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Abstract 

This master thesis investigated the availability of raw materials for biogas production in the city 

of Medellín, Colombia. By first studying the development of biogas and its use as a vehicle fuel 

in the city of Linköping, Sweden, a comparison was made in order to focus on high-yield 

substrates. The objective was to calculate potential production given the amounts and types of 

substrates found locally and comparing it with the estimated demand of a local bus fleet that is 

planned to run on natural gas. 

The assessment of the raw materials was made in situ. The planned sources were visited in 

order to get information that would be later on analyzed for estimating its production potential. 

These sources were originally a municipal wastewater treatment plant, two slaughterhouses and 

two biodiesel plants. 

The wastewater treatment plant is already producing biogas, resulting from the treatment of 

sludge in anaerobic digesters. Nevertheless, calculations showed that current production is 

around 54% that of theoretical potential. Regarding the slaughterhouse, several important flows 

were detected, although some of them would not be currently available for biogas production, as 

they already have a defined use. The case for biodiesel production in the city was not very 

successful, as the two plants that were planned to be analyzed, have not started operations yet. 

However, some assumptions were made and some figures were calculated for further 

conclusions and analyses. During the visit, some other interesting sources were detected and 

were included in this report, such as another wastewater treatment plant, two fruits and 

vegetables markets, two landfills and biodiesel production in other areas. 

Several interesting points were discussed and analyzed through a comparison of the two cities. 

Drivers, barriers, actors, raw materials and production capacity were summarized and 

compared, resulting on reflections and conclusions. The results were also interesting, showing 

that the biogas potential at the two wastewater treatment plants would be enough to fuel the 

system and that if the other sources were to be used, excess biogas would be available for 

other uses, e.g. private cars or injection into the natural gas grid. 
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Sammanfattning 

Det här examensarbetet undersöker tillgången på råvaror för biogasproduktion i Medellín, 
Colombia. Genom att först studera utvecklingen av biogas och dess användning som bilbränsle 
i Linköping, Sverige, gjordes en jämförelse för att fokusera på hög substrat avkastning. Syftet 
var att beräkna möjlig produktion utifrån de mängder och typer av substrat som går att finna 
lokalt, och därefter jämföra detta med ett bussbolags uppskattade efterfrågan av naturgas. 
 
Värdering av råvaror gjordes in situ. De planerade källorna besöktes för att få information som 
senare kan analyseras för att värdera dess produktionsmöjlighet. Källorna var ursprungligen ett 
avloppsreningsverk, två slakterier och två biodiesel produktionsverk. Avloppsreningsverket 
producerar redan biogas, med vattenrengöring på anaeroba slam digestorer. Trots detta visade 
beräkningar att nuvarande produktion utgjorde ungefär 54% av den teoretiska möjligheten. I 
fråga om slakteriet, upptäcktes flera viktiga flöden, även om några inte skulle vara tillgängliga 
för biogasproduktion, då de redan användes för något annat. Studien om biodiesel produktionen 
i staden var inte lyckad, eftersom de två produktionsanläggningarna som skulle analyseras, 
ännu inte startat sina verksamheter. Dock var några antaganden gjorda och några siffror 
beräknade för ytterligare slutsatser och analyser. Under besöken upptäcktes några andra 
intressanta källor, så som andra avloppsreningsverket, två frukt- och grönsaksmarknader, två 
soptippar samt biodiesel produktion i andra områden. 
 
Flera intressanta punkter har diskuterats och analyserats genom jämförelsen mellan de två 
städerna. Förare, hinder, aktörer, råvaror och produktionskapacitet sammanfattades och 
jämfördes, vilket resulterat i reflektioner och slutsatser. Resultatet var också intressant, då det 
visar att potentialen för biometan på de två reningsverken skulle vara tillräcklig för att driva 
systemet, samt om andra källor användes skulle det finnas överskott på biometan för annan 
användning, t.ex. personbilar eller injektioner i naturgasnätet. 
 
 
Sökord: Biogas, biometan, substrat, naturgas, råvaror, kollektivtrafik. 
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1. Introduction 
 

Economic growth has not only brought wealth, comfort and progress to societies, but also 

problems and challenges. As countries and cities develop, their energy consumption increases 

at a higher rate and a lot of the resources used for meeting this demand are facing depletion. 

This is an evident case for most cities in developing countries, where planning has not been (or 

was not) made with the required attention and projection and a lot of people – and problems – 

are concentrated in small geographical areas. 

One of the most important subjects regarding urban planning is the city‟s transportation system. 

As more inhabitants reach the metropolitan areas, there is a higher demand for an organized, 

high quality system that fulfills all of the citizens‟ requirements, and it has been one of the most 

important points in Medellín‟s political agenda during the past 15 years. The whole mobility 

program started with the construction of the metropolitan train, which started operating in 1995. 

Pulled by this project, a lot of buses‟ routes were redesigned in order to feed the system, while 

other continued its normal way, given the specific geographical and economic situation. 

Afterwards, another problem started to take place inside the city‟s administration: the air 

pollution, which was, to a big extent, attributed to the obsoleteness of the mentioned transport 

system and the bad quality of fuels being sold in the city (especially diesel, the fuel used by 

most of the city‟s buses). The matter was now not only solving the transportation problem but 

also doing it in an environmentally friendly way. Thus, a proposal came trying to integrate as 

much as possible of the Metropolitan Area while using environmentally friendly means. This 

project is called Metroplús, and consists of a bus fleet running on a dedicated lane throughout 

the most important areas and even connecting it with the existing metropolitan train. However, 

this project did not come free of questions and challenges. As the decision of using natural gas 

as the buses‟ fuel, the internal situation for natural gas caught the attention of opponents and 

detractors. Having this in mind, solutions have to be analyzed to solve both the problem of 

sustainability and environmental performance. 

The idea of evaluating alternative sources for the fleet‟s energy supply was born considering the 

latter. The case of some European cities – especially Linköping, Sweden – and its advanced 

renewable and sustainable energy programs were considered as an excellent model for 

possible implementation. Some similarities – like air pollution and possible problems with natural 

gas supply – were detected among the two venues and laid ground for this study. Considering 

that the world‟s energy sources in today‟s energy systems continue to be non-renewable and 

that the transport sector is considered guilty of many of the hazardous emissions, sustainable 

development needs it to turn its attention to energy carriers from renewable forces. 

It is thus the current generation‟s responsibility to amend what previous generations did wrong 

and secure a future for the ones to come. Teachings from the ika and kogi – ancient indigenous 

people from the Sierra Nevada de Santa Marta, in northern Colombia – seem to be adequate: 

we have to be “big brothers” and try to rectify the mistakes that our “small brothers” made. 
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1.1. Aim 

 

This project aims at identifying and evaluating potential raw material sources for biogas 

production in Medellín, Colombia and, by finding a reference point – i.e. a natural gas-driven 

bus fleet running from 2010 – to determine their sufficiency. Furthermore, it seeks at laying 

ground for possible future implementation by learning from the Linköping‟s experience. 

In order to achieve this goal, more detailed, specific objectives are defined as follows: 

 Describe the circumstances that justify the development of the study. 

 Describe sources, raw materials, flows and amounts. 

 Estimate possible biogas yield, given the identified raw materials, flows and amounts. 

 Compare possible production in order to determine if supply can meet the estimated 

demand given the available raw materials and their amounts. 

 Compare the situation in both cities in order to find differences and similarities. 

 Present a feasible solution for sustainability and environmental problems that are 

currently affecting the city of Medellín, and in this specific case, part of its public 

transportation system. 

 

1.2. Methodology 

 

Linköping‟s case has been renowned locally and internationally as a success case for biofuels 

implementation and sustainable transportation. As so, and considering that it is the base of LiU 

– where the author made his studies – it is the perfect benchmark for a study regarding biogas. 

The idea covers an analysis of the context in which the project developed successfully in 

Sweden and aims at seeing if some basic requirements could be met under a different context, 

being the availability of raw materials the one with the biggest focus. 

Different steps took place during the development of this study and will be shown and described 

in order to have a better understanding of the process. 

PROJECT DEFINITION 

As lectures and visits were taking place, the author started realizing that some of the problems 

and opportunities that initiated the whole idea about locally produced biofuels for transportation 

in Linköping could be common to the ones in Medellín, his hometown. Having this in mind, 

some meetings were held with Professor Mats Eklund – Department of environmental 

technology and management at LiU – who not only helped giving depth to a still not-very-clear 

idea but also made the arrangements for a meeting with Mr. Jesper Hedberg, project manager 

at Swedish Biogas International. 

Hereafter, the idea started to narrow down to the current project of assessing sources of raw 

materials with the possible demand of a bus fleet planned for the city as a reference point. This 
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was considered as an excellent idea in order to help solving several problems that the city has, 

especially a possible fuel shortage. If this was to take place, a visit to Medellín needed to be 

done in order to have a deeper evaluation and a more reliable data collection. 

LEARNING ABOUT LINKÖPING‟S CASE 

Getting to know more about the Linköping‟s case was of course very important for the 

development of this project. Previous knowledge acquired during the different subjects and 

visits given during the master program, different articles consulted, the attendance to a biogas 

conference in Gothenburg and some meetings with people involved in the field made part of this 

step, and were of great help for this purpose.  

As the emphasis was to be made on raw materials used for biogas production in Linköping and 

the evaluation of their availability in Medellín, the author‟s formation and background, the fact 

that he was born and raised there, plus an empirical knowledge of the city‟s productive sector 

supported by further research was considered enough material for initiating the study. A 

questionnaire was designed in order to find out about the most important facts for each sector. 

EVALUATION OF SELECTED SOURCES IN MEDELLÍN 

This step consisted on field work. The author visited Medellín in order to get a personal insight 

of the previously planned sources of raw materials. Personal meetings with those in charge of 

the process for each industry – including the bus fleet company – were set and subsequent 

telephone calls and electronic mails helped having a deeper look. The initially planned 

questionnaire was not used directly; the author included the questions as the meetings were 

taking place. Processes were analyzed and flows and amounts described. Some important 

technical information was collected, provided by the companies. Other possible sources were 

looked at during the visit, some in detail, other in a more shallow way, as possible future 

subjects for study.  

ANALYSIS OF COLLECTED DATA 

Once all the information was collected and all the planned sources were evaluated, a 

comparison between the two cities was made in order to know what was lacking or, on the other 

hand, what could be important drivers or advantages for local production of biogas in Medellín. 

Some other aspects were analyzed for this purpose, as the context could be different even if the 

raw materials‟ types or quantities were the same. 

FURTHER LITERATURE STUDIES AND ANALYSIS 

This step consisted on further literature studies, regarding the broader field of industrial ecology 

and other fields that could put the project in a scientific context. 

In addition, the information collected in Medellín was put together and analyzed together with 

the supervisors in order to estimate possible figures for biogas production. This way, it was 

possible to conclude regarding the main objective of this project. 
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1.2.1. Selection of sources. 

 

An important part of the methodology was the selection of the sources that were going to be 

analyzed initially. This aimed at giving direction to the evaluation, by going straight to the most 

important and high-yielding raw materials. 

The idea of assessing raw materials for biogas production in Medellín was inspired by the 

Linköping‟s case. The city – and Svensk biogas in particular – has been working with biogas for 

a long time, and has reached a point where only high-yield substrates are being used. Of 

course, materials being used by them are not necessarily available elsewhere and at the same 

time materials with higher yields could be more abundant, but it is an important starting point for 

the study. Additionally, the author visited a conference in Gothenburg last year – Biogasmax 

conference – where some other aspects were treated in more detail. As it will be explained later 

on, biogas in Linköping is produced to a big extent with slaughterhouse waste. Some other 

substrates, such as glycerol from the biodiesel industry and waste from the food industry are 

also used, while the wastewater treatment plant contributes with biogas produced at their 

facilities. Figure 1 shows the development of biogas production and substrate utilization at 

Svensk Biogas AB from 1997 to 2009. 

 

 

Figure 1: Biogas production evolution at Svensk Biogas (Source: Lina Vallin, Svensk Biogas AB) 
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Figure 2: Different materials and their biogas yield (Source: Ludwig Dinkloh, UTS Biogastechnik GmbH) 

 

1.3. Scope of the project 

 

The project pretends to analyze the availability of raw materials for biogas production. Only the 

most accessible and high-yielding raw materials will be looked at, according to previous 

theoretical studies and the comparison with the Linköping‟s case. This includes the description 

of the most important potential sources, as well as their flows and amounts. This availability will 

be evaluated against the estimated demand generated by the future local bus fleet, in order to 

check its sufficiency, which will be estimated according to the information given by the bus 

company, as there is no historical data yet. Additional demand, i.e. private vehicles, will not be 

included, although some conclusions could be drawn depending on the results. 

Finally, financial and economic issues will not be treated in depth, although some comments 

may be drawn as supportive arguments. Important technical issues, such as gas upgrading or 

distribution may be discussed – as they have an important impact on the development of the 

study – but in a relatively shallow way, just with the intention to illustrate a broader idea. 

 

1.4. Risks 

 

The major risk that the project is facing is the difficulty to access some of the information 

needed, as it can be considered by some companies as delicate information or industrial 

secrets. State-owned companies are obliged by law to give information to the public about its 

performance – including environmental issues – while, in general, private companies are not 

obliged to do so; there is a governmental institution that controls their environmental 

performance. The main difficulty can be gaining this companies‟ trust in order to show the real 

intentions of the study. 
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In addition, the bus project has had a lot of problems regarding operational decisions. It has 

been delayed several times because the system operator – METRO de Medellín – and the local 

buses‟ owners are not able to come to an arrangement, and until today, there is not clarity about 

some things, including the type of buses to buy. A big risk is to not have definite information in 

this subject in order to get a more reliable figure regarding fuel consumption. 
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2. Limitations and data availability 
 

The data used in this report came from two sources. For the background and part of the 

analysis, it came from articles, newspapers, brochures and official websites, while all the data 

regarding figures and specific information from the different companies visited in Medellín were 

obtained directly from the companies. 

