenario shows that a 20 
percent blending ratio could be achieved. 
The required expansion in sugar cane area is assumed to come mainly from pasture land, 
which is abundantly available (40 million hectares). Under this assumption, producer 
prices for rice, wheat, and coarse grains would remain virtually unchanged with respect 
to the baseline, because no significant land use change between sugar cane and these crops 
would be likely to happen. 

F i g u r e  3 . 1 0 . 6

Vegetable oil: level change between no-biofuel hypothetical baseline and actual biodiesel 
production
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Overall, the model suggests that in Colombia domestic supply and demand of food crops 
would not be negatively affected by an increase in the ethanol blending mandate from 10 
percent to 20 percent in the period 2013-2022. 

Source: Developed on the basis of the COSIMO-Aglink model 
Note: COL: Colombia; SU: Sugar; QP: production; FO: food use; NT: Net trade; Output: scenario output; Baseline: baseline 
results

Scenario 4: Impacts of an increase in biodiesel blending from B10 in 2013 to B20 in 2022
In this scenario, the biodiesel blending mandate in Colombia was hypothetically increased 
from 10 percent (B10) in 2013 to 20 percent (B20) in 2022. This would lead to an increase 
in biodiesel production by 800 million litres by 2022. 
To supply this amount of biodiesel, while maintaining current levels of vegetable oil for 
food consumption, palm oil production would need to increase to about 2 million tonnes 
by 2022 (figure 3.10.8). This translates into the need for roughly 100 thousand additional 
hectares of harvestable oil palm area, which represents an increase of about 50 percent 
compared to the baseline. Combining the findings of this economic simulation with 
biophysical model results leads to the conclusion that most likely this expansion would 
come mainly from pasture land. The resulting reduction in pasture land would be only 
minor compared to the total surface (40 million hectares), and thus would be unlikely to 
infringe significantly on the cattle industry. 
Therefore, based on the above assumptions, it appears unlikely that a hypothetical increase 
in the biodiesel blending mandate from 10 percent (B10) in 2013 to 20 percent in 2022 
(B20) would have any serious negative impacts on the national food supply or prices in 
Colombia.

F i g u r e  3 . 1 0 . 7

Sugar: level change between baseline and scenario 3 (from E10 in 2013 to E20 in 2022)



121

RESULTS OF PILOT-TESTING OF GBEP SUSTAINABILITY INDICATORS FOR BIOENERGY IN COLOMBIA CHAPTER 3

Source: Developed on the basis of the COSIMO-Aglink model 
Note: COL: Colombia; VL: Vegetable oils; QP: production; FO: food use; NT: net trade; Output: scenario output; Baseline: 
baseline results

3.10.3 Main conclusions and recommendations 

Results of indicator measurement
According to the results of the quantitative assessment that was conducted under step 2, 
tier III of this indicator using a Partial Equilibrium model (i.e. COSIMO-Aglink), there 
were no major changes affecting the domestic food markets caused by production of 
ethanol and biodiesel in Colombia during the period 2007-2012. Domestic prices for rice, 
wheat, and coarse grains remained relatively unchanged in comparison to the hypothetical 
baseline with no biofuel production. 
However, even though consumption of sugar and vegetable oil for food was not affected, 
prices of these commodities (which are important food basket items) were respectively 
10 percent and 12 percent higher than they would have been in the absence of biofuel 
production. At the same time, compared to the baseline exports were lower and imports 
were higher for both sugar and vegetable oils. This suggests that, while a supply response 
took place leading to increased production of sugar and palm oil, this response was not 
sufficient to meet the growing demand for these commodities, including for biofuel 
production.   
A forward looking analysis was carried out as well using the COSIMO-Aglink model. 
Overall, the results of the model suggest that the price and supply of the Colombian food 
basket should not be negatively affected by a hypothetical increase in the ethanol and 

F i g u r e  3 . 1 0 . 8

Vegetable oil: level change between baseline and scenario 4 (from B10 in 2013 to B20 in 
2022)
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biodiesel blending mandates from 10 percent to 20 percent in the period 2013-2022. This 
result is linked to the assumption that an adequate supply response would be triggered and 
that the required expansion in sugarcane and oil palm would take place on pasture land, 
without displacing other food basket items. 

Future monitoring of indicator 10 in Colombia
Given the large amount of pasture land in Colombia, the scenario described above is likely, 
but not automatic. As a matter of fact, the expansion in the demand for sugarcane and palm 
oil that would result from an increase in domestic biofuel mandates could affect the relative 
profitability of these crops. This could provide an incentive for farmers to grow more 
sugarcane and oil palm at the expense of other less productive crops, possibly including 
food basket items as well. As the biofuel sector continues to expand, these issues should 
be closely monitored.
As explained in section 3.10.1, the second tier of step 2 could not be carried out due to 
lack of access to sufficiently detailed country-specific data and information. Integrating the 
model-based quantitative approach described above with a causal descriptive assessment 
would be important in future measurements of this indicator, as it could contribute to shed 
light on specific local issues and dynamics that models, and especially partial equilibrium 
ones, cannot adequately capture. In  order to carry out the Causal descriptive assessment, 
a multidisciplinary team of experts with an in-depth knowledge of the country context 
should be formed. In order to get hold of the required data and information, a number 
of relevant stakeholders should be consulted. The Causal descriptive assessment can also 
be used to conduct a forward looking analysis, and can become a powerful participatory 
planning tool if all relevant stakeholders are actively engaged in the process. As the 
bioenergy sector continues to expand in Colombia, this type of assessment could play a 
key role in monitoring impacts and informing decision-making.
For the testing of indicator 10 in Colombia, the analysis was done at national level. 
However, in future measurements of this indicator it would be important to conduct 
regional and local level analyses as well, especially in areas with significant production of 
bioenergy feedstocks and products and in food insecure and vulnerable areas. Regionally 
and locally representative food baskets should be used for this type of analysis.
Furthermore, the welfare impacts of changes in the price of food basket items due to 
bioenergy (among other factors) should be assessed, especially at household level50. 
Particular attention should be given to the impacts on the most vulnerable household 
groups, for instance by defining a “low-income food basket” with the main crops and 
foodstuffs consumed by households in the bottom household income quintile(s).

50  In 2014, a new Agricultural Census should be carried out (the last one dates back to the early 1970’s). The new 
Census should provide the data required to carry out a household welfare impact analysis.
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Relevance, practicality and scientific basis of indicator 10
The effects of bioenergy production and use on the price and supply of food have been 
a key topic within the debate on the sustainability of bioenergy at international, regional 
and national levels. The relevance of these issues addressed by indicator 10 was confirmed 
during the testing in Colombia.
With regard to the practicality, indicator 10 is very skill and data intensive. This is true, 
in particular, for the quantitative assessment foreseen under tier III of step 2. The human 
capacity to produce and run complex global commodities models such as the AGLINK-
COSIMO might not be available in some developing countries. The support of FAO 
experts was necessary in order to conduct this quantitative assessment.
Overall, further guidance should be developed in order to support the implementation of 
this indicator, especially in relation to the analysis and interpretation of its results. At the 
same time, the capacity of developing countries (including Colombia) to measure indicator 
10 should be strengthened.  
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3.11 INDICATOR 11: CHANGE IN INCOME

Description:
Contribution of the following to change in income due to bioenergy production: 
(11.1) wages paid for employment in the bioenergy sector in relation to comparable sectors 
(11.2) net income from the sale, barter and/or own-consumption of bioenergy products, 
including feedstocks, by self-employed households/individuals 

Measurement unit(s): 
(11.1) local currency units per household/individual per year, and percentages (for share or 
change in total income and comparison) 
(11.2) local currency units per household/individual per year, and percentage (for share or 
change in total income)

3.11.1 Testing of indicator 11 in Colombia
For the testing of this indicator, only partial data could be found in literature on wages in 
bioenergy feedstock production and processing, on the price paid to sugar producers, and 
on the prices paid to ethanol and biodiesel producers, which are set by law. Information 
was particularly sparse for the palm oil-based biodiesel supply chain. 
Given the limited data availability, a quantitative assessment of the two components under 
this indicator was not possible.

3.11.2 Key findings

Sugarcane-based ethanol
With regard to feedstock production, according to an audit conducted by Deloitte in 2008 
on the sugarcane industry in Colombia’s Valle del Cauca, the average monthly wage of a 
cane cutter was found to be 813,000 COP. After the obligatory tax deduction of 218,000, 
each worker received a net wage of 595,000 COP a month, above the legal minimum wage 
for that year (i.e. 461,500 COP a month) (El País, 2008). However, according to the audit 
conducted by Deloitte in 2008, wages paid to sugarcane cutters vary greatly depending on 
the amount cut by each worker, with some workers only receiving between 250,000 and 
350,000 COP per month in some cases.
Concerning feedstock processing, according to Fedesarrollo (2012) in 2011 the average 
monthly wage paid to workers in sugarcane mills (including benefits) was approximately 
COP 2.6 million (some USD 1,40051), while in manufacturing industries covered by the 
Annual Survey the average manufacturing wage was COP 1.3 million (roughly USD 
70052) per month. According to CUE (2012), workers on the payroll of sugarcane mills 
and workers hired through labour unions receive on average 4.5 and 2.5 times the legal 

51  Exchange of rate of Jan 1, 2011: 1 USD = 1857 COP
52  Ibidem
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minimum wage in Colombia, respectively.
Most sugarcane producers are paid by the mills at least in part in sugar. Therefore, the price 
paid to sugar producers is a good proxy for the price received by sugarcane producers. The 
average weighted prices paid to sugar producers from January 2006 to January 2013 are 
shown in figure 3.11.1, alongside the price of sugar on the international market. As shown 
in the figure, the former are closely linked to the latter, which was rather volatile during 
the period of time considered. In January 2013, the average price paid to Colombian sugar 
producer was equal to 1,026 COP/Kg. In Colombia there is a fund for the stabilization 
of sugar prices (Fondo de Estabilización de Precios del Azúcar - FEPA), which was 
established in 1999 and aims to protect producers against drops in the international price 
of sugar53.

Sources: Asocaña, 2013; Procaña, 2014

Finally, the price paid to ethanol producers is set by law, based on the export price of 
refined white sugar, the international price of gasoline, and a minimum price in case 
of significant drops in the two aforementioned prices. The prices received by ethanol 
producers between 2008 and 2012 are shown in figure 3.11.2

53  For further information on FEPA, see Owen (2004)

F i g u r e  3 . 1 1 . 1

Average weighted price paid to sugar producers (COP/kg) and international sugar price 
(USD/t), 2006-2013

Min (COP/kg) Max (COP/kg) Average (COP/kg) Sugar (USD/t)
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Source: Romero and Etter, 2012

Palm oil-based biodiesel
As already mentioned, information related to wages and income is particularly scarce 
for the palm oil-based biodiesel supply chain. As reported in Romero and Etter (2012), 
according to Olivera et al. (2009) the hourly wages of workers in the oil palm sector are 
on average 20 percent higher than in the rest of the agricultural sector.
No information could be found on the price paid to producers of oil palm FFB. As in the 
case of ethanol, the price paid to biodiesel producers is set by law, based on the domestic 
price of CPO, the international price of diesel, and a minimum price in case of significant 
drops in the two aforementioned prices. The price paid to biodiesel producers between 
2008 and 2012 is shown in figure 3.11.3.

Source: Romero and Etter, 2012

F i g u r e  3 . 1 1 . 2

Price paid to ethanol producers (COP/gallon), 2008-2012

F i g u r e  3 . 1 1 . 3

Price paid to biodiesel producers (COP/gallon), 2008-2012
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3.11.3 Main conclusions and recommendations

Results of indicator measurement
With regard to ethanol, in 2008 Deloitte reported an average net wage for cane cutters in 
the Valle del Cauca of 595,000 COP a month, above the legal minimum wage for that year 
(i.e. 461,500 COP a month). However, depending on the amount of cane cut, wages of 
sugarcane cutters could be as low as 250,000 COP a month in some cases (El País, 2008). 
Concerning feedstock processing, according to Fedesarrollo (2012) in 2011 the average 
monthly wage paid to workers in sugarcane mills was 2.6 million COP, twice as much as 
in other manufacturing industries. Most sugarcane producers are paid by the mills at least 
in part in sugar. The average weighted prices paid to sugar producers between January 
2006 and January 2013 were relatively volatile, alongside the international sugar price. In 
January 2013, the average price paid to Colombian sugar producers was equal to 1,026 
COP/Kg (El País, 2008).
Finally, the price paid to ethanol producers is set by law, based on the export price of 
refined white sugar, the international price of gasoline, and a minimum price in case of 
significant drops in the two aforementioned prices. 
Very few data was available for the palm oil-based biodiesel supply chain. As reported in 
Romero and Etter (2012), according to Olivera et al. (2009) the hourly wages of workers 
in the oil palm sector are on average 20 percent higher than in the rest of the agricultural 
sector.  No information could be found on the price paid to producers of oil palm FFB. 
Finally, the price paid to biodiesel producers is set by law, based on the domestic price of 
CPO, the international price of diesel, and a minimum price in case of significant drops in 
the two aforementioned prices.

Future monitoring of indicator 11 in Colombia
As explained above, due to limited data availability, a quantitative assessment of the two 
components under this indicator was not possible. Monitoring of indicator 11 is extremely 
important, as the income effects associated with bioenergy feedstock production and 
processing are a key component of the overall socio-economic impacts of the bioenergy 
sector. Therefore, additional and more in-depth data and information should be gathered, 
including through surveys among producers and workers, on wages and prices paid to 
producers, especially along the palm oil-based biodiesel supply chain.

Relevance, practicality and scientific basis of indicator 11
Due to lack of data, it was not possible to complete the measurement of this indicator. 
However, no particular issues arose in relation to the indicator methodology.
Furthermore, availability of - and access to - detailed data related to wages and prices 
might be an issue in a number of countries, due among other things to the commercially 
sensitive nature of part of this information. 
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3.12 INDICATOR 12: JOBS IN THE BIOENERGY SECTOR

Description:
Net job creation as a result of bioenergy production and use, total (12.1) and disaggregated 
(if possible) as follows:  

 (12.2) skilled/unskilled  
 (12.3) indefinite/temporary. 

(12.4) Total number of jobs in the bioenergy sector; and percentage adhering to nationally 
recognized labour standards consistent with the principles enumerated in the ILO 
Declaration on Fundamental Principles and Rights at Work, in relation to comparable 
sectors (12.5) 

Measurement unit(s): 
(12.1) number and number per MJ or MW 
(12.2) number, number per MJ or MW, and percentage
(12.3) number, number per MJ or MW, and percentage 
(12.4) number and as a percentage of (working-age) population 
(12.5) percentages

3.12.1 Testing of indicator 12 in Colombia
For the testing of indicator 12, relatively detailed information was found in the literature 
on the number of direct, indirect and induced jobs associated with the sugarcane and palm 
oil supply chains. For direct jobs, the figures found refer to feedstock production and to 
the processing stage. The share of jobs associated with the former and attributable to the 
production of ethanol and biodiesel was estimated.
Information on the share of skilled versus unskilled jobs was not found. However, in order 
to be able to measure indicator component 12.2, it was assumed that the jobs in feedstock 
processing (i.e. manual agricultural labour) are unskilled, while those associated with the 
processing phase are skilled. Concerning the share of indefinite versus temporary jobs (i.e. 
indicator component 12.3), information could be found only for the palm oil supply chain. 
Finally, sufficiently detailed information could not be found on the share of jobs along the 
sugarcane and palm oil supply chains adhering to nationally recognized labour standards 
consistent with the principles enumerated in the ILO Declaration on Fundamental 
Principles and Rights at Work (indicator component 12.4). However, relevant information 
regarding the quality of employment and the labour conditions was gathered and presented 
for both supply chains. 
 



130

]
E

N
E

R
G

Y
[

3.12.2 Key findings

Sugarcane-based ethanol
According to Fedesarrollo (2010), in 2007 the total number of jobs in the sugarcane sector 
in Colombia was equal to around 32,000 (up from around 30,900 in 2000), of which around 
25,500 in feedstock production and approximately 6,600 in the processing stage. Among 
the latter, 57.7 percent were workers, 27 percent were administrative and sales employees, 
and 15.3 percent were professionals, technicians and technologists. As reported by Romero 
and Etter (2012), it is estimated that for each direct job created in the processing stage, 
28.4 jobs were created in the economy as a whole considering both indirect and induced 
effects. Of these 28.4 jobs, around 54.9 percent were in the agricultural sector, 27.4 percent 
in the manufacturing sector, 7.1 percent in communal, social and personal services and 4.8 
percent in transport services.  
According to CUE (2012), the co-product ethanol accounts for 22.3 percent of the total 
economic value generated from sugarcane in Colombia. Therefore, 22.3 percent of the 
jobs associated with sugarcane production in 2007 (i.e. around 5,690) could be attributed 
to ethanol production. To this, the jobs created on the processing side should be added. 
Considering around 60 jobs on average for each of the seven distilleries operating in the 
country54, 420 jobs were created, for a total of over 6,100 direct jobs created by ethanol 
production in 2007. This figure is substantially in line with the estimates that were made in 
other studies for subsequent years. According to Proexport (2012), for instance, the total 
number of direct workers employed in the production of ethanol in Colombia was 6,469 
in 2009, while Fedebiocombustibles (2010) reported the creation of 7,429 direct jobs.
No disaggregated figures could be found on the share of skilled vs. unskilled and indefinite 
vs. temporary jobs in the sugarcane-based ethanol supply chain. However, with regard to 
the former, considering that most of sugarcane production is manual, it was assumed that 
jobs in feedstock production are unskilled, while jobs on the processing side are skilled.
Based on the figures above and given the MJ of ethanol produced in Colombia in 2007 
(Asocaña, 2013), the number of (direct) jobs created as a result of ethanol production, 
disaggregated into skilled/skilled was estimated as follows in table 3.12.1. 

