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1. Introduction 

1.1.  Project Summary 
The Center for Clean Air Policy (CCAP), an implementing partner of the Climate and Clean Air Coalition 
(CCAC) Municipal Solid Waste Initiative, is providing on-the ground financial, policy and technical 
assistance to the Provincial Municipality of Arequipa (MPA) to develop a financial work plan and support 
implementation of an organic waste management project that can reduce short-lived climate pollutants 
(SLCPs) and greenhouse gas (GHG) emissions, and deliver other social and economic co-benefits. 

This project aims to develop a composting plant at the municipal landfill to process organic waste 
coming mainly from municipal markets and the maintenance of Arequipa’s green areas. This initiative is 
expected to contribute to the achievement of environmental goals set by the national government while 
resulting in benefits such as extending the lifetime of the landfill, reducing the generation of methane 
emissions and leachate, and producing valuable compost for agriculture and green areas maintenance in 
a region characterized by water scarcity and arid soils due to its desert climate. More specifically, this 
project could lead to cumulative emissions reductions ranging between 31,000 and 146,000 tons of 
CO2e over a 20-year period compared to a business-as-usual scenario.  

In the context of this project, CCAP has produced an initial assessment report of the municipal solid 
waste management context in the municipality of Arequipa. Based on this study, CCAP presents now a 
high-level pre-feasibility analysis to assess the feasibility of the project, which should serve as the basis 
for developing a financial risk and readiness assessment of the project and ultimately a financial work 
plan that will support successful financing and project implementation. 

1.2.  Objectives 
The general objective of this pre-feasibility analysis is to assess the feasibility of building a composting 
plant in Arequipa by analyzing the technical, economic and environmental aspects of the project. In 
particular, the analysis includes an evaluation of the project in terms of technology, capacity, capital and 
operational costs, revenues and relevant financial indicators such as NPV and IRR. 

The specific objectives of this study are: 

1. Present a general overview of the solid waste management regulatory and institutional 
framework in Peru and Arequipa; 

2. Present a general overview of the current situation of the solid waste management sector in 
Arequipa; 

3. Present a general assessment of organic waste treatment alternatives and the rationale for 
selecting the composting option; 

4. Develop a project concept design, including, an assessment of the potential organic waste 
available for the project , a definition of two possible composting scenarios based on the organic 
waste available, a description of the composting technology and processes for each scenario, 
and the location and outlay of the plant; 
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5. Conduct an analysis of the capital and operating and maintenance costs of the composting plant 
in each scenario; 

6. Conduct a financial analysis for each composting scenario, including NPV and IRR calculation; 
7. Assess the potential for greenhouse gas emissions reductions in each scenario and the 

sustainable development co-benefits of the project. 

1.3.  Area of Study and Project Delimitation 

1.3.1. Political and Administrative Organization of Arequipa 
Peru is organized in regions, departments, provinces, districts and populated centers. Arequipa is a city 
and a metropolitan area of Peru, and the capital of the Province of Arequipa, which is part of the 
Department of Arequipa (see Figure 1, left).    

Figure 1: Maps of the Province of Arequipa at national and local scales 

             

 

The Province of Arequipa is administratively organized in 29 districts: 17 urban districts and 12 rural 
districts (see Figure 1, right and Table 1).  

Table 1: Population and Districts of the Province of Arequipa 

District Type District Name Population 
Urban (17 districts) Alto Selva Alegre 

Arequipa 
Cayma 
Cerro Colorado 
Characato 
Jacobo Hunter 
José Luis Bustamante y Rivero 
Mariano Melgar 
Miraflores 

986,921 
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Paucarpata 
Sabandía 
Sachaca 
Socabaya 
Tiabaya 
Uchumayo 
Yanahuara 
Yura 

 

Rural (12 districts) Chiguata 
La Joya 
Mollebaya 
Pocsi 
Polobaya 
Santa Isabel de Siguas 
San Juan de Siguas 
San Juan de Tarucani 
Santa Rita de Siguas 
Quequeña 
Vítor 
Yarabamba 

 

56,570 

Total 1,043,491 
 

The Province of Arequipa is the second largest province in Peru with a population of 1,043,491 
inhabitants. The Province has a decentralized political organization: the Provincial Municipality of 
Arequipa (MPA) is the political authority governing over all the territory of the Province of Arequipa, 
while the 17 urban districts are governed by their own District Municipalities (except the capital District 
of Arequipa and the rural districts, which are under the MPA).  