It is important to state that all data coming from the companies is subject to their willingness to 

contribute to the study. In general, openness and willingness to collaborate was the case for 

most companies. However, the company investing in the biodiesel plant was not willing to give 

information at all, as its CEO thought – regardless of mails and explanations – that their 

industrial secrets were going to be stolen from them. It is also important to say that the bus 

project has had a lot of political problems and that some of the decisions that affected the result 

of this project were made partially or not made at all. 

 

Wastewater treatment plant of San Fernando. 

Engineer Antonio Alejandro Quintero Vallejo was contacted. First, a guided tour around the 

plant took place, although the digesters were only seen from the outside due to security 

regulations. Then, a meeting was held in order to clarify further questions and discuss important 

subjects such as the cleaning process, energy consumption at the plant and, of course, biogas 

production. Some information was obtained during the visit and meeting, while another part was 

obtained later, with files sent electronically or written conversations. 

Information about the planned wastewater treatment plant to be built in Bello was all collected 

from the company‟s brochures, articles and websites. 

 

Slaughterhouses 

At Medellín‟s slaughterhouse, the first contact was made with the manager, Mr. Jorge Escobar. 

A visit took place in his office, where the aim of the project was explained to him and general 

discussions were held regarding how the company operates, who owns it and some general 

figures about production. With his help, a meeting was arranged with Engineer Juan David 

Severiche, who kindly agreed to give a guided tour through the plant, the composting site, the 

cattle yards and the sedimentation tanks. With a lot of detail he explained processes and his 

knowledge about environmental legislation and the plant‟s performance was very helpful for the 

project‟s sake. All data regarding biological information of the waste and resource consumption 

at the plant was given by him. Some information was obtained through electronic mail. 

On the other hand, the meeting at Envigado‟s slaughterhouse took place with Engineer Jessica 

Ruiz Duque, who is in charge of environmental and sanitation issues at the plant. As the 

process itself was considered to be the same as in the previously visited plant, it was not looked 
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at in detail, but the attention was put into the waste and its disposition. Some information was 

obtained through electronic mail. 

Other slaughterhouses were difficult to contact. This is due to the fact that they are 100% 

private and as such, they are more suspicious about the information they give. 

Biodiesel plants 

Biodiesel was the less successful source regarding the project‟s objectives. While in Sweden, 

most of the research was done using internet sites and articles, but direct contact was difficult 

and in some cases impossible. 

For instance, once in Medellín, the author found out that the project for used cooking oils that 

was planned to study did not happen. Tomás Cipriano Mejía – the head of the project – was 

contacted and a meeting with him took place, where all the inconveniences and barriers that are 

slowing it down were discussed and explained. 

On the other hand, the virgin oil project that was supposed to take place in Guarne – a nearby 

municipality – never happened. The office of planning was contacted, but they did not have any 

information whatsoever. The author found out about some political problems it had regarding 

the agreements with farmers from the area and raw material supply and that it was going to be 

moved to the municipality of Girardota. However, this municipality‟s office of planning was of no 

more help than the other. The apparent head of the project was contacted, but he was very 

suspicious and did not want to give any information regarding the plant. 

Information regarding biodiesel production at a national level was collected mainly from 

government and private websites and articles. 

 

Other sources 

During the visit to Medellín some other possible sources for raw material were analyzed in less 

detail. Information about these sources was given by those in charge of them as well as taken 

from some thesis projects and articles. 
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3. Theoretical background 
 

As human and industrial activities have pushed the environment towards resource depletion 

with a growing tendency of generating waste and polluting the air, relatively recent approaches 

have been developed in order to study, understand and suggest ways of reaching sustainable 

societies. One of these approaches is industrial ecology. 

Industrial ecology aims at optimizing the total materials cycle, by considering the industrial 

system as some kind of ecosystem (Erkman, 1997), part of the biosphere around it. Nielsen 

(2007) uses the term “eco-mimetic” to refer to the development of the society in a sustainable 

way by “implementing nature’s lesson”. Industrial ecology as a term is relatively new although, 

according to Erkman (1997) the concept has been around since the 1970‟s, when an initiative to 

explore the possibilities of orienting Japanese economy towards less material-consumption-

based activities and consider economic activity in an „ecological context‟ took place. Some other 

early initiatives are mentioned by the author. However, it was not until 1989, when the article 

„strategies for manufacturing‟ was published on Scientific American by Frosch and Gallopolous 

– both employees at General Motors – when the subject started getting the proper attention. 

Nielsen (2007) also compiles various strategies and principles defined by other authors in order 

to reach a natural working system. Here, the importance of the system‟s thinking and the 

materials‟ cycles are highlighted, especially by Jørgensen and Mitsch (1989) and Straskraba 

(1993), when they say that strategies like “Manage the environment as an interconnected 

system, not as isolated subsystems”, “Minimize energy waste” and “Recycle” and principles like 

“Elements are recycled in ecosystems” and “Everything is linked to everything else in the 

ecosystem” have to be considered by industrial ecologists. He states also that recycling 

activities are beneficial to the economic efficiency at the system level, while reducing the burden 

on the environment. Cohen-Rosenthal (2004) defines industrial ecology‟s objective as “[…] to 

assure the conversion of a product/material to another use when its initial use is completed 

[…]”. Unfortunately, even if some attempts for recycling can be highlighted, it is more the 

exception than the rule, and it is obvious that the economic system recycles less than nature. 

It is important to explain that industrial ecology not only looks at the environmental side of the 

problem, but also aims at making sustainable development feasible from an economical point of 

view, considering even sometimes increasing the production of certain waste in order to 

improve the overall efficiency of the system (Erkman, 1997). It can be seen then that industrial 

ecology aims at reaching a cleaner production (which some see as separate fields) which at the 

bottom line aims at switching from pollution control to pollution prevention (Boons and Baas, 

1997). 

Korhonen (2004) describes three dimensions for sustainable development, namely the 

economic, social and ecological. Qualitative differences exist among them, but they are 

undoubtedly interdependent. Several theories of industrial ecology try to include all these 

dimensions in order to reach a win-win-win situation (see Wolf et al. (2005), Boons and Baas 

(1997) and Cohen-Rosenthal (2000)). 
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Figure 3 shows Korhonen‟s idea of an industrial ecosystem. 

 

 

Figure 3: Industrial ecosystem (Korhonen, 2004). I would add the health and well-being benefits in the “social win”, which are 
of course related to the “environmental win” and the replacement of other energy carriers in the input “environmental win”. 

 

But what is sustainable development? There could be several definitions, being one of the most 

used the one defined in 1987 by the World Commission on Environment and Development 

(Brundtland commission): "[…] development which meets the needs of current generations 

without compromising the ability of future generations to meet their own needs". Under this 

thinking, special attention is put on non-renewable sources. 

The „roundput‟ term is commonly used to refer to closed loops and waste utilization between 

industrial actors. This is of special interest when fuel or other energy sources are avoided or 

substituted and a greater overall efficiency is reached. Korhonen (2004) makes an interest 

observation when stating that nature uses in a different way non-renewables and renewables 

than humans do, taking into consideration its own recovery capacity of substances or flows 

released by its organisms. Several metaphors are used by industrial ecologists in order to 

innovate, inspire and promote creativity in eco-mimetic activities (interesting analyses and 

discussions about this subject are made by Korhonen (2004) and Ehrenfeld (2004)). Depending 

on the subject of interest, some of these are interdependency, community, connectedness, 

cooperation, metabolism, cascading and locality. 

The latter term is usually analyzed by different authors, especially when trying to define 

industrial symbiosis (see Chertow (2000) for a detailed definition of industrial symbiosis). Boons 

and Baas (1997) highlight the advantages of geographical proximity. By aiming at an integrated 
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approach within a region, the ecological impact of economic activities can be minimized, 

especially when the complete parts of the product chain are present. 

When considering all of the above, industrial ecology seems to be a very broad and inter-

disciplinary field of study. Despite of it, Erkman (1997) defines industrial ecology‟s goal in 

concise but precise words: “The goal of industrial ecology is a more elegant, less wasteful 

network of industrial processes”. 

 

Biogas as a renewable fuel and a contribution to energy and environmental 

problems: industrial ecology in action. 

 

As metaphors are continuously used in the field of industrial ecology, I would like to make use of 

one in order to start defining the important role that biogas plays as a contributor – not as the 

ultimate solution, though – for today‟s energy problems and resources‟ depletion risks: 

upcycling. This term refers to the process of using materials that can be considered as waste in 

order to produce new materials or products that have a better quality (and thus be re-used) or 

represent an environmental benefit (material and energy reduction, source replacement, virgin 

materials used). 

The analysis made by industrial ecologists can be motivated by different reasons. For instance, 

an existing system can be analyzed in order to improve its overall efficiency and environmental 

performance, at the same time that other aspects, i.e. social and economical, can be addressed 

(for a good example see Wolf (2007)). Another case is when a problem (or problems) is 

identified and in order to suggest solutions, possible measures are analyzed and potential 

sources of, say materials or energy, are assessed. This is the case for this study, where a 

problem – i.e. fuel shortage – was detected, and given the local conditions – i.e. the context – 

solutions and raw materials‟ sources where studied based on existing experience. Although 

learning from nature is one of industrial ecology‟s main objectives, learning from other human 

and/or industrial systems is also an option when a high efficiency has been reached and 

„painful‟ steps have already been taken. Thus, by comparison, a good ground can be found for 

implementation and is one of the methods shown below in this report, where several important 

points are analyzed and compared under the two different contexts. 

To go deep on the biogas process itself, as well as on technical issues, is not the objective of 

this thesis. However, given the importance of the concept, an overview and description will be 

shown. 

 

 

 



22 
 

THE BIOGAS PROCESS 

Biogas is produced when organic material is decomposed by specialized microorganisms under 

oxygen-free conditions. The result is a gas – biogas – composed by around 65% methane (CH4) 

and 35% carbon dioxide (CO2) and other gases in smaller amounts. Several different organic 

materials can be used for biogas production – some with more yields per ton than other – like 

manure, food waste, agricultural waste or sludge from wastewater treatment. The digestate, 

which is the material left after the anaerobic digestion takes place, is a nutrient-rich organic 

fertilizer. 

Methane produced by anaerobic digestion – referred to as biomethane – is chemically identical 

to fossil methane (i.e. natural gas). However, the big difference lays in the fact that biomethane 

can be produced in 20-30 days, while fossil methane was produced several thousand years ago 

and it is non-renewable. 

The raw gas can be used in some engines designed for that purpose, but in order to meet the 

natural gas standards – upon which most of the infrastructure is built – it has to be upgraded. 

This means that most of the CO2 must be removed, reaching a methane content of at least 

97%. Different technologies exist for upgrading biogas, including chemical scrubbing, COOAB 

and water scrubbing, which is the one being currently used in Linköping. 

 

 

Figure 4: The biogas process (Source: Svensk Biogas) 
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4. Background 
 

In order to understand why this project is interesting from an industrial ecology and sustainability 

point of view, and at the same time learning about the context in which the evaluations and 

empirical studies took place, the venues are explained and presented in detail. Facts, figures 

and descriptions are supplied, some detected problems are described and some arguments are 

presented with the intention of illustrating the conditions and characteristics that will help to 

develop further comparisons, discussions and conclusions. 

 

4.1. Medellín in context 

 

Medellín is the second largest city in Colombia. Due to its big industrial development, the city 

started to grow rapidly during the second half of the 20th century, bringing a lot of problems to a 

relatively small area surrounded by mountains. Currently, Medellín has around 2.5 million 

inhabitants, plus 1.5 million living in the surrounding municipalities (DANE, 2005), most of whom 

commute into the city every day. 

 

 

Figure 5: Location of Colombia and Medellín (Source: medellintravelguide.com) 

Public transportation is relatively efficient, i.e. coverage, as there are several bus fleets running 

around the city, plus a relatively new metropolitan train (north-south) and two lines of cable cars 

going to the mountains (northeast and northwest). 
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Figure 6: Metro and Metrocable in Medellín (Source: Administrative Department for Planning) 

 

4.1.1. The city’s transformation – Social challenges 

 

In the decade of the 1970‟s Medellín started being transformed by drug trafficking, without any 

kind of control both from the society and the government. Along with it came an unusual 

consumerism, and money and force were consolidated as the way of dealing with social 

relations. At the same time, corruption grew immensely and both citizens and authorities 

became indifferent towards crime. According to the current mayor, violent deaths reached the 

figure of 6 500 by 1991, turning the city in one the most violent places on Earth (Jaramillo 

Salazar, 2008). 

However, these problems could not be attributed only to drug trafficking. Social exclusion has 

been evident in Medellín and a big social injustice and inequality are a big problem to manage. 

The city has huge poverty belts, especially in the northern and western part. Many of this people 

come from the country side, displaced by the violence taking place in the rural areas or just 

looking for a “better” life. Hunger, necessity and social resentment creates violence in many 

cases and children and youngsters become an easy target for illegal armies or drug dealers. 