Number of jobs (direct) Jobs/MJ of biodiesel %

Total (12.1) 6,100 1.06 x 10-6 100

Skilled (12.2) 420 0.073 x 10-6 6.9

Unskilled (12.2) 5,690 0.987 x 10-6 93.1

Source: Own calculations based on: Asocaña (2013); CUE (2012); Romero and Etter (2012); Fedesarrollo (2010)

54  This average figure was taken from Romero and Etter (2012) for both ethanol and biodiesel plants. 

Ta b l e  3 . 1 2 . 1

Net job creation as a result of ethanol production, 2007
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However, these figures should be considered as indicative, as the above attribution to 
ethanol of the jobs associated with sugarcane production is purely theoretical. As a 
matter of fact, as rightly pointed out by Romero and Etter (2012), the increase in ethanol 
production in Colombia was associated with a decrease in sugar exports, while the 
harvested area of sugarcane increased only slightly, thus with minor employment effects.
Another more practical approach to determine the net job creation due to ethanol 
production would have been to consider, in addition to the jobs created in the ethanol 
distilleries, those associated with feedstock production in the recent dedicated sugarcane-
based ethanol investments in the country, i.e. Bioenergy (Meta department) and Agrifuels 
(Magdalena department). Both these investments are very large, with 14,000 hectares 
of sugarcane plantations planned under the former and 10,000 hectares under the latter. 
However, feedstock production is mechanized, thus leading to the creation of only 0.028 
direct jobs per hectare, i.e. 12 percent of the labour requirement of manual production55. 
When all hectares of sugarcane planned under these two investments will enter into 
production, only 672 jobs will be created on the feedstock production side.
With regard to indicator component 12.4, as reported by CUE (2012), in 2009 the 
consulting firm Deloitte conducted a study on the main ‘Cooperativas de trabajo asociado’ 
(CTA) in the Valle geográfico del río Cauca, through which labour services are negotiated 
within the sugar sector. The study concluded that these cooperatives with respect to 
their members were complying with the main conventions of the International Labour 
Organization (ILO). According to the study conducted by Deloitte (2009), CTAs tend to 
be insured against professional risks, and they pay fair compensations to their members, 
who participate in social security schemes as well. Last, but not least, in 2008, 88 percent 
of the CTAs were providing educational programs to their members and 78 percent were 
providing such programs to the families of the members as well (Deloitte, 2009).
However, as reported in Romero and Etter (2012), according to Asocaña (2012) sugarcane 
cutters are increasingly contracted directly by the sugar mills or via specialized companies, 
rather than through CTAs. Therefore, the results of the Deloitte study might not be 
representative of the actual labour conditions of sugarcane workers. For this reason, 
indicator component 12.4 was not measured.

Palm oil-based biodiesel
As reported by Romero and Etter (2012), according the Fedepalma (2012) in oil palm 
plantations there is on average one worker every 3.2 hectares. As in 2011 there were 
around 267,000 hectares of oil palm in production, it can be estimated that approximately 
64,000 direct jobs were created in the oil palm sector, without considering the new oil palm 
plantations not yet in production.  
In 2011, 40.74 percent of the crude palm oil (CPO) produced in Colombia was used for 
biodiesel (Ministry of Agriculture, 2012). Therefore, over 26,000 direct jobs in oil palm 

55  Manual harvesting of sugarcane requires approximately 40 people per hectare for eight hours, while mechani-
cal harvesting requires only 5 people per hectare for 4 hours (Romero and Etter, 2012).
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plantations could be attributed to biodiesel production. As pointed out by Romero and 
Etter (2012), biodiesel has been a driver of oil palm expansion in Colombia, which has 
taken place mainly in areas previously dedicated to extensive livestock grazing, which is 
an activity with a very low labour intensity (i.e. a worker every 200 hectares). Therefore, 
in the case of biodiesel the aforementioned attribution is likely to be a very good proxy for 
the actual net job creation due to the production of this biofuel. 
Considering an average of 60 workers for each of the six biodiesel plants and for as many 
palm oil mills (where fresh fruit bunches are processed into crude palm oil before being 
transported to the biodiesel plants), the total number of direct jobs created by biodiesel 
production in Colombia in 2011 was equal to over 26,700. This figure is higher than others 
found in the literature. As reported in Romero and Etter (2012), for instance, according 
to Gerencia Privata del PTP (2012), in 2011 21,853 direct jobs were created by biodiesel 
production. Finally, Fedebiocombustibles (2010) reported the creation of 16,425 direct 
jobs.
No data could be found on the share of skilled vs. unskilled jobs in oil palm. Therefore, as 
in the case of ethanol, it was assumed that jobs on the feedstock production are unskilled, 
while jobs on the processing side are skilled. Finally, with regard to the type of contract, 
according to Olivera et al. (2009), 40.3 percent of oil palm workers have an indefinite 
contract, compared with 26 percent in the rest of the agricultural sector.
Based on the figures above and given the MJ of biodiesel produced in Colombia in 2011 
(Fedebiocombustibles, 2013), the number of (direct) jobs created as a result of biodiesel 
production, disaggregated into skilled/skilled and indefinite/temporary was estimated as 
shown in table 3.12.2. 

Number of jobs (direct) Jobs/MJ of biodiesel %

Total (12.1) 26,700 1.62 x 10-6 100

Skilled (12.2) 700 0.042 x 10-6 2.6

Unskilled (12.2) 26,000 1.58 x 10-6 97.4

Indefinite (12.3) 10,760 0.653 x 10-6 40.3

Temporary (12.4) 15,940 0.967 x 10-6 59.7

Source: Own calculations based on: Fedebiocombustibles (2013); Fedepalma (2012); Romero and   Etter (2012); Olivera 
(2009)

Ta b l e  3 . 1 2 . 2

Net job creation as a result of biodiesel production, 2011
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Sufficiently detailed data could not be found in order to measure indicator component 
12.4.
However, Olivera et al. (2009) provided relevant information related to the labour 
conditions in the palm oil sector. In this sector, 59 percent of workers are contracted 
directly by the plantations or the mills (versus 46.2 percent in the rest of the agricultural 
sector), 34.1 percent are contracted through Cooperativas de trabajo asociado (CTA) 
(compared with 2.8 percent in the rest of the agricultural sector) and 6.9 percent are 
contracted under other schemes (compared to over 50 percent in the rest of the agricultural 
sector) (Olivera et al., 2009).
The levels of formalization of employment and of compliance with labour norms appear 
to be higher in oil palm than in the rest of the agricultural sector. For instance, 83 percent 
of oil palm workers are members of a pension fund, compared with 28 percent in the rest 
of the agricultural sector, and 86 percent are insured against professional risks, compared 
with 27 percent in the rest of the agricultural sector. In addition, according to Olivera et al. 
(2009), the level of unionization is higher in oil palm (12 percent) than in other agricultural 
activities (4 percent), and 64 percent of oil palm workers have the right to paid leave 
compared with around 25 percent in the rest of the agricultural sector. Last, but not least, 
workers in oil palm have higher levels of education than in other agricultural activities 
(Olivera et al., 2009).

3.12.3 Main conclusions and recommendations

Results of indicator measurement
Based on the total number of jobs in the Colombian sugarcane sector in 2007 and on the 
share of the total economic value generated from sugarcane in the country accounted 
for by ethanol, the number of direct jobs created as a result of ethanol production was 
estimated at 6,100 in 2007, i.e. 1.06 jobs x 10-6 for each MJ of ethanol produced. Out 
of these 6,100 jobs, 93.1 percent were unskilled (feedstock production) and 6.9 percent 
were skilled (processing). With regard to the quality of these jobs and the related labour 
conditions, in a study on the main ‘cooperativas de trabajo asociado’ (CTA) in the Valle 

geográfico del río Cauca, Deloitte (2009) found that, with respect to their members, these 
cooperatives comply with the main conventions of the International Labour Organization 
(ILO). In particular, CTAs were found to pay fair compensations to their members, who 
participate in social security schemes as well.
Also in the case of biodiesel, (direct) job creation was estimated based on the total number 
of jobs in the oil palm sector in 2011 and on the share of CPO used for biodiesel in 
Colombia. The number of jobs created as a result of biodiesel production in 2011 was 
estimated at 26,700 (i.e. 1.62 jobs x 10-6 for every MJ of biodiesel produced), of which 
97.4 unskilled (feedstock production) and 2.6 percent skilled (processing). According to 
Olivera et al. (2009), compared to the average agricultural worker, oil palm workers seem 
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to benefit from a higher level of formalization of employment, higher job security, and 
better wages and benefits.

Future monitoring of indicator 12 in Colombia
As the bioenergy sector continues to expand and higher biofuel mandates are considered 
in Colombia, it will be important to assess the resulting employment effects. The estimates 
that were made under this indicator are based on 2007 data for ethanol and 2011 data for 
biodiesel. Since then, biofuel production has increased. Therefore, as soon as more up-to-
date information becomes available, these estimates should be re-calculated. 
As already discussed above, the attribution of a share of the total number jobs in sugarcane 
production to ethanol is a theoretical exercise, as in Colombia ethanol production appears 
to have contributed to a decrease in sugarcane exports, while the increase in the harvested 
area of sugarcane has been relatively minor. This means that ethanol production has not 
resulted in a notable increase in the number of jobs in sugarcane production, while only a 
few dozen jobs have been created in ethanol plants. Furthermore, in the recent dedicated 
sugarcane-based ethanol investments in the country, feedstock production is mechanized, 
creating 8 times less jobs than manual production. The level of mechanization should be 
carefully monitored. Depending on what new sugarcane plantations displace, if ethanol 
production contributes to the mechanization of sugarcane production and harvesting, it 
might result in job displacement.
On the other hand, biodiesel production appears to have contributed to the expansion 
of oil palm, which has taken place mainly on land previously used for extensive livestock 
grazing. As the latter requires very little labour per hectare, biodiesel has certainly 
contributed to the creation of new jobs. As oil palm expands further, it is important to 
understand what it displaces in order to properly assess the net employment effects.
The quality of the jobs associated with ethanol and biodiesel production should be 
monitored as well. Compared to the average agricultural worker, sugarcane and especially 
oil palm workers seem to benefit from a higher level of formalization of employment, 
higher job security, and better wages and benefits. Job quality and labour conditions in 
the production of these two key bioenergy feedstocks in Colombia should continue to 
be monitored in the future. Specific information on the dedicated sugarcane and oil palm 
investments for biofuel production should be gathered both on the feedstock side and on 
the processing side, in order to understand the influence (if any) of biofuel production 
on job quality and labour conditions in the sector. The adherence of jobs within these 
investments to nationally recognized labour standards consistent with the principles 
enumerated in the ILO Declaration on Fundamental Principles and Rights at Work should 
be assessed as well through surveys.

Relevance, practicality and scientific basis of indicator 12
The testing of indicator 12 in Colombia confirmed the importance of measuring the 
employment effect of bioenergy production, both in terms of number of jobs created and 
in terms of employment quality and labour conditions.
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As confirmed by the estimates made for Colombia, the large majority of jobs linked to 
ethanol and biodiesel are associated with feedstock production. Therefore, the results of 
the indicator depend mainly upon the methodology used for the attribution of the total 
number of jobs in the production of the crops/feedstocks for bioenergy. In light of this, 
further guidance would be needed on this complex issue of attribution. 
Indicator 12 is supposed to measure net job creation. This appears rather ambitious, as 
in addition to the jobs attributable to biofuel production, it requires measuring those 
associated with the activities that have been displaced by biofuel production. While 
in theory this should be feasible in most cases, data availability might be a constraint, 
affecting the feasibility of measuring this indicator.
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3.13 Indicator 13: Change in unpaid time spent by 
women and children collecting biomass

Description:
Change in average unpaid time spent by women and children collecting biomass as a result 
of switching from traditional use of biomass to modern bioenergy services 

Measurement unit(s):
Hours per week per household, percentage

3.13.1. Testing of indicator 13 in Colombia
This indicator was not measured within the project to test the GBEP sustainability 
indicators for bioenergy in Colombia, due to lack of data and relevance. Data on the time 
spent by women and children collection biomass could not be obtained. Furthermore, as 
explained in indicator 20, the decrease in woodfuel consumption that has been reported 
in Colombia during the past decade appears to be linked mainly to the increase in access 
to natural gas, while modern bioenergy technologies have not played a significant role in 
displacing traditional uses of biomass. Therefore, at this stage indicator 13 was not deemed 
relevant by national stakeholders.
In order to measure this indicator in the future, surveys should be conducted among a 
sample of households in different regions of the country in order to set a baseline, by 
determining the average time spent by women and children collecting biomass.
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3.14 INDICATOR 14: BIOENERGY USED TO EXPAND 
ACCESS TO MODERN ENERGY SERVICES

Description: 
(14.1) Total amount and percentage of increased access to modern energy services gained 
through modern bioenergy (disaggregated by bioenergy type), measured in terms of 
(14.1a) energy and (14.1b) numbers of households and businesses
(14.2) Total number and percentage of households and businesses using bioenergy, 
disaggregated into modern bioenergy and traditional use of biomass 

Measurement unit(s): 
(14.1a) Modern energy services can take the form of liquid fuels, gaseous fuels, solid fuels, 
heating, cooling and electricity. A change in access to each of these forms of modern 
energy can be measured in MJ per year and this is preferable in order to allow comparison 
of different forms of energy service, but each may also be measured in appropriate units 
of volume or mass per year, which may sometimes be more convenient, leading to the 
following possible units for this indicator component: 

 liquid fuels: litres/year or MJ/year and percentage78
 gaseous fuels: cubic metres/year or MJ/year and percentage
 solid fuels: tonnes/year or MJ/year and percentage
 heating and cooling: MJ/year and percentage 
 electricity: MWh/year or MJ/year (for electricity used), MW/year (if only electricity 

generation capacity to which new access is deemed to have been gained can be 
measured), hours/year (for the time either for which electricity is used or for which 
there is access to a functioning electricity supply) and percentage 

(14.1b) number and percentage 
(14.2) number and percentage

3.14.1. Testing of indicator 14 in Colombia
During the past decade, access to modern energy services increased in Colombia. 
Between 2002 and 2009, for instance, every region of the country experienced an increase 
in electricity coverage: in the Caribbean region +13 percent; in the Pacific region +36 
percent; in the Andean region +6 percent; in the Amazon region +108 percent; and in the 
Orinoquía region +16 percent (UPME, 2010a). In addition, access to natural gas increased 
considerably, reaching 5.66 million households in 2009, up from 2.18 million households 
in 2000 (UPME, 2010b). 
Modern bioenergy did not have any role in this increase in access to modern energy 
services that was recorded in Colombia during the past decade. As explained in chapter 2 
of this report, as of 2014 there was no significant use of modern bioenergy for heating and 
cooking and off-grid electricity generation in the country. With regard to the electricity 
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generated from bagasse by the sugar mills, part of it is used by the mills themselves and 
part of it is sold to the grid. Finally, in the transport sector all the ethanol and biodiesel 
produced in the country are blended with fossil fuels. Therefore, neither liquid biofuels 
for transport nor electricity generation from bagasse contribute to increase access to 
modern energy services in Colombia. Hence, this indicator is not relevant for the current 
Colombian context56.
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3.15 INDICATOR 15: CHANGE IN MORTALITY AND 
BURDEN OF DISEASE ATTRIBUTABLE TO INDOOR SMOKE

Description:
(15.1) Change in mortality and burden of disease attributable to indoor smoke from 
solid fuel use (15.2) Changes in these as a result of the increased deployment of modern 
bioenergy services, including improved biomass-based cookstoves 

Measurement unit(s): Percentages

3.15.1. Testing of indicator 15 in Colombia
As explained in indicator 20, a decrease in woodfuel consumption has been reported in 
Colombia during the past decade. This appears to be linked mainly to the increase in access 
to natural gas, while modern bioenergy technologies have not played a significant role in 
displacing traditional uses of biomass and in providing access to modern energy services.
Nonetheless, in 2009 woodfuel was still providing 8.7 percent of the total primary 
energy supply in Colombia. In particular, woodfuel remains the main fuel used by rural 
households for cooking. In a study conducted in the municipality of Sutamarchán in the 
department of Boyacá, for instance, it was found that 73 percent of households were using 
wood as cooking fuel (Pinto, 2004).
A number of studies include data related to the incidence of Chronic obstructive pulmonary 
diseases (COPDs) in Colombia and their impact on mortality and burden of disease. 
According to IHME (2010), COPDs were responsible for 2.5 percent of premature deaths 
in Colombia in 2010, up from 1.9 percent in 1990. With regard to the role played by indoor 
smoke, however, there is very little evidence. One of the few exceptions is represented 
by the aforementioned study (IHME, 2010), according to which indoor air pollution is 
responsible for 1.5 percent of Disability-adjusted life years57 (DALYs) lost in Colombia.
Given the limited data available and considering that modern bioenergy technologies did 
not play any significant role in displacing traditional uses of biomass and in providing 
access to modern energy services, this indicator was not measured within the project to 
test the GBEP sustainability indicators for bioenergy in Colombia.
In order to measure this indicator in the future, surveys and epidemiological studies 
on woodfuel use and the incidence of COPDs should be conducted among a sample of 
households in different regions of the country.
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3.16 INDICATOR 16: INCIDENCE OF OCCUPATIONAL 
INJURY, ILLNESS AND FATALITIES

Description:
Incidences of occupational injury, illness and fatalities in the production of bioenergy in 
relation to comparable sectors 

Measurement unit(s):
Number/ha (for comparison with other agricultural activities) or number/MJ or MW (for 
comparison with alternative energy sources)

3.16.1 Testing of indicator 16 in Colombia
During the testing of the GBEP sustainability indicators for bioenergy in Colombia, very 
limited information could be found on the incidence of occupational injury, illness and 
fatalities in the domestic bioenergy sector. However, the statistics from the federation 
of Colombian insurance companies (Fasecolda) elucidated information on the two main 
bioenergy feedstocks used in the country, i.e. sugarcane and palm oil. For both of entities, 
Fasecolda’s statistics cover feedstock production and on-farm processing of panela and 
crude palm oil, respectively. This data is not disaggregated according to the end-use (e.g.  
food and fuel). However, as feedstock production and a portion of the processing phase 
are common to both food and fuel production, this data could give an indication of the 
incidence of injury, illness and fatalities associated with the biofuel supply chain up to 
primary processing.

3.16.2 Key findings
In 2010, the number of insured workers in the entire agricultural sector was around 
289,000, which includes laborers in crop production, forestry, livestock, fisheries and 
hunting, and accounts for around 7.7 percent of the sector’s total workforce. When crop 
production and forestry are considered independently from the rest, the number of insured 
workers amounts to 239,000 people (RP Datos - Fasecolda, 2014).
Regarding occupational injury, in 2010 the number of injured workers for every 1,000 
hectares dedicated to the cultivation of sugarcane and oil palm was 2.5 and 1.46 respectively, 
compared with 0.77 for the agricultural sector as a whole. Workers in sugarcane and oil 
palm plantations are exposed to inherent risks associated with their activities, such as 
cutting cane (which can lead to amputations), carrying heavy loadings, laboring in high 
temperatures, and working extensive days. For this reason, production of both these crops 
has been assigned a high risk category, i.e. 4 out of 5 (as per Decree 1295 of 1995). Between 
2009 and 2011, a significant increase (i.e. around 60 percent) was recorded in the number of 
injured workers per 1,000 hectares of both sugarcane and oil palm (RP Datos - Fasecolda, 
2014).
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Concerning occupational illness, the number of ill workers in sugarcane and oil palm 
production fluctuated between 2009 and 2011. On a per 100,000 workers basis, the average 
annual figures for the two crops were predominantly in line with those for the agricultural 
sector as a whole. On a per 1,000 hectares basis, however, between 2009 and 2011 the 
average annual number of ill workers in oil palm (0.034) and particularly sugarcane 
(0.048) were considerably higher than in the entire agricultural sector (0.021) (RP Datos - 
Fasecolda, 2014).
Finally, in regard to fatalities, between 2009 and 2011 the number of mortalities was null in 
the production of both sugarcane and oil palm, while in the overall agricultural sector the 
number of mortalities per 100,000 workers was comprised between 4.9 in 2011 and 11.1 in 
2010 (RP Datos - Fasecolda, 2014).