The MPA regulates at the city, metropolitan and provincial level in matters such as urban planning, 
transportation, taxes, solid waste management, etc. In turn, the District Municipalities with jurisdiction 
in matters relative to their own districts, including municipal solid waste collection and disposal. 

1.3.2. Geography and Climate of Arequipa 
The Province of Arequipa is located at 2,328 meters above sea level in the valley of Arequipa and it has 
an extension of 10,340 km2. It is surrounded by the Andean mountains to the north and east, and by 
low mountain ranges to the south and west.  

Arequipa presents a dry, warm, semi-arid climate. According to the Aeronautical Meteorological Service 
of Peru, precipitation in the Province of Arequipa is higher during the summer months compared to the 
rest of the year, with an average annual precipitation of 94.4-180.4 mm in 2016. Average annual 
temperatures range between 9.63°C and 23.93°C. As for relative humidity, it is high in summer and low 
in winter, ranging between 73% and 18%. 
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Table 2: Average temperature and precipitation in the Province of Arequipa 
Year Month Temperature (°C) Precipitation (mm) 

Min Max 7am 7pm 
2015 January 23.73 10.62 0 12.5 

February 15.06 21.13 41.2 61.8 
March 11.84 21.53 36.1 55.2 
April 11.04 22.83 0 0 
May 8.75 23.26 0 0 
June 8.24 23.98 0 0 
July 6.7 22.66 0 0 

August 7.88 23.61 0 0 
September 8.68 24.27 0 0 

October 9.22 23.49 0 0 
November 11.83 23.07 0 0 
December 10.55 32.89 0 0 

2016 January 10.49 24.58 0 0 
February 12.66 23.74 12.7 35.4 

March 11.4 24.27 0 0 
April 10.84 23.98 4.4 15.5 
May 8.36 24.59 0 0 
June 7.08 23.47 0 0 
July 7.21 23.29 0 0 

August 7.32 23.41 0 0 
September 7.56 23.83 0 0 

October 8.43 23.79 0 0 
Average/Total 9.63 23.93 94.4 180.4 

 

1.3.3. Project Delimitation 
Mainly due to data availability issues for some districts and based on the MPA’s district prioritization, 
the scope of this pre-feasibility analysis only extends to 18 districts (17 urban and 1 rural). These districts 
had a combined population of 947,036 people in 2015, representing 97.7% of the Province of Arequipa 
total population. 

Table 3: Project’s Districts and Population 
District Population 

Arequipa  54,095 
Alto Selva Alegre 82,412 
Cayma  91,802 
Cerro Colorado  148,164 
Characato  9,288 
Hunter  48,326 
Bustamante  76,711 
Mariano Melgar  52,667 
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District Population 
Miraflores  48,677 
Paucarpata  124,755 
Sabandía  4,136 
Sachaca  19,581 
Socabaya  78,135 
Tiabaya  14,768 
Uchumayo  12,436 
Yanahuara  25,483 
Yura  25,367 
La Joya  30,233 

Total 947,036 
 

1.4. Methodology 
To produce this study CCAP has conducted data collection from primary and secondary sources as well 
as desk research. 

CCAP conducted a data collection and scoping mission to Arequipa in April 17-19, 2018. The main 
objectives of the mission trip were: gathering data to characterize the city’s waste management system, 
conducting site visits and making on the ground observations, identifying potential sources of organic 
waste for the project, building relationships with key stakeholders, assessing political will, and collecting 
information on regulations, financial barriers and opportunities for the intended organic waste 
management project. 