During the 1990‟s local people and authorities started confronting drug trafficking and violence 

and by 1993 the biggest drug capo was killed by the Colombian police and the DEA, after 

several years of a bloody war. Nevertheless, the damage was already there, and several other 

groups started recruiting people and fighting over trafficking areas. Violence continued striking 

the city, but both the government and the citizens showed more interest in changing things and 

turning it into a better place. A national program started for fighting urban militias and most of 

the paramilitares – an illegal right-wing extremist army – reinserted into society in 2004. 

It was that year that Sergio Fajardo Valderrama, a university teacher, was elected as the city‟s 

mayor. With him, a lot of transformations started taking place; corruption was to be fought and 

education was the main weapon to use for equality and productivity improvement. This meant 

the construction of several public schools, parks and libraries in the poorest neighborhoods, the 

modernization of “hot spots” in the city, and the integration of marginalized areas through cheap 

and efficient transport systems. These policies have continued after his governing period and 

have made of Medellín an example of urban progress and social inclusion, attracting 
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international attention and investment. A good example of the great success these measures 

have had in the city (together with other, such as improved public services, health services and 

infrastructure) is the reduction in the homicide rate, which was 381 killings for every 100 000 

inhabitants during the 1980‟s and part of the 1990‟s, and by 2008 was reduced to 47 (Mayor‟s 

office of Medellín, 2009). 

 

4.1.2. Air pollution in Medellín 

 

In addition to the previously mentioned social problems, the city faces another big difficulty. In 

2008, the world health organization reported that Medellín was amongst the most polluted cities 

in Latin America (Gómez Ochoa, 2008), with a yearly average of around 60 to 70 µg/m3 of 

particulate matter (PM10) (Redaire, 2007) – compared to e.g. Mexico City that has a PM10 of 

50 µg/m3 (Román Pedroza and Toledo Rojas, 2010). According to the director of Redaire – an 

institution monitoring the city‟s air quality – a lot of this matter comes from industries where 

cleaner production has not been implemented yet, e.g. brick producers, but the largest amount 

comes from obsolete transportation systems. The city hall says that the transportation sector 

contributes to 86% of the city‟s air pollutants. In 2005, around 50% of outpatient services for 

children less than 14 years old and 80% for older, were due to diseases associated with 

respiratory issues. For emergency services, these figures were 70% and 80% respectively 

(Secretary‟s Office for the Environment, 2008). 

 

 

Figure 7: Public buses' exhausts (Source: Administrative Department for Planning) 
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4.1.3. The Metroplús project 

 

An important part of the city‟s transformation is the effort that local politicians and authorities 

have made to improve the local transportation systems. As it was stated above, integrating the 

marginalized areas through a cheap and efficient transport system and giving their inhabitants 

the opportunity to live the city, benefit from its parks, museums and libraries and facilitate the 

commuters‟ necessity of getting to their jobs had a tremendous impact on the citizens, reflected 

on the improvement of the security and the reduction of social resentment. Thus, following 

directions given by the Law 105/1993, which defines basic regulations and establishes rules for 

planning the transportation sector, the city started in 2002 a project for the administration of 

resources assigned for technical, economic, urban, architectonic and demand studies and 

designs of the road corridors for the new integrated transport system, which led to the creation 

of Metroplús S.A. in 2005. This new company, owned by the city of Medellín (55%), the 

metropolitan train operator - METRO (25%), the municipality of Envigado (10%), the 

municipality of Itagüí (5%), the transport terminals operators (4%) and the institute for the 

development of Antioquia – IDEA (1%), has the task of planning, executing and controlling the 

adaptation of the infrastructure and operation of the integrated massive transport system of the 

Aburrá valley (Metroplús website). 

The decision of having a new transport system in the city brought polemic discussions, 

especially regarding the fuel to be used (Cock L. (2008), Jaramillo Cárdenas (2009) and 

Zuluaga Jiménez (2008)). These discussions revolved around the use of natural gas, electricity 

or diesel. Article 5th, Law 1083/2006 establishes that from January 1, 2010 all new permits for 

transport companies among the metropolitan, district or municipal areas are given only to 

vehicles that run on “clean fuels” – as defined by the resolution 18-0158, February 2, 2007. By 

that time, mineral diesel sold in the city had a sulfur content of more than 4000 ppm (Área 

Metropolitana, 2007) and was of course not considered as a clean fuel, but the local oil 

company – ECOPETROL – signed an agreement to reduce it to 50 ppm by July, 2010 (Mayor‟s 

Office of Medellín, 2008). However, the decision of not using diesel was made given its current 

and future prices (Idem). 

 

On May 19, 2008, the mayor of Medellín, Alonso Salazar Jaramillo, informed the election of 

natural gas as the fuel for the new transport system. Of course, this decision has not only 

supporters, but also detractors. The main cause for the rejection of electricity was the high cost 

of the system and technical issues due to the city‟s geographical conditions (Vanegas, 2008). 

The subject has been the center of several discussions since the decision was made. Last year, 

according to a press release by the office of the comptroller general, “…official supply and 

demand figures for natural gas continue to show a deficit situation in the short term”. Added to 

this, the Ministry of Mines and Energy made a statement about the uncertainty for this product‟s 

supply, a possible extra-tax charge for vehicle gas, the low economic incentives for vehicle 

conversion from gasoline to gas and the government‟s strategy of contracting inner demand in 

order to fulfill exportation agreements. Moreover, the Mines and Energy Minister declared in a 

debate that natural gas cannot be guaranteed during the next decade for these massive 

transportation systems – referring to Metroplús – given the existing supply problems (Office of 
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the Comptroller General, 2009), and that regions that are building these systems will have to 

turn their attention to diesel or electricity (El tiempo, 2008). 

Additionally, natural gas detractors cite several important points: 

 Colombia has a huge potential for green electricity production, given its geographical 

conditions. According to XM – a company in charge of operating the national 

interconnected system and the Colombian electricity wholesale market – around 63% of 

the electricity produced comes from hydropower (XM website) and there are several 

projects for the next 5 years, representing 9 930 MW, a 75% rise in production capacity 

(Ministry of Mines and Energy, 2009). 

 Even if natural gas is considered as a clean fuel by the resolution 18-0158, February 2, 

2007, particulate matter and other air pollutants are higher with it than with electric 

engines. 

 Natural gas prices are highly tied to international oil prices, which have showed an 

increasing tendency during the past years. 

 Natural gas engines are said to be noisier than electric engines. 

 The country‟s own proven natural gas reserves do not fulfill the future internal demand of 

this fuel, and trusting imports from Venezuela is a risky strategy, given the ideological 

differences and commercial drawbacks between the two governments1. 

Disregarding these reasons, the decision has been made and the system is planned to start at 

the end of 2010, and solutions have to be suggested in order to solve its inconveniences. 

 

 

Figure 8: Transmilenio, a similar system that has been very successful 
in Bogotá, Colombia (Source: skyscrapercity.com) 

 

 

                                                           
1
 An important discussion point mentioned by Anne Houtman – Director of “Internal market and sustainability”, European Comission 

– during the Biogasmax conference held in Gothenburg in September 2009, was that it is “[…] risky to rely on unstable economies, 
which are the biggest energy suppliers”. 
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4.2. Natural gas in Colombia 

 

The development of natural gas in Colombia is relatively recent, driven by the discovery of a 

well in La Guajira, north of the country in the 1970‟s. By 1986, the program “gas for change” 

allowed the use of gas in the cities and to build the national interconnection. The national 

government showed special interest in the development and massification of this fuel, and by 

2003 a plan was established where strategies and recommendations were defined in order to 

meet this goal (CREG website). A year later, the same happened to the automotive sector, and 

by April 2009, Colombia had around 280 000 vehicles running on this fuel – 30 000 of them in 

Medellín – situating the country in the top 10 countries with the most number of gas-driven 

vehicles (GasNatural website). In Medellín, the gas arrives to both the residential and the 

industrial sector for cooking and heating purposes and there are several fuelling stations for 

vehicles spread all over the city. 

Up to this year, new findings have been scarce and the country supply relies heavily in just two 

sources of production and three players (ECOPETROL, Chevron and BP). In 2008, 65% came 

from the Chuchupa well and 25% from the Cusiana well (Ministry of Mines and Energy, 2009). 

Lately, the region has faced many problems regarding the natural gas supply, as last year it was 

cut in some of the major cities in Colombia (especially for the transportation sector), due to the 

system‟s failure to meet the demand, the maintenance and improvement jobs being done at the 

wells on which the country highly depends on and the priority that thermoelectric plants have 

over fuelling stations. These cuts to the service, started to show the fragility of the sector, one of 

the most dynamic in the Colombian economy. The most important newspapers and magazines 

in the country have published several articles upon the subject and related issues (See the 

special section for these articles in the reference list). 

The latter worries both the automotive and industrial sector, and it has threatened to bring social 

problems too, like strikes and protests by drivers who were convinced by the government to 

convert their engines with the promise of a cheaper fuel (El Tiempo, 2009). As the demand met 

the supply side by 2005 (El Tiempo, 2008), this problem has become more obvious, especially 

when a natural phenomenon called “El Niño” (El Niño Southern Oscillation – ENSO) strikes the 

region and causes a drop in the water level at the dams, affecting hydropower production. The 

current summer season, magnified by “El Niño”, reflected on natural gas consumption in 

thermopower stations in 2009, which increased by 81%, compared to 2008 (CNO-Gas, 2010). 

This phenomenon is highly erratic and difficult to predict, as its frequency of occurrence can 

vary from 3 to 10 years (Frontier Economics, 2010). 

 

 

Figure 9: El Niño Frequency of occurrence. (Source: The International Research Institute for Climate and Society – IRI) 
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Figure 10 shows the current levels at the Guatapé dam, in Antioquia, one of the most important 

for hydropower production in the country. 

 

 

   

Figure 10: Water level at the Guatapé dam. Taken April 3, 2010. 

 

In figure 11 it can be seen how big the effect of ENSO is on the hydrological cycle and 

consequently, on thermopower production. The 1997 episode clearly affected production, as 

well as the one in 2009. The ones that occurred in 2001 and 2005 were not as severe. 

 

 

Figure 11: Thermopower production 1996-2009 (Source: XM) 
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Colombia’s natural gas supply and reserves 

The R/P (Reserves/Production) ratio indicates how much time it will take for reserves to become 

exhausted (in years). As it can be seen in figure 12, this factor shows an obviously decreasing 

tendency during the last ten years. 

 

 

Figure 12: Historic R/P factor. Current legislation allows natural gas exports whenever this factor is above 7 years (Sources: 
Frontier Economics, Office of the Comptroller General) 

 

Paraphrasing a study made by Arthur D. Little, Inc. for the Ministry of Mines and Energy, the 

national hydrocarbons agency, the commission for regulation of gas and electricity and the 

mines and energy planning unit, “[…] the natural gas chain lacks of a robust mechanism for the 

exchange of consolidated and trustable information which allows a precise diagnose of the 

situation […] This has lead to an increased uncertainty situation among the sector’s authorities 

and agents” (Arthur D. Little, Inc., 2008). However, the supply situation can be summarized as 

follows: 

 Not enough gas availability to cover the demand for take-or-pay contracts. 

 Uncertainty regarding the supply horizon. 

o Absence of significant findings, despite of the increased exploratory activity. 

o Uncertainty with regard to the initiation on time of new planned projects to 

increase production and/or distribution capacity. 

o Uncertainty regarding future gas supply from Venezuela. 

o Sustained rise on demand in spite of the uncertainty regarding gas availability. 

 Uncertainty regarding the country‟s inner region supply given demand peaks by the 

thermoelectric sector. 

 Gas production strongly centered in just two sources and three players (Ibid.). 
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Figure 13: Natural gas national balance (Source: UPME) 

 

Figure 14: Natural gas balance for the country’s interior (Ibid.) 

 

The previously explained situation puts a lot of pressure in this new bus fleet project, as it has 

been a very big investment (both on infrastructure and vehicles) and is facing the risk of running 

out of fuel. In addition, the company itself is risking its public image, as its own-defined 

responsibilities are “…to increase competitiveness through a modern, safe, trustful, 

environmentally friendly and sustainable service…” (Metroplús website). 
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4.3. The Linköping case – A benchmark 

 

Linköping is the fifth largest city in Sweden with around 140 000 inhabitants. Its growth boomed 

around 1937, when SAAB (an aircraft manufacturer) established in the region (Linköpings 

kommun website). 

The transportation system is administered by AB Östgöta Trafiken and it mainly consists of 

buses inside the city and trains and trams in other areas. Currently, all buses in Linköping run 

on biogas, and there is even a train – Amanda – that communicates the cities of Linköping and 

Västervik running also on this fuel. 

 

    

Figure 15: Location of Sweden and Linköping (Source: outline-world-map.com) 

 

 

4.3.1. About Sweden’s energy system 

 

Energy consumption in Sweden was 397 TWh in 2008 of which 40% is used by industry, 26% 

by the transportation sector and 34% by the residential sector (Swedish Energy Agency, 2010). 

Most of this energy is represented by electricity and oil products, but other energy carriers such 

as district heating, natural gas, coal and biofuels are also part of the system. According to 

Svensk Energi by 2006, 97% of the electricity production was CO2-free (Källstrand, 2007), which 

can be explained by the country‟s huge hydraulic resources (hydropower production) and by 

nuclear power. Just these two sources accounted for 90% of the total electricity production in 

2008 (Swedish Energy Agency, 2010). 