3.16.3 Main conclusions and recommendations

Results of indicator measurement
The statistics of the federation of Colombian insurance companies (Fasecolda) include data 
on occupational injury, illness and fatalities for the production and the on-farm primary 
processing of  sugarcane and palm oil, without distinction between end-uses (e.g. food and 
fuel). 
According to the statistics of Fasecolda, between 2009 and 2011, the number of injured 
workers for every 1,000 hectares dedicated to the cultivation of sugarcane and oil palm 
was between two and four times higher than in the agricultural sector as a whole. This 
reflects the inherent risks that workers in sugarcane and oil palm plantations are exposed 
to. Furthermore, this number increased significantly (i.e. by around 60 percent) during 
the three years considered (RP Datos - Fasecolda, 2014). In the case of oil palm, this 
increase coincided with a substantial growth in biodiesel production, even though a causal 
relationship cannot be established. 
Concerning occupation illness, between 2009 and 2011 the number of ill workers in 
sugarcane and oil palm production fluctuated considerably, so it was difficult to depict 
a clear trend. Nonetheless, on a per 1,000 hectares basis, between 2009 and 2011 the 
average annual number of ill workers in oil palm (0.034) and especially sugarcane (0.048) 
was considerably higher than in the agricultural sector as a whole (0.021) (RP Datos - 
Fasecolda, 2014).
Finally, with regard to fatalities, between 2009 and 2011 the number of mortalities was null 
in the production of both sugarcane and oil palm (RP Datos - Fasecolda, 2014).
It should be pointed out, however, that the results described above relate only to insured 
workers, which represent less than 8 percent of the actual agricultural workforce. In 
addition, the representativeness of this sample of workers might be relatively limited, as it 
seems reasonable to assume that informal workers without a contract and thus without an 
insurance are more likely to be engaged in activities presenting a high occupational risk.
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Future monitoring of indicator 16 in Colombia
As confirmed by the data compiled for the testing of this indicator, workers in sugarcane 
and oil palm plantations are exposed to inherent risks associated with their activities, such 
as cutting cane (which can lead to amputations), carrying heavy loadings, working in 
high temperatures, and working extensive days. This translates into a significantly higher 
incidence of both occupational injury and illness in the production and on-farm primary 
processing of sugarcane and oil palm compared to the agricultural sector as a whole. 
Therefore, as the bioenergy sector continues to expand in Colombia, the incidence of 
occupational injury and illness for these two key bioenergy feedstocks should be closely 
monitored and the occupational risks associated with them should be carefully analysed 
and mitigated.    
The statistics maintained by the federation of Colombian insurance companies (Fasecolda) 
represents a good source of data on occupational injury, illness and fatalities associated 
with both sugarcane and oil palm. However, this data only covers up until primary 
processing of these feedstocks. The same information should be gathered and analysed for 
final processing into ethanol and biodiesel as well. Furthermore, only a relatively short 
period of time (i.e. 2009-2011) could be considered for the testing of indicator 16, as up 
to 2009 data was only partial and thus not comparable. As data becomes available for 
subsequent years, it will be possible to carry out a more thorough assessment of trends 
related to occupational injury, illness and fatalities in the sugarcane and palm oil supply 
chains, and to analyse them in relation to developments in the bioenergy sector. 
However, in order to get a better sense of the influence (if any) of the bioenergy sector on 
the incidence of occupational injury, illness and fatalities in the production and primary 
processing of bioenergy feedstocks, data should be gathered for individual projects for 
which the end use of the crop/feedstock is known. If new sugarcane developments for 
ethanol production (e.g. Bioenergy and Agrifuels) lead, for instance, to an increase in 
the rate of mechanization in sugarcane harvesting, this is likely to affect the incidence of 
occupational injury, illness and fatalities in sugarcane production, possibly reducing it.  
Verification and reporting under standards and initiatives such as Bonsucro, the 
Roundtable on Sustainable Palm Oil and the Global Reporting Initiative could provide a 
source of information at the level of individual projects.
Last, but not least, surveys should be conducted among workers. In Colombia, as in 
many other developing and developed countries, a large share of agricultural workers 
are informal and thus do not have a contract. This category of workers, which are often 
excluded from official statistics, is likely to be engaged in activities with high occupational 
risk. Therefore, in order to get a complete picture, it is crucial to account for their situation 
by including them in a survey.

Relevance, practicality and scientific basis of indicator 16
The relevance of the issues addressed by indicator 16 was confirmed during the testing 
of this indicator in Colombia, which highlighted the high exposure to occupational risks 
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faced by workers in the production and primary processing of key bioenergy feedstocks 
such as sugarcane and oil palm.
The methodology that was developed for this indicator appears to be feasible and relatively 
practical. However, a limitation might be the availability of adequate data with the level 
of disaggregation that would be required in order to conduct a specific analysis for the 
bioenergy sector. In Colombia, insurance companies (via their federation) represented a 
useful source of data on occupational injury, illness and fatalities. This possible data source 
should be mentioned in the methodology sheet of indicator 16, especially in cases when 
official national statistics are not available or easily accessible. However, given the high 
share of informal jobs in agriculture in most countries, data related to insured workers 
cannot replace the need for surveys. 
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ECONOMIC PILLAR

3.17 INDICATOR 17: PRODUCTIVITY

Description: 
(17.1) Productivity of bioenergy feedstocks by feedstock or by farm/plantation 
(17.2) Processing efficiencies by technology and feedstock 
(17.3) Amount of bioenergy end product by mass, volume or energy content per hectare 
per year 
(17.4) Production cost per unit of bioenergy 

Measurement unit(s): 
(17.1) Tonnes ha per year 
(17.2) MJ/tonne 
(17.3) Tonnes/ha per year, m3 /ha per year or MJ/ha per year 
(17.4) USD/MJ

3.17.1 Testing of indicator 17 in Colombia
For the testing of indicator 17 in Colombia, data on sugarcane-based ethanol and palm 
oil-based biodiesel was retrieved from official statistics and literature, and calculations 
were performed using this data. Finally, production costs of sugarcane-based ethanol and 
palm oil-based biodiesel were estimated using FAO’s Bioenergy and Food Security (BEFS) 
Detailed Analysis.
All components of indicator 17 could be measured, yielding interesting results on the 
productivity of bioenergy in Colombia, as well as on the production cost of ethanol and 
biodiesel. These results provide a sound baseline for future monitoring of indicator 17 in 
this country.

3.17.2 Key findings

17.1: Productivity of bioenergy feedstocks by feedstock or by farm/plantation 

Sugarcane
In order to determine the productivity of sugarcane in Colombia, data on production58 and 
harvested area was used. During the period considered (i.e. 2002-2012), there was a mild 
increase in the harvested area of sugarcane (figure 3.17.1). At the same time, productivity 
of this crop remained substantially stable (figure 3.17.2), with an average annual yield of 
118.75 t/ha, one of the highest in the world (Asocaña, 2013).

58  This data was taken from Asocaña (2013).
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Source: Asocaña, 2013

Source: Asocaña, 2013

Oil palm
As in the case of sugarcane, data on production and harvested area was used in order to 
determine the productivity of oil palm in Colombia. During the period considered (i.e. 
2002-2012), there was a very significant increase in the harvested area of oil palm, thanks 
to new developments that have  continued in recent years, as shown by the gap between 
production area and harvested area (figure 3.17.3). In parallel, oil palm productivity 
decreased slightly, due probably to the temporarily low yields of the young seedlings 
entering into production (figure 3.17.4). Between 2002 and 2012, the average crude palm 
oil (CPO) yield was 3.62 t/ha (Ministry of Agriculture, 2012).
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Source: Ministry of Agriculture, 2012

Source: Ministry of Agriculture, 2012
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Planted area and harvested area of oil palm (ha), 2002-2012
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17.2: Processing efficiencies by technology and feedstock 

Sugarcane-based ethanol
In order to determine the efficiency of the processing of sugarcane into ethanol, data on the 
volume of sugarcane and ethanol produced was used (figure 3.17.5). The period considered 
was 2006-2012, as data for the first year of ethanol production (2005) was not deemed 
sufficiently reliable and representative. The average ethanol yield was around 300 MJ/t 
of cane. When analyzing this figure, it should be considered that in Colombia ethanol is 
produced from molasses and is only one of many co-products obtained from sugarcane.

Source: Asocaña (2013)

Palm oil-based biodiesel
In order to determine the efficiency of the processing of crude palm oil into biodiesel, 
data on the volume of CPO used for biodiesel and on the actual volume produced of this 
biofuel was used (figure 3.17.6). The period considered was 2009-2012, as data for the first 
year of biodiesel production (2008) was not deemed sufficiently reliable and representative. 
The average biodiesel yield per ton of palm oil was 40,647 MJ/ton of CPO.

Source: Fedebiocombustibles, 2013
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17.3: Amount of bioenergy end product by mass, volume or energy content per hectare 
per year

Sugarcane-based ethanol
In order to determine the amount of sugarcane-based ethanol produced per hectare per 
year, data on ethanol production and on the harvested area of sugarcane was used (figure 
3.17.7). Also in this case, the period considered was 2006-2012, as data for the first year 
of ethanol production (2005) was not deemed sufficiently reliable and representative. The 
average annual ethanol yield was around 1.28 t/ha.

Source: Asocaña, 2013

Palm oil-based biodiesel
Data on biodiesel production and on the harvested area of sugarcane was used in order to 
determine the amount of palm oil-based biodiesel produced per hectare per year (figure 
3.17.8). Also in this case, the period considered was 2009-2012, as data for the first year of 
biodiesel production (2008) was not deemed sufficiently reliable and representative. The 
average annual biodiesel yield was around 3.62 t/ha.

Source: Adapted from Ministry of Agriculture 2012, Fedebiocombustibles 2013
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17.4: Production cost per unit of bioenergy
For the measurement of indicator component 17.4, information could not be obtained 
from producer associations nor was it possible to collect data at the field level through 
surveys and interviews. The production cost of sugarcane-based ethanol and palm oil-
based biodiesel was estimated using FAO’s Bioenergy and Food Security (BEFS) Detailed 
Analysis59. The results obtained were compared with the information included in a related 
publication of the National Council of Economic and Social Policy (CONPES) from 2008. 

Sugarcane-based ethanol
Colombian sugar mills integrate ethanol distilleries and cogeneration units using bagasse, 
and molasses are the main feedstock for the production of fuel grade ethanol (Quintero et 
al., 2008b). Considering this technology and business model, an ethanol production cost of 
0.4161 USD/l (or 0.0188 USD/MJ) was estimated for Colombia in 2012, using the techno-
economic component of the BEFS Detailed Analysis. The contribution of different items 
to the total production cost is shown in table 3.17.1, with raw materials accounting for 68 
percent of this total. These figures are substantially in line with those reported in 2008 by 
Conpes based on primary data, i.e. an ethanol production cost of 0.3963 USD/l, with raw 
materials accounting for around 70 percent of this cost. 

Category USD/l

1. Raw materials 0.2828

2. Services 0.0131

3. Labour 0.0022

4. Maintenance 0.0306

5. Operating charges 0.0087

6. General plant costs 0.0262

7. General and administrative costs 0.0175

8. Capital depreciation54 0.0350

Total Cost 0.4161

Source: Elaborated from BEFS Detailed Analysis

Palm oil-based biodiesel
The production cost of palm oil-based biodiesel in Colombia is reported in table 3.17.2. 
The same  approach described above for ethanol was used for biodiesel. Using the techno-
economic component of the BEFS Detailed Analysis, a biodiesel production cost of 
0.4758 USD/l (or 0.0145 USD/MJ) was estimated for Colombia in 2012. The contribution 
of different items to the total production cost can be seen in table 3.17.2, with raw 

59  FAO’s BEFS Detailed Analysis: http://www.fao.org/energy/befs/86185/en/ 
60 Calculated using the straight line depreciation method.

Ta b l e  3 . 1 7 . 1

Estimation of production cost of fuel-grade ethanol obtained from molasses in distilleries 
integrated with sugar refineries equipped with cogeneration units (USD/l), 2012
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materials accounting for 81 percent of this total. As in the case of ethanol, these figures 
are comparable with those estimated in 2008 by Conpes, i.e. a biodiesel production cost of 
0.4434 USD/l, with raw materials accounting for 81 percent of this cost. 

Category USD/l

1. Raw materials 0.3867

2. Services 0.0117

3. Labour 0.0006

4. Maintenance 0.0105

5. Operating charges 0.0023

6. General plant costs 0.0059

7. General and administrative costs 0.0042

8. Capital depreciation 0.0539

Total Cost 0.4758

Source: Elaborated from BEFS Detailed Analysis

It should be noted that for the estimate of the production cost of biodiesel it was assumed 
that the extraction plant (palm oil mill) was paired with the transesterification plant, in 
line with the report from the CUE (2012). However, as emerged during discussions with 
representatives of the private sector (gremios), this assumption does not fully reflect the 
set-up in Colombia, where several palm oil mills (where oil extraction takes place) are 
not paired with palm oil refineries and transesterification plants, and CPO needs to be 
transported from milling sites to refineries to be converted into biodiesel. Therefore, a 
sensitivity analysis was conducted. According to the results obtained, in a scenario with a 
CPO price of 0,45 USD/l, total biodiesel production cost may be as high as 0.73 USD/l, if 
the CPO is transported for 60 km. Depending on the transportation distance of CPO, the 
contribution of the CPO price to the total production cost of biodiesel can range from 72 
percent to 88 percent.

3.17.3 Main conclusions and recommendations

Results of indicator measurement
With regard to indicator component 17.1, productivity sugarcane remained substantially 
stable between 2002 and 2012, with an average annual yield of 118.75 t/ha, one of the 
highest in the world (Asocaña, 2013). On the other hand, during the same period oil palm 
productivity decreased slightly61, with an average annual CPO yield of 3.62 t/ha between 

61  As explained above, this is probably due to the significant oil palm expansion that has taken place in recent 

Ta b l e  3 . 1 7 . 2

Estimation of production cost of biodiesel (USD/l), 2012
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2002 and 2012 (Ministry of Agriculture, 2012).
Concerning indicator components 17.2 and 17.3, the average sugarcane-based ethanol yield 
was  around 300 MJ/t of cane62 and 1.28 t/ha between 2006 and 2012, while the average 
palm oil-based biodiesel yield was around 40,650 MJ/ton and 3.62 t/ha between 2009 and 
2012.
With regard to indicator component 17.4, production costs were estimated using FAO’s 
BEFS Detailed Analysis63. For sugarcane-based ethanol, a production cost of 0.4161 
USD/l (or 0.0188 USD/MJ) was estimated in 2012 based on the specific technology and 
business model employed in Colombia, a figure substantially in line with that reported in 
2008 by Conpes based on primary data, i.e. 0.3963 USD/l. For palm-oil based biodiesel, 
a production cost of 0.4758 USD/l (or 0.0145 USD/MJ) was estimated for Colombia 
in 2012. Also in this case, this figure is comparable with the estimate that was made by 
Conpes (2008), i.e. 0.4434 USD/l. However, if the cost of CPO transport to the biodiesel 
plant is considered, the production cost may be as high as 0.73 USD/l.

Future testing of indicator 17 in Colombia
Data was available for all components of indicator 17. Testing of this indicator yielded 
interesting results on the productivity of sugarcane and oil palm and of the related 
processing technologies in Colombia. These results provide a sound baseline for future 
monitoring of indicator 17 in this country.
As shown in the figures above, productivity of bioenergy feedstocks and processing 
technologies has not changed significantly in recent years in Colombia. The additional 
demand for sugarcane and palm oil for biofuel production has been met through an 
expansion in the area harvested (especially of oil palm) and through a partial diversion 
of these products from other markets and uses (e.g. the increase in the share of palm oil 
used for biodiesel production). As the bioenergy sector continues to expand in Colombia, 
monitoring productivity is important in order to assess the efficiency of the industry and 
the extent to which a yield increase is triggered by the growth in demand.
Furthermore, estimates of the production costs of sugarcane-based ethanol and palm oil-
based biodiesel were made using FAO’s BEFS Detailed Analysis. Even though the results 
obtained appeared to be substantially in line with those already available in the literature 
(e.g. Conpes, 2008), it would be useful to ground-truth these numbers, even though 
getting access to such commercially sensitive information might be challenging. Improving 
these production cost estimates and replicating them in the future would be important 
in order to assess the competitiveness of domestically produced biofuels both on the 
domestic market (i.e. with domestic fossil fuel prices) and on the international market (i.e. 
with the international prices of ethanol and biodiesel). These estimates could inform the 
development and revision of biofuel support policies and incentives.

years and the temporarily low yields of the young seedlings entering into production.
62  As explained above, when analyzing this figure, it should be considered that in Colombia ethanol is produced 

from molasses and is only one of many co-products obtained from sugarcane.
63  FAO’s BEFS Detailed Analysis: http://www.fao.org/energy/befs/86185/en/
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Relevance, practicality and scientific basis of indicator 17
The testing of indicator 17 in Colombia confirmed the importance of monitoring 
productivity both at feedstock level and at processing level and of producing estimates 
of biofuel production costs. As explained above, monitoring these variables is essential in 
order to assess the efficiency and competiveness of the bioenergy industry over time.
In the methodology sheet of indicator 17, the importance of taking into account 
co-products and by-products is recognized. However, further guidance on how to account 
for them under the various components of this indicator would be useful.
With regard to the practicality, getting hold of the information required for indicator 
component 17.4 might be challenging, in light of the commercially sensitive nature of 
production cost data. If primary data cannot be obtained, estimates should be made, as 
was done for the testing of indicator 17. More guidance on this should be provided in the 
methodology sheet of the indicator.
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3.18 INDICATOR 18: NET ENERGY BALANCE

Description: 
Energy ratio of the bioenergy value chain with comparison with other energy sources, 
including 
energy ratios of 
(18.1) feedstock production, 
(18.2) processing of feedstock into bioenergy, 
(18.3) bioenergy use; and/or 
(18.4) lifecycle analysis 

Measurement unit(s): 
(18.1) ratio 
(18.2) ratio 
(18.3) ratio 
(18.4) ratio 

3.18.1 Testing of indicator 18 in Colombia
For the testing of indicator 18 in Colombia, part of the same data retrieved for indicator 
17 was used, together with other relevant data and information from a number of sources. 
Although relevant information could be found in literature, it was not deemed enough to 
fully measure the indicator component 18.3.,.

