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Summary 
 

The purpose of the study was to identify the reality of the waste management system 

in Peru with the purpose to improve them according to a group of possibilities that 

can resolve the environmental problem and at the same time the social developing 

with an economic profit to everyone. 

An overview in Latin America and the Caribbean region was made to realize in 

which development level is Peru comparing with the rest of the region about waste 

management systems, recycling and recovering projects. 

The literature study in Peru was made by three chosen places: Miraflores district 

from the capital Lima, Jose Luis Bustamante y Rivero district from Arequipa city and 

the last place is Yurimaguas city. The literature study presents not just the 

geographical differences that exist among places. Also, socio-economic realities can 

be totally different as well; all those factors can affect in the waste management 

system. As well a comparison between Peru and Sweden waste management systems 

has been made in general and then and individual extra comparison between the three 

Peruvian place and other three Swedish place which has the same quantity of 

population. 

Technical solutions comes after recognizing what is missing in each place of the 

study and potential calculation of energy, using the information of the waste 

collection that is in the theoretical study to choose different alternatives according 

with the reality of each place chosen. Construction of landfills and setting different 

treatment plants to produce energy using the landfill gas are presented as solutions 

An economic calculation model is made with the purpose to show how much 

investment is necessary to improve the waste management systems and to the 

installation to produce energy. Also, by a short calculation  about in how long the 

investment can be recovered  from selling the energy product; and then start seeing 

this from profitable economic views as well as social and ecological; social because 

it helps to develop each chosen place with their own energy needs, and ecological 

because it contributes to reduce greenhouse gas emissions and shows how a constant 

resource as waste from household can be used properly.  

 In the last comes the conclusions showing that people in Peru need to learn to 

separate their waste at home, the technical and economic investment has a big 

probability to be made by private sector, Miraflores district could install a fueling 

station that produces compressed natural gas to vehicles after landfill gas is 

processed, J.L. Bustamante and Yurimaguas city need the construction of landfills 

but also the installation of electrical power plants could resolve the problem of the 

population that still do not have electricity, environmental problems will affect soon 

or later the whole world independently where the environmental problem is at the 

beginning and the presented alternatives as solutions can be taken as a first step just 

but not as only ones because pararell new other alternatives can be investigated, 

developed and discovered.  
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Sammanfattning 
 

Syftet med den här studien var att identifiera verkligheten av system för avfalls 

hantering i Peru med målet att förbättra dem enligt en grupp av möjligheter som kan 

lösa miljöproblemet och samtidigt sociala utvecklingen med en ekonomisk vinst för 

alla. 

 

En överblick av Latin Amerika och den karibiska regionen gjordes för att avgöra 

vilken nivå av utveckling Peru ligger i jämfört med resten av regionen när det 

kommer till avfallshanteringssystem, återvinning och återuppbyggnadsprojekt. 

 

Den litterature studien i Peru gjordes på tre platser; Miraflores området i huvudstaden 

Lima, Jose Luis Bustamante y Rivero området i Arequipa staden och Yurimaguas 

staden. Den litterära student presenterar inte bara de geografiska skillnaderna som 

existerar mellan platserna. Social-ekonomiska verkligheter kan också vara skiljda åt i 

platserna; alla dessa faktorer kan påverka avfallshanteringssystemet. Studien 

presenterar också en generell jämförelse av svenska och peruanska 

avfallshanteringssystem samt en individuell extra bedömning mellan de tre peruanska 

platserna och de andra tre svenska platserna som har samma befolkningsmängd. 

 

Tekniska lösningar kommer efter en identifiering av vad som saknas på varje plats i 

studien, har gjorts. Dessutom presenteras därefter möjliga beräkningar av energi, 

baserat på avfallsuppsamlingen från den teoretiska studien, beroende på verkligheten 

på varje plats. Uppbyggnad av platser där sopor grävs ner och 

behandlingsanläggningar som använder gasen från de nedgrävda soporna, föreslås 

som lösningar. 

 

En ekonomisk uträkningsmodell skapas med syftet att visa hur mycket som behöver 

investeras för att förbättra avfallshanteringssystemen och installera energikraftverk. 

Dessutom med hjälp av en kort uträkning i hur lång tid det tar innan en investering 

kan belöna sig genom försäljning av producerad energi och sedan se detta från en 

ekonomiskt lönsam vy en samt social och en ekologisk vy; social eftersom det 

hjälper utvecklingen av varje plats med dess egna energikrav, och ekologisk eftersom 

den hjälper att minska växthusgasemissioner och visar hur en konstant resurs från ett 

hushåll kan användas på rätt sätt. 

 

Slutligen kommer det en slutsats som visar att folk i Peru behöver lära sig att 

separera avfall i deras hus, den tekniska och ekonomiska investeringen har en hög 

chans att göras i den privata sektor, Miraflores området kan installera en 

bränslestation som tillverkar komprimerad naturgas för fordon efter gasen från 

nedgrävda sopor har processerats, J.L. Bustamante området och Yurimaguas staden 

behöver konstruera deponering stationer samt installering av energikraftverk som 

eventuellt kan ge ström till strömlösa hushåll, miljöproblem kommer påverka hela 

världen oberoende på var miljöproblemen börjar och de presenterade lösningarna kan 

göras som tidiga steg för att lösa problemen men ytterligare alternativ kan 

undersökas, utvecklas och upptäckas.  
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Abstract 
In the waste management system of Peru, there is a lot to fix, change and improve 

from households areas. In this report is presented why and how necessary is the 

construction of landfills to have an appropriate place to dispose the waste of the 

collection .At the same time, the report shows how profitable can be from social, 

economic and ecologic way, with the investment of treatment plants that use biogas 

from the landfills to produce energy. Differents solutions – vehicle fuel production, 

electricity generation etc – are discussed in light of the different economy, geography 

and social situation in three selected cases. 

Keyword: Waste management , Household, Landfill, Biogas, Energy production, , 

Investment, Peru, Socio-economical situation, Treatment plants.  
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1. Introduction 
In Peru, as the rest of Latin Ameica and the Caribbean countries, has 

deficiency in the waste management system. Waste from households takes a 

huge percent from the total waste. Finding the real situation of waste 

management systems from households in Peru, plus noticing some progress 

and improvements in the other countries of Latin America and the Caribbean 

that have a better situation in their waste management systems and fast 

parallel comparison between Peru and top countries such as Sweden. This 

gives all the entire appreciation of waste management system in the world, 

in the Latin America & the Caribbean region. And, the Peruvian reality with 

possible realistic solutions according to international standards with regards 

environment protections following the three pillars that are: economic, social 

and ecological. 

 

1.1 Background and problem description 
How imperfect, and consequently, how important is to improve the waste 

management system for environmental and resource consumption in Peru. 

As well, the reality shows how poverty can affect environmental problems 

as the social and economic status differs in each area. 

 

While these problems have bee addressed in some of the Latin American 

countries, not real efforts have been done in Peru. So there are some status 

reports and plans available from Brazil and from some other countries. 

Therefore, this study focuses especially on Peru. 

 

First a literature study in Latin America and the Caribbean shows the real 

situation about which countries have developed better waste management 

systems as Brazil, Colombia,Chile and Mexico. Then a second literature 

study but now about Peru shows how less developed are waste management 

systems there ,specially comparing with the rest of Latin America and the 

Caribbean region; and that is why the report has been made. 

 

1.2 Aim and purpose 
Developing this literature study about waste management systems in Latin 

America & the Caribbean region, is possible to know its capacity and 

performance. Thus, it is possible to appreciate the reality of the whole region 

around Peru. The reality in the region shows what around, how many, and 

what kind projects, as well as in which kind of geographical areas are 

applied. 

 

Also making a local study in Peru gives a first appreciation of its reality in 

waste management systems and shows what is missing and what potentially 

is possible to improve. In the local study in Peru, the collection amount is 

taking to the use as a method to calculate the green house gas emissions that 

can be use to produce the kind of energy that is necessary to collaborate with 
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the developing of the society and, at the same time, reduce the green house 

emission that can end in the atmosphere. 

At the end, an economic calculation of the investment is necessary to realize 

about related to which solution can be prioritize to start with the goal and 

continue with the investment and the rest of the solutions. Also, an 

economic calculation can show the rentability of selling the produced energy 

and see in how long the investment can be recovered. 

 

1.3 Limitations 
Waste management system from household areas(MSW) is the subject in 

this report. 

 

The report is taking three peruvian places with geographical and socio-

economical differences with the purpose of showing the diversity of 

realities, needs and possible solutions according to each place in the study. 

In Peru, there are three natural regions: coast, mountains and jungle; all of 

them with different geographical characteristics. One specific place was 

chosen from each natural region. Taking into consideration, socio-

economical levels from the Peruvian reality which means high-class, 

middle-class and poor/low class. Therefore, the three chosen places in the 

study are: 

 

 Coast: Miraflores district, high socio-economical level. 

 Mountain: Jose Luis Bustamante y Rivero (JLB) district, middle 

socio-economical level.  

 Jungle: Yurimaguas city, poor socio-economical level. 

 



3 

Enrique Moran 

2. Overiew in Latin America and the Caribbean 
The Kyoto protocol was signed by 190 countries in 1997 and has three 

flexible mechanisms making possible for countries to achieve their targets of 

reducing emissions of greenhouse gases, these three mechanisms are: 

-Emissions trading. 

-Joint implementation. 

-Clean development mechanism, CDM. (Forest Trends, 2010). 

 

 

 
      Figure 1. Regulatory schemes by location. (Forest Trends,2010). 

 

CDM, has two main goals: 

 Assist developing countries to achieve their sustainable 

development. 

 Help industrialized countries to minimaze their costs in greenhouse 

gas reduction (Carbonmarketwatch.org, 2012). 

 

As the figure 1 shows, there are CDM projects registered all over Latin 

America and the Caribbean. 

 

According the next figure 2, the countries with most CDM projects 

registered in Latin America and the Caribbean region are: 

-Brazil. 

-Mexico. 

-Chile. 

-Colombia. 
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       Figure 2. CDM projects in the world (Clean development mechanism,2016). 

 

2.1 Waste management in Latin America and the Caribbean 
Latin America and the Caribbean waste generation per capita is  0.8 kg per 

day. However, it can exceed to 2.4 kg a day in some municipalities because 

of touristic activities. Waste from households is between 50-70 % of the 

total waste generation. The waste collection in the region covers 81 % 

average, also recycling and composting are still low comparing with other 

regions that has similar economic situation (PPIAF,2007). 

 

The final disposal of the waste is often located in open dumpsites and not in 

sanitary landfills. Only 23 % of the urban population waste ends in sanitary 

landfills. 

 

The region has for priority to improve the waste collection and creation of 

more landfills. Another improvement to take in action could be the 

separation of the waste, such as the segregation of organic waste that can be 

used later for composting (PPIAF,2007). 

 

In Latin America and the Caribbean, private sectors have higher 

participation in waste management systems, giving benefits like: 

 

-Small-scale providers: 

Organizations as cooperatives and microenterprises are important providing 

low cost, labor-intense approaches and better community participation, 

making all the better collection and source separation (PPIAF,2007). 
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-Integrating waste pickers: 

In the region, is common to find informal waste pickers in dumpsites and in 

the streets normally with minimun income, having a health and safety risks. 

It makes competition with legal picking systems and also disperse waste. 

Many municipalities have collection contractors and recycling enterprises 

working integrated in their waste management systems (PPIAF,2007). 