33 
 

 

 

Figure 16: Use of energy in Sweden in 2008 (Source: Swedish Energy Agency) 

 

It is evident the Swedish tendency to rely less on oil products every year. It is not an easy task, 

but figure 17 shows that they have managed to reduce its share in the total energy consumption 

through time. 

 

Figure 17: Energy use in Sweden 1970-2008 (Source: Swedish Energy Agency) 

 

The overall share of renewables in the energy system has increased a lot since 1990, reaching 

almost 45% by 2008, which is a huge step towards the goal. 
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Figure 18: Share of renewable sources 1990-2008 (Source: Swedish Energy Agency) 

 

When analyzing the transport sector, one can see that oil products are still by far the main 

energy carriers. However, this has been changing through the years to let other fuels become 

actors. This tendency is mainly due to the fact that the Swedish Parliament has decided that by 

2020, at least 50% of the country‟s total energy use should be from renewable sources 

(Swedish Energy Agency, 2010) and the pressure that this sector has on emissions reduction. 

 

 

Figure 19: Energy use in the transport sector in 2008 (Source: Swedish Energy Agency) 

 

In order to achieve these ambitious goals, the government has set several measures to promote 

the production and use of biofuels, like administrative measures (legislation, prohibitions, etc.), 

economic measures (taxes, fees, grants and subsidies), information campaigns, and research 

and development promotion and funding. For the case of the study, taxation is an interesting 

point, being one of the biggest drivers for biogas implementation, as it affects to a big extent the 
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prices on other alternatives (i.e. fossil fuels). Table 1 shows how the taxes are charged 

depending on the type of fuel. 

 

Table 1: Energy and environmental taxes from January 2009 (Source: Swedish Energy Agency) 
 

 

 

Figure 20 shows a comparative figure of the total energy price and the effect that taxes have 

upon them. Pay special attention to the transport category. 

 

 

Figure 20: Total energy price for different categories and the effect of taxes (Swedish Energy Agency) 

 

 

Fuel Energy tax CO2 tax Sulphur tax Total

Petrol, unleaded, 

environmental class 1, SEK/l
3.08 2.44 - 5.52

Diesel fuel, environmental

class 1, SEK/l
1.33 3.01 - 4.34

Natural gas/methane, SEK m3 - 1.34 - 1.34

LPG, SEK/kg - 1.65 - 1.65

Ethanol, rapeseed oil methyl

ester (RME) or biogas
- - - -
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4.3.2. History of biogas in Linköping 

 

In the beginning of the 1980‟s, local inhabitants started to complain about the air quality in 

downtown Linköping, which was to a big extent attributed to the fact that all municipal buses ran 

on diesel and they converged in the same place to pick up passengers. Many alternatives were 

studied, including biodiesel and electricity, but the result was that natural gas was the best 

solution from an economic and environmental perspective. This, considering that by that time a 

natural gas pipeline was planned to come all the way from the south and pass through the 

region. However, this did not happen and another power source was needed to be found. 

Thus, as there was an operating wastewater treatment plant already producing biogas – by that 

time it was used for electricity and heat – it was a matter of upgrading it and transforming some 

of the buses for a pilot project, which started its service in 1992. By 1994, the municipality 

thought of increasing the number of buses from the initial five to twenty, but they decide to do it 

“the whole way” and include all sixty-five buses running inside the city. 

For this goal to be successful, it was needed to join some sectors that could receive benefits 

from the project. It was then Tekniska Verken AB – the municipality-owned energy company – 

the one to step in as a representative from the municipality and as the plant operator, Scan – 

one of Europe‟s largest food industries within the meat sector – as the main raw material 

provider – and Lantbrukarnas Riksförbund – a farmers association – as the responsible for 

using the biofertilizer, a by-product of the biogas process. Linköping Biogas AB was then formed 

and in 1996 the plant was established. 

The business started to grow after a steep learning curve and with its expansion, other markets 

started to be developed: by 2002, the first public fuelling station was built. After some time, both 

Lantbrukarnas Riksförbund and Scan decided not to continue as partners, so Tekniska Verken 

bought their part, becoming the full owner. Nevertheless, both continued to have a close relation 

in meanings of raw material supply and fertilizer use. Thus, a new name was given to the 

company: Svensk Biogas i Linköping AB. 

During the period of 2003-2006, Svensk Biogas established 13 public fuelling stations in the 

region and a new production plant in the sister city of Norrköping, where by-products from the 

ethanol production were to be used (Envtech Division, Linköping Universitet, 2010). 

 

 

Figure 21: Biogas plant in Åby Västergård (Source: Eniro.se) 
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5. Raw materials and sources for biogas production 
 

This chapter shows the results of the visits made to the sources, describing amounts, flows and 

some other characteristics. As it was stated in the scope of the project, its intention is to assess 

three main raw material sources for biogas production, i.e. the existing WasteWater Treatment 

Plant (which will be referred to as WWTP from now on), two slaughterhouses and two identified 

plants for biodiesel production. In addition, the visit to the city made evident some other possible 

sources that can also be considered for biogas production and that will also be showed in this 

chapter. 

 

5.1. Wastewater treatment plant of San Fernando - Itagüí, Colombia. 

 

At the beginning of the 80‟s, a study was made for the cleaning-up of the Medellín River. This 

river passes through 10 municipalities all over the Aburrá Valley, which are home to around 

4 000 000 inhabitants. Its pollution started with the direct unloading of wastewater from the 

sewage system to the river and some of the more than 200 streams that come from the 

mountains, which obviously became a huge problem when the demographic and industrial 

growth of the city took place during the second half of the 20th century (Revista de obras 

públicas, 2001). The study defined that collection, transportation and treatment should be done 

in four sites along the valley: two secondary treatment plants, one in the southern municipality of 

Itagüí, and a second one in the northern municipality of Bello, plus two preliminary treatment 

plants in Girardota and Barbosa, which are also situated in the northern part of the valley. 

Figure 22 shows how these plants are distributed. 

 

 

Figure 22: Wastewater collection and treatment system for the Aburrá valley (Source: EPM) 
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The San Fernando WWTP started operating in the year 2000, and serves the southern 

municipalities of Itagüí, Envigado, Sabaneta, La Estrella, south Medellín and, in the near future, 

Caldas; which represent roughly 20% of the wastewater generated in the Aburrá Valley. 

 

 

Figure 23: San Fernando WWTP (Source: EPM) 

 

There are two big pipes receiving residential (70%) and industrial (30%) wastewater from the 

east and the west side of the basin. Just before reaching the plant, these streams are directed 

in a single pipe into the pumping station, where a filter separates elements bigger than 18 mm 

that are taken to a landfill – around 2 m3/day. In average, the inlet biological oxygen demand 

(BOD) – which is a measure of the amount of oxygen used when organic matter undergoes 

decomposition by microorganisms, and as will be showed later is an important characteristic for 

the calculation of biogas production from wastewater – is 275 mg/l and the volume of flow 1.2 

m3/s. It is important to clarify that the sewage coming into the WWTP is combined, which means 

that also rainwater is mixed into it. 

The water continues to three sand-removal vortices, where heavy materials fall to the bottom 

and are then pumped for washing. Then, water continues to three 38 m diameter primary-

sedimentation tanks. Here, light solids such as grease, oils and foams are taken away and other 

heavy solids are swept by a rotating structure and then removed by pumps. These tanks are 

covered in order to avoid bad smells, and the air circulates continuously and is taken to a 

chemical treatment. In addition, the sludge obtained in these tanks goes to the anaerobic 

digesters, which are the ones of interest for this project. 

At this part of the process, approximately 30% of the water is diverted straight to the effluent. 

This responds to the fact that the secondary treatment tanks were designed for a flow of 1.2 

m3/s. The remaining 70% continues its way to the aeration tanks, where 390 m3/min of air are 

blown in order to keep the microorganisms working in the aerobic digestion alive. Finally, the 

secondary sedimentation tanks receive the water and remove the remaining solids before the 

water is returned to the river. Here, the sludge is also taken to the digesters in order to receive 

anaerobic treatment and help the energy recovery of the plant. Figure 24 shows a schematic 

explanation of the process. 
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Figure 24: Water treatment process at San Fernando WWTP (Source: EPM) 

 

Table 2 shows important figures regarding the WWTP‟s operation during 2009. Apart from BOD 

– explained above – another pollution parameter shown is “total suspended solids” or TSS, 

which refers to particulate weight present in water and also determines the quality of water. 

 

Table 2: Total and average operating parameters at San Fernando WWTP (Source: Antonio Alejandro 

Quintero Vallejo – Engineer at the WTTP) 

 

 

 

SAN FERNANDO WWTP‟S ANAEROBIC DIGESTERS 

At San Fernando WWTP, the digesters‟ main objective is to reduce the sludge volume (EPM, 

1998). There are two digesters, with a volume of 8 700 m3 each. Primary sludge and floating 

skins and secondary activated sludge are pumped continuously from the thickening and 

2009 VOLUME FLOW
BOD 

REMOVAL

REMOVED 

BOD

TSS 

REMOVAL

Month m3 m3/s mg/l Ton mg/l Ton % Ton mg/l Ton mg/l Ton %

JAN 3,094,049 1.155 229 709 43 131 81.4 577 457 1,413 58 178 87.4 7.4

FEB 2,989,048 1.236 237 708 37 110 84.4 598 701 2,096 56 166 92.1 7.6

MAR 3,372,329 1.259 236 797 37 126 84.2 670 654 2,204 55 184 91.6 7.5

APR 3,163,360 1.220 274 866 42 133 84.6 733 722 2,285 60 189 91.7 7.40

MAY 3,439,584 1.284 263 905 48 164 81.8 741 643 2,210 67 230 89.6 7.30

JUN 3,175,175 1.225 283 899 48 151 83.2 747 654 2,078 74 235 88.7 7.40

JUL 3,202,110 1.196 293 939 58 187 80.1 752 427 1,367 63 202 85.2 7.40

AUG 3,051,428 1.139 299 913 54 164 82.0 749 501 1,529 75 229 85.1 7.50

SEP 2,802,609 1.081 291 816 55 153 81.3 663 553 1,550 89 249 83.9 7.50

OCT 3,018,824 1.127 235 710 61 183 74.3 527 474 1,431 84 254 82.2 7.50

NOV 3,081,238 1.189 263 809 53 162 80.0 647 511 1,576 51 158 90.0 7.50

DEC 2,846,419 1.0627 380 1,080 42 119 89.0 962 510 1,451 70 198 86.3 7.70

TOTAL 37,236,173 1.181 274 10,150 48 1,785 82.2 8,366 567 21,189 67 2,473 87.8 7.48

BOD IN BOD OUT TSS IN TSS OUT
pH
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dehydration building to the anaerobic digesters, which remain full during the operation. While 

the sludge is pumped into the digesters, an equal amount goes out into the digested sludge 

storage where it is collected by trucks and used as a soil conditioner. Around 100 tons are 

collected every day, and it is usually a problem for the plant‟s administration to find where to 

dispose them. 

 

Figure 25: Anaerobic digesters at San Fernando WWTP (Source: EPM) 

 

Biogas produced by the digesters is currently being used to generate around 30% of the 

electricity that the plant needs for its operation (roughly 18 000 MWh/year), which represented 

around USD 377 0002 in savings in 2009. There are two generators that have showed several 

maintenance problems throughout the years, especially regarding spare parts and technical 

support. There is a flare that burns the excess or unused biogas and according to people 

working at central market, just in front of the WWTP, it is continuously on – which can be a sign 

for excess or unused biogas. Figure 26 shows electricity production during 2008 and 2009. 

 

 

Figure 26: Electricity production 2008 and 2009 (Source: Antonio Alejandro Quintero Vallejo – Engineer at the WTTP) 

                                                           
2
 The exchange rate 1 USD = 2153 COP is an average for 2009 – Source: Colombian Central Bank. 
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An energy recovery system with heat exchangers and pumps makes the cooling water from the 

generators circulate and transfer heat to the digesters in order to keep the ideal temperature for 

the anaerobic digestion to take place. Table 3 shows some important figures regarding biogas 

and electricity production during 2009. 

 

Table 3: WTTP Biogas figures (Source: Antonio Alejandro Quintero Vallejo – Engineer at the WTTP) 

 

 

 

During the feria de las flores celebration, in August, and Christmas time – which lasts almost the 

whole month of December – the amount of residues coming into the WWTP increases 

dramatically. However, biogas production does not seem to be tied to this fact. 

In average, 355 300 m3/month were produced during 2009. 

 

 

Figure 27: Biogas production 2008 and 2009 (Source: Antonio Alejandro Quintero Vallejo – Engineer at the WTTP) 

2009 BIOGAS

CH4 

NORTH

DIGESTER

CH4 

SOUTH

DIGESTER

GENERATED

ELECTRICITY 

DEMANDED

ELECTRICITY

SAVED

ENERGY

Month m3 % % KWh KWh %

JAN 369,584 64.42 64.01 488,000 1,540,429 31.68

FEB 398,479 65.09 62.98 406,000 1,445,729 28.08

MAR 397,296 65.34 63.94 472,000 1,581,667 29.84

APR 383,033 66.2 65.39 435,000 1,518,562 28.65

MAY 373,242 65.03 66.05 449,000 1,515,610 29.63

JUN 346,248 65.51 65.79 116,000 1,423,380 8.15

JUL 354,933 65.97 65.45 532,000 1,570,266 33.88

AUG 341,320 66.65 65.12 514,000 1,524,583 33.71

SEP 277,295 67.52 67.21 409,000 1,535,647 26.63

OCT 325,881 67.20 67.10 499,000 1,614,274 30.91

NOV 348,550 66.71 66.29 492,000 1,556,813 31.60

DEC 347,704 66.24 62.50 523,000 1,590,786 32.88

TOTAL 4,263,565 65.99 65.15 5,335,000 18,417,744 28.80
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5.2. Slaughterhouses 

 

There are four slaughterhouses inside the metropolitan area of the Aburrá valley, sacrificing 

both bovine and porcine and two more for porcine only. The biggest one is the one situated in 

Medellín, administered by Central Ganadera S.A (central livestock administration) and it has 

mixed capital (i.e. public and private) and the second largest one is Envicárnicos E.I.C.E, which 

is located in Envigado and is a fully state-owned company. Being state-owned (completely or 

partially), these companies have the obligation to share information and be opened for public 

access. 