3.18.2 Key findings

18.1: Feedstock production

Sugarcane
As reported in indicator 17, the average annual sugarcane yield in Colombia over the 
period 2002-2012 was equal to 118.77 t/ha. Sugarcane production requires energy for 
agricultural machineries, for irrigation, for the transportation of inputs, and for the 
application of fertilizers and pesticides. In addition, energy is embedded in the inputs (e.g. 
seeds) used. In order to determine the energy inputs per unit of feedstock produced, data 
was retrieved from literature, mostly from CUE (2012).
Based on this data, the energy inputs per unit of feedstock produced were estimated at 
286.15 MJ/t.
On the other hand, the energy output, i.e. the energy content of sugarcane, was estimated 
at 4,950 MJ/t. 
Based on these figures, the Net Energy Value (NEV) and the Net Energy Ratio (NER) 
were calculated. The NEV was equal to 4,663.85 MJ/t, while the NER was equal to 17.30. 
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Oil palm
Over the period 2002-2012, the average annual yield of oil palm in Colombia was equal 
to 16.75 t/ha of fresh fruit bunch (FFB). As in the case of sugarcane, oil palm production 
requires energy for agricultural machineries, for irrigation, for the transportation of 
inputs, and for the application of fertilizers and pesticides. In addition, there is the energy 
embedded in the inputs (e.g. seeds) used. In order to determine the energy inputs per unit 
of feedstock produced, data was retrieved from literature. As in the case of sugarcane, most 
of the information was taken from CUE (2012). 
Based on this data, the energy inputs per unit of feedstock produced were estimated at 
530.54 MJ/t ton of FFB.
On the other hand, the energy output, i.e. the energy content of oil palm FFB, was 
estimated at 16,000 MJ/t. 
Based on these figures, the Net Energy Value (NEV) and the Net Energy Ratio (NER) 
were calculated. The NEV was equal to 15,469 MJ/t, while the NER was equal to 30.16. 
 
18.2: Processing of feedstock into bioenergy

Sugarcane-based ethanol
Sugarcane processing entails the transformation of the sugarcane, which has an energy 
content of 4,950 MJ/ton, into sugar and ethanol. In Colombia, ethanol distilleries are for 
the most part self-sufficient with regard to energy, as they incorporate cogeneration units 
that use bagasse, which is a co-product of sugarcane processing. As most of the energy 
used for the processing of sugarcane into ethanol is obtained from the sugarcane itself, the 
efficiency of this stage of the ethanol supply chain is largely dependent on the efficiency of 
the co-generation unit. Given the set of conditions encountered in the Colombian context, 
a NER of 0.82 was calculated.

Palm oil-based biodiesel
Palm oil processing consists of the transformation of oil palm FFB, which has an energy 
content of 16,000 MJ/t, first into crude palm oil (CPO) and then into biodiesel. Unlike 
sugarcane-based ethanol though, the processing of oil palm FFB into biodiesel relies on 
substantial amounts of energy from outside the system, which in turn leads to a lower 
NER (0.71) for this stage of the biodiesel supply chain.

18.3: Bioenergy use 

Sugarcane-based ethanol
Sufficient data was not available to measure this indicator component. However, relevant 
information could be found in literature. According to Asocaña (2004), although E10 
contains approximately 3.4 percent less energy per unit of volume than gasoline, this does 
not affect the overall efficiency of combustion. This is due to the higher oxygen content 
and octane number of the blend, which may improve the performance of vehicles. The 
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study concluded that the main factor affecting overall fuel use efficiency is the thermal 
efficiency  of the engine itself, which is on average 23.5 percent for the Colombian car 
fleet, while the use of E10 vs. straight gasoline has a limited influence (if any). Therefore, 
the efficiency of ethanol use is likely to be (at least) equal to the thermal efficiency of the 
average engine running on straight gasoline in Colombia, i.e. 23.5 percent.  

Palm oil-based biodiesel
In the case of palm oil-based biodiesel, the efficiency of use in stationary diesel engines of 
three different biodiesel blends (i.e. B20, B50 and B100) in addition to straight gasoline was 
assessed in a study by Fajardo et al. (2006). Even though the most common biodiesel blend 
found in Colombia as of 2012 (i.e. E8) was not considered, this study offered interesting 
preliminary insights into the efficiency of using different biodiesel blends. The conclusion 
was that, compared to straight diesel, fuel consumption increases by 14 percent when the 
engine runs on B20 and by 20 percent when the same engine runs on B50. 

18.4: Lifecycle analysis
The lifecycle analysis that was carried out showed that, for each unit of energy input in 
sugarcane-based ethanol production, there is an output of 6.08 units of energy in the form 
of ethanol.
In the case of biodiesel, for each unit of energy input in palm oil-based biodiesel 
production, 3.98 units of energy output are generated in the form of biodiesel. The lower 
net energy ratio of biodiesel is due mainly to the lower efficiency of biodiesel processing 
compared to ethanol processing. As a matter of fact, in Colombia sugarcane-based ethanol 
systems use the energy content of the biomass rather efficiently, through co-generation of 
electricity and steam from bagasse, in addition to the sugar and ethanol output. Thanks 
to this, ethanol distilleries are energy self-sufficient. Conversely, in the case of biodiesel 
significant amounts of energy are needed from outside the system, lowering its net energy 
ratio.

3.18.3 Main conclusions and recommendations

Results of indicator measurement
With regard to indicator components 18.1 and 18.2, for sugarcane-based ethanol the Net 
Energy Ratio (NER) was found to be 17.30 for the feedstock production stage and 0.82 for 
the processing stage, while for the same stages of palm oil-based biodiesel, a NER of 30.16 
and 0.71 respectively was calculated. 
Indicator component 18.3 could not be measured. However, with regard to ethanol, a 
study by Asocaña (2014) concluded that, although E10 contains approximately 3.4 percent 
less energy per unit of volume than gasoline, this does not affect the overall efficiency of 
combustion, thanks to the higher oxygen content and octane number of the blend. On the 
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other hand, concerning biodiesel Fajardo et al. (2006) found that, compared to straight 
diesel, fuel consumption increases by 14 percent when the engine runs on B20 and by 20 
percent when the same engine runs on B5064. 

Last, but not least, the life-cycle analysis that was carried out under indicator component 
18.4 showed that the Colombian sugarcane-based ethanol and palm oil-based biodiesel 
supply chains are rather efficient when compared to the production of other first-
generation liquid biofuels.

Future monitoring of indicator 18 in Colombia
As the bioenergy sector continues to expand in Colombia, monitoring its efficiency from 
an energy perspective will be of crucial importance. The results of the testing of indicator 
18 in Colombia described above provide a good basis for future monitoring of this 
indicator in the country. 
However, to the extent possible, more detailed assessments should be carried out in the 
future. For instance, it would be important to disaggregate the Net Energy Ratio for each 
intermediate step of the processing phase. This would provide useful information for the 
identification of the critical steps of the supply chain that offer the highest potential for 
efficiency improvements.
Furthermore, in order to strengthen the robustness of the results, primary data based on 
direct observations and lab tests should be used as well.

Relevance, practicality and scientific basis of indicator 18
The testing in Colombia confirmed the relevance of the issues addressed by indicator 18, 
which provides valuable information regarding the energy efficiency of the main stages of 
the sugar-cane based ethanol and palm oil-based biodiesel supply chains.
With regard to the practicality, indicator 18 is rather data intensive. With the exception of 
indicator component 18.3, most of the data required could be found for Colombia, but 
availability of adequate data might be an issue in some developing countries.
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64  As explained above, stationary engines were used in this study.
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3.19 INDICATOR 19: GROSS VALUE ADDED

Description:
Gross value added per unit of bioenergy produced and as a percentage of gross domestic 
product. 

Measurement unit(s):
US$/MJ and percentage

3.19.1 Testing of indicator 19 in Colombia
For the testing of indicator 19 in Colombia, data could be found (from 2007) on the total 
value added generated by the sugarcane industry, from which it was possible to estimate the 
value added attributable to ethanol production. The gross value added could be expressed 
both per unit of bioenergy produced and as a percentage of gross domestic product. 
Interesting data was also found on the indirect and induced effects of the sugarcane 
industry on the Colombian economy, and on the share of the various intermediate inputs 
used in the production of sugarcane-based products. 
Concerning palm oil based biodiesel production, data on the gross value added could not 
be found. The estimated gross profit per unit of energy of a representative palm oil based 
biodiesel plant in Colombia was used as a proxy. 

3.19.2 Key findings
In 2010, Arbeláez et al. (2010) conducted a comprehensive study on the socio-economic 
impact of the Colombian sugarcane industry on the national and regional economy. 
According to this study, in 2007 the total value added generated by the sugar mills, 
considering all their products (including ethanol) was COP 598 billion (USD 294 
million)65, accounting for 0.14 percent of the total GDP of Colombia and 0.86 percent of 
the GDP generated by the industry. Considering all direct, indirect and induced effects, the 
aggregated impact of the sugarcane industry on the Colombian economy in 2007 was COP 
2.3 trillion (USD 1.13 billion)66, i.e. 0.54 percent of GDP (Arbeláez et al., 2010).
According to CUE (2012), the co-product ethanol accounts for 22.3 percent of the total 
economic value generated from sugarcane in Colombia. Therefore, in 2007 the value added 
generated by ethanol production was estimated at COP 133 billion (USD 65 million), 
accounting for 0.031 percent of Colombian GDP. On a per unit of energy basis, the value 
added generated by ethanol production was equal to USD 0.0114/MJ.
The study that was conducted by Arbeláez et al. (2010) includes also interesting 
information regarding the share of the various intermediate inputs used in the production 
of sugarcane-based products. In 2007, the total value of these intermediate inputs was equal 
to COP 1,72 trillion (USD 846 million), of which sugarcane accounted for 65.3 percent, i.e. 
COP 1.1 trillion (USD 541 million).

65  Average 2007 currency exchange rate of 1 USD = 2,033.77 COP. Source: Oanda Historic Currency Rates 
(http://www.oanda.com/lang/it/currency/historical-rates/)

66  Ibidem
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With regard to palm oil based biodiesel production, data on the gross value added could 
not be found. The estimated gross profit per unit of energy of a representative palm oil 
based biodiesel plant with a capacity of 100 million litre/year in Colombia was used as 
a proxy. Rincon (2012) estimated an average cost of intermediate inputs of around USD 
0.51/l. Given a biodiesel market price of 1.31 USD/l, the gross profit was equal to 0.8 
USD/l, or 0.0240 USD/MJ. 

3.19.3 Main conclusions and recommendations

Results of indicator measurement
In 2010, the total value added generated by sugar mills was COP 598 billion (USD 294 
million67), of which COP 133 billion (USD 65 million) could be attributed to ethanol 
production (USD 0.0114/MJ), accounting for 0.031 percent of Colombian GDP. 
Considering all direct, indirect and induced effects, the aggregated impact of the sugarcane 
industry on the Colombian economy in 2007 was COP 2.3 trillion (USD 1.13 billion), i.e. 
0.54 percent of GDP (Arbeláez et al., 2010).
Regarding the intermediate inputs used in the production of sugarcane-based products, in 
2007 their total value was equal to COP 1.72 billion (USD 846 million), of which sugarcane 
accounted for 65.3 percent (Arbeláez et al., 2010).
With regard to palm oil based biodiesel production, data on the gross value added could 
not be found. The estimated gross profit per unit of energy of a representative palm oil 
based biodiesel plant in Colombia was used as a proxy. Given a biodiesel market price of 
1.31 USD/l and an estimated average cost of intermediate inputs of USD 0.51/l (Rincon, 
2012) the gross profit was equal to 0.8 USD/l, or 0.0240 USD/MJ. 

Future monitoring of indicator 19 in Colombia
As explained above, no data could be found on the gross value added generated through 
the production of palm oil based biodiesel, and the gross profit of a representative biodiesel 
plant was used as a proxy. On the other hand, relatively detailed information was available 
for the sugarcane industry, from which it was possible to estimate the gross value added 
attributable to ethanol production. However, this information dates back to 2007.
Given the recent expansion in the production of ethanol and especially biodiesel and the 
growing importance of the bioenergy sector in Colombia, collecting up to date information 
on the gross value added in the production of sugarcane based ethanol and palm oil based 
biodiesel would be very important. If this data was collected on a regular basis, it would 
be possible to get an indication of the relative weight of the bioenergy sector within the 
domestic economy over time.

67  Average 2007 currency exchange rate of 1 USD = 2,033.77 COP. Source: Oanda Historic Currency Rates 
(http://www.oanda.com/lang/it/currency/historical-rates/)
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Relevance, practicality and scientific basis of indicator 19
During the testing of the GBEP sustainability indicators for bioenergy in Colombia, the 
importance of measuring the gross value added generated by bioenergy production and its 
contribution to the GDP was confirmed.
However, the measurement of the indicator was affected by both the quantity and the 
quality of the available data. The availability of sufficiently detailed and up to date 
information might be an issue in other developing countries as well.
In the lack of information regarding the gross value added generated by biodiesel 
production in Colombia, the estimated gross profit per unit of energy of a representative 
plant was used as a proxy. The validity of this proxy and the potential replicability of this 
approach in other countries should be further explored.
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Arbeláez, M. A., Estacio, A., & Olivera, M. 2010. Impacto socioeconómico del sector azucarero 

colombiano en la economía nacional y regional. Una publicación de Fedesarrollo Nueva Serie 
Cuadernos de Fedesarrollo, número treinta y uno. Bogotá: Fedesarrollo.

Rincon P, LE. 2012. Análisis de Esquemas Tecnológicos para la Producción Eficiente de Productos de 

Valor Agregado obtenidos de Materias Primas Oleoquímicas Colombianas. Universidad Nacional de 
Colombia Sede Manizales Facultad de Ingeniería y Arquitectura.



160

]
E

N
E

R
G

Y
[

3.20 INDICATOR 20: CHANGE IN CONSUMPTION OF 
FOSSIL FUELS AND TRADITIONAL USE OF BIOMASS

Description: 
(20.1) Substitution of fossil fuels with domestic bioenergy measured by energy content 
(20.1a) and in annual savings of convertible currency from reduced purchases of fossil 
fuels (20.1b) 
(20.2) Substitution of traditional use of biomass with modern domestic bioenergy 
measured by energy content. 

Measurement unit(s): 
(20.1a) MJ per year and/or MW per year 
(20.1b) USD per year 
(20.2) MJ per year and/or MW per year

3.20.1 Testing of indicator 20 in Colombia
For the testing of indicator component 20.1, the required data was obtained from both 
national and international statistics, as well as from indicator 18. The methodology of 
indicator 20.1b, which is tailored to net oil importing countries, had to be slightly adapted, 
as Colombia is a net exporter of oil.
On the other hand, indicator component 20.2 was not found to be relevant in the current 
Colombian context. Even though a decrease in woodfuel consumption has been reported 
in Colombia during the past decade, this appears to be linked mainly to the increase in 
access to natural gas, while modern bioenergy technologies have not played a significant 
role in displacing traditional uses of biomass and in providing access to modern energy 
services.

3.20.2 Key findings
20.1: Substitution of fossil fuels with domestic bioenergy measured by energy content 
(20.1a) and in annual savings of convertible currency from reduced purchases of fossil 
fuels (20.1b)

Ethanol
Annual ethanol production in Colombia between 2006 and 2012 is reported in table 3.20.1, 
expressed in MJ/year. All ethanol produced in Colombia during this period was consumed 
domestically.
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Year MJ/year

2006 5,632,497,472.82

2007 5,761,578,647.39

2008 5,418,390,268.43

2009 6,947,340,998.42

2010 6,175,273,481.32

2011 7,152,841,124.33

2012 7,838,115,722.60

Source: Asocaña, 2013

For the measurement of indicator component 20.1a, the use of the following formula is 
suggested for each imported type of fossil energy (i):

Efossilsub_i = Ebioenergydom x (1 – 1/NERdom_i)

where:

Efossilsub_i is the amount of fossil fuel energy, disaggregated by fossil fuel type, 
substituted by modern domestic bioenergy in the country;

Ebioenergydom is the amount of domestically produced modern bioenergy consumed in 
the country; and

NERdom_i is the (national average) net energy ratio for domestically produced 
modern bioenergy consumed in the country disaggregated by fossil fuel type and 
calculated according to the methodology sheet for Indicator 18, Net energy balance, 
and using only fossil fuel inputs for the energy input term (net energy ratio = energy 
output/energy input).

The results of the application of the aforementioned methodology to the case of ethanol in 
Colombia are shown in table 3.20.2. The net energy ratio that was calculated for ethanol 
in indicator 18 (i.e. 6.08 MJ Ethanol / MJ fossil fuel) was used in the formula. As shown 
below, in 2012 ethanol substituted over 6.5 billion MJ of fossil fuel. 

Ta b l e  3 . 2 0 . 1

Ethanol production (MJ/year), 2006-2012
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Year MJ/year

2006 4,706,099,862

2007 4,813,950,580

2008 4,527,207,658

2009 5,804,686,229

2010 5,159,603,501

2011 5,976,386,992

2012 6,548,951,952

Source: Calculations based on Asocaña, 2013

Colombia is a net oil exporter (EIA, 2014a). Therefore it was assumed that the reduction in 
domestic oil consumption caused by the substitution with ethanol led to an increase in oil 
exports. Based on crude oil prices for the period 2006-2012 (EIA, 2014b), the value of the 
increased oil exports was calculated. In 2012, the substitution of fossil fuels with ethanol 
in Colombia led to an increase in oil exports of 103 million USD.  

20.1a 20.1b

Year Ebioenergydom MJ Efossilsub_i MJ Price bblfossilsub_OIL USD USD per year

2006 5,632,497,473 4,706,099,862 66.05 52,047,038

2007 5,761,578,647 4,813,950,580 72.34 58,309,886

2008 5,418,390,268 4,527,207,658 99.67 75,553,908

2009 6,947,340,998 5,804,686,229 61.95 60,211,870

2010 6,175,273,481 5,159,603,501 79.48 68,665,130

2011 7,152,841,124 5,976,386,992 94.88 94,945,732

2012 7,838,115,723 6,548,951,952 94.05 103,131,815

Source: Calculations based on Asocaña, 2013

Biodiesel
Annual production of biodiesel in Colombia between 2009 and 2012 is reported in table 
3.20.4,  expressed in MJ/year. All biodiesel produced in Colombia during this period was 
consumed domestically.