 

-Upgrading/creating landfills: 

Even if the upgrading and creation of landfills has been increased in the 

region by private sectors, there are still 60 % of the total waste ends in 

dumpsites. There is a lack of landfills in the whole region (PPIAF,2007). 

 

As Figure 2 showed before; Brazil, Mexico, Chile and Colombia are the four 

countries in Latinamerica and the Caribbean region with more CDM projects 

and in the next tables 1 and 2,it shows their waste information. 

 

Table 1. Waste profile by country (Waste Atlas, 2016). 

 

Country 

MSW per 

capita 

(kg/yr) 

MSW  

total 

 (t/yr) 

Collection 

coverage 

% 

Recycling 

rate  

% 

Unsound 

disposal  

% 

Brazil 383.2 62 730 096 89.7 1.0 42.0 

Mexico 343.1 39 385 595 93.2 3.3 30.4 

Chile 456.3   7 879 221 97.8 0.4 17.8 

Colombia 226.3 11 300 000 98.9 20 17.8 

 

Table 2. Waste composition (%-by weight) by country (Waste Atlas,2016). 

Country 
Organic 

matter 

Paper & 

cardboard 
Plastic  Glass  Metal  Other  

Brazil 51.4 13.1 13.5 2.4 2.9 16.7 

Mexico 51.5 15.2   6.1 6.1 3.0 18.2 

Chile 48.6 10.3   1.1 6.6 3.3 20.1 

Colombia 59.0   9.0 13.0 2.0 1.0 16.0 

 

2.2  Recycling and recovery systems. 
In Latin America and the Caribbean region, the most common way to 

manage household waste is to set a recovery system from landfills which 

work together with any kind of treatment plant (Clean development 

mechanism.2016. Projects). 

 

In table 3, are presented the four countries in the region with  more CDM 

projects with the amount of landfill projects per country. 
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Table 3. Countries with number of projects with landfill involved (Clean 

development mechanism. 2016. Projects) 

Country Number of projects with landfill 

Brazil 49 

Mexico 26 

Chile 14 

Colombia 14 

 

In all  CDM projects, approve methodologies are applied. There are 

methodologies that are about solid waste management, due to municipal 

solid waste influence a lot to GHG emissions.  

 

Those methodologies in the waste management area includes landfill gas 

collection with energy recovery or flaring and composting projects (ISWA, 

2009). 

 

Methodologies are divided in two basic groups: large scale and small scale. 

-Large scale: GHG emissions reductions more than 60 000 tCO2e/yr. 

-Small scale: GHG emissions reductions less than 60 000 tCO2e/yr. 

 

The nomenclature of the different methodologies is defined with the 

following meaning: 

 AM: Large scale. 

 ACM: Consolidated methodologies. 

 AMS: Small scale (Clean development mechanism, 2016). 

 

Methodologies presented in the next table 4: 

-ACM0001: Flaring or use of landfill gas. 

This methodology is the most common used in landfills projects, based 

about the recovered biogas that can be incinerated or use to produce 

electricity, for thermal use or purified and injected in natural gas network. 

-AMS-III.G: Landfill methane recovery. 

After the ACM0001, it is the second most used methodology although, 

they have similar structure in landfill projects. It is focused on capture 

biogas from landfills (ABRELPE, 2013). 

-ACM0002: Grid-connected electricity generation from renewable sources. 

-AMS-I.D: Grid connected renewable electricity generation (Clean 

development mechanism, 2016. CDM methodology booklet).  

 

In the next table 4, it shows five different projects in five different countries 

located all over Latin America with information about registration date, 

name of the project, country of the project, countries involved in the project 

and kind of methodology applied. 
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Table 4. List of CDM projects by countries. 

Country Project Registered Partners Methodology 

Brazil 
Manaus Landfill Gas 

Project  
08 Jul 11 

-Canada 

-Norway 

- UK 

ACM0001 

Mexico 

Aguascalientes – 

EcoMethane Landfill 

Gas to Energy Project 

15 Jul 06 
-Switzerland  

-UK 

ACM0001 

AMS-I.D. 

Chile 
Coronel landfill gas 

capture project 
17 Mar 07 Switzerland ACM0001 

Colombia 

Bionersis landfill 

project in Pasto, 

Colombia 

03 Nov 09 
-UK 

-France 
AMS-III.G. 

Uruguay 

Montevideo Landfill 

Gas Capture and Flare 

Project 

03 Feb 08 

-Belgium  

-Italy  

-Sweden  

-Germany  

-Spain 

ACM0002 

ACM0001 

 

In the following table 5, it shows the CDM project by country with different 

geographical locations and elevations. 

 

Table 5. Geographic information of the projects by country.  

Country Project 
Geographic 

region 

Elevation,meters 

above sea level 

Brazil Manaus … Jungle     53 

Mexico Aguascalientes … Mountain 2500 

Chile Coronel … Coast     16 

Colombia Bionersis .. Mountain 2527 

Uruguay Montevideo … Coast     43 

 

2.3 Economic-social relationship. 
Latin America and the Caribbean has among the highest urbanize rates in the 

whole world. For example, in 1975, 61 % of the population lived in urban 

areas and eventually, expanding to 78 % in 2005. This has kept going until 

nowadays. Thus, with the developing of urbanization, comes together with 

economical growing and a rising consumption, as a consequence of larger 

waste generation. According World Bank studies, the waste generation will 

increase significantly from 131 million tons in 2005 to 179 million tons in 

2030. At this point, improving waste management systems in the region is 

really important (PPIAF,2007). 

 

The waste management systems in Latin America are under the 

municipalities control. This is given due to their budgets have arrange 2-8 % 

to solid waste management, which is is not enough. The private sector plays 

a big roll with expanding services to reach the increased demand. In this 
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case, working together between private and public sector has a vital 

importance. This is mentioned because is characterized by the public sector 

in Latin America who often do not work properly (PPIAF,2007).  
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3. Literature study in Peru. 

The litersture study in Peru takes place in three different places. The places 

have been chosen following certain aspects: Geography, social structure and 

economy. Those aspects are considerably different among them. 

At the same, the three places in Peru are compared with three other places 

located in Sweden that have kind of the same amount of population between 

these two countries. 

 

The purpose is to have a real 

understanding of the situation in 

Peru and know how a first world 

country like Sweden does act 

under the same kind of 

circumstances as its peruvian 

counterpart. This comparison is 

given, since Sweden is top 

world with regards social 

structure, economy and waste 

management systems. 

 

The economy study in the 

Swedish cities is avoid, because 

it is well known that Sweden has 

a really good standard economy, 

as well as their waste 

management systems.  

 

 

Table 6. Comparation of Peruvian and Swedish places.                            

                      Peru Sweden 

District of Miraflores 

     Lima city, coast location, high class place. 

 

Norrköping city 

District of Jose Luis Bustamante y Rivero 

    Arequipa city, mountain location, middle class place. 

 

Lund city 

Yurimaguas city 

    Jungle location, poor/low class place. 

Gävle city 

 

 

  

Figure 3. Location of the 3 Peruvian 

places in the study. 
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3.1 Geography 
District of Miraflores-Norrköping city: 

a) Miraflores is one of the 43 districts located in the capital of Peru, Lima. It 

is in the central-south part of the capital and it has for limits: By the north 

with the district of San Isidro, by the east with the districts of Surquillo and 

Santiago de Surco, by the south with the district of Barranco and by west 

with the Pacific Ocean.  

                                   

       Miraflores has a total extension area of 9.62 km2.  Located at the height of       

       79 meters above sea level by the coast. 

 

Average weather in Miraflores during the whole year is about 18 Celsius. 

However, during summer days the weather can come up to 30°C. And, 

during the winter season, temperatures can go down to 12°C. Humidity 

influence a lot in weather station that can be situated in the capital Lima and 

it is thanks to its proximity to the Ocean. 

 

In the district of Miraflores there is an estimation of 13 m2 of green area per 

habitant (Miraflores district official webpage, 2016). 

 

Precipitations in Miraflores are the same as for the rest of Lima city which is 

around 6.4 mm/year (Climatemps, 2015. Precipitations-Lima) 

             
 Figure 4. Map of Miraflores district (Miraflores district official webpage,2016). 

 

b) The city of Norrköping is located in the eastern side of Sweden, in the 

province of Östergötland in the Östergötland county. It has an extension area 

of 35.68 km2. (Statistics Sweden, SCB,2013). Precipitations are 508.2 mm 

annually (Weather and climate,2015. Nörrkoping).   
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Norrköpings average temperature during the whole year is about 6,7°C, but 

in summer, temperatures can go as high as 32.2°C and by winter 

temperature can go down to -28.9°C (Weatherbase,2016). 

 

District of Jose Luis Bustamante y Rivero- Lund city: 

a) The district of Jose Luis Bustamante y Rivero is one of the 14 districts 

conformimg Arequipa city, which is the second biggest city in Peru. The 

district has for limits by the north and northwest the district of Arequipa, by 

the east with the district of Paucarpata, by the southeast with the districts of 

Sabandia and Characato and by the southeast and west with the districts of 

Socabaya and Jacobo Hunter. 

 

The district of Jose Luis Bustamante y Rivero has a total extension of 11.06 

km2. It is located at 2310 meters above sea level. 

 

Average weather there is around 15.7°C, but in the summer can come up to 

24.20°C and in the winter can go down to 7.20°C. Humidity varies 

according the temperature, but average humidity is around 38 %. Annually, 

precipitations can average 45 mm, especially in summer season which is 

between December and Mars. In this district, the wind speed is 3.9 m/s, 

orienteered to the north. The clean and clear sky during almost the whole 

year is characterized in the whole city with 10 hours of sunshine in a day, 

approximately (Jose Luis Bustamante y Rivero,2015). 

 

 
     Figure 5. Map of J.L. Bustamante.(Google maps,2016. J.L. Bustamante). 

 

b) The city of Lund is located in an agricultural area in the province of 

Scania, in the county of Skåne . It has a total area of 25.75 km2 (Statistics 

Sweden, SCB,2013). Lunds temperature in the summer can vary between 

14°C and 23°C and in the winter goes down to -1°C (Weather and climate, 

2015. Lund).  

 

Precipitations annually can be around 655 mm. Because of its location in the 

north latitude, by the middle of the summer, there is 17 hours of daylight 
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and in the middle of the winter just 7 hours (Weather and climate, 2015. 

Lund).  

 

Yurimaguas city- Gävle city: 

a) The city of Yurimaguas has a territorial extension of 2684.34 km2 , It is 

located at 182 meters above sea level in the jungle area. Yurimaguas limits 

are: by the north with the distric of Jeberos, by the south with the region of 

San Martin, by the east with the distric of Teniente C. Lopez and by the west 

with the district of Balsapuerto. 

 

The weather in this city is typically tropical, with a humidity annually 

average of 90 %. The average temperature is 28°C. However, it can go up to 

34°C and the lowest can be 21°C. Precipitations are annually around 2400 

mm (Peru government, 2013).   

            

 
     Figure 6. Map of Yurimaguas city (Google maps,2016. Yurimaguas Peru).                                              

 

b) Gävle city has an extension area of 42.45 km2(Statistics Sweden, 

SCB,2013). Summer temperature are around 17°C and in winter 

temperatures go as down as -4°C. Precipitacion are yearly 600 mm (World 

weather online,2012. Gävle). 

 

3.2 Social structure 
District of Miraflores- Norrköping city: 

a) Population in the district of Miraflores is about 85 284 people. 

Miraflores has a life expectancy of 76.5 years. 