CCAP worked collaboratively with counterparts of the MPA Sub-Direction of Environmental 
Management to schedule and facilitate the scoping mission, including meetings and site visits. In 
advance of the trip, CCAP began by collecting data from publicly available sources and from municipal 
officials through email exchanges and conference calls. During the mission, data was verified and 
updated based on information obtained during stakeholder meetings and site visits to the municipal 
landfill, waste transfer station, recycling collection center and one of the main municipal markets.  

CCAP conducted meetings with the following actors: 

• MPA Sub-Direction of Environmental Management 
• MPA Direction of Tax Management 
• MPA Direction of Planning, Budgeting and Rationalization 
• MPA Sub-Direction of Sanitation and Public Health 
• MPA Unit of Parks and Gardens 
• MPA Unit of Public Cleaning 
• Interaseo – Arequipa’s landfill operator company 
• Recyclers association representatives 
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• Municipal Market San Camilo workers’ representatives 
• Peru’s Ministry of Environment 
• Libelula – Peruvian climate and environmental consulting firm 

CCAP conducted visits to the following sites: 

• MPA municipal landfill – Quebrada Honda 
• MPA waste transfer station 
• Recycling collection center 
• Municipal market – Mercado San Camilo  

During the meetings a Semi-structure Group Interviewing approached was followed, which allowed to 
address pre-identified relevant issues for the project while obtaining more detailed information in a 
flexible way through follow-up questions. The visits to facilities, such as the landfill, allowed the in-
person assessment of the solid waste management practices in the city and the identification of 
potential sites for the organic waste treatment project. 

The data collected was complemented with existing reports and studies provided by the municipality 
and follow-up calls with MPA municipal officials. This data was used to produce an initial assessment 
report on the solid waste management situation in Arequipa and to support this pre-feasibility analysis. 

For the technical, economic and financial evaluation of the project conducted in this study, data from 
similar projects in the region was used, as well as data presented in a concept report for an integral solid 
waste management project in Arequipa produced in the context of an existing cooperation project in 
Peru led by the KfW.1 

The Solid Waste Emissions Estimation Tool (SWEET)2 was used to assess the emissions mitigation 
potential of the different composting scenarios considered in this pre-feasibility analysis. 

2. Solid Waste Management in Arequipa 

2.1.  Regulatory and Institutional Context 

2.1.1. Legal Framework 
Solid waste management is a priority of the national government in Peru due to public health and local 
pollution issues. In 2002, 73.3% of municipal solid waste was effectively collected by municipal 
authorities, and only 19.7% of total solid waste generated was disposed in sanitary landfills. 

                                                           
1 KfW (2018). Concepto MIRS Provincia de Arequipa. Programa de ingestiones "Manejo integral de residuos sólidos 
en municipalidades provinciales seleccionadas en Perú y la formulación de proyectos de inversión pública del 
servicio de limpieza que lo conforma". 
2 SWEET was developed by the U.S. Environmental Protection Agency (with assistance from Abt Associates and SCS 
Engineers) on behalf of the Climate and Clean Air Coalition Municipal Solid Waste Initiative. 
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In this context, the Peruvian Environment National Council (CONAM) developed Peru’s National Plan of 
Integrated Solid Waste Management, which defined the strategic lines and activities to improve the 
conditions in solid waste management at the national level for the period 2005-2014. 

The Ministry of Environment of Peru (MINAM) has focused on integrated solid waste management as 
part of its efforts to improve environmental quality at the national level. In this regard, the National Plan 
of Environmental Action (PLANAA) for the period 2011-2021 included integrated solid waste 
management as a priority objective, defining four specific targets to be achieved by 2021:3 

1. Ensuring adequate treatment and final disposition of MSW 
• 100% of non-recyclable MSW are treated and disposed adequately by 2021 

2. Minimizing generation, improving separation, selective collection and recycling of municipal 
solid waste 

• 100% of recyclable MSW is recycled by 2021 
3. Reducing generation of non-municipal hazardous waste, improving its treatment and final 

disposition 
• 20% reduction of hazardous waste generation compared to baseline by 2021 
• 100% of hazardous waste is adequately treated and disposed in specialized facilities by 

2021 
4. Increasing re-use and adequate disposition of electrical and electronic equipment waste 

• 100% of electrical and electronic waste is re-used and adequately disposed 

In addition to this, the MINAM has worked to improve the operational aspect of solid waste 
management at the municipal level through different initiatives and projects aimed at improving 
municipal public cleaning services, the construction of solid waste management infrastructure, 
increasing recycling, and promoting environmental education. 