Ta b l e  3 . 2 0 . 2

Fossil fuel substituted by ethanol (MJ/year), 2006-2012

Ta b l e  3 . 2 0 . 3

Substitution of fossil fuel with domestic ethanol (USD/year), 2006-2012
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Year MJ/year

2009 6,302,089,200

2010 12,562,923,600

2011 16,480,976,400

2012 18,227,665,200

Source: Fedebiocombustibles, 2014

The same formula described in the methodology sheet of indicator 20 (component 1a) and 
used above for ethanol was applied to biodiesel. The net energy ratio that was calculated 
for biodiesel in indicator 18 (i.e. 3.98 MJ Ethanol / MJ fossil fuel) was used in the formula. 
As shown below, in  2012 biodiesel substituted over 13.6 billion MJ of fossil fuel.

Year MJ/year

2009 4,718,649,703

2010 9,406,410,133

2011 12,340,27,556

2012 13,647,849,823

Source: Fedebiocombustibles, 2014

As in the case of ethanol, considering Colombia’s net trade position, it was assumed that 
the reduction in domestic oil consumption caused by the substitution with biodiesel led 
to an increase in oil exports. As shown in table 3.20.6, in 2012 this increase was equal to 
nearly 215 million USD.  

20.1a 20.1b

Year Ebioenergydom MJ Efossilsub_i MJ Price bblfossilsub_OIL USD USD per year

2009 6,302,089,200 4,718,649,703 61.95 48,946,440

2010 12,562,923,600 9,406,410,133 79.48 125,182,560

2011 16,480,976,400 12,340,027,556 94.88 196,043,688

2012 18,227,665,200 13,647,849,823 94.05 214,924,088

Source: Calculations based on Fedebiocombustiles, 2014

Ta b l e  3 . 2 0 . 4

Biodiesel production (MJ/year), 2009-2012

Ta b l e  3 . 2 0 . 5

Fossil fuel substituted by biodiesel (MJ/year), 2009-2012

Ta b l e  3 . 2 0 . 6

Substitution of fossil fuel with domestic biodiesel (USD/year), 2006-2012 
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20.2: Substitution of traditional use of biomass with modern domestic bioenergy 
measured by energy content
As explained above, indicator component 20.2 was not deemed relevant in Colombia. 
While a decrease in woodfuel consumption has been recorded in the country during the 
past decade, this appears to be the result mainly of increased access to natural gas. On other 
hand, in Colombia modern bioenergy technologies have not played a significant role yet in 
displacing traditional uses of biomass and in providing access to modern energy services.

3.20.3 Main conclusions and recommendations

Results of indicator measurement
In 2012, around 7.8 billion MJ of ethanol were produced and consumed in Colombia. As 
calculated under indicator component 20.1a based on the NER of ethanol estimated in 
indicator 18, in 2012 ethanol substituted 6.5 billion MJ of fossil fuel in Colombia. This led 
to an increase in oil exports of 103 million USD.
Regarding biodiesel, domestic production and consumption was equal to 18.2 billion MJ 
in 2012, substituting 13.6 billion MJ of fossil fuel and leading to an increase in oil exports 
of nearly 215 million USD.
As already explained, indicator component 20.2 was not measured, as it was not found 
relevant in the current Colombian context.

Future monitoring of indicator 20 in Colombia
As the domestic bioenergy sector continues to expand and higher biofuel mandates are 
considered, it will be important to continue monitoring indicator 20 in Colombia and 
assess the displacement of fossil fuel with ethanol and biodiesel and the resulting economic 
benefits, e.g. in terms of increased oil exports.
Indicator component 20.2 should be monitored as well in the future, should modern 
bioenergy technologies start playing an important role in displacing traditional uses of 
biomass and in providing access to modern energy services in Colombia.

Relevance, practicality and scientific basis of indicator 20
The testing in Colombia showed the importance of assessing the substitution of fossil 
fuels with biofuels and the resulting economic benefits, thus confirming the relevance of 
indicator component 20.1. However, the wording of indicator component 20.1b appears 
to be tailored mainly to oil importing countries. In the case of oil exporting countries such 
as Colombia, it is more appropriate to assess the increase in oil exports rather than the 
import savings associated with the substitution of fossil fuels with biofuels. Therefore, a 
more neutral wording of indicator component 20.1b would be desirable.
As explained above, indicator component 20.2 was not deemed relevant in the current 
Colombian context. However, this might change in the future.
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3.21 INDICATOR 21: TRAINING AND 
REQUALIFICATION OF THE WORKFORCE

Description:
(21.1) Share of trained workers in the bioenergy sector out of total bioenergy workforce, 
and (21.2) share of re-qualified workers out of the total number of jobs lost in the 
bioenergy sector 

Measurement unit(s):
Percentage (per year)

3.21.1 Testing of indicator 21 in Colombia
During the testing of indicator 21 in Colombia, relatively detailed information related to 
skills, training and qualifications of workers could be found in the literature for the palm 
oil supply chain. However, disaggregated figures were not available for the portion of 
this supply chain dedicated to the production of biodiesel. With regard to the sugarcane/
ethanol supply chain, only limited qualitative information could be found. As a result, the 
measurement of indicator component 21.1 could not be completed.
At the same time, indicator component 21.2, which aims to measure the percentage of 
re-qualified workers out of the total number of jobs lost in the bioenergy sector, was not 
found to be relevant in the current Colombian context. This indicator component applies 
mainly (if not exclusively) to the displacement of sugarcane cutters as a result of a switch 
to mechanical harvesting, which has not happened yet on a large scale in Colombia68.

3.21.2 Key findings
With regard to the sugarcane/ethanol supply chain, as pointed out by Romero and Etter 
(2012), new sugarcane developments for the production of ethanol feedstock have created 
a number of jobs involving some type of agro-industrial skill or qualification, in areas 
where traditionally this type of workforce has not been in demand. This has generated 
training opportunities for people that most likely would not have had access to higher 
education otherwise. For instance, the sugarcane-based ethanol project called ‘Bioenergy’ 
conducted, in cooperation with SENA (Servicio nacional de aprendizaje), trainings for the 
people/employees living in the municipalities where its plantations are located. However, 
no information was available on the number of trained workers neither for this project nor 
for the sugarcane/ethanol sector as a whole.
Concerning the palm oil supply chain, relatively detailed information is available in 
relation to the skills, training and qualifications of workers, but no specific figures could 
be found for biodiesel production.
According to Fedesarrollo and IQuartil (2010), 88 percent of the workers employed in 

68  As of 2010, mechanical harvesting was being implemented on around 25 percent of sugarcane plantations 
(Asocaña, 2012). 
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the palm oil sector have a primary or secondary school degree. Specialized workers (i.e. 
technicians) represent 9.7 of the total. In addition, 2.5 percent of the workers employed 
in the palm oil sector have a higher education degree, i.e. Bachelor’s/Master’s/Doctorate. 
This study also reported the results of a survey that was conducted among a sample of 
workers in this sector. Around 7 percent of the workers stated that they continued their 
education while working, and 43 percent of them declared that they had received some 
form of training during the previous two years. Finally, Fedesarrollo and IQuartil (2010) 
reported that, as of 2010, 44 percent of the workers in the palm oil sector had been certified 
for qualified tasks acquired through the work practice.  

3.21.3 Main conclusions and recommendations

Results of indicator measurement
As explained above, under indicator component 7.1 relevant information was found on 
the skills, training and qualifications of workers in the palm oil supply chain, while very 
limited information is available for the sugarcane/ethanol supply chain.
With regard to the latter, as reported by Romero and Etter (2012), the ethanol industry 
has created a number of jobs with some type of agro-industrial skills and qualifications, 
generating training opportunities for unskilled local people. 
Concerning the palm oil sector, specialized workers (i.e. technicians) represent 9.7 of the 
total. Around 7 percent of the workers in this sector continued their education while 
working, and 43 percent of them declared received some form of training over the course 
of two years. Finally, as of 2010 44 percent of the workers in the palm oil sector had been 
certified for qualified tasks acquired through the work practice.
As already explained, indicator component 21.2 was not found to be relevant in the 
current Colombian context, as the level of mechanization is still relatively low in sugarcane 
harvesting, and thus there has not been yet a significant displacement of manual workers 
in this sector. 

Future monitoring of indicator 21 in Colombia
With regard to indicator component 21.1, training of the workforce in the bioenergy 
supply chain appears to be a relevant issue in Colombia. The Ministry of Education, 
together with a number of local governments, private sector organizations, universities 
and research centres, has established the Biofuels Alliance (Alianza de Biocombustibles). 
The main mission of the Alianza is to strengthen the productivity and competitiveness of 
the biofuel sector, including through training activities and the supply of a highly qualified 
workforce to be integrated into the ethanol and biodiesel supply chains (MinEducación, 
web-site). Therefore, any future monitoring of the first component of indicator 21 should 
be done in coordination with the Alianza, which could fill at least part of the current data 
gaps, especially on the sugarcane/ethanol side, and which could use the results of this 
indicator to measure the impact of its activities. 
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With regard to indicator component 21.2, even though as of 2010 mechanical harvesting 
was being implemented only on one sugarcane plantation out of four, in two recent 
sugarcane developments for ethanol production (i.e. Bioenergy and Agrifuels), harvesting 
was fully mechanized. This suggests that the growing ethanol sector might be a driver of 
mechanization in sugarcane production. Should the level of mechanization start increasing 
significantly, the displacement of sugarcane cutters should be monitored and attention 
should be paid to the requalification of these low-skill workers.  

Relevance, practicality and scientific basis of indicator 21
With regard to indicator component 21.1, training of the workforce in the bioenergy supply 
chain appears to be a relevant issue in Colombia. Conversely, indicator component 21.2 
was not found to be relevant in the current Colombian context. This second component 
of indicator 21 appears to have a pretty narrow scope, as it seems to be applicable mainly 
(if not exclusively) to requalification programmes for sugarcane cutters who lost their jobs 
as a result of a switch to mechanical harvest.
Concerning the practicality of indicator 21, while the methodology per se is very 
straightforward, data availability might be an issue, especially with regard to the feedstock 
production side, where most jobs tend to be informal in developing countries. If specific 
policies or programmes are in place to train and/or re-qualify workers, more detailed 
information is likely to be available.

REFERENCES
Asocaña. 2012. Informe anual 2011 - 2012.. Cali: Asocaña. .
Fedesarrollo and IQuartil. 2010. Estudio de Caracterizacion del Empleo en el Sector Palmero 

Colombiano. . Unión Temporal Fedesarrollo – IQuartil.
Romero, HG., Etter, LC.,  2012. Evaluación de la política de Biocombustibles en Colombia. Fedesarollo.

Electronic Sources
MinEducación, 2012. http://www.mineducacion.gov.co/1621/w3-article-299688.html. [Accessed April 

2014].



169

RESULTS OF PILOT-TESTING OF GBEP SUSTAINABILITY INDICATORS FOR BIOENERGY IN COLOMBIA CHAPTER 3

3.22 INDICATOR 22: ENERGY DIVERSITY

Description:
Change in diversity of total primary energy supply due to bioenergy 

Measurement unit(s):
Index (in the range 0-1) MJ bioenergy per year in the Total Primary Energy Supply (TPES)

3.22.1 Testing of indicator 22 in Colombia

For the testing of indicator 22 in Colombia, the data required for the calculation of the 
Herfindahl Index and of the amount of MJ of bioenergy per year in the Total Primary 
Energy Supply (TPES) was retrieved from both national and international statistics. 

3.22.2 Key findings
In Colombia, the Total Primary Energy Supply (TPES) was equal to 31,831 ktoe in 
2009 (IEA, 2012).  As shown in figure 3.22.1, in 2009 oil was the main energy source in 
Colombia, accounting for 41.7 percent of the total primary energy supply, followed by 
natural gas with 23.5 percent, hydro with 11 percent and coal with 9.8 percent. Among 
bioenergy sources, woodfuel contributed 8.7 percent to the TPES, followed by bagasse 
(a by-product of sugarcane processing used for cogeneration) with 3.5 percent. Finally, 
ethanol and biodiesel accounted for 1.05 and 0.7 percent respectively of the TPES (UPME 
& MINMINAS, 2010).

Source: Edited from UPME & MINMINAS, 2010

F i g u r e  3 . 2 2 . 1

Share of energy sources in Total Primary Energy Supply (TPES), 2009
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Based on the above data, the Herfindahl Index was calculated for two scenarios: one with 
modern bioenergy as part of the TPES (i.e. the current Colombian scenario) and one 
without. Through this comparison, it is possible to assess the contribution of modern 
bioenergy to the diversity and security of the energy supply in the country.
Given the lack of sufficient information regarding the use of woodfuel for heating and 
cooking in Colombia, this energy source was not accounted for as ‘modern bioenergy69’. 
Therefore, only bagasse, ethanol and biodiesel were considered under the latter. In 
the scenario without modern bioenergy, the share of TPES provided by each modern 
bioenergy source was shifted to the most likely alternative source, i.e. oil in the case of 
ethanol and biodiesel and coal in the case of bagasse.
The two aforementioned scenarios and the associated Herfindahl Indexes are shown in 
table 3.22.1.

TPES
Share (%) with modern 

bioenergy

Share (%) without modern 

bioenergy

Coal 9.76 13.25

Oil 41.69 43.44

Natural gas 23.53 23.53

Hydro 11.06 11.06

Other RE 0.02 0.02

Woofuel 8.71 8.71

Bagasse 3.49 0.00

Ethanol 1.05 0.00

Biodiesel 0.70 0.00

Herfindahl Index 0.260 0.281

Source: Edited from UPME & MINMINAS, 2010

In the ‘current’ scenario (i.e. with modern bioenergy), a Herfindahl Index of 0.260 was 
calculated, while in the scenario without modern bioenergy, this Index was found to be 
higher (0.281). This shows the positive contribution of bagasse, ethanol and biodiesel to 
the diversity and security of the energy supply in Colombia.

69  Modern bioenergy has been defined by the Global Bioenergy Partnership in the Report on the Sustainability 
Indicators for Bioenergy at page 209 as follows: Modern bioenergy is used to describe energy which delivers 
modern bioenergy services. The concept of modern bioenergy services includes energy delivered by efficient 
conversion technologies for heating, cooling, electricity generation, transport etc employing biomass as their 
primary sources. The concept does not include biomass used for cooking or heating purposes in open stoves 
or fires with no chimney or hood or any other energy systems that release flue gases indoors or release high 
concentrations of air pollutants, irrespective of the feedstock or biofuel employed.

Ta b l e  3 . 2 2 . 1

Share of energy sources in Total Primary Energy Supply (TPES) with and without modern 
bioenergy, 2009
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As requested in the methodology sheet of indicator 22, the MJ per year of each bioenergy 
source in the TPES are reported in table 3.22.2. Values for ethanol and biodiesel were taken 
from indicator 17 and refer to 2012, while the figure for bagasse was calculated based on 
the share of the TPES accounted for by this source in 2009. 

Modern 

bioenergy in 

TPES

MJ/year in TPES

Bagasse 46,511,240,749

Ethanol 7,838,115,723

Biodiesel 18,227,665,200

Source: Edited from UPME & MINMINAS, 2010; Asocaña, 2013; Ministry of Agriculture, 2010

3.22.3 Main conclusions and recommendations

Results of indicator measurement
The Herfindahl Index was calculated for two scenarios: one with modern bioenergy as 
part of the TPES (i.e. the current Colombian scenario) and one without. In the ‘current’ 
scenario, a Herfindahl Index of 0.260 was calculated, while in the scenario without modern 
bioenergy this Index was found to be higher (0.281). This shows the positive contribution 
of bagasse, ethanol and biodiesel to the diversity and security of the energy supply in 
Colombia.
Furthermore, the MJ per year of each bioenergy source in the Colombian TPES were 
reported: 46.5 x 109 MJ for bagasse (2009); 7.8 x 109 MJ for ethanol (2012) and 18.2 x 109 
MJ for biodiesel (2012). 

Future monitoring of indicator 22 in Colombia
As the bioenergy sector continues to expand and higher biofuel mandates are considered, it 
will be important to monitor indicator 22 and assess how modern bioenergy affects energy 
diversity and security. 
As explained above, given the lack of sufficient information regarding the use of woodfuel 
for heating and cooking in Colombia, this energy source was not accounted for as ‘modern 
bioenergy’. Therefore, only bagasse, ethanol and biodiesel were considered under the latter 
for the calculation of the Herfindahl Index for the ‘current’ scenario (i.e. with modern 
bioenergy). Further research should be done in order to identify, and then monitor over 
time, the share of woodfuel that is used to deliver modern bioenergy services (as per GBEP 
definition).

Ta b l e  3 . 2 2 . 2

MJ of modern bioenergy per year in TPES, 2009 (bagasse) and 2012 (ethanol and 
biodiesel) 
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Relevance, practicality and scientific basis of indicator 22
The importance of assessing the contribution of modern bioenergy to the diversity 
and security of the energy supply was confirmed during the testing of indicator 22 in 
Colombia. The Herfindahl Index appears to be a sound and practical approach to assess 
this contribution and no particular issues arose in the implementation of the methodology 
of indicator 22.
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3.23 INDICATOR 23: INFRASTRUCTURE AND 
LOGISTICS FOR DISTRIBUTION OF BIOENERGY

Description:
(23.1) Number and (23.2) capacity of routes for critical distribution systems, along with 
(23.3) an assessment of the proportion of the bioenergy associated with each 

Measurement unit(s): 
(23.1) number 
(23.2) MJ, m3, or tonnes per year; or MW for heat and power capacity 
(23.3) percentages

3.23.1 Testing of indicator 23 in Colombia
For the testing of indicator 23 in Colombia, relevant information was gathered from official 
reports and from literature regarding the infrastructure and logistics for the distribution of 
biofuels in the country. This information is summarized below for each stage of the ethanol 
and biodiesel supply chains.
However, it was not possible to find sufficiently detailed data to conduct a quantitative 
assessment of the three components that comprise this indicator.  

3.23.2 Key findings

Feedstock production
As of 2012, over 90 percent of sugarcane production in Colombia was concentrated in the 
Valle geográfico del río Cauca, which includes the departments of Cauca, Valle del Cauca 
and Risaralda. Sugarcane was also being produced in the Caldas, Cesar and Norte de 

Santander departments (Asocaña, 2013). 
On the other hand, as of 2012 oil palm plantations were found in twenty-one departments 
within four production zones: Northern Zone (Antioquia, Atlántico, Bolívar, Cesar, 

Chocó, Córdoba, La Guajira, Magdalena, Sucre), Central Zone (Norte de Santander, 

Santander, Antioquia, Cundinamarca, Sur de Cesar, Sur de Bolívar), Eastern Zone 
(Casanare, Cundinamarca, Meta), and South-Western Zone (Caquetá, Cauca, Nariño).