There is 98.2 % of people is considered not poor with a 1.8 % of poor 

people. It has the 3rd place in the whole country of Peru with less poverty.  

 

Literacy rate is 99.71 % and illiteracy rate is 0.29 % among its habitants 

(Miraflores district official webpage, 2016) 

In the district of Miraflores 87.11 % had finished high school and 46.82 % 

has superior studies (Miraflores’s municipality ,2011). 
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                Figure 7. Miraflores view (Miraflores district, 2016). 

 

b) The population in Norrköping city is about 86 000 habitants, with a life 

expectancy of 82.2 years (Statistics Sweden,SCB,2011). In Norrköping city, 

50 % of the population had finished their high school and 36 % had made 

superior studies (Norrköping’s municipality, 2013. Statistik,utbildning). 

 

District of Jose Luis Bustamante y Rivero- Lund city:  

a) Population in the district of Jose Luis Bustamante y Rivero is about 84 

thousand habitants, with population growth rate of 1.2 %. Life expectancy 

here is 72.2 years. 

 

In the district of Jose Lius Bustamante y Rivero 23.83 % of the population 

had finished high school and with superior studies with 35 %. There is still 

some people that not have acces to electricity. (Jose Luis Bustamante y 

Rivero district,2015).    

 
 Figure 8. View of J.L. Bustamante district. (J.L.Bustamante municipality 2016). 
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b) The city of Lund has the place 11 about cities with more population in 

Sweden with 82 800 habitants (Statistics Sweden, SCB,2013). Life 

expectancy in Lund city is about 81.5 years (Lunds municipality,2010). 

 

Yurimaguas city- Gävle city: 

a) Yurimaguas city has a total population of 72 376 habitants and 70 % of 

this population is younger than 30 years old. In this city, population is 

classified in 3 groups:  

-Poor/low class with 59.76 %. 

-Middle class with 39.63 %. 

-High class with 0.61 %.  

 

In Yurimaguas city just 21.66 % of the population is supply from a central 

distribution plant of water, 52.33 % of people do not have any kind of 

restrooms and 28 % do not have electric services (Peru government,2013).                     

 
                 Figure 9. View of Yurimaguas (Google,2016. Yurimaguas Peru).                                      

 

b) Gävle has a population of 71 033 habitants (Statistics Sweden, 

SCB,2013). In Gävle city life expectancy is 81 years (Statistics 

Sweden,SCB, 2014). 
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3.3 Economy and resource consumption 

3.3.1 Economy in each place of the study 
District of Miraflores. 

In the district of Miraflores, people over age of 14 years old is active 

economically with 58.45 % of the total population of the district. The four 

biggest working groups in the district are divided in:   

-Teachers, science and intellectual people with 35.07 %.  

-Middle technical level with 18.74%. 

-Managers and employed office workers with 12.75%. 

-Not education needed to work with 14.44 %. 

 

In Miraflores the housing demand is 4 to 5 times bigger than the real estate 

agency offers and the reason of the high price per m2 there is about 1.7 

dollars. Also because there is a lot commercial and touristic activity 

(Miraflores municipality,2011). 

 

District of Jose Luis Bustamante y Rivero. 

Economical activities are divided in four sectors as: 

 -Primary activities: Agricultural, forestry and mining production, with a       

   total of 6.6 %. 

 -Secondary activities: Manufacturing industry, with a total of 31.83 % 

 -Tertiary activities: All commercial activities, with 38.43 %. 

 -Services: Transport, financial, education, personal, etc; with 23.14 %.  

 

In the district of Jose Luis Bustamante y Rivero 10 % of population live in 

poverty (Jose Luis Bustamante y Rivero district, 2015). 

 

Yurimaguas city 

In Yurimaguas 34.3 % of the population is economically active in activities 

like hunting animals, fishing, logging, agricultural and commercial activities 

as well; just a little percent in public and private entities (Peru’s government, 

2013). 

 

3.3.2 Resource consumption in the Peruvian places in the study 

The Peru's energy balance from 2013 presents an initial total energy supply 

of 858.2 PJ (Petajoules), which is divided in: 

 Coal 30.7 PJ. 

 Oil 448.1 PJ (of which 71.8 PJ is exported again in the form of more 

refined products). 

 Gas 217.0 PJ. 

 Biomass and waste 150.3 PJ.  

 Electricity from water 80.4 PJ (United Nations Statistics Division. 

2013. Energy Balances).  
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The energy consumption is divided in three principal sectors: 

 Transport  that uses 252 PJ of  oil products, of gas is at 22.1 PJ and 

0.012 PJ of electricity. 

 Industry that uses 51.3 PJ of oil products, 43.4 PJ of gas, 75 PJ of 

electricity, 6.7 Pj of biomass and waste. The mining industry is 

mainly on oil .  

 Household  which has a using of oil at 34.6 PJ, 1 PJ of gas, as well as 

biomass and waste 112.6 PJ and a lot of electricity 34.0 PJ (United 

Nations Statistics Division. 2013. Energy Balances). 

 

District of Miraflores (Lima city/Peru)   

The district of Miraflores finance the waste management system from the 

taxes that population pays which is about 2.59 %. This percent is exclusively 

destined to the waste’s budget (Miraflores’s municipality, 2014. Arbitrios 

municipales). 

 

The waste management system in the district of Miraflores is made in the 

present by two concessionaries companies, which it makes a better system of 

waste management comparing when was made by the district municipality 

itself: 

Petramas S.A.C.:  -Sweeping small streets, avenues, parks and squares. 

     -Cleaning of municipal toilets. 

     -Cleaning/disinfection of public areas. 

 

Relima Ambiental S.A.: -Collection, transport and final deposition of solid    

                                        waste. 

                                        -Collection of weed. 

 

Even if there is not a recycling process plant in the district of Miraflores, 

exists a recycling/collection system by just some specific public places in 

the district and then a transportation to recycling plant called Emusssa, in the 

neighbouring district of Santiago de Surco. The main goal with this 

recycling plant is recycling some materials like paper, plastic, glass, 

aluminum and metal cans to produce similar products and, at the same time, 

reduce the using of the landfills.  

 

The final destination of the district of Miraflores household waste in the 

landfill “Portillo el Grande”, which is located in the province of Lima, out of 

the city. 

The production of solid waste per capita in households areas in the district of 

Miraflores is about 0.80 kg/habitant/day, which is  68 tons/day. The Density 

of this production is 123.23 kg/m3 .As next table 7 shows, in Miraflores 

50.67 % of the total collection is food waste (Miraflores’s 

municipality,2011).  
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Table 7. Composition of households waste of Miraflores district (Miraflores 

municipality,2011). 

Kind of waste     % by weight Kind of waste % by weight 

1.Food waste 50.67 13.Styrofoam  1.04 

2. Restrooms waste    8.40 14.Leather 0.07 

3.Newspaper    7.89 15.Metalls 0.68 

4.Cardboard    5.71 16.Wood      0.59 

5.Plast. bottles    4.22 17.Textils       0.66 

6.Plast. containers    2.70 18.Inert material      0.65 

7.Plast. bags    2.70 19.Batteries      0.08 

8.Plast. in general    3.37 20.Rubber articles      0.21 

9.Bottle glasses 4.03 21.Bones      0.37 

10.Metall (cans&cov) 2.06 22.Wrapping paper      0.24 

11.Bond paper 1.14 23.Glass in general       0.61 

12.Gardens waste 1.11 24.Others      0.82 

 

District of Jose Luis Bustamante y Rivero (Arequipa city/Peru)  

The waste management system is financed basically by the Municipality. 

The income from the taxes presents an economical deficit of 78 % 

comparing with the total economical amount needed for the waste 

management system, making with this the system inefficient. 

  

Typical problems in the system are: 

-Economy                                   -Staff training 

-Equipment                                 -Legislation 

-Internal organization                 -Population do not participate  

 

In households areas, the production of solid waste in this district located in 

Arequipa city is 0.35kg/habitant/day, that is a total production of solid waste 

of 29 tons/day, with a density of 163.02 kg/m3, which 53.89 % of the 

collection is food waste as the table 8 shows. The final destination of the 

households waste is not in an appropriate landfill; instead is in the municipal 

dumpsite place (Jose Luis Bustamante y Rivero district, 2015). 
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Table 8. Composition of households waste in Jose Luis Bustamante y Rivero 

district (Jose Luis Bustamante y Rivero district, 2015). 

Kind of waste   % by weight    Kind of waste    % by weight 

1.Food waste 53.89    11.Plastic pet 1.60 

2.Inert material 14.88    12.Glass 1.02 

3.Restrooms waste 6.00    13.Styrofoam 0.83 

4.Metall 4.53    14.Tetra pack 0.37 

5.Paper 3.78    15.Fill 0.25 

 

6.Plastic bags 

 

3.37 

    

   16.Medicins 

 

0.15 

7.Cardboard 2.07    17.Leather/rub. 0.10 

8.Textils 1.86    18.Batteries 0.00 

9.Wood 1.78    19.Others 1.54 

10.Hard plastic 1.98               

 

Yurimaguas city (Peru)   

The solid waste management system in Yurimaguas has a collection 

efficiency problem of 22.53 %; meaning that 9 tons/day are not collected 

from households areas by the municipality. Because of that, in some areas of 

the district, people accumulates their domestic waste in public areas, like 

streets so they have more space for their own waste production at their 

houses. Then, eventually this accumulated waste in the streets is spread 

everywhere because of the dogs for example, making a big environmental 

problem.  

 

The municipality of Alto Amazonas finances almost the whole cost of the 

waste management system because the collection of taxes is not much. 

This accumulating of waste problem in the streets is caused by different 

reasons: 

-Unfollowed collection of waste schedule. 

-Frequency for the collection of domestic waste. 

-Not enough units for recollection of waste. 

-Limited environmental education of the people. 

 

The production of household waste  per capita in Yurimaguas city is about 

0.57 kg/habitant/day, that is a total of 41 tons/day ; and as the table 9 

presents, 86.77 % of the total collected is food waste. The final destination 

of the households waste in Yurimaguas is not in an appropriate landfill, 

instead goes to the municipal  dumpsite place (Peru government, 2013)  
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Table 9. Composition of households waste in Yurimaguas (Peru government, 

2013). 

Kind of waste % by weight     Kind of waste % by weight 

1.Food waste      86.77     10.Hard plastic 0.62 

2.Plastic PET 4.93     11.Inert waste 0.54 

3.Plastic bags 1.93     12.Textils 0.46 

4.Glass 0.89     13.Batteries 0.21 

 

5.Metall 

 

0.87 

 

    14.Restrooms waste 

 

0.12 

6.Cardboard 0.79     15.Medicins 0.11 

7.Paper 0.76     16.Styrofoam 0.04 

8.Leather /rubber 0.75     17.Others 0.41 

9.Wood 0.70   

Next comes table 10 to have a better appreciation of the resource 

consumption in each Peruvian place in the study. 

 

Table 10. Resource consumption and social status. 

Place (kg/habitant/day) Food waste Social status 

Miraflores 0.80 50.67 % High 

J.L. Bustamante 0.35 53.89 % Middle class 

Yurimaguas city 0.57 86.77 % Poor/ rural 

 

The explanation and interpretacion of the table 10 can be that for example in 

Miraflores people can buy a lot processed staff ,which can be food or other 

things, for their own using at home but it is from supermakets or other stores 

and since they do not live in poorness they have a constant standard 

consumptiom, having just a 50.67 % of food waste even if their daily waste 

generation per capita is 0.80 kg. 