The other slaughterhouses are private and as such are more reluctant to show their 

environmental figures. It is the government who is on charge of controlling these issues, but 

information to regular public is kept with suspicion and some data may not even be reliable. 

However, their amounts are small compared to those of Medellín and Envigado. 

 

Medellín’s slaughterhouse 

This slaughterhouse is situated in the north side of the city and it is the biggest one in the 

region. It has mixed capital, 42% owned by Empresas Varias de Medellín E.S.P, a public 

company in charge of the city‟s cleaning and waste collection; 18% by Colanta, an association 

of milk farmers in Antioquia; 18% by Zenú, the local cold cuts company; and the remaining 22% 

is owned by other individuals such as commission agents at the cattle market. The plant 

sacrifices in average 13 000 bovine and 20 800 porcine every month. 

There are relatively little residues that are not used for another purpose. However, the flows and 

amounts will be described and explained with more detail. The biggest amount is composed by 

blood, entrails and bones. Although blood is not allowed to use for poligastric animals‟ feed (i.e. 

ruminants), it is allowed for feeding monogastric animals, such as horses, dogs, cats, fishes, 

etc. Currently, there is a company that buys almost all of the slaughterhouse residues in the 

region, called AGROSAN S.A. Every year, around 1 065 tons of blood non-suitable for human 

feed and 4 200 tons of other residues (e.g. fat, legs, horns, hair and hooves) are sold to this 

company at around 0.046 USD/kg and 1 862 tons of good quality blood for human consumption 

– taken directly from the cows with a special knife called “vampire knife” into bags – at 0.053 

USD/kg3. Also, a higher quality, cleaner fat which is captured at the grease trap is sold for 0.14 

USD/kg for cosmetics use. The blood that keeps falling from the animal during the process, 

along with the washing water goes through some gratings and then to the grease and solids 

traps. 

 

                                                           
3
 The exchange rate 1 USD = 2153 COP is an average for 2009 – Source: Colombian Central Bank. 
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Figure 28: Different residues from the bovine section. 

 

Central Ganadera produces also compost. The wastewater coming out from the solids trap is 

pumped to a place outside the slaughterhouse where 40 tons of compost are produced every 

month. After the process, the wastewater recirculates into the solids trap and then is mixed with 

the wastewater from the grease trap and thrown in to the sewage system, where the flow is 12 

l/s and BOD is 1 459.2 mg/l. A total amount of 23 000 m3/month of polluted water is thrown into 

the sewage system. 

Compost is not at all a profitable business for central ganadera, as the production cost is 0.22 

USD/kg, while the sale price is roughly 0.08 USD/kg. Nevertheless, it has been the most 

effective and cheap way they have found to treat wastewater and comply with the environmental 

laws. Figure 23 shows the wastewater at the composting site, before it gets pumped back to the 

solids trap. The average flow during production hours is 3.47 l/s and BOD is 2 374 mg/l. 

Approximately 390 ton/month of rumen content arrives to this site. 

 

         

Figure 29: Wastewater at the composting site 

 

A schematic description of the process can be found in figure 30. 
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Figure 30:  Schematic description of flows and amounts at Medellín’s slaughterhouse. 

 

Besides all the waste treatment, some other interesting points could be further analyzed 

regarding energy efficiency inside the plant. As it was built some time ago, when legislation was 

not as hard as it is today, the cold rooms are not well isolated. This, of course affects energy 

consumption inside the plant (200 MWh/month). 

Also important are the cattle yards. These yards were built in the 50‟s and are also administered 

by Central Ganadera, but not all the animals that are here go to the slaughterhouse plant, since 

it is more a market place. Here, rainwater, water from the yards‟ cleaning, wastewater and even 

residues from the cafeterias go through two pipes without major treatment. One of the pipes 

goes straight into the river, and the other one goes into some very rudimentary sedimentation 

tanks hidden in some bushes behind the marketplace before also going into the river. 

Thankfully, the local water management company has a big project for a second WWTP, which 

will collect and treat all wastewater from central and northern Medellín – including the area 

where the yards and plant are situated – before it reaches the river. There is no monitoring or 

characterization in this point. Although manure is not a high-yield substrate for biogas 

production, it is an important material for the stabilization of the process. 
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Envigado’s slaughterhouse – Envicárnicos E.I.C.E. 

This company is entirely owned by the municipality of Envigado. The plant is designed to 

sacrifice 400 bovine and 500 porcine every day. However, production is quite seasonal, and at 

the time of the visit levels were 220 and 300 respectively. According to Jessica Ruiz Duque, 

sanitary engineer at Envicárnicos, the first months of the year have low production due to the 

fact that people ate a lot of meat during Christmas celebrations (a cultural tradition) and their 

incomes were affected by the season. 

The process at Envicárnicos is not that different from the one at Central Ganadera. The 

differences lie in the way they handle residues. Again, it is normally AGROSAN the company 

that collects most of the residues. However, since they seem to not be so good at separating, 

sometimes they have to pay to a specialized company to get rid of them because AGROSAN 

will not take them. This is quite chaotic sometimes, since the outflow is not stable and it is up to 

some individuals to decide where the residues go. Nevertheless, they sell 312 tons of blood, 

480 of other residues and roughly 440 tons of rumen content to external companies. 

The blood collected through the “vampire knives” – i.e. bovine blood – is sold to FRIGODAN, a 

company that uses it for human food. The rest of the blood, including porcine blood is pumped 

to some tanks and then sold to AGROSAN, as well as all solids collected at the plant (seizures, 

hair, fat, etc.). The seizures area is where all residues considered by the veterinarian should go. 

Normally, only common diseases are detected, and they represent no problem for further 

processing. When high pathological risk is involved, a specialized company takes care of it. 

All water, process and washing, leaves the plant and goes through the grease trap and then to 

the sedimentation tank. During the process, the flow entering this tank is 5,2 l/s and BOD is 

2 150 mg/l, and at the exit, BOD is 1 460 mg/l. Next, all that is leaving the tanks goes to a 

mechanical dehydrator, where they have big problems separating and deciding what to do with 

the solids. It is normally out of order and dehydration cannot take place. Water continues its way 

to the San Fernando WWTP collection pipe system. A more schematic description can be found 

in figure 31. 
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Figure 31: Schematic description of the process at Envicárnicos E.I.C.E. 

 

5.3. Biodiesel production in Medellín and its surroundings 

 

Glycerol is the main by-product of biodiesel production. In previous years, it was considered to 

be a high-value product given its literally thousands of uses, especially in the pharmaceutical 

and food industry. However, given the varying prices of glycerol world-wide, the purification 

steps needed in order to use it in these industries are only feasible in industrial scale (Mittelbach 

and Remschmidt, 2004). 

In recent years, due to the big boom in the biofuels industry, glycerol has become a problem, 

leading even – to some extent – to some synthetic producers to close their plants, e.g. Dow 

chemical in Texas (Nilles, 2006). Once considered as a co-product that was a useful 

contribution to the economic feasibility of biodiesel production, glycerol is now considered many 

times as waste and has a disposal cost associated to it. 

Some alternative uses can be found for crude glycerol, e.g. furnace fuel, fertilizers – when 

mixed with animal manure, animal feed – although the presence of methanol represents a 

problem for the latter two – and some other chemical applications (Mittelbach and Remschmidt, 

2004). According to Yazdani and Gonzalez (2007), the glycerol‟s natural characteristics make 

this material of special interest for anaerobic digestion, which at the same time is a very 

attractive option for adding value to a very available, impure and low priced by-product (Siles 

López et al., 2009). 
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Table 4 shows the biogas yield for different substrates – including glycerol – in meanings of their 

volatile solids content, which is the portion of organic material that can be eliminated – or 

volatized – when it is burnt in an oven at a 550 °C. Glycerol‟s biogas yield is only comparable to 

slaughterhouse waste and pastry waste. 

 

Table 4:  VS (%) and biogas yield for different substrates. (Source: Bioenergy Exantas) 

 

 

Biofuels in Colombia. 

In recent years, biofuels production has increased rapidly in Colombia. In 2001, Law 693 started 

by defining mechanisms oriented towards the promotion of biofuels, to be implemented in 5 

years time. By 2004, Law 939 stimulated production and commercialization of biofuels for diesel 

engines, allowing the mix of fuels with vegetable or animal origin biofuels in quantities to be 

determined by the Ministry of Mines and Energy and the Ministry of the Environment, Housing 

and Territorial Development. This law also exempted biodiesel from the tax on sales and the 

global tax on ACPM (Spanish acronym for combustible oil for engines). In addition, other 

benefits such as the establishment of “free trade zones” – where the income and exporting 

taxes are lower – and incentives for investment were determined. 

Other important policies took place to promote the industry, especially in 2008, when the 

Resolution 180243 of the Ministry of Mines and Energy established the obligation to mix 5% 

biodiesel of the total diesel volume sold in some regions of the country and that by 2012, all new 

engines sold in Colombia must be able to run on 20% fossil diesel-biodiesel mixes (Ministry of 

Mines and Energy, decree 2629/2007). By the end of the year, the National Planning 

Department issued the CONPES 3510 document, “Legislation guidelines for the promotion of 

sustainable production of biofuels in Colombia”, which aimed at promoting an alternative for 

rural land exploitation, position Colombia as a biofuels exporter and contribute to the creation of 

jobs, among other (National Department of Planning, 2008). Last, a free trade treaty is being 

negotiated with the US, in which Colombian biofuels would enter this market without constraints 

or duties. 

Substrate

Volatile 

Solids

VS (%)

Biogas yield

m3/kg VS

Pig manure 75-80 0,3-0,8

Cow manure 68-85 0,2-0,8

Poultry manure 67-77 0,3-0,8

Sheep manure 80-85 0,3-0,4

Meat-bone 75-90 0,8-1,2

Maize silage 90-95 0,6-0,7

Grass silage 76-90 0,6-0,7

Cheese whey 80-95 0,5-0,9

Waste pastry 90-98 0,8-1,2

Raw glycerol 90 1,0-1,1

Content offal 80-84 0,3-0,4
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Table 5: Fuel blending plan for biodiesel (Source: Ministry of Mines and Energy) 

 

 

Colombia is the fourth palm oil producer in the world (Fedepalma website) and it represents 

85% of all oils and vegetable fats produced in the country (Idem). Other plants like castor oil 

plant, jatropha and sunflower are also used for oil production. In the case for Medellín it is 

mostly castor oil, and more recently jatropha the ones that represent possibilities for biodiesel 

production, due to its geographical conditions and climate. 

 

 

Figure 32: Palm oil fields are colored. The dark dot shows the location of Medellín. (Source: Fedepalma) 

 

 

Figure 33: African palm, Castor oil plant and jatropha (Sources: Fedepalma, Fedebiocombustibles, SENA) 

 

 

 

Mix Region From

B5 Caribbean coast Aug-07

B5 Rest of the country Mar-08

B10 Whole country Jan-10

B20 Whole country Jan-12
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Project for biodiesel production from used cooking oil – Biodicol 

In 2007, a project to collect used cooking oil in the city and produce biodiesel from it was started 

by some students, considering that the country‟s culture includes a lot of fried food and that 

Medellín has a big food industry, and companies like Margarita, Mekato and Fritolay – all 

producing potato chips and other fried snacks – have their facilities in the surrounding 

municipalities. The plant was planned to produce 650 l/day biodiesel. However, up to this day, 

the company has had some drawbacks and has not started operations yet. 

Although big companies are the main objective for raw materials, there are four sectors that 

were identified as potential sources, with a need of a further logistic analysis: 

 Residential: Family houses. 

 “Fritaderos”: Small restaurants that sell mostly fried food, such as empanadas, palitos de 

queso, buñuelos and fried chicken. 

 Big restaurants: Mac Donald‟s, Kokoriko, Frisby. 

 Companies producing chips. 

There are some conditions that are barriers to the development of this business. The main 

problem is legislation: there is not a clear policy regarding disposal of liquid residues in 

Colombia, including waste oils and fats. In theory, nobody controls what people do with the used 

oil, although some grease traps and other mechanisms are usually demanded for building 

permits for commercial premises (ministry of the environment, housing and territorial 

development, 2009). Subsequently, anyone can collect used oil, disregarding of its next use or 

disposal and it has a market value. Normally, a “rich” restaurant uses oil a small number of 

times and changes it regularly. Nevertheless, there are several other “poorer” restaurants that 

purchase this oil and burn it until it gets useless. This is more evident in lower social classes but 

it is not only due to economic issues, as it is a cultural belief that the more used the oil is, the 

better the food fried in it tastes. Higher social classes eat less fried food – home-made, at least 

– or use high quality oils as dressings. 

Another destination for used oil from big restaurants is the animal food industry, as it is legal in 

Colombia to feed animals with these residues. This oil is sold, but it normally does not represent 

an important amount of money and it is usually employees who collect it. 