In line with the goal of 60% recycling of all recyclable materials by 2017 and 100% by 2021 established at 
the PLANAA 2011-2021, the MINAM has focused on actions to create incentives for the municipal 
government to implement programs of separation at source that include recyclers in the solid waste 
collection routes. 

In this context, the MINAM updated the National Plan of Solid Waste (PLANRES) for the period 2016-
2024 to include the new priorities and actions to be implemented at national level in order to achieve 
the 2021 goals established by the PLANAA. The PLANRES 2016-2024 created a national framework level 
to articulate the efforts on solid waste management at all government levels (national, regional and 
local) based on their competences.4 

More recently, the National Integral Solid Waste Management Law was passed in 2016. This new law on 
solid waste management, whose regulations are currently being drafted, emphasizes the importance of 

                                                           
3 Source: http://www.minam.gob.pe/wp-content/uploads/2013/08/plana_2011_al_2021.pdf  
4 Source: http://sinia.minam.gob.pe/documentos/plan-nacional-gestion-integral-residuos-solidos-2016-2024  

http://www.minam.gob.pe/wp-content/uploads/2013/08/plana_2011_al_2021.pdf
http://sinia.minam.gob.pe/documentos/plan-nacional-gestion-integral-residuos-solidos-2016-2024
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recycling and other forms of waste valorization, always in an economically efficient and environmentally 
sound way. The law includes the following relevant principles for this project: 

• Circular Economy 
• Waste Valorization 
• Environmental and Public Health Projection 

In addition to this, in its Nationally Determined Contribution (NDC) submitted under Paris Agreement, 
Peru has committed to reducing by 30% by 2030 the GHG emissions coming from five prioritized sectors, 
including the solid waste sector. In this context, in 2015 Peru developed a Nationally Appropriate 
Mitigation Action (NAMA) for the solid waste sector. The NAMA has the objective to minimize GHG 
emissions from the solid waste sector by promoting a transformational change in the sector based in 
waste disposal minimization and waste recovery, reuse, treatment and recycling. Among the waste 
recovery and treatment technologies highlighted in the NAMA are landfill gas capture and use, 
mechanical-biological treatment and source-separated organic waste composting. The organic waste 
treatment project evaluated here would contribute to these national objectives, achieving emissions 
reductions that will contribute to meeting Peru’s NDC.     

2.1.2. Institutional Framework 
As mentioned before, the political-administrative organization of Arequipa distinguishes between the 
Provincial Municipality of Arequipa (MPA), the provincial government with jurisdiction over the whole 
Province of Arequipa, and the District Municipalities, with competences in their own districts. In regard 
with solid waste management, the competences are shared among the MPA and the 14 District 
Municipalities of the metropolitan area of Arequipa. 

The MPA is responsible for planning, coordinating and supervising municipal solid waste management in 
the Province, with oversight of the District Municipalities MSW activities. In addition to this, the MPA 
also has direct jurisdiction and control over the District of Arequipa (commonly referred as Cercado), the 
capital district of Arequipa. 

Within the MPA, the Direction of Citizen Services is responsible to plan, direct, execute, control and 
supervise the provision of public services.   
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Figure 2 shows the organization of this Direction, which is constituted by three Sub-Directions 
responsible for environmental management, local development and public health services respectively. 
In particular, the Sub-Direction of Environmental Management and the Sub-Direction of Sanitation and 
Public Health have competence on solid waste management. 
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Figure 2: Organigram of the Direction of Citizen Services of the MPA 

 

While the MPA has a planning, coordination and supervision role, the District Municipalities are directly 
responsible to ensuring the adequate provision of municipal public cleaning services5 in their respective 
districts. Nonetheless, the MPA is the direct responsible of the sanitary landfill of Arequipa, where the 
District Municipalities are required to dispose their waste. 