In the case of J.L.Bustamante people has less economic power ,which makes 

they can buy some but not much other products that are not food because the 

district is just middle class. 

Yurimaguas city presents a total different situation comparing with the two 

first places because people is poor and there are not much supermarkets 

around.So the habitants there consume basically food ,from natural places or 

street markets, as much as they can; producing in the way 0.57 kg waste per 

capita with a high 86.77 % of food waste. 

 

3.4. Environmental problems  
The same situation that is mentioned in the point 2.3 is reflected in the 

Peruvian reality: 

As the rest of Latin America and the Caribbean region, Peru has the highest 

rate of urban areas, with a constant increasing all times. Those three urban 

areas in Peru with a lot of population plus with the economical growing, 

make massive production of waste. Additionally, to the situation is the 

cultural aspect of the Peruvian population for not selecting or separating the 

waste from the beginning point at their own houses. Another additional 

aspect to consider, is the little/not enough econonomical destination of the 
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municipalities to their budgets of waste management systems, making this 

activity low effective. It makes  a social-economical problem that impacts 

the environment. 

Then, in those three peruvian cities, the rest of Peru and the rest of the 

region; improving and making effective waste management system is vital 

for the world society in the environmental, social and economical aspects. 

Sweden has one of the top three waste management systems in the world 

with less waste in landfills like final destination (AvfallSverige, 2015. 

Trender för avfallsanläggningar med deponi). And, with the purpose of 

having a better appreciation of the problem, a comparison between Peruvian 

and Swedish waste management systems is showing. 

 

Peruvian waste management system 

The characteristic in Peru is that people do not sort any kind of waste in their 

living places. Peruvian people accumulate the waste and instead of sorting 

the waste, they leave the whole responsibility to the municipalities. Exists 

also information problems to the people about how the waste management 

system works, example at least 24 % of the population do not know where 

and what is the final destination of the waste (OEFA,2014). 

 

Other problems in Peru in the waste management system is the treatment 

method and the final disposing of the waste, due to the 45 % of the total 

waste produced in the whole country ends in informal or inappropriate 

dumpsites. The 7 % of waste final destination is unknown, meaning that the 

waste is just burned or thrown anywhere else. Those places are usually 

rivers, beaches, open superficies in the territory and in the Pacific Ocean. 

Just 48 % of the Peruvian waste ends in appropriate landfills.  

Professional recommendations say that must be at least one landfill in every 

provincial municipality, which are 196, considering specially that Peru is a 

country with 30 million of population (OEFA,2014).  

 

However, in Peru there are just nine sanitary landfills and two secure 

landfills, with the following location, in the the next table 10. 

Table 11. Location of sanitary landfills and secure landfills in Peru 

(OEFA,2014). 

State        Sanitary landfill  Secure landfill 

   

Lima 

   

-Zapallal. 

-Huaycoloro. 

-Portillo Grande. 

-Modelo del callao. 

             

             -Befesa 

 

Ancash        -Carhuaz.  

Loreto        -Maynas.  

Cajamarca -Cajamarca.  

Junin 
-Tarma. 

-Santa Cruz. 

 

 

Ica       -Chincha 
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As well, there is a 

social/economical problem 

in the effectivity of the 

waste management system. 

For example, while in the 

state of Lima, 95 % of the 

waste ends in landfills, in 

other states there is not the 

same percent or even 

worst, some states don not 

have a landfill at all to 

send their waste 

(Integration,2016). 

 

 

 

 

 

 

 

Figure 10. Sanitary landfills and secure landfills  

                   in Peru (OEFA, 2014). 

 

In Peru exists just one renewable electric power plant named “The biomass 

power plant Huaycoloro”,that use landfill gas.It that started working 

October, 28 of 2011; producing 4.8 MWh. This power plant uses the 3.5 

million of kilos that is send daily to the landfill Huaycoloro, there, 

Miraflores collected waste ends as waste from some other districts . This is 

around the 42 % of the total waste from Lima city and there converted to 

electric energy. It has also the support of The World Bank and the 

endorsement of United Nations (Petramas, 2016). 

 

Swedish waste management system 

The Swedish waste management system has for economic characteristics 

that taxes collected from each municipality and fees are enough to cover 

their  budget to the waste management system. It means that, there is a 

standard high level in whole Sweden about municipalities managing their 

waste which by law, municipalities are obligate to offer waste management. 

The Swedish waste management force the participation of the whole society 

to get the maximal effectivity where the actors are presented in the next 

table 8 with their responsabilities. 
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Table 12. Actors and their responsabilities in the waste management chain 

(Avfallsverige,2014). 

Actor in the system Responsibility 

1.Municipalities 

-Collect waste from households that is not under 

the responsibility of producers. 

-Transport of the waste: Either to waste 

treatment plant to recycle or either to a landfill 

to dispose. 

2.Producers 

-Make sure that they have the right collection 

system and treatment method at their places for 

materials like: 

Recovered paper, packaging, waste electrical 

and electronic equipment(WEEE), tires, cars, 

batteries, pharmaceuticals. 

 3.Households 
-Separate their own waste and disposing in the 

various collection systems. 

 4.Businesses -Separate and dispose their own waste. 

 

Treatment methods that are used in the Swedish waste management are: 

-Material recycling. 

-Biological treatment. 

-Energy recovery (Waste-to-Energy). 

-Landfill. 

 

      

The priority in the 

waste hierarchy in 

Sweden and in the 

European Federation as 

a whole, is to reduce 

the production of waste. 

With the main goal that 

final amount of waste 

that is going to be 

disposed in a landfill, 

has to be as less as 

possible. which is 

around of less than 1 %. 

(Avfallsverige,2014). 

      

 

 

 

 

Figure 11. Swedish waste hierarchy (Avfallsverige,2014). 
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Sweden has a total of 85 sanitary landfills and 17 security landfills with 

license to dispose waste. As well, there are 37 establishments  that use 

landfill gas to produce heat and 12 stablisments to produce electricity. 

 

The three Swedish cities mentioned, present the following establishments 

for energy recovering from landfill gas: 

-Norrköping city belongs to Östergötland county, which has one 

establishment for electricity production. 

-Lund city is located in Skåne county, which presents 10 establishment for 

heat and electricity production. 

-Gävle city is in Gävleborg county, which has 2 establishments to produce 

heat and electricity (Avfallsverige, 2015. Trender för avfallsanläggningar 

med deponi).  

                                

3.4.1 Parallel comparison between Peruvian and Swedish realities. 
Here, it shows a lists of tables comparing National Swedish and Peruvian 

system and the three peruvian cities with the three Swedish cities in the 

study, using the information from the point 3.4.1. 

 

Table 13. Comparison of National waste management systems. 

Peru Sweden 

-Municipal taxes for waste do not cover 

the cost for the whole system, so they 

use other economical resources 

-Municipal taxes for waste and fees 

cover the whole budget for the waste 

management system. 

-Waste that ends in appropriate landfills 

is 48 %, 45 % in inappropriate dumped 

sites and 7 % is unknown about final 

destination. 

-Less than 1 % of the waste ends in 

landfills and more than 99 % is reuse 

with different treatment methods. 

-Waste management system varies in the 

country depending of the social-

economical-geographical status of the 

places. 

-There is a standard good level of 

the waste management system in the 

country. 

 

- In Peru exist 9 sanitary landfills and 2 

security landfills for around 30 million 

of people. 

-Sweden has 85 sanitary landfills 

and 17 security landfills. All of them 

with license to dispose waste for 

around 10 million of people. 

-There is just one establishment that 

produce electricity from landfill gas. 

-There are 37 establishments that 

produce heat and 12 establishments 

producing electricity from landfill 

gas. 
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Table 14. Comparison between Miraflores district and Norrköping city. 

Miraflores district Norrköping city 

-Social Economical status gives an 

acceptable waste management 

system. 

-Economy gives a really good waste 

management system. 

-Destination of the waste is in a 

landfill, then part of that is recycle. 

-Waste is recycle in many ways and 

then the rest is put in a landfill (less 

than 1 %). 

-It belongs to a province that has one 

establishment to produce electricity 

from landfill gas. 

-It is located in a county that has one 

establishment producing electricity 

using landfill gas. 

 

 

Table 15. Comparison between Jose Luis Bustamante y Rivero district and Lund 

city. 

J. L. Bustamante district Lund city 

-Municipal taxes has a deficit of 78 % 

compared with the total money spend in 

waste management system, making it 

inefficient. 

-Economy gives a really good 

waste management system. 

 

-Waste ends in a municipal dumpsite place 

(not landfill). 

-Waste is recycle in many ways 

and then the rest is put in a landfill 

(less than 1 %). 

-There is not landfill or establishment to 

treat waste in any way in tho whole 

province. 

-It is in a county that has 10 

establishments to produce heat and 

electricity from landfill gas. 

 

Table 16. Comparison between Yurimaguas city and Gävle city 

Yurimaguas city Gävle city 

-Municipality finance the waste 

management system because taxes 

collected are so little 

-Economy gives a really good waste 

management system. 

-Waste ends in a municipal dumpsite 

place (not landfill). 

-Waste is recycle in many ways and 

the rest is put in a landfill (less than 1 

%). 

-Not landfill or establishment for 

treatment of waste around. 

-It belongs to a county that has 2 

establishments producing heat and 

electricity from landfill gas. 
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4. Technical solutions 
In developed countries with higher standards of waste management systems 

like Sweden, the responsibility is not just from the municipalities, which 

have to collect and transport the waste. Also, waste producers have a big 

responsibility in the waste management system chain.  

 

Waste producers in households have the responsibility to separate and 

dispose their waste in the different collection systems, as well as to follow 

the municipalities rules for their waste management systems. 

In Peru, there is not a recycling culture from the household waste producers. 

Even if  it just in some public areas, there is some intention to 

motivate/teach of recycling, still it is an important aspect that must be 

attached properly and all the 3 peruvian places in the study are missing that. 

 

4.1 In the waste management system collection  
Miraflores district. 

This district of the Peruvian capital, Lima, has less problems to fix or 

improve given to its geographical, social-economical situation. 

The geographical situation makes this district beneficial for being located in 

the capital; Lima. Lima as a capital is where the modern technological items 

come first in the country. 

The social-economical situation in Miraflores is much better than the rest of 

the country because it has higher social levels due to the affordable acces to 

have a good standard waste management system, considering the 

Latiamerica and the Caribbean regional aspects. 

 

With all the facts above in mind, there is still some improvements to make: 

-Promote and improve the recycling culture from the household waste 

producers. 

 

Jose Luis Bustamante y Rivero district. 

-Promote and improve the recycling culture from the household waste 

producers. 

Awareness and participation of the population is needed. 

 

-Invest more in the waste management system economy. 

Because there is an economical deficit of 78 % in the waste management 

system, some aspects can be improved like equipment and staff training. 

 

-Build and install a sanitary landfill. 

There is not landfill existing around, so all the collected waste ends in 

municipal dumpsites in most of the times. 

 

Yurimaguas city. 

-Promote and improve the recycling culture from the household waste 

producers. 
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-Invest more in the waste management system. 

Because the collection covers just around 77 %, leaving daily a lot waste 

accumulating in public areas, contaminating the enviroment 

 

-Build and install a sanitary landfill 

The same problem as big part of the country, not landfill exist around 

Yurimaguas city, making the municipals dumpsites accumulate the waste if 

is not left in the streets . 

 

Table 17. Aspects to improve in the three peruvian places in the waste 

management system collection. 