Finally, distribution of biodiesel can be little problematic, as it has to be done through the 

national system. Few companies have the monopoly of distribution in the country, and they are 

extremely big organizations. However, this is not a real problem, as other uses can be found for 

this fuel, besides transportation. 

With the hope of getting legislation to work and promote this field, Tomás Cipriano Mejía – the 

project‟s leader – is trying to benchmark other markets where it has been successful – e.g. 

Spain – and looking for a political ally that can promote the proper laws and policies. 
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Figure 34: Buñuelos, patacones, empanadas and chicharrones – All fried food (Source: colombiabuena.com) 

 

Virgin castor oil biodiesel plant – Novus Energy & Bolivar Biofuels 

In 2008, an American company owned by a Colombian immigrant – Bolivar Biofuels – showed 

interest in building a pilot plant in the municipality of Guarne, 30 minutes away from Medellín. 

The plant was planned to use mainly castor oil plant, although jatropha was also considered. 

Production was planned to start with 3 000 l/day and expected to reach 10 000 l/day (Arias R, 

2008). Nevertheless, reality was that agreements with local farmers and the municipality could 

not be reached and the plant was not built. 

All the same, Bolivar Biofuels continued to look for production opportunities and according to its 

CEO, William Bolivar, a plant is currently being built in the municipality of Girardota – 30 

minutes north of Medellín – as a joint effort with the North American company Novus Energy, at 

a 70% advance. Additional information could not be obtained by the author, as the management 

was contacted but would not give any information regarding production. In addition, the planning 

office of the municipality of Girardota said via a telephonic interview that there were no permits 

or plans for this kind of production plant whatsoever. 

 

Biodiesel production in Colombia 

According to the Ministry of Mines and Energy (2009), up to May, 2009, there were seven 

biodiesel plants in Colombia producing 516 000 ton/year (790 800 l/day). Fedepalma (2010) – 

the African palm farmers‟ federation – informed of a new one starting operations in the second 

semester, 2010, adding 30 000 ton/year more, while CENIPALMA – research institute for 

African palm – states that the national demand for biodiesel (considering a B10 mix) is 448 000 

ton/year (Cenipalma, 2009). Yazdani and Gonzalez (2007), Siles et al. (2009) and Fountoulakis 

and Manios (2009) state that glycerol represents around 10% of the total amount of biodiesel 

produced, which would mean a 54 600 ton/year production in Colombia coming exclusively from 

this sector. 

Although the initial objective of the project was to assess local sources of raw materials for 

biogas production, the importance of glycerol for the anaerobic process, considering its 

availability, yield, and economic advantages makes the analysis of national production 

necessary. Further logistic issues must be considered in order to define strategies and 

economic feasibility. 
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Figure 35: Colored areas show the biodiesel plants’ location. The dark dot shows Medellín’s location (Source: Ministry of 
Mines and Energy) 

 

5.4. Other potential sources 

 

As the collection of data was taking place, other sources of raw materials were detected and 

studied in order to analyze them in further detail with the help of one of the supervisors, with the 

intention of analyzing their possible use for biogas production. These sources and their raw 

materials will be described in the following sections in detail. 

 

5.4.1. Medellín’s central wholesale and retailer marketplaces 

 

Medellín is the largest city in the region and it is where all farmers commute to sell their 

products. Also, rural inhabitants get groceries and other kinds of products in order to resale 

them in their villages. There are two marketplaces for these activities, namely Central Mayorista 

de Antioquia and Plaza de Mercado la Minorista, situated in the southern and northern part of 

the city, respectively. 

Every day from around 3:30 am, these markets open their doors to the public, and trade takes 

place until the evening. Several different commercial premises sell all different types of fruits, 

vegetables, meat and grains. 

As perishable goods, fruits and vegetables that are not sold are thrown away, which has 

become a huge problem in some cases. For instance, space is very expensive at the Central 

Mayorista, so projects to take advantage of these residues would have to be very profitable in 

order for the administration to invest on them. Currently, this marketplace generates around 45 

ton/day of only fruits and vegetables waste and has to pay the local waste management 
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company 12.8 USD/m3, representing about 13 200 USD/month4. This company picks the waste 

up and puts it in a landfill outside the city, where some of it is composted. It may be important to 

say that the marketplace lies in the municipality of Itagüí, and it is a different company from the 

one that collects the waste in Medellín. 

 

         

Figure 36: Fruit and vegetable waste at Central Mayorista 

 

The environmental department shows a lot of interest in any kind of project that could represent 

savings for the administration. Ideas such as dehydration have been proposed, but energy costs 

and final disposal still represent environmental and economic problems. 

The case at the retailer marketplace is similar in some way. The difference lies in the fact that 

there is some people separating the residues, especially for pigs feeding, but it is very poorly 

paid. Whatever is not sorted as useful food is picked by the waste management company and 

taken to the landfill. This company does not charge an additional fee for collection. 

 

           

Figure 37: Waste separation (left) and final disposal (right) 

 

According to Guillermo Álvarez, who is in charge of the environmental department at the 

marketplace, around 10 ton/day of vegetables and fruits waste are produced every day. 

                                                           
4
 The exchange rate 1 USD = 2153 COP is an average for 2009 – Source: Colombian Central Bank. 
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5.4.2. Future wastewater treatment plant in Bello 

 

As it explained above, a second WWTP is planned to start operations in a near future, delivering 

secondary treatment to the municipal wastewater. This plant is going to service central and 

northern Medellín and other municipalities in the northern part of the Aburrá valley and it is 

planned to receive and treat 5.0 m3/s in average from an equivalent population of 3 880 000 

people, will have six digesters for sludge treatment, each one of 8 700 m3 and it is expected to 

produce at least one third of the plant‟s electric energy (EPM, 2008). 

 

5.4.3. Landfills 

 

Landfills are an inevitable source for biogas production, although their methane content can be 

considerably lower than that from biodigesters, in which the organic content can be chosen to a 

big extent. There are two landfills that could be exploited for this purpose in the Aburrá valley. 

The first one, Relleno Sanitario Curva de Rodas, was inaugurated in 1984 and during its 17 

years of service to the municipalities composing the Aburrá valley, an average of 2 000 ton/day 

were poured for a total amount of approximately 8 682 500 tons. Given its big potential for 

biogas production and the proximity to the natural gas pipeline, the idea of injecting it into the 

grid has been considered as attractive and methane content as high as 55% has been detected 

in some of the landfill‟s wells for biogas recovery (Pérez López and Uribe Bedoya, 2006). The 

second one, la pradera, is where all the municipal waste is being poured currently – 

approximately 1 800 ton/day (EEVVM website). 

In 2006, the Universidad de Antioquia (Antioquia‟s University) and Empresas Varias de Medellín 

E.S.P (local waste management company) signed an agreement with the objective of capturing 

and burning greenhouse gases generated at the Curva de Rodas and La Pradera landfills in 

order to generate between 140 000 and 150 000 certificates for emissions reduction (Alma 

Máter, 2008). Because of the little knowledge in this subject that both the university and the 

waste management company had, an open tender took place, by which Green Gas Colombia – 

subsidiary of Green Gas International BV – was selected as the technology provider. 

According to Luis Oliverio Cárdenas, director of the planning department at EEVVM (waste 

management company), since 2003 some studies have been taking place in order to take 

advantage of the Curva de Rodas landfill. However, results showed that it was very difficult to 

collect the gas due to the landfill‟s age and the way it was designed, which makes the collection 

difficult and expensive. Actually, when Green Gas Colombia first arrived, a big burner was 

installed, just to find out that a smaller one would be enough. Another one was installed in La 

Pradera and is currently in operation, where – according to the Universidad de Antioquia – last 

year were burned 9 790 561 Nm3 (Cárdenas, 2010). 
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Figure 38:  La Pradera landfill and part of its biogas collection system (Sources: EEVVM, Cultura E Medellín) 
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6. Potential biogas production and estimated demand in Medellín 
 

There are theoretical yields that could give an estimation of methane production from the 

sources mentioned above. Calculations made in this thesis for knowing the amount that could 

be produced from the described sources and raw materials will be done in a simple way, just to 

illustrate the potential. This means that the actual production can be different if implemented. 

The objective is then to show the possibilities and challenges that a project like the one in 

Linköping would face in, for example, Medellín. All yields were calculated with the help of Mr. 

Jesper Hedberg – who works at Swedish Biogas International – based on the Swedish 

substrate handbook for biogas production. However, as said before, calculations are 

approximate and further technical studies, with a deeper and more technical look are necessary. 

The figures that will be showed are therefore a tool that will be used in order to define possible 

paths for future decisions and will provide a tangible result, helping concluding and trying to 

fulfill the objective of this project. 

This chapter will be divided in three sections. Just as the previous one, the initially intended 

sources and raw materials (i.e. wastewater, slaughterhouse waste and local glycerol) will be 

analyzed and its potential yield will be calculated. Then, the other potential sources will be 

looked at and its potential equally calculated. The last section will summarize the results and 

show in a schematic way how biogas production would behave given the different possibilities 

and at the same time, a comparison will be made in order to conclude whether or not production 

could meet the expected demand from the bus fleet. 

 

6.1. Original sources – Theoretical production. 

 

As it was explained in the theoretical background, biogas is a gas composed by methane, CO2 

and other gases. However, it is the methane the one of interest for transportation purposes. In 

addition, theoretical production is found in meanings of methane, as will be shown below. 

Wastewater treatment plant of San Fernando 

Biogas production – as was stated above – is not currently zero in Medellín, given the fact that 

the WWTP is already producing it (independently of its current use). This means that at this 

time, roughly 4 265 000 m3 of raw biogas are available with 65% methane content, i.e. 

approximately 2 772 000 m3 of biomethane. Theoretical methane production for wastewater is 

500 Nm3 CH4/ton BOD, and a simple calculation can be made with the information obtained at 

the WWTP, like this: 

10 150 ton BOD/year * 500 Nm3 CH4/ton BOD = 5 075 000 m3 CH4/year 

Approximate energy content of methane is 0.01 MWh/Nm3, which means that around 50 

GWh/year would be available from this source. 



56 
 

This calculations show that the current production is only 54% of the theoretical production. This 

means that improvements in the process (e.g. hydraulic retention time, temperature, pre-

treatment) could increase production. Also, although a little more difficult in this case, increasing 

the size of the digesters could help reaching this objective. 

 

Slaughterhouse waste from Central Ganadera and Envicárnicos 

This source is difficult to manage, as it can be tricky to define what would be available for biogas 

production. However, the most obvious flows will be the ones being analyzed for the thesis‟ 

sake. It is important to mention that further financial and environmental studies could give 

interesting results regarding other flows that could be even more important for biogas 

production. 

Today‟s situation at the slaughterhouse is that they are actually getting paid for a lot of their 

waste, e.g. blood, fat and other residues. However, there are some interesting flows that are 

either used in a non-profitable way or thrown into the river, e.g. rumen content and wastewater. 

The latter would be the most obvious and usable substrate for biogas production. 

 Estimated production from wastewater: 

Medellín’s plant generates approximately 276 000 l/year with a BOD of 2 374 mg/l, meaning 

655 tons BOD/year, while Envigado’s generates around 77 tons BOD/year. Methane yield 

for this substrate is 500 Nm3 CH4/ton BOD, giving a production of around 327 600 Nm3 

CH4/year or 3.3 GWh/year and 38 000 Nm3 CH4/year or 0.4 GWh/year, respectively. 

 Estimated production from rumen content: 

In Medellín roughly 4 680 tons/year are sent to the composting site, while in Envigado 440 

tons/year. Methane yield for stomach content is 58 Nm3 CH4/wet ton, giving 271 400 Nm3 

CH4/year or 2.7 GWh/year and 25 500 Nm3 CH4/year (0.25 GWh/year) respectively. 

 Estimated production from blood (suitable + non suitable for human consumption): 

This substrate‟s yield is 52 Nm3 CH4/wet ton, which means that the 2 900 tons extracted 

every year in Medellín would give 152 200 Nm3 CH4/year, or 1.5 GWh/year. In Envigado, the 

figures would be 16 200 Nm3 CH4/year or 0.16 GWh/year. In the latter, a better sorting at the 

end of the line could mean bigger amounts available. 

The total potential production for the slaughterhouses would be around 832 000 Nm3 CH4/year – 

8.3 GWh/year. Linköping‟s plant has around 60 GWh/year production from slaughterhouse 

waste. 

Other residues, such as legs, horns, hooves and hair are normally difficult to handle and pump, 

so they will not be considered in these calculations. 
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Glycerol from biodiesel production in Medellín and its surroundings 

The focus of this project is local. This said, an initial assessment is made only with locally-

produced glycerol, coming from locally-produced biodiesel. As the planned production is not big, 

only 220 ton/year would be available. This is of course, assuming that all of it could be used for 

biogas production. 

Glycerol‟s yield is 376 Nm3 CH4/ton. Theoretical production would then be 82 700 Nm3 CH4/year 

or 0.8 GWh/year. 

Information about this sector was the least reliable of all the sources analyzed, given the 

difficulty to get information from those in charge. Production in Girardota, for example, could 

double-fold the one included in this report according to Arias (2008). 

 

6.2. Other potential sources – Theoretical production 

 

Other potential sources mentioned above, could also be considered in the future for biogas 

production. Further deeper analysis has to me made in order to structure in a better way the 

information and have a more exact figure of their availability. 

 

Fruits and vegetables waste at local markets. 