Among the MPA competences are determining the sanitary landfill waste gate-fees, evaluating the 
location of infrastructure for MSW and emitting the relevant land use compatibility certificate, 
approving public and private investment infrastructure projects for municipal solid waste management. 

These competences are particularly relevant for the organic waste management project, since the MPA 
will be ultimately responsible for determining and approving the organic waste treatment project, the 
site where the facility will be located, and the financing model. 

In 2017, the MPA, in collaboration with the District Municipalities, developed the Integrated 
Environmental Solid Waste Management Plan (PIGARS) for the period 2017-2028 with the goal to 
improve the solid waste management in the Province of Arequipa. The PIGARS includes all the different 
aspects of solid waste management, from generation to final disposition, and has a provincial scope 
seeking to transcend political-administrative district divisions by laying out strategic lines and actions for 
all the 29 districts of Arequipa, while recognizing the autonomy of the District Municipalities. 

The PIGARS has established the following six strategic objectives: 

1. Service Coverage: Promote and achieve universal coverage of the public cleaning service and re-
use of solid waste, recyclables, considering health and occupational safety aspects. 

2. Institutional Strengthening: Strengthen the management capacity of the solid waste 
management units, through an adequate MSW management framework, information platforms, 
and inclusive approaches. 

                                                           
5 The term public cleaning refers to the municipal services related to solid waste management, including waste 
collection, transport, treatment and disposition, but also street cleaning. 

Direction of 
Citizen Services

Sub-Direction of 
Environmental 
Management

Sub-Direction of Local 
Economic Development 

Promotion

Sub-Direction of 
Sanitation and Public 

Health
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3. Capacity Building: Strengthen the public authorities’ capacity, public cleaning workers and 
recyclers for a continuous improvement of solid waste management, considering a gender and 
equity approach. 

4. Environmental Citizenship: Raise awareness and generate a commitment among the population 
to pay for the public cleaning service.  

5. Waste Valorization: Promote valorization of solid waste through source separation, composting, 
collection and treatment of electrical and electronic equipment waste, and promotion of green 
jobs. 

6. Investment: Promote and facilitate investment projects to implement and improve the services 
of public cleaning and re-use/recycling of waste. 

In order to achieve these objectives, the PIGARS establishes targets for the short term (2017–2019), 
medium term (2020–2023) and long term (2024–2028), defining responsibilities, budgets for each 
activity, indicators and monitoring processes. 

This project will support the achievement of the Objective 5 of the PIGARS, which establishes specific 
targets to achieve that 5 District Municipalities are composting part of their organic waste by 2017-
2019, 10 District Municipalities by 2020-2023 and 20 District Municipalities by 2024-2028. The 
implementation of the identified organic waste project would help Arequipa to meet these targets. 

2.2. Solid Waste Management Situation  

2.2.1. Municipal Solid Waste Generation and Composition 
In 2015, the solid waste generated in the Province of Arequipa was 268,671 tons/year or 736.1 
tons/day, with most of the solid waste coming from households in the Urban Districts of the Arequipa as 
shown in Table 4. The household per capita generation was 0.48 kg/person/day.6 

Table 4: Solid Waste Generation in Arequipa 
Districts Population Household Per 

Capita 
Generation 

(kg/person/day) 

Household 
Generation 
(tons/day) 

Non-
household 
Generation 
(tons/day) 

Municipal 
Generation 
(tons/day) 

Municipal 
Generation 
(tons/year) 

Urban (17) 986,921 0.492 482.78 226.7 709.5 258,951 
Rural (12) 56,570 0.371 21.02 5.6 26.6 9,720 

Total 1,043,491 0.483 503.8 232.3 736.1 268,671 
 

In terms of characterization, the urban and rural Districts present different waste compositions, which 
are shown in   

                                                           
6 http://www.muniarequipa.gob.pe/descargas/gestionmanejoresiduos/PIGARS%202017-
2028/PIGARS%20final%2022%20de%20Diciembre.pdf  

http://www.muniarequipa.gob.pe/descargas/gestionmanejoresiduos/PIGARS%202017-2028/PIGARS%20final%2022%20de%20Diciembre.pdf
http://www.muniarequipa.gob.pe/descargas/gestionmanejoresiduos/PIGARS%202017-2028/PIGARS%20final%2022%20de%20Diciembre.pdf
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Figure 2Figure 3. In the whole Province of Arequipa, there is a significant amount of organic waste and 
other recyclable waste generated, around 59% of organic and 16% of recyclables as shown in Table 5. 