Need to  Miraflores J.L.B. Yurimaguas 

Promote 

recycling culture 

from home/ 

beginning place. 

Yes Yes Yes 

Invest more in 

the  waste 

management 

systems economy 

No Yes Yes 

Construction/ 

installation of 

sanitary landfill. 

No Yes Yes 

 

4.2  In the recycling and recovering system 
According to  U.S. Environmental Protection Agency (EPA), there are nine steps 

for developing landfill gas projects: (U.S. environmental protection agency, 

EPA. 2015. Landfillgas energy project development handbook) 

Step1. Estimate landfill gas recovery potential and perform initial 

assessment. 

Step2. Evaluate project economics. This is about concerning many factors 

that can take the best economic way to convert landfill gas into energy 

product. 

Step3. Establish project structure. Choosing and appropriate structure to 

manage at the beginning of a landfill gas project is really important in its 

succesfull implementation. 

Step4. Draft development contract. The contract specifies aspects like who 

owns the rights about gas and potential emission,; as well as responsabilities 

that includes design, installation, operation and maintance. 

Step5. Negociate energy sales contract. A sales contract should be arranged  

explaining the amount of gas or power that the owner of the project have to 

deliver to the end user and the price that the end user has to pay fot it. 

Step6. Secure permits and approvals. Obtaining the permission can take 

between 6 to 18 months or even more to complete them all, depending of the 

location and the technology to be applied. It will affect in the project in the 

desing, constraction and operation until the permits are totally completed. 
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Step7. Asses financing options. There are five essencial  financial methods 

available to landfillgas projects: 

-Private equity financing. 

-Project financing. 

-Municipal bond funding. 

-Direct Municipal financing. 

-Lease financing. 

Also there are more other financial methods at Federal and state   

level. 

Step8. Contract for engineering, procurement and construction (EPC) and 

O&M (operation and maintance) services. The choice of EPC and O&M are 

responsible in the landfill gas energy project in aspect like engineering 

design, site preparation, site construction and startup testing. 

Step9. Install project and start up. This final step is usually celebrated with 

ribbon-cutting ceremonies, public tours and press releases. 

Information in the table 16, come from the part 3.4 of this rapport. 

 

Table 18. Infrastructure of the waste management systems in the 3 peruvian 

places. 

Stablisments Miraflores J.L.B. Yurimaguas 

Sanitary landfills 4 None None 

Treatment plant 1 None None 

 

Landfill gas (LFG): 

It is generated by the bacterial decomposition of organic material that comes 

from the Municipal solid waste (US Enviromental Protection Agency, 2013. 

An overview of  landfill gas energy in the United States). 

 

Table 19.  Composition of landfill gas of Municipal solid waste (US 

Enviromental Protection Agency, 2013. An overview of  landfill gas energy in 

the United States). 

Composition Amount (%) 

Methane ~ 50% 

Carbon Dioxid ~ 50 % 

Non-Methane organic compounds 

(NMOCs) 

< 1% 

 

4.2.1 IPCC 
To calculate the green house gas emissions (GHG) and potential generation 

of energy from landfillgas  in each peruvian place, the IPCC method was 

used with the reference of Abrelpe report in 2013. Abrelpe means in 

English: Brazilian association of public cleaning and special waste. 

The IPCC 1996 first-order decay method, is used to estimate emissions from 

dumpsites, sanitary landfills and controlled landfills. The principle of this 

method is that after the waste was disposed, CH4 emission stays for a period 

of years.  
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To estimate the CH4  emissions of the first-order decade method, see 

equation 1. (ABRELPE, 2013): 

Q = x {[A ∙ k ∙ MSWt(x) ∙ MSWF(x) ∙ L0 (x) ∙ (𝑒−𝑘) ∙ (t-x)] - R(x)} ∙ (1 - OX)      [1]  

 

 Q= Amount of Methane generated per year. (gC/yr) 

 A= Normalization factor. 

 K= Constant CH4  generation rate.(1/yr) 

 MSWt= Amount of urban waste generated in a year. (gMSW/yr) 

 MSWF= Fraction of the MSWT destinated to landfill in a year x. 

 L0= Methane generation potential. (gC/gMSW) 

 t= Inventory year. 

 x= Years in which data is considered. (yr) 

To calculate the normalization factor,A, see equation 2 (ABRELPE,2013): 

𝐴 =  
1−𝑒−𝑘

𝑘
                                                                                               [2] 

                 

And the Methane generation potential,L0 , be also calculate, see equation 3 

(ABRELPE,2013).  

𝐿0(𝑡) = 𝐶𝑚(𝑡) ∙ 𝑂𝐶(𝑡) ∙ 𝑂𝐷𝐶(𝑡) ∙ 𝐹 ∙ 16
12⁄                                                  [3] 

 

 𝐶𝑚 denotes a correction factor related to the management of the 

disposal site. 

 𝑂𝐶 is the amount of degradable by biochemical decomposition, 

organic carbon in the waste, (gC/gMSW). 

 𝑂𝐷𝐶 is the fraction of decaying 𝑂𝐶. 

 𝐹 is the fraction in biogas. 

 16
12⁄   is a mass conversion factor between the molecular weights. 

One mole of carbon weighing 12 grams, a mole of methane that 

weighs 16 grams. 

 

To calculate the degradable organic carbon, DOC(t), see equation 4. 

(ABRELPE, 2013).  

𝑂𝐶(𝑡) = [(0.17 ∙ 𝐴) + (0.26 ∙ 𝐵) + (0.45 ∙ 𝐶) + (0.47 ∙ 𝐷) + +(0.11 ∙ 𝐹) +
                 (0.29 ∙ 𝐺) + (0.33 ∙ 𝐻) + (0.13 ∙ 𝐼)]                                            [4] 

 

Table 20. Emission factor according to the kind of waste. (ABRELPE,2013) 

Fraction of Waste Emission factor (gC/gMSW) 

A – Paper and cardboard 0.17 

B – Textiles 0.26 

C – Food waste 0.45 

D – Wood 0.47 

E – Rubber and leather 0.07 

 

F – Plastics 

 

0.11 

G – Metals 0.29 
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H – Glass 0.33 

I – Others 0.13 

 

Also the amount of Methane emitted in a year, QE, can be calculated, see 

equation 5(ABRELPE, 2013). 

QE = [(Q-R) ∙ (1-OX)]                                                                                 [5] 

 

QE= Amount of Methane emitted in a year. (gC/yr)  

R= Methane recovery .(gC/yr)  

OX= Oxidation factor. 

 

Constant CH4 , generation rate k and Normalization factor A 

Finding the value of the variables K and as the consequence. Also of A, 

depends of other values like MAT, MAP and PET.The next table 19, shows 

a list of values for k according the kind of waste. 

 

Table 21. List of k value according to the kind of waste (ABRELPE,2013) 

 
 

Mean annual temperature- MAT 

Here the values for the three peruvian cities in the study were taking from 

the part 3.1 in this report. 

 

Mean annual precipitation- MAP 

All values are coming  from the part 3.1 from this report. 
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Potential evapotranspiration- PET (ABRELPE, 2013). 

It is the potential water that possibly goes back to the atmosphere. 

-Miraflores PET: 965mm/year (Ministry of Agriculture-Peru, 2010). 

 

-Jose Luis Bustamante y Rivero PET: 679 mm/year (Salvador Rivas---

Martinez,2008. Arequipa -Peru). 

 

-Yurimaguas PET: 1629 mm/year (Salvador Rivas-Martinez, 2008 

Yurimaguas -Peru). 

For having an easier appreciation, the nex table 19 shows the values of 

MAT, MAP and PET from those three peruvian places in the study. 

 

Table 22. MAT, MAP and PET values. 

Place MAT (°C) MAP (mm/year) PET (mm/year) 

Mliraflores 18.0    6.4 965.00 

J.L.B.            15.7  45.0          679.96 

Yurimaguas 28.0         2400.0        1629.52 

 

Amount of urban waste generated in a year- MSWT and  Fraction of the 

MSWT destinated to landfill in a year – MSWF. 

The values were taking for each place from the study from the part 3.4.1 in 

this report. 

 

Correction factor- 𝐶𝑚 

It shows the realtion between managed or unmanaged disposal site and its 

generation of Methane. For example an unmanaged disposal site generates 

less CH4 than a managed place. (IPCC 2006). 

 

Table 23. Correction factor according the kind of disposal site. (ABRELPE, 

2013) 

Kind of site Emission factor (default) 

Dumpsite 0.4 

Sanitary landfill 1.0 

Controlled landfill 0.8 

 

Fraction of degradable organic carbon with decomposes- 𝑂𝐷𝐶 

This is the estimation of carbon fraction that degrades from a solid waste 

disposal site. Many factors influence in the 𝑂𝐷𝐶 value like  temperature, 

moisture, pH, composition of waste,etc. As the table 21 shows, there is an 

emission factor depending of the kind of material (IPCC 2006). 

In anaerobic conditions the recommended default value for 𝑂𝐷𝐶 is 0.5 

(ABRELPE, 2013), and that is the reason this value is assumed in this 

report.  

 

Fraction of Methane in biogas- F 

The generation of methane in solid waste disposal sites is generally around 

50 %, just in some special cases like big amounts of fat or oil can make the 
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methane generation more than 50 % (IPCC 2006). In this case the F value is 

assumed for 0.5, which is 50 %. 

 

Recovered Methane- R 

Since the baseline for methane flaring was so low (ABRELPE, 2013), the 

assumed value for R is zero. 

 

Oxidation factor- OX 

This amount of Methane from the solid waste disposal site-SWDS that gets 

oxidized in the soil or other material covering the waste. 

Properly managed  SWDS, in this case sanitary landfills, have the tendency 

to have higher oxidation rates than unmanaged dumpsites (IPCC 2006). 

In the next table 22, it shows the estimation of the oxidation rates. 

 

Table 24. Oxidation factor according the kind of disposal site. (IPCC, 2006) 

Type of site Oxiation factor (OX) 

Dumpsites 0.0 

Sanitary landfills 0.1 

 

4.2.2 Results of the emissions in the 3 peruvian places in the study. 
The total result from the above calculation is that the emissions from a 

sanitary landfill in Miraflores are approximately 6.9 MtCO2e/year while the 

dumpsites in J.L.Bustamante and Yurimaguas emit 0.6 and 1.6 MtCO2e/year 

respectively (Appendix 1). 

 

4.3 Establishment of technological solutions  
Energy potential estimate per place (Appendix 2). 

 

Table 25.  Electricity generation potential from biogas. 

Place Total emissions 

(million m3CH4) 

Emissions 

(m3/h) 

Potential (MW) 

Miraflores 460 1750 2.16 

J.L.B   40   152            0.20 

Yurimaguas 107   406            0.50 

 

Possibilities about biogas utilization 

There four possible ways to use biogas as energy resource: 

-Landfill gas as source of heat. 

-Landfill gas to electricity. 

-Landfill gas to natural gas (ABRELPE, 2013). 

-Landfill gas as vehicles fuel (Pennsylvania fourteenth fall 

conference,2013). 
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Figure 12. Landfill gas system (National Waste and Recycling association, 

2014). 

4.3.1 Landfill gas as source of heat. 
Landfill gas as low-grade fuel. 

As the name says, high quality is not a demand for using the landfill gas as 

fuel and it has the adventage which can be used as low quality fuel in a wide 

variety of  heating applications like in boilers for the production of steam for 

heating or in steam turbines to produce electricity (ABRELPE,2013). 