This waste was shown to be a problem for the markets‟ administration – at least for the one 

producing 80% of the total amount. It is very likely that all this waste is available for alternative 

uses, solving at the same time other problems. Also, it is very possible that the actual 

composition of the waste has to be evaluated in more detail. However, a figure can be found 

regarding vegetable waste in general: 95 Nm3 CH4/wet ton. 

13 400 ton/year * 95 Nm3 CH4/wet ton = 1 273 000 Nm3 CH4/year or 12.73 GWh/year. 

 

Future WWTP 

The new WWTP to start operations by 2012 is an undeniable good source of biogas. It is 

already planned that the plant will have 6 digesters for sludge treatment. Although actual figures 

cannot be defined as it has not started operating yet, an obvious estimation could be based on 

the design parameters. According to EPM (company in charge of its operation), the plant is 

designed to process 123 ton BOD/day or 44 900 ton/year. 

Using the same yield used above, the theoretical production of biogas would be 22 450 000 

Nm3 CH4/year – 224.5 GWh/year. Again, these figures can be reached theoretically and with 

some improvements in the processes. 
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Glycerol from biodiesel production at a national level 

Glycerol has showed to be a very valuable substrate for biogas production, given its high yield. 

Although the focus in this project is local production, importing this material from other regions 

could be considered later on given its availability. It is clear that this would heavily depend on 

economic issues, but future studies and assessments can define its feasibility. It is known that 

given its high value for the process, Svensk Biogas actually imports it from other countries to 

improve their production. 

National availability is currently 54 600 ton/year. Although it is most likely that not all of this 

would be available for the production of biogas, an estimation could be made considering a logic 

allocation parameter. A possible suggestion would be to base calculations on the diesel 

consumption that the region has compared to the total national consumption. According to a 

report by ECOPETROL (2008), Antioquia consumed around 15% of the total amount of diesel 

consumed in the country in 2008. Using this figure to estimate possible glycerol imports, 

availability would be 8 200 ton/year, which would yield in 30 832 000 Nm3 CH4/year or 308.3 

GWh/year. 

 

Landfills 

As it was explained above, there are two landfills that could possibly add biogas for the intended 

use. However, biogas from the old landfill could be technically and economically difficult to 

extract given its current situation. 

Nevertheless, the new landfill was designed in a better way and there is biogas extraction being 

performed currently, and according to the director of the planning department at Empresas 

Varias de Medellín E.S.P. (landfill operator), around 9 800 000 Nm3 of raw biogas were 

extracted and burned last year (Cárdenas, 2010). Assuming a similar methane content than the 

one described by Pérez López and Uribe Montoya (2006) in the old landfill, this would mean 

5 400 000 Nm3 CH4/year. It is important to state that this is not an unlimited resource, as the 

landfill will be eventually closed and biogas production will start decreasing after some time. 

 

6.3. Estimated demand 

 

Finding a reference in order to determine if the potential production is sufficient was very 

important for the project‟s sake. The Metroplús project is a perfect case – described in more 

detail above – of a problem that could be solved using industrial ecology‟s theories of closing 

material loops and improving the urban and productive metabolism.  

It has been difficult to define an exact figure for the bus-fleet‟s consumption, given the fact that 

up until today, a decision has not been made regarding which buses to buy – i.e. brand, 

articulate or single-body – and some parts of the routes it will cover. An agreement among the 
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municipality, the operator, the system‟s administrator and the bus owners has been difficult to 

reach, due to several differences and political problems. 

Moreno Sánchez and Agudelo Santamaría (2008) made technical studies to find the appropriate 

engines given the valley‟s geography, but conclusions were drawn only upon technical 

requirements (i.e. torque, weight, power, etc.), not upon fuel consumption. However, 

Metroplús‟s manager, Tulio Betancur, said in an interview with a local newspaper that the 

expected consumption would be 1.5 MNm3 CH4/month (i.e. approximately 18 MNm3 CH4/year), 

which accounts for 0.03% of the total natural gas consumption in Medellín (El mundo, 2008). An 

important assumption would be then, that the fleet will not grow in the upcoming years and that 

its consumption will stay relatively stable during the theoretical implementation of the steps 

described below. 

 

6.4. Biogas production steps 

 

The figures calculated above will be summarized and schematized in this section. It will be 

possible to understand how each source and raw material contributes to the total amount of 

theoretically produced methane and how big is this contribution. Also, production will be 

compared in every step with the bus fleet estimated consumption and the percentage of supply 

will be presented. 

The different steps are shown assuming that the production of biogas with each of the described 

raw materials and sources would take place, including the upgrading process to obtain a gas 

with at least 97% methane content. A time-line figure illustrates this issue and allows a 

comparison with the expected demand of 18 MNm3/year. 

 

Table 6: Contribution of each source and raw material to the total methane production. 
 

 

 

Step Sources
Methane

Production (Nm3)

Total Volume

(Nm3)

Energy

(GWh/year)
Supply %

0 WWTP San Fernando (today) 2,772,000 2,772,000 27.7 15.4%

1 Improved WWTP production 2,303,000 5,075,000 50.8 28.2%

2
Plant for processing

slaughterhouse waste + local glycerol
914,700 5,989,700 59.9 33.3%

3 New WWTP Bello 22,450,000 28,439,700 284.4 158.0%

4 Fruits and vegetable waste 1,273,000 29,712,700 297.1 165.1%

5 Glycerol imports 30,832,000 60,544,700 605.4 336.4%

6 Landfill gas 5,400,000 65,944,700 659.4 366.4%
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Figure 39: Potential methane production vs. estimated demand. 

 

If all of these steps were to be implemented, production in the WWTPs and landfill would of 

course take place in the already existing biodigesters and on the landfill itself. The rest of the 

materials could be processed in only one plant. Even so, it must be considered that for an 

optimized production and making the most out of them, the digesters‟ volume must be taken into 

consideration: the bigger the processed amounts are, the bigger the digesters must be. It is very 

likely that due to financial and geographical constraints, more than one plant could be needed 

for Medellín’s particular case. It is also very important to understand that the figures above show 

estimated biogas production from some specific raw materials, as identified from the Linköping‟s 

case and some other information sources. Further analysis could uncover other sources and 

organic raw materials in order to support the proposed ones by increasing production. As an 

industrial city, Medellín has a lot of flows and streams that could be “attacked” in order to obtain 

desired materials and solve environmental problems at the same time. Some of these sources 

could be: 

 

 The local liquor producer (Fábrica de Licores de Antioquia – FLA): Some residues are 

left after the production of rum, aguardiente and other spirits, most of them made from 

sugar cane. As of yet, these flows are going to the sewage collection system taking them 

– in the future – to the northern WWTP, i.e. they are thrown into the river today. 

Molasses, for example, have a high potential yield: 318 Nm3 CH4/wet ton. Vinnasse – 

another type of residue – can have lower yields. 
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 The cold cuts and other meat products manufacturer (Zenú): Flows and amounts are 

unknown as they were not included in the project‟s planning. However there are 

potential flows of fats and wastewater that could be used for biogas production. 

 The milk-processing company (Colanta): several products such as whole milk, cheese 

and yogurt are produced and distributed to the city and other regions in the country. 

Waste from dairy premises is very attractive and valuable for biogas production. 

 The chocolate producer (Compañía nacional de chocolates): This company is situated 

in Rionegro, a nearby municipality (30 minutes away from Medellín). Interesting flows 

like fats and wastewater could be found in it for biogas production. 

 The coffee industry: Medellín is located nearby the country‟s coffee producing area and 

a company processing it – Colcafé – has its facilities in the city. According to the 

Swedish substrates handbook, residues from coffee processing can give up to 77 Nm3 

CH4/ton. 

 Up until today, restaurants and catering companies are allowed to sell their residues to 

farms for animal feed – i.e. pigs. However, the author learned about a law coming into 

action soon prohibiting this activity, which would mean a sudden flow of residues in the 

city with no immediate solution apart from landfills and possibly meaning disposal costs 

for the mentioned companies. 

 Farms surrounding the city: As there are several farms around the city, producing 

mostly vegetables or raising cows for milk production, a strategy could be defined in 

order to have small-scale production from agricultural and animal waste to participate in 

the overall production. 
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7. Comparison 
 

One of the tools to be used for the development of the project is a comparison between the 

cities of Linköping and Medellín in order to find similarities and differences that could lead to 

important conclusions regarding biogas production. There are a lot of possible categories that 

could help structure a good comparison, so the ones considered most important are going to be 

analyzed. At the end of this chapter, a table summarizing the findings will be showed. 

 

Current uses for the produced biogas. 

As it was shown previously, biogas in Linköping is mostly used as a vehicle fuel. Former uses 

included electricity and heat production. 

In Medellín, the only biogas producer is the local wastewater treatment plant, which uses it for 

its own electricity production, while the amounts that cannot be used are simply flared. This 

plant and the company in charge of its operation, have done studies to assess other uses‟ 

possibilities, but were not available for consultation. Another use – not documented in this 

project – is as cooking fuel, in some rural houses in the surrounding municipalities. 

 

Material Inputs 

Material inputs are very similar in meanings of the type of material. Linköping‟s production uses 

mainly slaughterhouse waste (including wastewater), glycerol from the biodiesel industry, 

residues from the ethanol industry, residues from the food industry and other non-specified 

materials. It needs to be mentioned that the WWTP produces biogas from the municipal sewage 

sludge, although not accounted by the local biogas producer as substrate. 

In the case for Medellín, the only biogas being produced today comes from the municipal 

sewage sludge treated at the WWTP. However, it was the objective of this project to assess 

potential sources, which include slaughterhouse waste and glycerol from local and/or national 

biodiesel production. Some other sources were identified, but treated in a more shallow way, 

such as the fruit and vegetable marketplaces, a WWTP to be built and the local landfills. 

 

Capability of production 

Today‟s production in Linköping is around 10 MNm3 CH4/year, according to information given by 

Lina Vallin, from Svensk Biogas AB. 

In Medellín, the only production is taking place at the WWTP, with roughly 2.7 MNm3 CH4/year. 
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Stakeholders 

In Linköping, there are several identified stakeholders that have had an impact from the project. 

In no particular order, these stakeholders are: 

 Local inhabitants: People passing by the city‟s downtown area were complaining about 

the bad quality of the air, attributed mostly to diesel buses. As biogas burns in a cleaner 

way, the air quality improved and citizens stopped complaining. 

 Local authorities: Politicians that supported the idea are now collecting the results of this 

project and they solved several problems at the same time, i.e. air pollution, waste 

handling, energy supply for the buses – considering that the project for the gas pipeline 

did not succeed – and public image. 

 Local energy provider: Tekniska Verken – through Svensk Biogas – was able to provide 

a sustainable energy source and at the same time start a new business line, increasing 

their yearly turnover. 

 Slaughterhouses: Local slaughterhouses found a good and secure way of taking care of 

their waste. 

 Agricultural companies: Local farmers have a high-quality organic fertilizer available for 

their crops, which in many cases adds value to their products. 

 Local bus company: Östgöta Trafiken runs its buses on a clean and renewable fuel, 

which helps its public image. 

 

Biogas is currently being produced in Medellín only as a by-product of the wastewater treatment 

process and there is not a big public knowledge about how the plant uses it and what it 

represents. Even so, potential stakeholders of a biogas for transportation project could be (in no 

particular order): 

 Local inhabitants: Bad air quality is already a detected problem in Medellín. Several 

respiratory diseases are attributed to the obsolete municipal transportation system. A 

cleaner fuel undoubtedly benefits citizens and reduces emissions. 

 Local authorities: Medellín is in a transition era, in which all kinds of social, urban and 

technological developments are taking place. The city is being sold as a thriving place 

and it is catching a lot of the people‟s attention. A project to produce a renewable fuel 

locally and in a sustainable way with the support of local authorities would benefit their 

public image. 

 Local energy provider: the distribution of natural gas is responsibility of EPM, which 

during the last few years has been promoting the transformation of engines from 

gasoline to natural gas. The responsibility of a new bus fleet running on this fuel is very 

big, keeping in mind the problems that the country has regarding reserves and national 

distribution. Supporting local biogas production would alleviate the pressure and 

reinforce the company‟s environmental policies and public image. 
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 WWTP: the reduction of highly pollutant materials – such as slaughterhouses waste – 

poured into the sewage system could be of interest of the plant and help it comply more 

easily with its task. 

 Slaughterhouses: Future benefits for the slaughterhouses may appear, with the every-

day more strict environmental regulations taking place in the city. 

 Agricultural companies and local farmers: a high-quality organic fertilizer benefits their 

crops and makes their business more sustainable. 

 Metroplús S.A.: the new bus company would benefit by securing its energy supply and 

doing it locally. The already ruined image of a project that has been postponed for many 

years now could have a change of direction. 

 Fruits and vegetables marketplaces: correct handling of residues can mean more space 

availability and less costs in most of the cases. 

 Local waste management companies: from an environmental and logistic point of view, 

these companies would benefit from the reduction of the amount of organic material that 

they have to handle, both for the picking process and the disposal in landfills. 

 

Actors 

Important actors in the implementation and operation of the projects in Linköping are the local 

authorities, the local energy provider, the slaughterhouse operator, the farmers association, the 

bus company and the “regular fuel” providers. 

The situation is not very different for the case of Medellín. The difference – which is a very big 

step already taken – is that the fear of a new, gaseous fuel has been overcome within society. 

Natural gas already has a lot of users in the country and several fuelling stations and 

distributors operate everywhere. In addition, the bus-fleet is already thought to run on this fuel 

and no conversions will be needed. 