Access to processing facilities
Generally, production of biofuel feedstocks takes place near processing facilities. Figure 
3.23.1 shows the areas located within a 30 km radius from oil palm mills (left) or sugarcane 
mills (right). 
According to CUE (2012), roughly 2/3 of the Valle del Cauca (where the majority of 
Colombian sugarcane production takes place) is located in the vicinity of a sugarcane 
processing facility. Regarding oil palm, the majority of the production areas in the North, 
Central and Eastern zones are within a 30 Km radius from palm oil mills.
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Source: CUE, 2012

As of early 2014, there were seven ethanol distilleries in Colombia, five of which were 
integrated with sugar refineries in the Valle geográfico del río Cauca, while the remaining 
two were located in the Meta department (figure 3.23.2). With regard to biodiesel, as of 
early 2014 there were six plants, of which three in the Eastern Zone, two in the Northern 
Zone and one in the Central Zone (figure 3.23.3)

Source: Fedebiocombustibles, 2013

F i g u r e  3 . 2 3 . 1

Access to facilities: Oil palm (left), sugarcane (right). Distance 30 km.

F i g u r e  3 . 2 3 . 2

Ethanol plants (and blending mandates)



175

RESULTS OF PILOT-TESTING OF GBEP SUSTAINABILITY INDICATORS FOR BIOENERGY IN COLOMBIA CHAPTER 3

Source: Fedebiocombustibles, 2013

From processing plants to wholesalers and markets
The biofuel produced in the aforementioned plants is then transported to forty eight 
wholesalers licensed by the national government (table 3.23.1). 

F i g u r e  3 . 2 3 . 3

Biodiesel plants (and blending mandates)

Ta b l e  3 . 2 3 . 1  ( 1  o f  2 )

Licensed biofuel wholesalers in Colombia

Wholesaler Department

Blend 

as of 

2012

Blend at 

of 2012

Transport 

Cost Tanker 

Truck 

(USD/l)

Transport 

Cost 

Poliduct 

B4 (USD/l)

Chrevron - Planta Puente Aranda Cundinamarca E8 B7 0.06 0.05

Exxonmobil – Organización Terpel – Petrobras - Planta 

Puente Aranda 

Cundinamarca E8 B7 0.06 0.05

Exxonmobil – Chevron – Planta Conjunta – Mansilla Cundinamarca E8 B7 0.06 0.05

Organización Terpel S.A. – Planta San José del Guaviare Guaviare E8 B7 0.06 0.00

Organización Terpel S.A. – Planta Puerto Carreño Vichada E8 B2 0.06 0.00

Organización Terpel S.A. – Planta Puerto Inírida Guainía E8 B2 0.06 0.00

Biocombustibles S.A. – Planta Mansilla Cundinamarca E8 B7 0.06 0.05

Brio de Colombia S.A. – Planta Mansilla Cundinamarca E8 B7 0.06 0.05

Organización Terpel S.A. Valle E8 B10 0.09 0.05

Organización Terpel S.A. Valle E8 B10 0.10 0.05

Exxon Mobil, Chevron, Biocombustibles S.A., Petrobras Valle E8 B10 0.09 0.05

Exxon Mobil, Chevron, Biocombustibles S.A., Petrobras Valle E8 B10 0.10 0.05
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Wholesaler Department

Blend 

as of 

2012

Blend at 

of 2012

Transport 

Cost Tanker 

Truck 

(USD/l)

Transport 

Cost 

Poliduct 

B4 (USD/l)

Exxon Mobil, Chevron, Biocombustibles S.A., Petrobras Valle E8 B10 0.09 0.05

Exxon Mobil, Chevron, Biocombustibles S.A. Valle E8 B10 0.12 0.05

Organización Terpel S.A Risaralda E8 B10 0.10 0.05

Organización Terpel S.A Caldas E8 B10 0.09 0.05

Planta Chevron el Pedregal – (Chevron Petroleum Company) Antioquia E8 B10 0.09 0.04

Planta Exxon La María – (Exxon Mobil de Colombia S.A.) Antioquia E8 B10 0.09 0.04

Planta Terpel –  (Organización Terpel S.A. – Petromil S.A.) Antioquia E8 B10 0.09 0.04

Planta Terpel –  (Organización Terpel S.A.) Antioquia E8 B10 0.09 0.04

Planta Terpel La Pintada - (Organización Terpel S.A.) Antioquia E8 B10 0.09 0.04

Planta Zeuss – (Zeuss Petroleum S.A.) Antioquia E8 B10 0.09 0.04

Planta Turbo (Zapata y Velásquez) Antioquia E8 B10 0.09 0.04

Planta Turbo (Proxxon) Antioquia E8 B10 0.09 0.04

Planta Terpel Sebastopol – (Organización Terpel S.A.) Santander E8 B10 0.06 0.02

Planta Exxon Girón - (ExxonMobil) Santander E8 B10 0.06 0.02

Planta Chimita - (Organización Terpel S.A.) Santander E8 B10 0.06 0.02

Planta Ayacucho - (Organización Terpel S.A.) Cesar E8 B10 0.06 0.00

Planta La Lisama - (Organización Terpel S.A.) Santander E8 B10 0.06 0.02

Organización Terpel S.A. Putumayo E8 B10 0.06 0.00

Exxon Mobil, Organización Terpel S.A. Biocombustibles S.A., Petrobras Huila E8 B10 0.07 0.05

Exxon Mobil, Organización Terpel S.A., Chevron, Biocombustibles S.A., 

Petrobras 

Tolima E8 B10 0.06 0.04

Exxon Mobil, Organización Terpel S.A. Tolima E8 B10 0.07 0.04

Organización Terpel S.A. Caquetá E8 B10 0.06 0.00

Planta Vopak Bolivar E8 B10 0.05 0.01

Planta Emgesa S.A. E.S.P. Bolivar E8 B10 0.05 0.01

Planta Mamonal - (Chevron) Bolivar E8 B10 0.05 0.01

Planta Galapa - (Chevron) Atlántico E8 B10 0.04 0.01

Planta El Arenal - (Chevron) San Andrés Islas E8 B10 0.06 0.00

Planta Siape Atlántico E8 B10 0.04 0.01

Planta Panamá Canal Oil & Bunkers S.A. (Ecospetróleo) Atlántico E8 B10 0.04 0.01

Planta Galapa - (Exxon Mobil) Atlántico E8 B10 0.04 0.01

Planta Mamonal - (Exxon Mobil) Bolivar E8 B10 0.05 0.01

Planta Baranoa – (Organización Terpel S.A.) Atlántico E8 B10 0.04 0.01

Planta Magangué - (Organización Terpel S.A.) Bolivar E8 B10 0.05 0.01

Planta Mamonal - (Organización Terpel S.A.) Bolivar E8 B10 0.05 0.01

Planta Palermo Magdalena E8 B10 0.05 0.01

Planta Zona Franca La Candelaria – (Petromil S.A.) Bolivar E8 B10 0.05 0.01

Source: Mines and Energy Ministry. Resolution No. 180294, 181604, 180113, 180368.

Ta b l e  3 . 2 3 . 1  ( 2  o f  2 )

Licensed biofuel wholesalers in Colombia
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In Colombia, biodiesel is transported mainly in tanker trunks (B100), while a small portion 
of it is transported via multipurpose pipelines, also called poliducts (B2 and B4 blending). 
On the other hand, ethanol is transported only in tanker trunks.
The transportation infrastructure is relatively well developed in Colombia, with the 
exception of the Eastern zone, where the road infrastructure is inadequate (figure 3.23.4) 

Source: CUE, 2012

Another key factor affecting transportation of feedstocks, biofuels and any other products 
in Colombia is safety. Historically, serious safety issues and high crime rates have affected 
in particular the Orinoco region of Colombia, which includes the Meta, Arauca and 
Vichada departments. Safety has been an issue also in parts of the Norte del Santander, 
Antioquia and Putumayo departments (figure 3.23.5) (CUE, 2012).

F i g u r e  3 . 2 3 . 4

Access to the most important roads and rivers (<15 km highlighted in green) and to other 
roads (<10 km highlighted in light green, <5 km highlighted in orange).
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Source: CUE, 2012

3.23.3 Main conclusions and recommendations

Results of indicator measurement
As explained above, due to the lack of sufficiently detailed data it was not possible to 
measure the three components of indicator 23. However, relevant information was 
gathered regarding the infrastructure and logistics for the distribution of ethanol and 
biodiesel in Colombia.
Over 90 percent of sugarcane production in Colombia is concentrated in the Valle 

geográfico del río Cauca, where five of the seven ethanol distilleries active in the country as 
of early 2014 are located. On the other hand, oil palm plantations are spread over twenty-
one departments within four production zones, i.e. Northern (two biodiesel plants), 
Central (one biodiesel plant), Eastern (three biodiesel plants) and South-Western. 
In Colombia, biofuels are transported in tanker trunks. A small portion of biodiesel (B2 
and B4 blendings) is transported via multipurpose pipelines, also called poliducts. The 
transportation infrastructure is relatively well developed in Colombia, with the exception 
of the Eastern zone, where the road infrastructure is inadequate. Historically, safety has 
been a serious issue in parts of the country (affecting transportation, among other things), 
and especially in the Orinoco region.

F i g u r e  3 . 2 3 . 5

Safety risk: Low (green), medium (light green), high (pale yellow)
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Future monitoring of indicator 23 in Colombia
Infrastructure and logistics for the distribution of bioenergy can significantly affect 
the development of the sector. Therefore, as higher biofuel mandates are considered in 
Colombia, careful consideration should be given to these aspects. Indicator 23 could be 
an effective tool to inform this type of analysis. As explained above, in the testing of this 
indicator in Colombia, it was only possible to gather some relevant information. A more 
in-depth assessment should be conducted in the future, through the quantification of the 
three components of indicator 23.
Overall, the infrastructure for biofuel distribution appears to be relatively well developed 
in Colombia. However, the road network is still inadequate in the Eastern zone, and serious 
safety issues are still affecting part of the country and especially the Orinoco region. These 
issues should be carefully assessed and considered in future bioenergy development plans.

Relevance, practicality and scientific basis of indicator 23
The testing of indicator 23 in Colombia confirmed the importance of assessing the 
infrastructure and logistics for the distribution of bioenergy, which can significantly affect 
the development of the sector.
A quantitative assessment of this indicator could not be conducted in Colombia, due to 
the lack of sufficiently detailed data. This issue might affect the measurement of indicator 
23 in other developing countries as well. 

REFERENCES
Asocaña. 2013. Aspectos generales del sector azucarero, Informe anual 2012-2013. Cali: Sector Azucarero 

Colombia.
CUE, C. 2012. Evaluación del ciclo de vida de la cadena de producción de los biocombustibles en 

Colombia. Capitulo III: estudio SIG- Potencial de expansión. Medellín: Ministerio de Minas y 
Energía.

Fedebiocombustibles. 2013. Cifras Informatives del Sector Biocombustibles – Etanol de Caña Anhidro. 
Available at: http://www.fedebiocombustibles.com/files/Cifras%20Informativas%20del%20
Sector%20Biocombustibles%20-%20ETANOL(60).pdf

Ministerio de Minas y Energía. 2008. Resolución 180243 de 2008, (Ed.) Ministerio de Minas y Energía. 
Bogotá.

Ministerio de Minas y Energía. 2003. Resolución 180687 de 2003, (Ed.) Ministerio de Minas y Energía, 
Ministerio de Minas y Energía. Bogotá.

Ministerio de Minas y Energía. 2005. Resolución 181069 de 2005, (Ed.) Ministerio de minas y Energía. 
Bogotá.

Ministerio de Minas y Energía. 2007. Resolución 182142 de 2007, (Ed.) Ministerio de Minas y Energía. 
Bogotá.

Electronic Sources
Fedebiocombustibles. http://www.fedebiocombustibles.com/v3/estadistica-mostrar_info-titulo-

Biodiesel.htm [Accessed May 2014]



180

]
E

N
E

R
G

Y
[

3.24 INDICATOR 24: CAPACITY AND FLEXIBILITY OF 
USE OF BIOENERGY

Description: 
(24.1) Ratio of capacity for using bioenergy compared with actual use for each significant 
utilization route 
(24.2) Ratio of flexible capacity which can use either bioenergy or other fuel sources to 
total capacity 

Measurement unit(s):
Ratios

3.24.1 Testing of indicator 24 in Colombia
For the testing of indicator 24 in Colombia, the required information was found in official 
statistics and in literature. In particular, in order to measure the indicator, data on the 
current share of ethanol and diesel in the transport sector were compiled and information 
related to the so-called ‘blending wall’ (i.e. the maximum level of biofuel blending that 
can be tolerated by the existing car fleet without retrofitting) was gathered. Regarding 
indicator component 24.2, as of early 2014 there were no flex-fuel vehicles in Colombia. 

3.24.2 Key findings

24.1: Ratio of capacity for using bioenergy compared with actual use for each 
significant utilization route

Ethanol
In 2012, Colombia consumed approximately 370 million litres of ethanol (Asocana, 
2013; Fedebiocombustibles, 2014), equal to approximately 9 percent (in volume) of total 
domestic consumption of gasoline for transport. According to the Mining and Energy 
Planning Unit (UPME) of the Colombian Ministry of Mines and Energy, the current 
Colombian car fleet could run on biofuel blends of up to 20 percent without the need 
for retrofitting. Assuming a 20 percent ethanol blending wall, up to 820 million litres of 
ethanol could be absorbed per year by the domestic transport sector. 
Therefore, as of 2012 the capacity ratio for ethanol was: 370 million litres / 820 million 
litres = 0.44 (see table 3.24.1). This means that the volume of ethanol sold in 2012 in the 
country corresponded to 44 percent of the maximum volume of this biofuel that could be 
blended with gasoline and used in the domestic transport sector without retrofitting the 
car fleet. 
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Year

Litres of 

gasoline 

consumed 

per year

Share of 

gasoline used 

for transport

Litres of 

ethanol sold 

per year

Share of 

ethanol in 

transport 

sector (by 

volume)

Litres of 

ethanol for 

20% blending

(E 20)

Capacity ratio

2005 4,794,434,074 4,406,084,914 22,602,065 0.51% 881,216,983 0.025649

2006 4,443,460,470 4,083,540,171 262,470,300 6.43% 816,708,034 0.321376

2007 4,298,067,565 3,949,924,092 283,132,268 7.17% 789,984,818 0.358402

2008 4,150,967,958 3,814,739,553 247,096.640 6.48% 762,947,911 0.323871

2009 4.045,914,907 3,718,195,800 338,360.267 9.10% 743,639,160 0.455006

2010 4,328,849,134 3,978,212,354 292,088.979 7.34% 795,642,471 0.367111

2011 4,508,337,198 4,143,161,885 351,086.334 8.47% 828,632,377 0.423694

2012 4,460,869,875 4,099,539.415 368,445.692 8.99% 819,907,883 0.449374

Souces: UPME, 2012 and Asocaña, 2013

Biodiesel
In 2012, Colombia consumed around 555 million litres of biodiesel (Fedebiocombustibles, 
2014b), accounting for approximately 10.4% (in volume) of total domestic diesel 
consumption in the transport sector. As mentioned above, according to the Mining and 
Energy Planning Unit (UPME) of the Colombian Ministry of Mines and Energy, the 
current Colombian car fleet could run on biofuel blends of up to 20 percent without 
the need for retrofitting. Assuming a 20 percent biodiesel blending wall, the domestic 
transport sector could absorb up to 1,064 million litres of biodiesel per year. 
Therefore, as of 2012 the capacity ratio for biodiesel was: 555 million litres / 1,064 million 
litres = 0.52 (see table 3.24.2). This means that the volume of biodiesel sold in 2012 in the 
country corresponded to 52 percent of the maximum volume of this biofuel that could be 
blended with diesel and used in the domestic transport sector without retrofitting the car 
fleet. 

Year

Litres of 

diesel 

consumed 

per year

Share of 

gasoline used 

for transport

Litres of 

biodiesel sold 

per year

Share of 

biodiesel in 

transport 

sector (by 

volume)

Litres of 

biodiesel 

for 20% 

blending

Capacity ratio

2008 5,620,088,454 3,917.201,652 25,741,789 0.66% 783,440,330 0.032857

2009 6,072,214,183 4,232,333,286 191,858,437 4.53% 846,466,657 0.226657

2010 6,029,423,027 4,202,507,849 382,460,929 9.10% 840,501,570 0.455038

2011 6,548,785,039 4,564,503,172 501,740,657 10.99% 912,900,634 0.549611

2012 7,636,695,856 5,322,777,012 554,916,195 10.43% 1,064,555,402 0.521265

Sources: UPME, 2012 and Fedebiocombustibles, 2013

Ta b l e  3 . 2 4 . 1

Capacity ratio of Colombian ethanol, 2005-2012

Ta b l e  3 . 2 4 . 2

Capacity ratio of Colombian biodiesel, 2008-2012
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24.2: Ratio of flexible capacity which can use either bioenergy or other fuel sources to 
total capacity
As of early 2014, there have been no flex-fuel vehicles in Colombia. Therefore the flexible 
bioenergy capacity, as defined in the methodology sheet of indicator 24, and thus the 
flexible bioenergy capacity and the associated flexibility ratio was equal to zero for both 
ethanol and biodiesel .

3.24.3 Main conclusions and recommendations

Results of indicator measurement
Regarding indicator component 24.1, the volume of ethanol and biodiesel sold in 2012 
in Colombia corresponded to 44 percent and 52 percent respectively of the maximum 
volume of these biofuels (i.e. 20 percent) that could be blended with fossil-based fuels and 
used in the domestic transport sector without retrofitting the car fleet. This means that 
current ethanol and biodiesel production could double in Colombia without facing any 
technology constraints on the demand side.
Concerning indicator component 24.2, the flexible bioenergy capacity and the associated 
flexibility ratio was found to be null in Colombia, due to the fact that, as of early 2014, 
there were no flexible-fuel vehicles in the country.

Future measurement of indicator 24 in Colombia
As the bioenergy sector continues to expand in Colombia and the national car fleet 
evolves, it will be important to monitor the biofuel absorption capacity of the domestic 
transport sector. However, based on the capacity ratios that were calculated for this 
indicator, this absorption capacity, which will remain at 20 percent unless flex-fuel vehicles 
are introduced, is unlikely to be a constraining factor for the Colombian biofuel industry 
for the foreseeable future.