 

Because of its low cost, low-grade landfill gas is financially really 

interesting to use. It is recommended that the end user must be located near 

to the landfill like within 10 km because the landfill gas is transported by 

pipelines; which generated a cost that is considered in its profitability 

(ABRELPE,2013). 

 

High quality of the landfill gas is not required but it needs to removed all 

non- combustible gases to have a higher heating value. There are different 

techniques to remove the non-combustible gases that can be used by itself or 

in combination. 

 

 Water scrubing. 

 Non-aqueous. 

 Solvent-based extraction systems. 

 Iron-oxid beds. 

 Activated carbon. 

 Presure-swing absorption (ABRELPE,2013). 

 

There are many cases that landfill gas can be used as low-grade fuel: 

 Leachate evaporation. 

 Furnaces. 

 Steam generation. 

 Space heating. 

 Absorption cooling and heating systems (ABRELPE,2013). 
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-Leachate evaporation. 

Leachate treatment is a really important aspect; even in the contruccion and 

operation costs of a landfill, leachate treatment determinates a lot. 

Thus, one of the alternatives is to use landfill gas as fuel in the evaportation 

process of the leachate. (ABRELPE, 2013) 

For example flaring the landfill gas,  produces a heat that can be used for 

thermal evaporators for the treatment of leachate (Encon Evaporators, 2016). 

                           
                      Figure 13. Thermal evaporator (Encon Evaporators,2016). 

 

-Furnaces. 

Landfill gas can be used individually or combined with other gases to fuel 

furnaces in different things like incinerators, industrial ovens, bricks and 

kilns. It can be used just to furnaces that are in a close area form the landfills 

because the gas needs to be transportated (ABRELPE, 2013). 

 

                    
                       Figure 14. Gas furnace (National Air Warehouse, 2010). 
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-Steam generation. 

Landfill gas can be used in this case to fuel the boilers that generates steam, 

which  is used in space heating, process heating, turbine shaft horsepower 

and absoprtion chilling. 

 

The same techniques to remove the gases that not combust showed in the 

application for furnaces applies here and has the same limitation of using 

close area because the landfill gas needs transportation to the boilers. 

 

-Space heating. 

Landfill gas can be used as drying and heating source to greenhouses, 

industrial and commercial places. This using is reachable by firing, for 

example in a boiler to provide steam. 

 

-Absorption cooling and heating applications. 

As showed before with the space heating using, Absortion cooling and 

heating can be used forexample by a boiler that produces heat.(ABRELPE, 

2013). 

 

4.3.2 Landfill gas to electricity 
Internal combustion engines. 

It is one of the must common ways to use landfill gas into electricity with a 

relative efficiency between 25% to 35 %. The engine used is similar to 

automobile engines, which is a 4-strokelean-bun engine. The engines 

combusts the landfill gas with a excess of air .  

       For the generation of power, the engine is connected to a crankshaft, turning     

       an electrical generator that produces electricity (ABRELPE,2013). 

     

The benefits with the internal combustion engines is that the capital cost is 

low and the landfill gas do not need as much process requirements as is with 

turbines. However, the maintenance cost and the emissions of NOx  are higher 

than other technologies (ABRELPE, 2013). 

 

             
Figure 15. Internal combustion engine (US Enviromental Protection Agency, 

EPA,2013. An overview of  landfill gas energy in the United States). 
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Steam turbine generation system. 

The landfill gas fuels a boiler which heats water, producing steam and then 

expands in a turbine to spin a generator that start producing in that way 

electricity. 

For the application of a steam turbine generation system, the landfill must be 

build in a big scale and contain at least 15 million tons of waste in place, 

which makes a production of 10 MW of electricity. 

The landfill size, which has to be large-scale, means that using this system 

has a considerable economic investment; but at the same time, the efficiency 

in the energy production is higher as well as it is with NOx emissions which 

are lower, comparing with the engines systems (ABRELPE,2013). 

 

Gas turbine generation system. 

Gas turbines takes energy from the landfill gas by compression, combustion 

and hot gas expansion. 

Air goes into a compressor, which with the help of an intercooler, increases 

its efficiency as well as its density. Then, an exhaust heat recuperator give a 

higher combustion efficiency in the compressed air by a preheat. The pre-

heated compressed air is mixed with the landfill gas and put into a 

combustion that is later expand by a turbine, generating a mechanical energy 

necessary to produce electricity and to operate the compressor. 

Gas turbine generation system is more suitable for large-scale landfills 

because of its high investment of the turbines, high fuel pressure 

requierements  and low power generation. 

The NOx emissions and maintance costs are low comparing with other 

engines (ABRELPE, 2013). 

 

            
Figure 16. Gas turbine ( US Enviromental Protection Agency, EPA, 2013. An 

overview of  landfill gas energy in the United States). 
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Microturbines.  

       Basic design principles are the same between microturbines and large gas  

       turbines. The average generation of a microturbines is 30-100 kW of  

       electricity. 

 

They apply better in small-scale projects where there is potentially 1 MW or 

less and other certain conditions like: 

 The flow of the landfill gas is low. 

 Low Methane content in the landfill gas. 

 Where hot water is needed. 

 High electricity price and not enough electricity supply. 

 Selfusing of electricity in the producing place, instead of exporting. 

 Emissions problems, specially NOx . 

 

Benefits of using microturbines are: 

 Low Methane content, around 35 % is enough to operate a 

microturbine. 

 Poluttant emissions are 10 times lower than engines. 

 Minimal requirement for operation and maintenance. 

 Flexibility to be integrated in a large-scale projects, for example in 

where there is an excess of landfill gas. 

 Portability to move between places projects, for example where gas 

production ceases and easy to configurate for its production rate. 

 

Disadventages with microturbines: 

 Lower efficiency and higher consuming of fuel, around 35 % per 

kWh produced, than engines and other turbines. 

 Higher sensibility to siloxane contamination (ABRELPE, 2013) 

 

            
Figure 17. Microturbine (US Enviromental Protection Agency ,EPA, 2013. An 

overview of  landfill gas energy in the United States). 
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       To use the gas turbine, must be acidic and corrosive components      

       (including HCl and H2S) washed away from the gas first - otherwise  

       shortened turbine service life greatly. It may be enough with a fairly simple  

       water scrubbing, but it is important not to get into corrosive gases in the  

       turbine. The same should also apply to micro turbines. 

       To have a longer using life for gas turbines and microturbines, the landfill   

       gas must have a pretreatment for moisture, siloxanes and particles removal    

       (ABRELPE,2013). 

 

4.3.3 Landfill gas to replace natural gas. 
As it was mentioned before, usually the percent in the composition of 

landfill gas of methane, is around 50 %.  Also, it contains other components 

that are called non-methane organic compounds like carbon dioxide, 

nitrogen, oxygen , water vapor, hydrogen sulfide and trace compounds. 

Heating value (HHV) in a landfillgas is between 14.9 to 20.5 MJ/m3, which 

is equivalent to 400-500 Btu/ft3 . 

 

There are two ways landfill gas can be used instead of natural gas: 

 

-After a clean up process, landfill gas can be transmitted to an final user 

through a pipeline. Landfill gas is used instead of natural gas or can be both 

combined at the point of use. This way is known  as “Medium-Btu”. 

 

-The other way is about injecting the landfill gas in natural gas distribution 

network that exists already. 

Pipelines transports and distribuites the natural gas, but the gas must follow 

certain quality standards. Also, the landfill gas which allowed to enter in the 

natural gas network, must be processed to increase its energy content and 

reach the special standards for  hydrogen sulfide, moisture, carbon dioxid 

and NMOCs, non-Methane organic compounds. 

This way is well known as “high-Btu” gas because the landfill gas needs to 

increase its energy content. 

 

When the landfill gas is going to be input in a natural gas network, must be 

cooled and compressed, as well as all dust and hydrocarbons must be 

removed plus an odorization step for safety reasons. 

 

Converting landfill gas to quality gas, ready to enter in the pipeline must 

follow some aspects: 

 Prevention of air filtration into the landfill gas well field. 

 Moisture removal. 

 Southfur removal. 

 NMOC, non-Methane organic compounds removal. 

 Carbon dioxid removal (ABRELPE, 2013). 
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Table 26. Standards of qualitys gas. (ABRELPE, 2013). 

Aspect Specification 

Heating value (HHV) >36,1MJ/m3
 (970 BTU/ft3) 

Hydrogen Southfide       < 4.0 ppmv 

Water vapor < 0,11 g/m3
 (7 lbs/million ft3) 

Oxygen < 0.4 % 

Carbon Dioxide < 3.0 % 

Nitrogen plus Carbon Dioxide < 5.0 % 

 

4.3.4 Landfill gas as vehicles fuel 
Using landfill gas for vehicles like fuel is really relevant for example in the 

case of liquefied natural gas. 

There are two types of fuel to vehicles that can be produce from landfill gas 

after process treatment and be used instead of natural gas: 

 CNG, Compressed Natural Gas, is the must common kind of fuel 

production from landfill gas. 

 LNG, Liquiefied Natural Gas. Even if there are some projects 

developed, still is not much comparing with CNG production. 

 

Fuel stations that provides compressed natural gas can be in 2 models: 

 Fast fill. 

 Time fill (Pennsylvania fourteenth fall conference,2013). 

 

            
  Figure 18. Fast fill fuel station (Pennsylvania fourteenth fall conference, 2013). 
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Figure 19.  Time fill fuel station (Pennsylvania fourteenth fall conference,2013). 

 

Benefits of usin CNG: 

 CNG is designed for small biogas flows, but it can be combined for 

larger flows. 

 Comparing with gasoline and diesel, there are savings using CNG, 

around 50-75 %. 

 With CNG, carbon emission get 90 % less than using gasoline 

engines (Pennsylvania fourteenth fall conference, 2013). 

 

 

 
Figure 20. Bio CNG system (New York State Asociation for Solid Waste    

Management. 2013). 

 

4.3.5 Adaptation of possible alternatives solutions according to each 

reality. 
      To realize which kind of alternative production is best for each place,  

      geographical and social information from chapter 3 and the potential  

      production of energy from landfill gas in table 24, in this  

      report was used.   

     

      Miraflores district. 

      This high social district of the Peruvian capital, has a temperate climate,    

      discarding the alternative of producing heat from landfill gas because is not  
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      really needed same as the increment of the production of electricity that   

      comes fom landfill is not really necessary. 

      For example, the option to use landfill gas for natural gas, plus the possibility   

      of using it to fuel vehicles, are more attractive as possible alternatives. 

 

      Jose Luis Bustamante y Rivero district. 

      This is the only Peruvian place out of the three in the study that can take the 

      alternative of using landfill gas to convert into heat energy. The geographical  

      location makes this district in the need of some heat production because the  

      temperature during the winter season.  

      Also, the production of electricity and heat by an CHP system, in this case    

      the usage of microturbines for example and using landfill gas for natural gas   

      will be really good alternatives to change into because there is some people   

      that still do not have acces to electricity and 10 % of population is still living  

      in poverty. Also, the usage of landfill gas to fuel vehicles is an attractive  

      alternative. 

 

      Yurimaguas city. 

      Because its geographical location in the jungle, this Peruvian place does not      

      need an alternative solution of heat. Instead, the production of electricity by  

      microturbines system and using landfill gas is much better possible  

      alternatives to use in there, especially because still 28 % of the population  

      lives without electricity and 60 % is living in poverty. Also, as the other two  

      peruvian places in the study, to fuel vehicles using landfill gas is a latent and  

      reliable possibility. 

      

Table 27. System production that is needed in each place. 