Figure 3: Solid Waste Composition in Urban (left) and Rural (right) Districts in Arequipa 

 

Table 5: Solid Waste Composition by type of recoverable material in Arequipa 
 Organic Waste Recyclable Material Non-recoverable 

Material 
Urban Districts 58.74% 16.42% 24.84% 
Rural Districts 67% 14.33% 18.67% 

Province of Arequipa 59.1% 16.3% 24.6% 
 

2.2.2. Waste Collection and Transport 
In Arequipa, each District Municipality has its own collection system and fleet. In the Urban Districts, the 
waste collection fleet is comprised by 160 vehicles, while 13 vehicles provide the collection service in the 
Rural Districts. 

In total, in the Province of Arequipa there are 173 waste collection vehicles: 92 compactor trucks, 30 
trucks, 18 tipper/dump trucks, 5 pickup trucks, and 24 three-wheelers. The estimated total waste 
collection capacity of the waste flee is 1,337 tons/day, considerably higher than the daily waste 
generation of 736.1 tons/day. However, the actual collection is 697.1 tons/day, which means that 38.99 
tons/day are not collected. All this indicates that 50.46% of the fleet is underused and however there is 
a breach between collection demand and offer. 

Image 1: Waste collection truck at the landfill’s weighbridge 
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This is of particular relevance considering that the waste collection vehicle fleet is considerably old 
(several vehicles are from 1972, 1980 and 1990), with less than 20% of the vehicles within their useful 
life. 

In terms of collection coverage, in the Urban Districts it ranges from 75% to 100%, with average 
collection coverage of 89.2%. In the Rural Districts there is not data on coverage except for two Districts 
where coverage is 90% and 100% respectively. 

Transfer Station 
The MPA approved the construction of a waste transfer station for Arequipa, which was funded by the 
local copper mining company (Cerro Verde) to meet part of its environmental compensation obligations. 

Image 2: MPA Transfer Station 

  

The transfer station has an area of 2,000 m2 and is located 10 km from the city center, halfway between 
the provincial sanitary landfill and the center of Arequipa. The main objective is to optimize the 
transportation of the waste to the landfill for final disposition, providing the District Municipalities with 
a closer intermediary disposal point so the collection vehicles do not have to go all the way to the landfill 
and therefore increasing service coverage and frequency, and lowering the waste transport costs. 
However, currently only the District of Arequipa (Cercado) partially uses the transfer station. 
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The transfer station has a gate-fee of 20 soles/ton (8 soles/ton for waste disposal and 12 soles/ton for 
waste transfer to the landfill). This gate-fee is considerably higher than the landfill gate-fee (8 soles/ton), 
which discourages most District Municipalities to dispose their waste at the transfer station. However, 
the municipalities are not factoring the savings from avoiding waste transport to the landfill, which 
could make economically more attractive disposition at the transfer station, particularly for those 
municipalities located farther away from the landfill. 

The transfer station receives around 85 tons/day from Cercado and having a compacting capacity of 44 
tons, two trips per day are currently required to transfer the compacted waste to the landfill. Two more 
compactors are expected to be acquired in order to increase the station's compacting capacity. This will 
be still insufficient to meet the 710.8 tons/day currently disposed in the landfill, even though there are 
Districts that are about 80 km far away from the landfill. There are plans that could lead to the 
construction of another waste transfer station in the south of the city, but this is still in a conceptual 
phase. 