Relevance, practicality and scientific basis of indicator 24
The relevance of the issues addressed by indicator 24 was confirmed during the testing in 
Colombia. 
This indicator falls under the Energy security/Infrastructure and logistics for distribution 

and use theme and its relevance on the demand side was emphasized in the indicator 
methodology sheet. However, indicator 24 also provides relevant information related to 
the absorption capacity of the domestic market, and thus on the potential for an expansion 
in the domestic supply of biofuels.  
Last, but not least, when this indicator was measured, a typo was found in the methodology 
sheet. In the example described in the scientific basis section, the numerators and 
denominators for the calculation of the capacity ratios of countries A and B were inverted. 
This should be fixed, as it might confuse readers/users. 
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C H A P T E R

The Global Bioenergy Partnership (GBEP) agreed upon a set of twenty-four indicators for 
the assessment and monitoring of bioenergy sustainability at national level. In particular, 
the GBEP indicators aim to inform policymakers about the environmental, social and 
economic sustainability aspects of the bioenergy sector in their country, guiding them in 
the development and implementation of sustainable bioenergy policies. 
In order to assess and enhance the relevance and practicality of the GBEP indicators and 
to strengthen the capacity of countries to measure bioenergy sustainability, the indicators 
needed to be pilot tested in a diverse range of national contexts. Given the broad range and 
complexity of the environmental, social and economic sustainability issues addressed by 
the GBEP indicators and in light of the relative novelty of the bioenergy sector, technical 
and financial assistance was deemed necessary in order to test the indicators in selected 
countries.
This report presents the results of the testing of the GBEP indicators in Colombia, which 
was implemented by FAO with support from the International Climate Initiative (ICI) 
of the Federal Ministry of the Environment, Natural Resource, and Nuclear Safety of 
Germany. 
In order to contribute to national capacity development, while assessing the relevance and 
practicality of the GBEP indicators within the specific country context, the measurement 
of the indicators was entrusted to a team of researchers from the Universidad Nacional 

de Colombia, sede Manizales, supported by researchers from the International Center for 
Tropical Agriculture (CIAT) based in Cali. FAO fostered the institutional coordination 
of the project by involving the relevant stakeholders, under the lead responsibility of the 
Ministry of Agriculture and Rural Development.
Discussions with the aforementioned stakeholders were also held with the aim of 
identifying the most relevant and widespread technologies for the production and use of 
bioenergy in the country. Based on the indications that emerged during these discussions 
and considering the emphasis placed by current national policies on liquid biofuels for 
transport, it was decided to focus on ethanol from sugarcane and biodiesel from palm oil. 
Whilst liquid biofuels from other feedstocks (e.g. biodiesel from jatropha or castor oil) and 
some solid biofuel based applications (e.g. wood gasification) have been or continue to be 
investigated in Colombia, these technologies are not reported to have resulted in significant 
energy production thus far. On the other hand, bioenergy produced from cogeneration in 
sugar mills (from bagasse) represents a noteworthy share of total primary energy supply. 

4 CONCLUSIONS AND 
RECOMMENDATIONS



186

]
E

N
E

R
G

Y
[

This form of bioenergy was discussed in the context of the ethanol production chain where 
relevant to the indicators.
The testing provided Colombia with an understanding of how to establish the means of 
a long-term, periodic monitoring of its domestic bioenergy sector based on the GBEP 
indicators. Such periodic monitoring would enhance the knowledge and understanding 
of this sector and more generally of the way in which the contribution of the agricultural 
and energy sectors to national sustainable development could be evaluated. Furthermore, 
the testing in Colombia provided a few lessons learnt about how to apply the indicators 
as a tool for sustainable development and how to enhance their practicality. These lessons 
learnt, which were shared and discussed with neighbouring countries at regional level, 
as well as the trainings carried out during the project showed the importance of these 
activities in the measurement of the GBEP indicators and in the facilitation of South-South 
cooperation.

4.1 SUSTAINABILITY OF BIOENERGY IN COLOMBIA: 
PRELIMINARY FINDINGS AND RECOMMENDATIONS

The main findings related to the sustainability of the Colombian bioenergy sector that 
arose from the testing of the GBEP indicators in the country are summarized below. A 
more detailed discussion of them can be found under each indicator. Considering the data 
constraints that were faced by this project, which only allowed for a partial measurement 
and analysis of a number of indicators, the findings and the associated recommendations 
presented here should be considered as preliminary and indicative. 
As shown in this report, production of sugarcane-based ethanol and especially of palm 
oil-based biodiesel has increased significantly in recent years in Colombia, following the 
introduction of biofuel blending mandates and of related support policies. Regarding 
heating and cooking and off-grid electricity generation, as of 2014 there was no significant 
use of modern bioenergy in Colombia. On the other hand, bioenergy produced from 
cogeneration in sugar mills (from bagasse) represented a noteworthy share of total primary 
energy supply in the country. 
The increase in the demand for ethanol and biodiesel in Colombia has triggered different 
responses in the sugarcane and oil palm sectors, giving rise to different environmental, 
social and economic sustainability issues and trade-offs.
Most of the ethanol produced in Colombia is obtained from sugarcane molasses, even 
though ethanol plants have the flexibility to use different types of sugarcane-based 
products, e.g. different types of molasses or sugar juice directly, depending on market 
conditions. The increase in the production of ethanol from 2005 onwards was accompanied 
by a decrease in sugar exports, while the domestic supply of sugar for food remained 
substantially stable70. The expansion in the harvested area of sugarcane was relatively 

70  According to the estimates that were made under indicator 10, however, in  the period 2007-2012 the domestic 
price of sugar was 10 percent higher than it would have been in the absence of ethanol production. On the 
other hand, domestic prices for rice, wheat, and coarse grains remained relatively unchanged.
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minor and yields, which were already among the highest in the world, remained relatively 
unchanged. Therefore so far ethanol has had a minimal impact on employment, since the 
agricultural phase, which accounts for the vast majority of jobs in the ethanol supply chain, 
did not see much expansion in production and therefore workforce, while only a few 
dozen jobs were created in ethanol plants. Furthermore, in the recent dedicated sugarcane-
based ethanol investments in Colombia (e.g. Bioenergy in the Meta department), feedstock 
production is mechanized, creating eight times less jobs than manual sugarcane production 
and harvesting. On the other hand, mechanization can have positive environmental and 
health effects, by avoiding pre-harvest cane burning, which causes GHG emissions and has 
detrimental effects on air quality and on the health of local communities.
The oil palm sector, on the other hand, responded very differently to the increase in the 
demand for biodiesel. While exports of palm oil decreased and the domestic supply of it 
for food remained substantially stable as in the case of sugar71, the planted area of oil palm 
expanded significantly in recent years in Colombia, partly in response to the growing 
demand for CPO for biodiesel production72. Data on the land-use change associated with 
oil palm expansion is sparse. With regard to the Northern, Central and Eastern zones, 
a few studies reported that the majority of land converted to oil palm was previously 
occupied by pastures and crops (e.g. rice) and only a negligible share by forest. On the 
other hand, in the grey literature there is a great deal of reference to oil palm expansion 
in the Western zone (Nariño department and Tumaco municipality in particular) being a 
cause of deforestation. 
A better understanding of the land-use change associated with oil palm expansion is 
essential, as this has important implications for a range of environmental, social and 
economic sustainability issues. If oil palm displaces extensive livestock grazing, it can 
increase carbon sequestration (both above- and below-ground), enhancing the GHG 
emission mitigation potential of palm oil-based biodiesel, and lead to net job creation. On 
the other hand, if crops are displaced, the domestic supply and price of these crops may 
be affected and indirect land-use change may be triggered. Finally, if oil palm expansion 
contributes to the conversion of natural ecosystems and lands with high carbon stocks. 
This may lead to the release of significant amounts of GHG emissions and to a loss of 
biodiversity. 
Therefore, in order to properly monitor the GBEP indicators and conduct a meaningful 
assessment of the sustainability of bioenergy production in Colombia, it is crucial 
to conduct further research on the land-use changes associated with the expansion 
of bioenergy feedstocks and in particular oil palm, especially in the areas where this 
expansion has been more significant, e.g. the Western zone. Remote sensing, field visits and 
stakeholder consultation are complementary tools that should be used in order to study 
and analyze the land-use changes associated with this expansion.
A number of other environmental, social and economic issues associated with the 

71  Under indicator 10, it was estimated that, in the period 2007-2012, the domestic price of palm oil was 12 
percent higher than it would have been in the absence of biodiesel production.

72  Average oil palm yields decreased slightly in recent years, due probably to the temporarily low yields of the 
new seedlings entering into production. 
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sugarcane-based ethanol and palm oil-based biodiesel supply chains were identified during 
the testing of the GBEP indicators in Colombia.  
On the environmental side, along the sugarcane-based ethanol supply chain, pre-harvest 
cane burning was found to be an importance source of both GHG and non-GHG 
emissions. This procedure could be avoided by mechanization of the harvesting process, 
which in turn is understood to necessitate a (feasible) change in sugarcane varieties. Such 
a change could result in significant GHG emission mitigation as well as improvement in 
local air quality, but would be accompanied by increased energy (diesel) consumption in 
the machinery used to harvest the cane. Another, more significant, trade-off would be 
with the reduction in employment opportunities for manual labourers. A means to finance 
the creation of substitute job opportunities would be required for this shift towards a 
cleaner practice to be undertaken. Fertilizer and pesticide applications were identified 
as key sources of GHG emissions and water pollution along both the sugarcane-based 
ethanol and palm oil-based biodiesel supply chains. Few data could be found on this, due 
to the limited extent of ongoing monitoring and analysis of water quality in Colombia. 
Therefore, despite the limited interest in this issue expressed by Colombian stakeholders 
during the testing of the GBEP indicators, further data collection and analysis would be 
needed on the impacts of bioenergy feedstock production and processing on water quality. 
In parallel, good practices that reduce fertiliser and pesticide application while improving 
efficiency and profitability, such as Integrated Plant Nutrient Management and Integrated 
Pest Management, should be promoted. Wastewater is another source of GHG emissions 
and water pollution along the sugarcane-based ethanol and palm oil-based biodiesel supply 
chains. In this case, methane capture and use should be promoted, including through 
carbon offset programmes, as is already being done in the palm oil industry in Colombia.  
In addition to water quality, issues related to water availability and use in bioenergy 
feedstock production were identified. In particular, water withdrawals for sugarcane 
production (including for ethanol) in the Cauca watershed might trigger medium-high 
water stress in dry years. Therefore, irrigation efficiency should be closely monitored and 
improved technologies and management practices promoted. Finally, with regard to soil 
quality, both the Valle del Cauca (the main sugarcane production area of Colombia) and 
the Northern region of the Caribe, where oil palm is cultivated, show high susceptibility 
to salinization.
On the social side, in addition to the aspects already discussed above, other issues were 
explored, for instance with regard to the quality of the jobs associated with biofuel 
feedstock production and processing. Overall, compared to the average agricultural 
worker, sugarcane and oil palm workers seem to benefit from a higher level of 
formalization of employment, better wages and benefits and better protection against 
occupational risks. Another interesting aspect relates to the business models and the level 
of smallholder inclusion along the biofuel supply chain. During the last decade, there was 
an important transformation in the palm oil supply chain in Colombia, with the emergence 
of the so-called Alianzas Productivas Estratégicas. The Alianzas are strategic business 
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partnerships formed by small-scale producers, which organize themselves in order to 
improve their access to credit, strengthen their bargaining power with the mills, and ensure 
a secure market for their produce thanks to contracts with the latter. As of 2010, around 16 
percent of the planted area of oil palm was under an Alianza, up from less than 1 percent 
in 1999. In addition to having contributed to the growth of the palm oil sector, these 
strategic business partnerships have been quite effective in strengthening the inclusion of 
smallholders in the palm oil supply chain and in increasing their profitability. The Alianzas 
should be further researched and analyzed and the potential for their future expansion in 
the palm oil supply chain and eventually in the sugarcane supply chain should be explored.
With regard to the economic aspects, the Colombian biofuel sector can count on a 
high level of productivity in feedstock production, especially with regard to sugarcane, 
with an average annual yield among the highest in the world (i.e. 120 t/ha). From an 
energy balance perspective, Colombian sugarcane-based ethanol and palm oil-based 
biodiesel supply chains are rather efficient compared to the production of other first-
generation liquid biofuels. This is true especially for sugarcane-based ethanol systems, 
which use the energy content of the biomass rather efficiently, through co-generation 
of electricity and steam from bagasse, in addition to the sugar and ethanol output. 
While the gross value added generated by the biofuel industry in Colombia is relatively 
small compared to the GDP (e.g. 0.031 percent in the case of ethanol in 2010), the demand 
for goods and services associated with this industry was found to trigger multiple indirect 
and induced effects on the economy, including in terms of employment.
Furthermore, even though in 2009 ethanol and biodiesel accounted for only 1.05 percent 
and 0.7 percent respectively of the total primary energy supply (TPES) in Colombia, these 
biofuels substituted fossil fuels worth 103 million USD (ethanol) and 215 million USD 
(biodiesel) in 2012. However, the contribution of these biofuels to energy security was 
limited by their lack of diversity in terms of feedstock and geographic location, exposing 
their production to risks related to pest outbreaks and adverse weather conditions, 
especially in the case of sugarcane-based ethanol. 
Bagasse, which is a co-product of sugarcane processing used for cogeneration, contributed 
3.49 percent to TPES in 2009. On other hand, in Colombia, where woodfuel was still 
accounting for 8.7 percent of TPES in 2009, modern bioenergy technologies have not 
played a significant role yet in displacing traditional uses of biomass and in providing 
access to modern energy services.
As already mentioned, the findings summarized above and the related recommendations, 
which are discussed more in detail under each indicator, should be treated as preliminary 
and indicative, as during the testing of the GBEP indicators in Colombia only partial 
analyses could be conducted due to the limited data available. Filling these data gaps 
would be important in order to enable an effective monitoring of the GBEP indicators in 
the future and thus assess over time the sustainability of bioenergy production and use in 
Colombia. Data gaps were particularly significant for the social sustainability indicators. 
As emerged during this project, surveys may represent a useful tool to fill in these gaps. 
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In addition, as already mentioned above, as the bioenergy sector continues to expand 
and higher biofuel mandates are considered, it is essential to monitor land-use changes 
associated with bioenergy feedstock expansion, given the important implications that 
land-use changes can have for a range of environmental, social and economic sustainability 
issues. Remote sensing, field visits and stakeholder consultation are complementary tools 
that could be used to study and analyze the land-use changes associated with bioenergy 
feedstock expansion.
Last, but not least, this report is focused on sugarcane-based ethanol and palm oil-based 
biodiesel and, to a certain extent, cogeneration from bagasse. This reflects the indications 
emerged during discussions with relevant stakeholders in Colombia. However, as different 
bioenergy technologies start being deployed in the country, the impacts associated 
with these technologies should be assessed as well. As already mentioned, in Colombia 
woodfuel still accounts for an important share of TPES and rural households rely 
heavily on fuelwood and charcoal for heating and cooking. Traditional uses of biomass 
are inefficient and lead to a number of detrimental environmental and health effects. 
Therefore, the potential for displacing these traditional uses of biomass with modern 
bioenergy technologies and for providing access to modern energy services through them 
should be explored and promoted and the resulting environmental, social and economic 
effects should be assessed.
 

4.2 POTENTIAL ROLE OF THE GBEP INDICATORS 
FOR FUTURE MONITORING OF BIOENERGY 
SUSTAINABILITY IN COLOMBIA

The Colombian biofuel policy was set out in the official policy document Documento 

Conpes (Consejo Nacional de Política Económica y Social) 3510 of March 2008. The general 
objective of the policy is stated as:
“To take advantage of the opportunities for economic and social development that the 
emerging biofuel markets offer, in a competitive and sustainable manner.”
The six specific objectives stated are:

i. To increase competitively the sustainable production of biofuels, contributing to the 
generation of employment, rural development and the wellbeing of the population;

ii. To promote a productive development alternative for the formal use of rural lands;
iii. To contribute to the generation of formal employment in the rural sector;
iv. To position the country as an exporter of biofuels on the basis of the consolidation 

of this agroindustry as a world-class sector;
v. To diversify the energy matrix of the country through the efficient production of 

biofuels, making use of current and future technologies; and
vi. To guarantee an environmentally sustainable performance through the incorporation 

of environmental variables in decision-making in the biofuel production chain.
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CONPES 3510 also lists potential positive and negative impacts of biofuel production, 
which cover many of the issues addressed by the GBEP indicators and thereby indicate 
the particular relevance of certain indicators to the Colombian context. Potential positive 
impacts that should be taken into account are:

a. Decrease in consumption of fossil fuels (Indicator 20);
b. A possible change in agricultural activities, especially livestock, which leads to the 

recuperation of degraded lands (Indicators 2, 8 and 17); and
c. The reduction of GHG emissions, when the full lifecycle emissions show a net 

decrease (Indicator 1).

On the other hand, potential negative impacts that could arise if the appropriate 
technological and environmental criteria are not taken into account include the following:

d. Loss of biodiversity (Indicator 7);
e. The transformation of natural ecosystems and the consequent loss of the environmental 

services associated with these (Indicator component 7.1);
f. The establishment of monocultures where previously there were natural ecosystems 

(Indicators 7 and 8);
g. The increase of GHG emissions in light of deforestation (Indicators 1 and 8);
h. An increase in the consumption and contamination of water (Indicators 5 and 6);
i. Increase in the use of fertilisers and pesticides (Indicators 1, 2, 6 and 18, indirectly);
j. Greater soil degradation and erosion (Indicator 2);
k. An increase in the production of vinasse from ethanol production and methanol and 

glycerine from biodiesel production (Indicator 6, indirectly);
l. Atmospheric emissions of local impact, whose impacts on human health and the 

environment require further analysis (Indicators 4 and 16, or more generally the 
GBEP theme of human health and safety); and

m. The introduction and propagation of genetically modified organisms and exotic 
species (GMOs were discussed but not finally included in the GBEP indicators; exotic 
species are addressed in Indicator component 7.3). 