Place 
Production of 

heat 

Production of 

electricity 

LFG for 

natural gas 

LFG to fuel 

vehicles 

Miraflores No Yes Yes Yes 

J.L.B. Yes Yes Yes Yes 

Yurimaguas No Yes Yes Yes 
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5. Economical and enviromental calculation model. 
As the figure 11 shows before in the chapter 3.4, in the Swedish waste 

hierarchy, the final dispose of the waste in landfills should be avoid or at 

least be the last step. But the reality about waste management systems in 

Peru as the rest of Latin America and the Caribbean region, makes anyway 

the using of landfill a great alternative to start reducing the environmental 

problem. 

 

There are two important details about landfills: 

 The landfill starts producing considerable amounts of gas after 1-3 

years that the waste was buried. The peak production of gas is after 

5-7 years that the waste is buried (ATSDR,2001). 

 The landfill is divided by cells, which makes possible that at the 

same time the landfill can receive waste in new cells and produce 

landfill gas from old cells (Advanceddisposal,2016). 

 

Here, there is an evaluation of the solutions through an economical 

calculation. 

 

5.1 Landfill cost 
Miraflores. 

Miraflores district does not need to build more landfills for now because 5 of 

the 11 landfills are in Lima which Miraflores is part of. The landfill 

Huaycoloro, just for example, is one of those 5 landfills in Lima wih a life 

period until the year 2040 around. (Quality Institute of Peru, 2007). 

 

Jose Luis Bustamante y Rivero and Yurimaguas. 

In these two Peruvian places, there is not yet landfill. Therefore, an 

hypothetical case, which is really needed, of building the landfills is 

understood. 

The total landfill size to build must be choose between the government and 

part, private sector that is going to invest and develop the construction of the 

landfill following the criteria of location restrictions, design and operating 

standards, groundwater monitoring requirements, corrective actions, 

financial assurance requirements, landfill gas migrations controls, closure 

requirements and post-closure requirements. 
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Figure 21. Modern sanitary landfill (US Enviromental Protection Agency, 

EPA,2013. An overview of  landfill gas energy in the United States). 

. 

The first period of a landfill life cycle is that one the costs more of the total 

cost. It takes aspects such as: 

 Pre- operational period of studies. 

 Landfill acquisition. 

 Construction. 

 Permiting (U.S. Enviromental protection agency, EPA. 2014. 

Municipal solid waste landfills). 

  

In this first period, the construction takes a vital part in the cost. According 

to EPA, during the construction, the excavation takes a high cost as the next 

table 26 shows. 

 

Table 28.  Cost per acre for components of landfill construction (U.S. 

Enviromental protection agency, EPA. 2014. Municipal solid waste landfills). 

Task Low end ($) High end ($) 

Clear and Grub   1 000 3 000 

Site survey   5 000 8 000 

Excavation            100 000               330 000 

Perimeter Berm              10 000                 16 000 

Clay liner              32 000               162 000 

 

Geomenbrane 

 

             24 000 

 

                35 000 

Geocomposite              33 000                 44 000 

Granular soil 48 000                 64 000 

Leachate system   8 000                 12 000 

QA/QC              75 000 

 

              100 000 

Total         $ 336 000            $ 774 000 
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However, it is not only the construction that costs, as the figure 20 shows, 

the total landfill costs follows a group of categories: 

 Site development. 

 Construction. 

 Equipment purchases. 

 Operation. 

 Closure. 

 Post-closure  (U.S. Enviromental protection agency, EPA. 2014. 

Municipal solid waste landfills). 

 

 
Figure 22. Landfill life cycle outlays and costs (U.S. Enviromental protection 

agency, EPA. 2014. Municipal solid waste landfills). 

        

       According U.S. environmental protection agency, EPA, the total cost of a  

       landfill with all those factors mentioned before, can take up to more the $ 1  

       million per acre. 

 

5.2 Recovering systems installation and maintenance cost 
Landfill gas to heat 

Miraflores and Yurimaguas. 

Climate conditions make not need for investment of heat production systems 

from landfill gas. 
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Jose Luis Bustamante y Rivero 

As it was mentioned before, combine heat power system, CHP that use 

microturbines will be perfectly applied in this Peruvian place at the study. 

The economical costs will be showed in the next section which takes the 

convertion of landfill gas to electricity. 

 

Landfill gas to electricity 

Miraflores 

The gasturbine system was choose as the best alternative in Miraflores to 

produce electricity from landfill gas. 

The capital cost for the gas turbine system is about $ 1 400 per kW plus the 

operation and maintenance costs annually is $ 130 per kW(U.S. 

Enviromental protection agency, EPA. 2014. Municipal solid waste 

landfills). Using the electricity generation potential in the table 24, in the 

chapter 4.3 the total installation cost in Miraflores will be $ 2 800 000 

dollars and for the operation & maintenance will be $ 260 000 dollars 

annually. 

 

Jose Luis Bustamante y Rivero and Yurimaguas 

For the production of electricity from landfill gas, it was assumed to use 

microturbines systems. U.S enviromental protection agency had estimate 

about the installation of a landfill gas microturbine projects with less than 1 

MW can cost around $ 5 500 per kW. Additional costs for operation and 

maintenance are annually around $ 380 per kW (U.S. Enviromental 

protection agency, EPA. 2014. Municipal solid waste landfills). 

 

Using the electricity generation potential from biogas in table 24, in the 

chapter 4.3 and adapting this for the installation system in each place, the 

costs could be: 

 Jose Luis Bustamante y Rivero with a total electricity generation 

potential from biogas of 290 kW, which means the installation cost 

will be $ 1 595 000 dollars. Plus, the non-fuel operation and 

maintenance cost assumed at least for the first year which can be $ 

110 200 dollars. 

 Yurimaguas city with a total electricity generation potential from 

biogas of 500 kW, it gives an installation cost of $ 2 270 000 dollars 

with the additional cost of non-fuel operation and maintenance cost 

assumed for one year that can be around $ 190 000 dollars. 

 

Landfill gas to Natural gas  

The best option for household users is to install a high-Btu gas project 

because of its high quality, as it was mentioned before. An american 

company, “Venture Engineering & Construction” has developed a complete 

modularized high-Btu gas plant using pressure swing absorption. Thus, a 

2500 cfm system with 90 % of recovery efficiency can be installed in a 

period of 12 months with an economical cost of $ 5 500 000 dollars. 

(Venture Engineering Construction, 2015). 
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In the three Peruvian places in the study where there is not yet any kind of 

using of landfill gas for natural gas. Therefore, Miraflores, Jose Luis 

Bustamante y Rivero and Yurimaguas city are in need of this kind of 

installation to replace the using of natural gas that there is in all installations 

that exists already and for those areas that they do not have any installation 

as well. 

 

Landfill gas to fuel vehicles. 

Any of the three Peruvian places in the study has a gas plant that produces 

fuel from landfill. The economic calculation are the same to all of them. 

 

The complete compressed natural gas CNG fueling system includes: 

 Installation. 

 Fueling station. 

 Winterization. 

 Storage tanks. 

 Permitting. 

 Training. 

 

Taking a large-size system unit, the total cost can be around $ 1 800 000 

dollars (Pennsylvania fourteenth fall conference,2013). 

 

5.3 Enviromental and Economical benefits of landfill gas energy 

recovery 
      Enviromental benefits 

       Using the 2014 landfill gas energy benefits calculator from U.S.       

environmental protection agency, EPA, in excel program. It was possible to 

calculate the environmental and energy benefits (U.S. environmental 

protection agency, EPA. 2015. Landfill gas energy project development 

handbook). 

 

Miralfores. 

With an electricity generation potential from landfill gas of 2 MW, the 

environmental benefits are equal to: 

 Carbon sequestered by 80 600 acres of Peruvian forest in one year. 

 CO2 emissions from 527 railcars’ worth of coal burned. 

 CO2 emissions from 11 million gallons of gasoline consumed. 

The energy benefit is to create power for 1200 homes. 

 

Jose Luis Bustamante y Rivero. 

With an electricity generation potential from landfill gas of 0.20 MW, the 

environmental benefits are equal to: 

 Carbon sequestered by 8 060 acres of Peruvian forest in one year. 

 CO2  emissions from 53 railcars’ worth of coal burned. 

 CO2  emissions from 1.1 million gallons of gasoline consumed. 

The energy benefit is to powering around 120 homes. 
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Yurimaguas city. 

With an electricity generation potential from landfill gas of 0.5 MW, the 

environmental benefits are equal to: 

 Carbon sequestered by 20 150 acres of Peruvian forest in one year. 

 CO2  emissions from 132 railcars’ worth of coal burned. 

 CO2  emissions from 2.8 million gallons of gasoline consumed. 

The energy benefit is to powering 300 homes.  

Economical benefits. 

 To the owner of the landfill: They can make profit selling landfill gas 

to a direct in user or to a pipeline. Another way is to sale electricity 

from the electrical plant that is in the landfill. As well as renewable 

energy certificates, tax credits and incentives, renewable energy 

bonds and green house gas trading can give some profit to the owner 

of the landfill or to those that have the rights about the landfill gas. 

 To the end user: Organizations as businesses, universities and 

government facilities can save a lot on energy costs using landfill gas 

as direct source like heat, for example. 

 To the community: Just during the construction of the landfill project 

there are temporary jobs. Also, in the designing and operation creates 

long-term jobs, increasing the local economy (U.S. environmental 

protection agency,EPA. 2015. Landfill gas energy project 

development  handbook). 

 

5.4 Economical balance 
 Using the information in the whole chapter 5, it is possible to make a   

 calculation needed for an economical investment. 

 

Table 29. Economical investment needed in each place. 

Cost of Miraflores ($) J.L.B ($) Yurimaguas ($) 

Landfill 

construction 
0 1 000 000 1 000 000 

Electric power 

plant installation 

plus operation and 

maintenance 

3 060 000 1 705 200 2 460 000 

High-Btu gas 

plant 
5 500 000 5 500 000 5 500 000 

Compressed 

natural gas,CNG, 

fueling system 

1 800 000 1 800 000 1 800 000 

Total      10 360 000      10 005 200      10 760 000 

 

Using this information, there is in the chapter 4.3.5. It is possible to 

apreciate what can be needed first and with that make a future calculation in 

how long the economical investment can be recovered after the landfill starts 
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producing gas in considerable amounts to use,which is after 1-3 years after 

the waste was buried in the landfill cell,as it was mentioned at the beginning 

of the chapter 5. In the next tables, 28 and 29, the minimum time was 

assumed as 1 year to start using the landfill gas after it was buried. 

 

Costs by paying taxes, personal and maintenance are hypothetically assumed 

from profits that are coming of the service that gives the landfill, example 

the municipality pays to the investors/owner of the landfill, to dispose the 

waste collecting. 

 

The cost of the landfills construction in J.L Bustamante and in Yurimaguas 

are assumed as same amount of money ,even if Yurimaguas produces much 

more waste than J.L. Bustamante, because as in the conclusions is going to 

show that probably the landfill in J.L. Bustamante is not going to be for 

using just itself, instead it can be used for the other districts around also, 

increasing the production of waste to send to the landfill. 

 

Miraflores 

Miraflores district belongs to the Lima city, which has already 5 landfills 

and one power plant that produces electricity from landfill gas. Even if the 

landfills and the electric power plant are not located inside of Miraflores 

area, its collected waste goes to the Huaycoloro landfill which is one of the 5 

landfills that Lima has.So according that the first next option could be the 

installation of a CNG fueling system. 