As of today, there are no waste separation or segregation activities at the transfer station, in spite of the 
fact that there is a recycling collection center just next to the station. In this regard, it is to be noted that 
separation of waste at the transfer station before it is compacted could provide a potential source of 
organic waste for the municipality’s project while an additional source of recyclable for the recyclers 
working next door. 

2.2.3. Recycling 

Source Segregation Programs and Recyclers Associations 
In the Province of Arequipa, there are several programs of waste source segregation and selective 
collection of recyclable materials. Some Districts have implemented these programs for several years 
now, but most of the Districts started implementing them in 2011 in the context of the MINAM’s 
Incentives Program for the Improvement of Municipal Management – Implementation of an Integrated 
System of Municipal Solid Waste Management. Among the Urban Districts, 16 District Municipalities 
have source segregation programs that meet the requirements to achieve the goal of the MINAM’s 
Incentives Program. 

In addition to this, there are several recyclers associations in the Province of Arequipa, most formalized 
or in process of formalization. In the Urban Districts, there are 19 recyclers associations, while in the 
Rural Districts only one District Municipality has a recyclers association. 

Up to 17 District Municipalities work with 19 recyclers associations as part of their source segregation 
and selective collection programs. Around 36.17% of the Districts’ households are participating in the 
source segregation programs, with some District Municipalities accounting with up to 42% of 
households’ participation. 

Each District with a source segregation program has established a recycling collection center, usually run 
by the recyclers associations, where recyclables are separated by type and store before they are 
commercialized.  
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Image 3: Recycling Collection Center 

 

In 2016, the amount of solid waste recovered and commercialized in Arequipa was of 154 tons per 
month. However, the potential recoverable solid waste in Arequipa is estimated to be 2,457 tons per 
month. This figure was derived suing the Integral Solid Waste Management Plan and is based on 
characterization studies conducted in different districts of the Province. According to this, the effective 
segregation and collection rate of recyclable materials in Arequipa is only 6.26%. 

Recycling Plant 
The District Municipality of Yanahuara built a recycling plant in 2008 which is directly operated by the 
municipality. The plant accepts only dry recyclables (not organic waste), receiving around 1.2-1.5 
tons/day of paper, cardboard, cans, glass, metals, etc. 

The plant receives solid waste partially segregated at source, where full separation is conducted through 
semi-mechanical processes. Some recyclables are processed to produce plastic bags that are delivered 
for free to the population to be used for source segregation. The plant employs 17 people. 

2.2.4. Final Disposition 
Currently, solid waste final disposition in Arequipa takes place both in open dumpsites and the 
provincial sanitary landfill. 

Open Dumpsites 
There are 21 open dumpsites in the Province of Arequipa, of which 12 are receiving waste. In the Urban 
Districts there are 10 open dumpsites, with only two being currently used. In the Rural Districts there 
are 11 open dumpsites, with 10 being active. 

These open dumpsites present a health and environmental problem for Arequipa, since there are not 
formalized and controlled disposal procedures. In these places, the open burning of waste and informal 
recovery by waste pickers, have negative health and environmental impacts. 

The ultimate goal is that all the District Municipalities dispose their solid waste in the provincial sanitary 
landfill. However, the open dumpsites offer an attractive free of charge option in contrast with the 
landfill, in spite of the legal, health and environmental consequences. 
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Sanitary Landfill 
The sanitary landfill Quebrada Honda is owned by the Provincial Municipality of Arequipa and was built 
2014. The sanitary landfill was financed and built by Cerro Verde as part of its environmental 
compensation obligations. However, the operation and maintenance of the landfill is granted to a 
private operator through an annual public tender since the MPA lacks the technical resources to operate 
it. The yearly public tender was devised as a mechanism to ensure that the operator can be easily 
replaced if there are problems in the operation and maintenance of the landfill, while providing an 
opportunity for Peruvian companies to bid for the concession contract. However, since the landfill 
started operating in 2014, the concession contract has been consecutively granted to Interaseo, a 
private Colombian company. 

The disposition gate-fees are 7.8 soles/ton for the District Municipalities, and 25 soles/ton for private 
companies that dispose their waste in the landfill. However, the actual cost of disposition for the landfill 
operator is 31 soles/ton, which means the MPA has to cover the rest of the cost from other sources. 