In light of the above risks, the document states that investigation into how to devise 
mechanisms and incentives to ensure better environmental performance of the biofuel 
sector, particularly with regard to the conservation of ecosystems (Indicator 7) and water 
resources (Indicators 5 and 6), will take place.
This key document signals which environmental risks the government perceives as relevant 
and in so doing suggests that all of the GBEP environmental indicators are very relevant. 
The only exception is represented by Indicator 3 (Harvest levels of wood resources), due 
to the focus of the document on liquid biofuels. 
The document also notes that the biofuel policy should be harmonized with the national 
food security policy so as to mitigate potential threats to access to or prices of the basic 
food basket emerging due to serious market distortions. In this sense, the relevance of 
Indicator 10 (Price and supply of a national food basket) is also signaled. 
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Finally, the document mentions that strategic environmental and social assessments should 
be promoted in order to better understand the environmental and social impacts, where 
under this latter category ethnic communities and collective lands are mentioned. This 
suggests the relevance of Indicator 9 (Allocation and tenure of land for new bioenergy 
production), as does the recommendation in the document that the Ministry of Agriculture 
and Rural Development explore new mechanisms to facilitate access to land. 
On the other hand, the key positive impacts that the biofuel policy seeks to achieve suggest 
the critical relevance of GBEP Indicators 12 (Jobs in the bioenergy sector), 17 (Productivity, 
which includes production costs and therefore indirectly competitiveness), 20 (Change in 
consumption of fossil fuels and traditional use of biomass), 22 (Energy diversity) and 
1 (Lifecycle GHG emissions). The particular emphasis on not only generating but also 
formalizing rural employment points to some extent to the specific backdrop of conflict 
and illicit activities in rural Colombia. It also indicates the relevance, beyond Indicator 
12, of Indicators 11 (Change in income), 16 (Incidence of occupational injury, illness and 
fatalities) and 21 (Training and requalification of the workforce). The relevance of the latter 
is also linked to the recommendation that SENA (the National Apprenticeship Service) 
undertake capacity-building activities for the sector’s workforce. It should be noted that 
economic and social development of rural areas in general is stated as the overriding goal 
and hence the GBEP theme of rural and social development is very relevant in general, as 
well as the household welfare component of Indicator 10 (Price and supply of a national 
food basket), Indicator 19 (Gross value added) and, since it reflects an essential enabling 
condition for the desired rural development and realization of export potential, Indicator 
23 (Infrastructure and logistics for the distribution of bioenergy) in addition to those social 
indicators already mentioned.
It is noteworthy that the role of bioenergy in expanding access to energy in rural areas is 
also not explicitly mentioned, perhaps due to the focus on liquid transport fuels, rendering 
Indicators 13, 14 and 15 of less implied relevance within the national biofuel policy. This 
underlines the fact that this is a policy for liquid biofuels only. Even though this policy 
was identified as part of a national development plan, it was not formulated, in its detail, 
in a fully integrated manner within comprehensive rural development, land use, energy, 
bioenergy or biomass policies.
It is also noteworthy that the CONPES document recommends a program to ensure that 
national biofuel production is differentiated from the competition by its environmental 
and social benefits and that it complies with all environmental standards applicable to 
international markets. To this end certification is suggested in the aforementioned document, 
whether undertaken by public, private or mixed entities, national or international. In the 
meantime, such an endeavor has not advanced significantly.
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4.3 RELEVANCE AND PRACTICALITY OF THE GBEP 
INDICATORS: LESSONS LEARNT FROM THE TESTING 
IN COLOMBIA

One of the main objectives of the testing of the GBEP sustainability indicators for 
bioenergy in Colombia was to assess the relevance and practicality of these indicators, in 
addition to strengthening the capacity of this country to measure bioenergy sustainability. 
As already explained, based on the indications that emerged during discussions with 
Colombian stakeholders and considering the emphasis placed by current national policies 
on liquid biofuels for transport, it was decided to focus on ethanol from sugarcane and 
biodiesel from palm oil and, to some extent, on co-generation from bagasse. Hence, a 
few indicators were not deemed relevant, namely indicator 3 (Harvest levels of wood 
resources), 13 (Change in unpaid time spent by women and children collecting biomass), 14 
(Bioenergy used to expand access to modern energy services) and 15 (Change in mortality 
and burden of disease attributable to indoor smoke). In addition, in the measurement of 
the other indicators the focus was on liquid biofuels. Nonetheless, the testing in Colombia 
provided a few lessons learnt about how to apply the indicators as a tool for sustainable 
development and how to enhance their practicality. These lessons learnt, which are 
summarized below and discussed more in detail under each indicator, should be considered 
and analysed in conjunction with those emerging from the testing of the GBEP indicators 
in other national contexts. 
Overall, the testing confirmed the usefulness of the GBEP indicators as a tool to inform 
policymakers about the environmental, social and economic sustainability aspects of the 
bioenergy sector in their country. Periodic monitoring of the GBEP indicators would 
certainly enhance the knowledge and understanding of this sector among Colombian 
policymakers and stakeholders more in general. Furthermore, as highlighted in section 4.2 
above, the GBEP indicators address all the main risks and opportunities associated with 
biofuel development identified in the main document setting out the Colombian biofuel 
policy, i.e. CONPES 3510.
With regard to the practicality, as confirmed by the testing in Colombia, the GBEP 
indicators are rather data and skills intensive. For the testing, it was not possible to get 
hold of a number of data related to various indicators, especially within the Social basket. 
Part of this data was not available (an issue that might be in common with other developing 
countries as well) while in other cases it was not possible to get access to them due to a 
number of reasons, including the commercial sensitiveness of some of the information. 
This shows the importance of involving all relevant stakeholders in the process, ranging 
from relevant government departments/ministries (e.g. those dealing with agriculture, 
energy, environment, rural development, food security, infrastructure, etc.) to producer 
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associations, universities and NGOs. Stakeholder engagement and ownership of the 
process is key in order to get access to the necessary data and information, receive inputs 
and feedback, discuss and interpret the results, and ultimately inform policy discussions 
and decisions. 
In the planning phase of the testing in Colombia, the engagement of national consultants, 
ministries and other stakeholders was considered fundamental to obtaining a national 
perspective on the practicality of the GBEP indicators, to assessing the national capacity to 
measure the indicators in real-life conditions and to making use of the project to strengthen 
and diversify national discussions on the sustainability of their country’s bioenergy sector. 
For this reason, FAO established an effective institutional coordination mechanism, 
involving all relevant stakeholders under the lead responsibility of the Ministry of 
Agriculture and Rural Development. As shown by this project, a proactive engagement of 
all relevant stakeholders including government agencies, private sector organizations and 
civil society organizations is key to the effective measurement of the indicators and to a 
proper interpretation and use of the results. A network of focal points within each relevant 
organization could be considered in the future as a means to strengthen institutional 
coordination and stakeholder engagement.
As mentioned above, the GBEP indicators cover a broad range of complex environmental, 
social and economic issues and some of the indicator methodologies are rather sophisticated. 
A multidisciplinary team of experts with an in-depth knowledge of the national context 
and of the domestic bioenergy sector is needed in order to measure these indicators. In 
Colombia, this task was entrusted to a team of researchers from the Universidad Nacional 

de Colombia, sede Manizales, supported by researchers from the International Center 
for Tropical Agriculture (CIAT) based in Cali, which are two centres of excellence in the 
country on issues related to agriculture and bioenergy. The quality of the work delivered 
by the experts from these institutes confirms that Colombia is well equipped to measure 
the GBEP indicators in the future and possesses the necessary skills and competences. 
However, in some cases and for some indicators, it might still be useful to integrate the 
local expertise with international expertise, as was done during the testing.  
As realized during the testing in Colombia, in order to enhance the practicality of the GBEP 
indicators, more clarity and guidance would be needed regarding both methodological 
and practical issues related to the implementation of certain indicator methodologies. An 
implementation guide would be needed in order to complement the GBEP report on the 
sustainability indicators. 
Further guidance would be necessary, in particular, on the complex and crucial issue of the 
attribution of impacts to bioenergy production and use. For instance, if data is available on 
the impacts on a certain environmental, social and economic variable for the production 
of a crop part of which is used for bioenergy, should the attribution of the impacts to the 
latter be done on the basis of the mass balance, of the energy content or of the economic 
value? Depending on the indicator considered and on the concerns and priorities of the 
user(s), the answer to this question might change. Therefore, for each indicator a range of 
suitable approaches for attribution could be identified and illustrated in detail providing 
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specific examples, and the pros and cons of using one approach versus another should be 
discussed.
Furthermore, in order to significantly reduce the time, skills and cost required to measure 
the GBEP indicators, an Excel and/or web-based application should be developed. This 
would allow users to easily enter all data required for the 24 indicators into one single data 
entry sheet and to get a set of results for each indicator based on the related methodologies. 
In addition to the aforementioned benefits, this process would also simplify considerably 
the data collection process, and it would allow to easily save and share the results and to 
re-run the tool over time with up-to-date information.  
Last, but not least, given the global nature of the GBEP indicators, the report containing 
the methodology sheets should be translated into other official languages of the UN beside 
English, e.g. French and Spanish. This would greatly facilitate the dissemination and 
implementation of the indicators in developing countries around the world.
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FAO ENVIRONMENT AND NATURAL RESOURCES MANAGEMENT 
SERIES

1. Africover: Specifications for geometry and cartography, summary report of the workshop on 

Africover, 2000 (E)

2. Terrestrial Carbon Observation: the Ottawa assessment of requirements, status and next steps, 

2002 (E)

3. Terrestrial Carbon Observation: the Rio de Janeiro recommendations for terrestrial and 

atmospheric measurements, 2002 (E)

4. Organic agriculture: Environment and food security, 2002 (E, S)

5. Terrestrial Carbon Observation: the Frascati report on in situ carbon data and information, 

2002 (E)

6. The Clean Development Mechanism: Implications for energy and sustainable agriculture and 

rural development projects, 2003 (E)*

7. The application of a spatial regression model to the analysis and mapping of poverty, 2003 (E)

8. Land Cover Classification System (LCCS) + CD-ROM, version 2, Geo-spatial Data and 

Information, 2005 (E)

9. Coastal GTOS. Strategic design and phase 1 implementation plan, 2005 (E)

10. Frost Protection: fundamentals, practice and economics- Volume I and II + CD, Assessment 

and Monitoring, 2005 (E), 2009 (S)

11. Mapping biophysical factors that influence agricultural production and rural vulnerability, 2006 (E)

12. Rapid Agriculture Disaster Assessment Routine (RADAR), 2008 (E)

13. Disaster risk management systems analysis: a guide book, 2008 (E, S)

14. Community based adaptation in action: a case study from Bangladesh, 2008 (E)

15. Coping with a changing climate: considerations for adaptation and mitigation in agriculture, 

2009 (E)

16. Bioenergy and Food Security: The BEFS Analytical Framework, 2010 (E)

17. Environmental and Social Impact Assessment: Procedures for FAO field projects (E)

18. Strengthening Capacity for Climate Change Adaptation in Agriculutre: Experience and Lessons 

from Lesotho, 2011 (E)

19. Adaptation to Climate Change in Semi-Arid Environments: Experience and Lessons from 

Mozambique, 2012 (E)

20. Mainstreaming Disaster Risk Reduction into Agriculture (E)

21. Climate Change and Agriculture in Jamaica: Agriculture Sector Support Analysis, 2013 (E)

22.  Managing climate risk and adapting to cliamte change in the agriculture sector in Nepal, 2014 (E)

Availability: September 2014
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FAO ENVIRONMENT AND NATURAL RESOURCES MANAGEMENT 
WORKING PAPER

1. Inventory and monitoring of shrimp farms in Sri Lanka by ERS SAR data, 1999 (E)

2. Solar photovoltaic for sustainable agriculture and rural development, 2000 (E)

3. Energía solar fotovoltaica para la agricultura y el desarrollo rural sostenibles, 2000 (S)

4. The energy and agriculture nexus, 2000 (E)

5. World wide agroclimatic database, FAOCLIM CD-ROM v. 2.01, 2001 (E)

6. Preparation of a land cover database of Bulgaria through remote sensing and GIS, 2001 (E)

7. GIS and spatial analysis for poverty and food insecurity, 2002 (E)

8. Environmental monitoring and natural resources management for food security and 

sustainable development, CD-ROM, 2002 (E)

9. Local climate estimator, LocClim 1.0 CD-ROM, 2002 (E)

10. Toward a GIS-based analysis of mountain environments and populations, 2003 (E)

11. TERRASTAT: Global land resources GIS models and databases for poverty and food 

insecurity mapping, CD-ROM, 2003 (E)

12. FAO & climate change, CD-ROM, 2003 (E)

13. Groundwater search by remote sensing, a methodological approach, 2003 (E)

14. Geo-information for agriculture development. A selection of applications, 2003 (E)

15. Guidelines for establishing audits of agricultural-environmental hotspots, 2003 (E)

16. Integrated natural resources management to enhance food security. The case for community-

based approaches in Ethiopia, 2003 (E)

17. Towards sustainable agriculture and rural development in the Ethiopian highlands. 

Proceedings of the technical workshop on improving the natural resources base of rural well-

being, 2004 (E)

18. The scope of organic agriculture, sustainable forest management and ecoforestry in protected 

area management, 2004 (E)

19. An inventory and comparison of globally consistent geospatial databases and libraries, 2005 (E) 

20. New LocClim, Local Climate Estimator CD-ROM, 2005 (E)

21. AgroMet Shell: a toolbox for agrometeorological crop monitoring and forecasting CD-ROM (E)**

22. Agriculture atlas of the Union of Myanmar (agriculture year 2001-2002), 2005 (E)

23. Better understanding livelihood strategies and poverty through the mapping of livelihood 

assets: a pilot study in Kenya, 2005 (E)

24. Mapping global urban and rural population distributions, 2005 (E)

25. A geospatial framework for the analysis of poverty and environment links, 2006 (E)

26. Food Insecurity, Poverty and Environment Global GIS Database (FGGD) and Digital Atlas 

for the Year 2000, 2006 (E)

27. Wood-energy supply/demand scenarios in the context of the poverty mapping, 2006 (E)

28. Policies, Institutions and Markets Shaping Biofuel Expansion: the case of ethanol and 

biodiesel in Brazil, in preparation (E)



198

]
E

N
E

R
G

Y
[

29. Geoinformation in Socio-Economic Development Determination of Fundamental Datasets 

for Africa, 2009 (E, F)

30. Assessment of energy and greenhouse gas inventories of sweet sorghum for first and second 

generation bioethanol, 2009 (E)

31. Small scale Bioenergy Initiatives: brief description and preliminary lessons on livelihood 

impacts from case studies in Asia, Latin America and Africa, 2009 (E)

32. Review of Evidence on Dryland Pastoral Systems and Climate Change: Implications and 

opportunities for mitigation and adaptation, 2009 (E)

33. Algae Based Biofuels: A Review of Challenges and Opportunities for Developing Countries, 

2009 (E)

34. Carbon finance possibilities for agriculture, forestry and other land use projects in a 

smallholder context, 2010 (E, F, S)

35. Bioenergy and Food Security: the BEFS analysis for Tanzania, 2010 (E)

36. Technical Compendium: description of agricultural trade policies in Peru, Tanzania and 

Thailand, 2010 (E)

37. Household level impacts of increasing food prices in Cambodia, 2010 (E)

38. Agricultural based livelihood systems in drylands in the context of climate change: inventory 

of adaptation practices and technologies of Ethiopia. in preparation (E)

39. Bioenergy and Food Security: The BEFS Analysis for Peru, Technical Compendium Volume 

1: Results and Conclusions; Volume 2: Methodologies, 2010  (S)

40. Bioenergy and Food Security: The BEFS Analysis for Peru, Supporting the policy machinery 

in Peru, 2010  (E, S)

41. Analysis of climate change and variability risks in the smallholder sector: case studies of the 

Laikipia and Narok districts representing major agro ecological zones in Kenya, 2010 (E)

42. Bioenergy and Food Security: the BEFS analysis for Thailand, 2010 (E)

43. BEFS Thailand: Key results and policy recommendations for future bioenergy development, 

2010 (E)

44. Algae-based biofuels: applications and co-products, 2010 (E)

45. Integrated Food-Energy Systems: How to make them work in a climate-friendly way and 

benefit small-scale farmers and rural communities. An Overview, 2010 (E)

46. Bioenergy Environmental Impact Analysis (BIAS): Analytical Framework, 2010 (E)

47. Bioenergy Environmental Impact Analysis (BIAS) of Ethanol: Production from Sugar Cane 

in Tanzania - Case Study: SEKAB/Bagamoyo, 2010 (E)

48. Strengthening Capacity for Climate Change Adaptation in the Agriculture Sector in Ethiopia, 

2011 (E)

49. Good Environmental Practices in Bioenergy Feedstock Production – Making Bioenergy 

Work for Climate and Food Security, 2012 (E)

50. Smallholders in Global Bioenergy Value Chains and Certification – Evidence from Three 

Case Studies, 2012 (E)

51. A Compilation of Tools and Methodologies to Assess the Sustainability of Modern 

Bioenergy, 2012 (E) 



199

52. Impacts of Bioenergy on Food Security – Guidance for Assessment and Response at National 

and Project Levels, 2012 (E)

53.  Energy-Smart Food at FAO: An Overview, 2012(E)

54.  Bioenergy and Food Security: The BEFS analysis for Tanzania - Sunflower Biodiesel, Water, 

and Household Food Security, 2013 (E)

55.  Bioslurry=Brown Gold. A review of scientific literature on the co-product of biogas 

production, 2013 (E)

56.  An Innovative Accounting Framework for the Food-Energy-Water Nexus - Application of 

the MuSIASEM approach to three case studies, 2013 (E)

57.  Evidence-Based Assessment of the Sustainability and Replicability of Integrated Food-Energy 

Systems - A Guidance Document, 2014 (E) 

58.  Walking the Nexus Talk: Assessing the Water-Energy-Food Nexus in the Context of the 

Sustainable Energy for All Initiative, 2014 (E)

59.  Pilot Testing of GBEP Sustainability Indicators for Bioenergy in Colombia, 2014 (E)

60.  Pilot Testing of GBEP Sustainability Indicators for Bioenergy in Indonesia, 2014 (E)

Availability: September 2014





The Global Bioenergy 
Partnership (GBEP) has 
produced a set of twenty-four 
indicators for the assessment 
and monitoring of bioenergy 
sustainability at the national level. 
The GBEP indicators are intended to 
inform policymakers about the environmental, 
social and economic sustainability aspects of the 
bioenergy sector in their country and guide 
them towards policies that foster sustainable 
development. FAO, which is among the founding 
members of the Global Bioenergy Partnership, 
tested the indicators in Colombia and Indonesia, 
with generous support from the International 
Climate Initiative (ICI) of the Federal Ministry 
of the Environment, Natural Resource, and 
Nuclear Safety of Germany. 

This report presents the results 
of the testing of the GBEP 
indicators in Colombia. The 

testing provided Colombia 
with an understanding of how 

to establish the means of a long-
term, periodic monitoring of its 

domestic bioenergy sector based on the GBEP 
indicators. Such periodic monitoring would 
enhance the knowledge and understanding of 
this sector and more generally of the way 
in which the contribution of the agricultural 
and energy sectors to national sustainable 
development could be evaluated. The testing 
in Colombia also provided a few lessons learnt 
about how to apply the indicators as a tool for 
sustainable development and how to enhance 
their practicality.
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