 

Applying the method of the U.S Environmental Protection Agency, EPA, to 

calculate the CNG production from landfill gas (U.S Environmental 

Protection Agency, EPA. 2014. Landfill gas energy cost model); and the 

price of natural gas for vehicles in Peru, which is $ 0.46 dollars; the 

calculation in the next table 29 is possible (Appendix 3). 

 

Table 30. Time the takes to recover the investment in Miraflores. 

Place Cost of the CNG 

fueling system 

Amount in $ 

dollars of selling 

CNG fuel/ year 

Time to recover 

the investment 

(years) 

Miraflores 1 800 000 501 080 4.59 

 

Jose Luis Bustamante y Rivero & Yurimaguas city 

The two Peruvian places do not have any landfill. The construction of 

landfills is necessary. Also, since in Jose Luis Bustamante y Rivero 10 % of 

the population lives without electrical services (Jose Luis Bustamante y 

Rivero district, 2015) and same situation in Yurimaguas city with 28 % 

(Peru government,2013). The kWh of electricity in Peru cost $ 0.13 dollars 

(Correo newspaper, 2015). In the next table 30, the results fo the calculation 

is presented (Appendix 4) 
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Table 31. Time that takes to recover the investment in Jose Luis Bustamante y 

Rivero & in Yurimaguas city. 

Place 

Cost of landfill 

plus electric 

power plant and 

O&M 

Amount in $ 

dollars of selling 

electricity/ year 

Time to recover 

the investment 

(years) 

J.L.B  2 705 200 227 760 12.80 

Yurimaguas 3 460 000 569 400   7.07 
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6. Conclusions 
a)There is a lot to do, improve, and invest in the waste management systems 

in those three Peruvian places in the study. Geographical and socio-

economic realities are shown in the three Peruvian places. It makes an 

individual appreciation by each place with different needs and potentials. 

There are two big common things necessary in all those three Peruvian 

places: 

 Recycling culture from people. 

 Technological and economical investment, big potential to private 

sector. 

 

b)Even though, the  ideal scenario will be in the three peruvian places, the 

investment to install/increment electrical power plant, high-Btu gas plant 

and CNG fueling system. There are different priorities in each places 

according to their realities. Also, the construction of landfills with exception 

of Miraflores is really necessary. 

 

Miraflores 

This district of Lima has less needs compared with the other two places in 

the study. However, there is a lot to do in Miraflores. Its central location in 

the capital and high social-economical position, makes the priority of 

technological investment becoming a CNG fueling station to satisfy the 

demand in the transport sector. 

 

Jose Luis Bustamante y Rivero 

This district needs first the construction of a landfill and then the next 

priority will be the implementation of an electrical power plant next to the 

landfill to satisfy the demand of electrical services of the population, which 

10 % still without access to electricity. 

 

The  assumed investment cost includes construction/ installation, operation 

& maintenance and decommissioning of the landfill and the electrical power 

plant; but there is an additional cost of producing electricity from the 

electrical power plant, which was not include in the calculation of this report 

that must be considered as well that can affect the investment recovering 

time, making it little longer. 

 

In the case of Jose Luis Bustamante y Rivero, to recover the investment in 

12.8 years is not a real attractive investment, perhaps. It is given to the small 

electricity generation potential, so in consecuence the small size of the 

electric power plant. The solution to the investment time recovery problem 

could be the installation of a large size electric power plant which can be 

used for Jose Luis Bustamante y Rivero district and another district next to 

them, making the investment recovery in much less time. 

 

Yurimaguas city 
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This city located in the warm jungle with poverty environment, has a lot 

potential. The investment is totally worth here. Construction of a landfill is 

the first step and the implementation of an electric power plant could be the 

next priority, specially considering 28 % of the population still do not have 

access to electricity. 

 

As it was mentioned before for the case in J.L. Bustamante, The  assumed 

investment cost includes construction/ installation, operation & maintenance 

and decommissioning of the landfill and the electrical power plant; but there 

is an additional cost of producing electricity from the electrical power plant, 

which was not include in the calculation of this report that must be 

considered as well that can affect the investment recovering time, making it 

little longer. 

  

c)Everyone must understand not matter which geographical or socio-

economical situation exist, soon or later destroying the environment with 

pollution and inappropriate use of resources will affect the whole planet and 

that is why this report is taking care of the household waste and producing 

clean energy that is needed. Including the reduction of greenhouse gases 

emissions that is currently destroying the environment. 

d)All possible alternatives established in this report can be considered as 

starting steps nevertheless not as the only ones. This is reflected as a parallel 

for what there are other new alternatives that can be developed by 

investigating, creating, finding, testing, etc. All of them, must follow the 

presented procedures to satisfy the three pillars of social, economical and 

ecological standards.  
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Appendix 4: Time that takes to recover the investment in Jose Luis 

Bustamante y Rivero & Yurimaguas city 
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8.1 Appendix 1: Amount of green house gas emissions by place 
 

To estimate the CH4  emissions of the first-order decade method, see 

equation 1. (ABRELPE, 2013): 

Q = x {[A ∙ k ∙ MSWt(x) ∙ MSWF(x) ∙ L0 (x) ∙ (𝑒−𝑘) ∙ (t-x)] - R(x)} ∙ (1 - OX)     [1]  

 

To calculate the normalization factor,A, see equation 2 (ABRELPE,2013): 

𝐴 =  
1−𝑒−𝑘

𝑘
                                                                                                     [2] 

 

And the Methane generation potential,L0 , be also calculate, see equation 3 

(ABRELPE,2013).  

𝐿0(𝑡) = 𝐶𝑚(𝑡) ∙ 𝑂𝐶(𝑡) ∙ 𝑂𝐷𝐶(𝑡) ∙ 𝐹 ∙ 16
12⁄                                                  [3] 

 

𝑂𝐷𝐶(𝑡)= 0.5  

F= 0.5 

16/12= Carbon to Methane conversion ratio (IPCC, 2006) 

 

      To calculate the degradable organic carbon, DOC(t), see equation 4.    

      (ABRELPE, 2013).  

𝑂𝐶(𝑡) = [(0.17 ∙ 𝐴) + (0.26 ∙ 𝐵) + (0.45 ∙ 𝐶) + (0.47 ∙ 𝐷) + +(0.11 ∙ 𝐹) +
                 (0.29 ∙ 𝐺) + (0.33 ∙ 𝐻) + (0.13 ∙ 𝐼)]                                            [4] 

 

Tablo 18. Emission factor according to the kind of waste. (ABRELPE,2013) 

 

Fraction of Waste Emission factor (gC/gMSW) 

A – Paper and cardboard 0,17 

B - Textiles 0,26 

C – Food waste 0,45 

D - Wood 0,47 

E – Rubber and leather 0,07 

 

F - Plastics 

 

0,11 

G - Metals 0,29 

H - Glass 0,33 

I - Others 0,13 

 

Also the amount of Methane emitted in a year, QE, can be calculated, see 

equation 5(ABRELPE, 2013). 

QE = [(Q-R) ∙ (1-OX)   ]                                                                               [5] 

 

Table 19. List of k value according to the kind of waste. (ABRELPE, 2013) 
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       Table 22. MAT, MAP and PET values. 

Place MAT (°C) MAP (mm/year) PET (mm/year) 

Miraflores 18.0    6.4 965.00 

J.L.B 15.7 45.0 679.96 

Yurimaguas 28.0         2400.0        1629.52 

 

Miraflores: 

OX: 0.1 

𝐶𝑚(𝑡): 1 

K: 0.05 

A: 0.96 

 

Results: 

𝑂𝐷𝐶(𝑡)=          7 663.97 

L0 (t)=           2 554.65 

Q= QE= 6 557 559.07 = 6.6 MtCO2e/year 

 

Jose Luis Bustamante y Rivero: 

OX: 0.0 

𝐶𝑚(𝑡): 0.4 

K: 0.05 

A: 0.96 

 

Results: 

𝑂𝐷𝐶(𝑡)=       3 400.35 
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L0 (t)=           453.38 

Q= QE= 612 739.80 = 0.6 MtCO2e/year 

 

Yurimaguas city: 

OX: 0.0 

𝐶𝑚(𝑡): 0.4 

K: 0.05 

A: 0.96 

 

Results: 

𝑂𝐷𝐶(𝑡)=          6 190.38 

L0 (t)=              825.38 

Q= QE= 1 577 079.32 = 1.6 MtCO2e/year 
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8.2 Appendix 2: Electricity generation potential from biogas. 
 

To calculate the results in the table 24, it was used the method applied by the 

Brazilian association of public cleaning companies and special waste in its 

rapport (ABRELPE, 2013).Also the landfills life is assumed in 30 years. 

 Total emissions of m3CH4:   [(emissions tCO2 /year)] /0.0150 

 Emissions  (m3/h) : Total emissions of m3CH4 /(24 timmar ∙ 365 

dagar ∙ 30 år) 

 10n = 10^-9 

 10m = 10^-3 

 

Potential (MW):  

[Total emissions of m3CH4 ) ∙ (10n)] + [Emissions  (m3/h) ∙ 10m] 

Total emissions of tCO2  per year values for each place was taken from the 

chapter 4.2.2. 

Miraflores: 6.9 MtCO2e/year 

J.L.Bustamante: 0.6 MtCO2e/year 

Yurimaguas city: 1.6 MtCO2e/year 

 

Results: 

Miraflores: 2.16 MW 

J.L.Bustamante: 0.20 MW 

Yurimaguas city: 0.50 MW 
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8.3 Appendix 3: Time that takes to recover the investment in Miraflores. 
Using the equation to calculate the compressed natural gas production (U.S 

environmental protection agency, EPA. 2014): 

[(1,012 Btu/ft3 CH4) ∙ (% CH4 in LFG) ∙ (65% conversion efficiency)] / 

111.200 Btu/GGE = 0.0030 GGE/ft3 LFG with default 50% CH4 in LFG 

Values to consider: 

GGE: Gasoline gas equivalent (In this case is considered for gas gallon 

equivalent). 

Cost of compressed natural gas per gallon in Peru: $ 0.46 

Methane factor: 0.5 

1 ft 3= 0.02 m3 

Emissions per year in Miraflores: 1658 m3/h 

Day: 24 hours. 

Year: 365 days. 

Priority investment required: $ 1 800 000 

1 year: Time the the landfill starts producing considerable amounts after the 

waste was buried. 

 

Time to recover the investment: 

[(Priority investment required)/(Compressed natural gas production)]+1 year 

= 4.59 years. 
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8.4 Appendix 4. Time that takes to recover the investment in Jose Luis 

Bustamante y Rivero & Yurimaguas city. 
 

Day: 24 hours. 

Year: 365 days. 

Price of kWh in Peru: $ 0.13 dollars (Correo newspaper, 2015). 

1 year: Time the the landfill starts producing considerable amounts after the 

waste was buried. 

 

Jose Luis Bustamante yRivero 

Electricity generation potential from biogas: 290 kWh. 

Cost of the priority investment: $ 2 705 200. 

 

Yurimaguas city 

Electricity generation potential from biogas: 500 kWh. 

Cost of the priority investment: $ 3 460 000. 

 

Time to recover the investment (Years): 

[ Cost of the priority investment /[(day) ∙ (year) ∙ (price of kWh in Peru) ∙ 
(electricity generation potential)] ]+ 1 year 

The results in the table 30 are: 

 

Jose Luis Bustamante y Rivero: 12.80 years. 

Yurimaguas city:                            7.07 years. 
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