Also, the marketplaces‟ administration would have to be involved in order to secure the supply 

of residues and vegetable waste. 

 

Drivers 

The most evident driver for the implementation of the project in Linköping was the air pollution. 

In addition, when a cleaner fuel was decided to be used (natural gas) the problem of gas supply 

incited the search for another methane source. 

Medellín shares these two problems as possible drivers for biogas production. In addition, 

although the legislation is being complied by the industry, waste from their premises still 

represents a huge environmental problem and a better way to handle it is a very strong driver. 
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Enablers 

In a report presented by the Division of Environmental Technology and Management at LiU to 

Tokyo Gas Co., Ltd. (BuSeNes Project), the interviewed person commented about “eldsjälar”, a 

Swedish word that refers to dedication, devotion from the people to the project, when asked 

about enablers in Linköping. In addition, at the beginning the project had governmental support 

through subsidies and with the help of the university, technical knowledge existed and only 

needed to be developed further with time. Also, political involvement and motivation was an 

important component which pushed strongly the project towards its success. 

Another important enabler in Sweden is the fact that vehicle fuel is very expensive compared to 

other countries – including Colombia. This has made biogas a competitive option for this sector. 

A possible translation for eldsjälar into Spanish could be “pujanza”. Medellín is well known in the 

country because of the “pujanza” of its inhabitants. Some of the biggest private and public 

companies in the country come from Antioquia (where Medellín is the regional capital) and very 

ambitious projects for the city have succeeded during the last few years, showing an incredible 

development both in infrastructure and technology. The latter reflects also on the political will 

and involvement towards development and advancement.  

Regarding technical knowledge – aside the production at the WWTP – biogas is not new in 

meanings of rural production, normally for cooking or heating purposes, and several research 

projects and companies are active in this field, especially in areas where a lot of agricultural 

activities take place (e.g. banana and African palm plantations), but it has never been produced 

in large-scale and there are no upgrading units whatsoever. 

Finally, several projects have gained funding from external institutions. For example the WWTP 

to be constructed in the northern part of the city, was financed by the Inter-American 

Development Bank because of its nature. Other clean development projects are very likely to be 

funded in developing countries, and even more if it is seen as a clean development mechanism 

(CDM). 

 

Barriers 

Biogas had mostly market barriers in Linköping. For example, as was touched upon a little 

above, fuelling stations that already existed refused to sell a gaseous fuel and wanted to stick to 

regular gasoline, diesel or ethanol. In addition, the amount of cars running on gas in the market 

was very small so people got discouraged when it came down to choose a new car. Finally, as 

in the beginning there were so few fuelling stations, people had to travel a lot to get fuel. 

Regarding the market, the situation in Medellín is a little different. Natural gas has already been 

around for a couple of years so the fear against a new fuel has been overcome. Because of the 

expansion project for natural gas in the country, the government – represented by the local 

energy company – promoted the conversion of gasoline cars into “hybrid” cars, that could run 

also on natural gas. Getting new cars is a luxury for most Colombians, so almost everybody is 
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happy with his/her old car just being transformed. Finally, regarding fuelling stations, there is 

already a net of fuelling stations providing natural gas along the city, so the supply would not be 

a problem if thought for private cars. As this project addresses the case for biogas production to 

fuel the bus fleet, it would depend on the actual decision that the administration makes about 

where the buses should be fueled. On the other hand, technique could be an initial barrier for 

biogas, as there are not industrial-scale production projects whatsoever going on in the region 

and therefore no availability of options. 

While other vehicle fuels prices represented an enabler in the Linköping‟s case, it represents a 

big barrier for the production of biogas in Medellín, because of their relatively low prices, 

especially that of natural gas. Also, its wide availability and distribution grid adds up to the latter. 

Although some analysts coincide in thinking that natural gas prices will increase almost to the 

same level of gasoline, it is not the case today and probably will not be in the near future. 

Finally, environmental legislation could be a barrier for biogas production, as today it is very 

easy to get rid of some types of wastes and there is little control in some cases. 

 

Policies 

Research and development is highly encouraged and funded in Sweden, which pushes this kind 

of projects at the beginning, when they need it the most. In addition, tax exemptions on biogas 

helped the product to be competitive against other previously established fuels. 

Finally, environmental regulation is strict in many ways, creating the need for a more 

responsible waste handling and “helping” the project‟s economic feasibility. 

In Colombia, several social, economic and why not, cultural reasons influence the low 

investment on R&D, creating the necessity of importing technology and knowledge from abroad. 

However, the biofuels sector is growing dramatically due also to the government‟s support and 

taxes liberation. 

Environmental policies are definitely becoming stricter and stricter, but the current situation 

leads to a difficult situation for biogas when compared to Sweden. 

 

Challenges 

Current challenges for the city of Linköping include expanding their market and increasing 

production levels; keep developing technologies that help achieving a higher production with 

less amount of substrate and continue to be successful in selling their knowledge to external 

markets. 

For Medellín, challenges are to first understand how beneficial a project like this would be for its 

urban metabolism in meanings of a locally-produced, environmentally friendly and sustainable 

fuel that helps solving various problems at the same time; then, start evaluating economic and 
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legislative issues in order to facilitate its implementation. Of course, implementation itself would 

be a big challenge. 

Table 6: Summary of comparison items. 

Item Linköping Medellín 

Current uses Transportation Electricity production 

Material Inputs Slaughterhouse waste 
Residues from biofuels production 
Municipal sludge 
Residues from food industry 

Municipal sludge 

Capability of production Current production is around 10 MNm
3 

CH4/year 
Only the WWTP is producing it. Around 2.7 
MNm

3
 CH4/year are being produced. 

Stakeholders Local inhabitants 
Local authorities 
Local energy provider 
Slaughterhouses 
Agricultural companies 
Local bus company 

Local inhabitants 
Local authorities 
Local energy provider 
WWTP 
Slaughterhouses 
Local bus company 
Fruits and vegetables marketplaces 
Local waste management companies 

Actors Local authorities 
Local energy provider 
Slaughterhouses operators 
Farmers association 
Local bus company 
Fuel providers 

Local authorities 
Local energy provider (owns grid) 
Slaughterhouse operators 
Local farmers 
Local bus company 
 

Drivers Air pollution 
Lack of natural gas supply 

Air pollution 
Lack of natural gas supply 
Environmental problems with industry 

Enablers “Eldsjälar” 
Initial subsidies 
Technical knowledge 
Political involvement 
High vehicle fuels prices 

“Pujanza” 
Political involvement 
Funding for similar projects 

Barriers Existing fuelling stations (gaseous fuels 
rejection) 
Availability of new cars 
Distance between fuelling stations 

Technique 
Environmental legislation 
Low vehicle fuels prices 
Availability and distribution 

Policies R&D support 
Tax exemptions 
Strict environmental regulation 

Tax exemptions 
Future environmental legislation 

Challenges Market expansion 
Increase production 
Develop technology 
Selling technology abroad 

To understand benefits of locally produced 
vehicle fuel 
To see the project from a holistic point of view 
Evaluation of economic and legislative issues 
Implementation 
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8. Some reflections 
 

Even though it has been mentioned that further analysis – especially financial – must be done in 

order to fully determine the feasibility of biogas production in the city with local raw materials, 

some reflections can be done considering the collected data, the comparison made with the 

case in Linköping and previous empirical knowledge. 

For example, electricity production has been the main use given to biogas in Medellín. Although 

some studies have been done looking for alternative uses, so far it is considered as the best 

use. This can be due to the high costs involved with biogas upgrading. In Sweden, electricity is 

very cheap and therefore the energy needed by pumps and compressors would affect less the 

production costs, while in Colombia this is not the case. On the other hand, fuels are way more 

expensive in Sweden than in Colombia, meaning a good economic incentive for its production, 

while in Colombia this could have an important impact, considering the high production costs. 

The size and power that the local energy company has in Medellín has also a big impact and 

deserves some analysis. EPM has had the monopoly in the city during the last 60 years 

regarding water, electricity, communications, and more recently natural gas distribution. It is 

considered as a very rigid company and even if it has some projects going on – e.g. Jepirachi 

wind park in La Guajira, northern Colombia – R&D is not a strong objective and even if some 

cooperation with local universities exist, they do not have a big influence in their overall activity. 

This company is considered the “crown jewel” by the city‟s administration, and is normally not 

willing to take risks. Also, from the author‟s point of view, political power is highly concentrated 

in few actors. Although the city has a democratic system in theory, decisions are taken by few 

and those who have little power encounter problems and bureaucracy with this kind of 

initiatives. 

In the case for financial resources availability, some would say (the energy company included, 

most probably) that it is a high risk to take. However, these type of projects are small compared 

to, e.g. the new WWTP being built – costing around 450 million US dollars – but can have a 

high social and environmental impact. In addition, considering that Colombian culture is more 

short-term oriented that Swedish, it is difficult for most people to understand the long-term 

benefits that it could bring and the problems that it could solve in the future. Besides, Colombian 

people have a hard time measuring the benefits of projects in a holistic way and economic 

variables directly related to the project – i.e. profits – are the “measuring spoon” in most of the 

cases, without considering other aspects. The latter kind of contradicts the objectives that in the 

first place induced projects such as Metroplús – i.e. air quality improvement – which should 

focus also on showing other savings and benefits indirectly related to them.  

Another important issue would be the not-so-strict environmental legislation in Colombia, which 

has shown to have an important impact on the implementation of this kind of projects in 

Sweden. It is very likely that in upcoming years, changes in laws and policies will help this 

sector. However, for some projects it could be already too late or would mean a bigger barrier 

for a smoother implementation.  
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9. Conclusions 
 

 Current circumstances – both in the country and in the city – justify to a big extent this 

study. The city‟s future needs of energy not only reflect on its production sector, but also 

on its social network and more specifically on its transportation system, where the 

described fleet is just a small part. Even so, this kind of projects lay ground for further 

implementation and act as good examples for making people conscious about problems 

and their possible solutions. Our current system sends several signals of its vulnerability; 

the challenge is to get these signals in time and to be a step in front in order to avoid 

upcoming problems. 

 There are many raw materials‟ sources in the city for biogas production. An initial step 

was taken in this study in order to identify some of them and to try to describe to some 

level of detail their amounts and composition. However this is not enough, as other 

important details have to be considered or looked at in more detail, i.e. financial, 

logistical, social, environmental issues. The current situation was described, although 

some special characteristics can change as time passes by, affected by the environment 

in which they are developing. 

 Biogas production can be estimated theoretically considering the described raw 

materials and their amounts. Such estimation gives the author and the reader an initial 

insight and a ground for comparison and analysis. It is obvious that to reach a level 

relatively close to the theoretical one, production must be accompanied by other 

activities and the process must be optimized with the help of technical knowledge. 

Information about the field among the Colombian scientists and researchers could yield 

in interesting findings about existing knowledge. Nevertheless, it is very likely that 

foreign help is needed in order to implement large-scale production and minimize risks 

and investment costs. For this purpose, additional research must be done in order to 

determine the best way of reaching a win-win situation with possible partners, where 

both parties learn and get fair benefits according to their role. 

 Theoretical calculations show that the fleet‟s demand can easily be met with the studied 

sources and amounts. When analyzing each source in particular, one can conclude that 

it would be enough (if fuelling the fleet was the only objective) with the two WWTP, and 

considering that they are a reality – one is already operating and the other one is under 

construction – and that they give a necessary service 24/7, it is a reliable biogas source. 

Additional investment could be reduced having in mind that the focus would be on the 

upgrading process and the distribution. The latter has to be analyzed in more detail; a 

grid already exists in the city, but the question would be whether it would be used to mix 

fossil natural gas and biogas or if an exclusive distribution system should be built for the 

fleet. The other sources are not less interesting though and some even represent the 

same potential as the WWTPs – e.g. glycerol – if an effective supply system was 

designed and the market‟s conditions were beneficial. Excess gas can always be used 

for other purposes, and the pressure on the supply side could be relaxed to some extent. 

At the same time, some of the city‟s environmental problems could be addressed and 
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solved partially. Biogas is only a step towards a sustainable society; it is not the ultimate 

solution. 

 Several aspects are similar between Linköping and Medellín. However, it is clear that the 

context is quite different and that the model cannot be “exported” and implemented as a 

template. Several barriers must be overcome in order to even put the idea “on the table” 

for local authorities to consider studying it as a solution, and a change in some of the 

main actor‟s minds is needed, which is not an easy task. Furthermore, it is very likely 

that a project like this could be promoted more easily if some conditions change in order 

to benefit it and make it work such as environmental regulations, policies, taxes and 

incentives to both producers and users. 

 Even if the mentioned conditions are necessary, this report is a first step towards a one 

feasible partial solution for the city‟s energy supply needs. A system that looks 

condemned to fail from the beginning must allow new ideas in order to save it and make 

it work. Biogas production shows to be one of those ideas and figures show that it is not 

an impossible task. 

 

Summarizing, several sources for biogas gas production showed to be sufficient for some of the 

city‟s needs. Their ability to fuel the bus fleet is proved theoretically, with a huge overflow, and it 

is important to state that not all usable raw materials and sources were analyzed in detail, which 

gives an idea of the huge potential the city has. As a thriving culture, people from Medellín can 

be a step ahead in environmental technologies application and be an example for other cities 

and regions in the country regarding sustainable development. This kind of projects promotes 

development of new technologies, creates job positions, betters the environment, helps the city 

and the society improve their image and allows the city to make plans considering its own 

resources, not depending on external ones. 
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