Since the MPA is the owner of the landfill and the one with a contract with the operator, the MPA is the 
responsible for paying the operator for all the municipal waste disposed in the landfill by the different 
District Municipalities. The District Municipalities are expected to pay to the MPA for each ton of waste 
they dispose at Quebrada Honda. However, there is a significant problem of non-payment by most of 
the District Municipalities, which requires the MPA to cover the gap. 

Image 4: Sanitary Landfill Quebrada Honda 

  

Currently, all the 17 Urban Districts dispose their solid waste in Quebrada Honda, while only 3 of the 12 
Rural Districts dispose their waste in the landfill. The total solid waste disposed by these 20 districts is 
710 tons/day. However, it is estimated that approximately 113 tons/day are generated in the Province 
of Arequipa but not currently accounted for because some municipalities are illegally disposing part of 
their solid waste in open dumpsites. This means that the actual amount of solid waste arriving in the 
landfill should be 823 tons/day. 

The landfill is located about 20 km from the city center and the site has 155 hectares, although the 
disposition area currently occupies only 31 hectares. While there is no waste treatment before the 
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disposal, the level of waste decomposition and, subsequently, leachate generation is minimal due to the 
dry semi-arid climate of Arequipa.  

The landfill operations comply with all the regulations, however, due to the informal settlements 
(around 100 people living informally) within the landfill limits it has not received yet official certification 
of sanitary landfill. This presents a major risk for the MPA intended organic waste management project, 
since it is expected to be located within the landfill. Consequently until the landfill is not officially 
formalized, the organic waste management facility cannot be built. 

As of today, there is no study assessing the greenhouse gas emissions generated by the landfill. It is 
expected that an emissions assessment will be conducted by 2019.  However, it is estimated that 
emissions are low since the landfill has been operating for only four years and the low organic waste 
decomposition given the low humidity of the area. 

3. Opportunities for Organic Waste Management in Arequipa 

3.1.  Assessment of Alternatives for Organic Waste Treatment 
As a standard approach in modern MSW management, there are two main options for the organic 
fraction of municipal solid waste: 

1. Keep organic waste in the mixed MSW stream and then treat it at a Mechanical Biological 
Treatment (MBT) facility to reduce its environmental impact and recover valuable fractions;  

2. Separate organic waste at source and collect it separately from the rest of the waste stream for 
recycling at a composting and/or anaerobic digestion facility. 

The terms “MBT” and “organic waste recycling” are sometimes used as synonyms, since both processes 
use similar techniques for the biological treatment of organic waste. However, they have to be 
distinguished  in  terms  of  input  materials  and  utilization  of  the  final outputs.  While the solid and 
liquid outputs of organic waste recycling facilities (i.e. composting and anaerobic digestion plants) are 
usually used for soil applications and can have a commercial value as organic fertilizers, the bio-
stabilized output of MBT facilities has significant limitations due to its lower quality (which hinders the 
possibility to use it for land applications). 

The next sections will present a general overview of aforementioned three alternative technology 
options to treat organic waste: 

1. Mechanical Biological Treatment (MBT), based on the mechanical separation of non-source 
separated organic waste and the subsequent biological treatment; 

2. Composting based on the aerobic treatment of organic waste; 
3. Anaerobic Digestion based on the anaerobic treatment of organic waste. 
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3.1.1. Mechanical Biological Treatment 
Mechanical biological treatment (MBT) is a process designed to be a pre-treatment option before final 
disposal that allows to recover valuable materials and to biologically stabilize the organic fraction of the 
mixed MSW stream. 

In its most common layout, an MBT plant includes a mechanical section focusing on the “dry” fractions 
of the waste stream (sorting, homogenizing, shredding, pressing, etc.) and a biological section focusing 
on the organic fraction (aiming at reducing and stabilizing its organic content). The biological step can 
include an aerobic treatment, anaerobic digestion, or both of them. 

The practical advantages of treating mixed MSW at an MBT plant compared to direct disposal in a 
landfill are: 

• The reduction in volume and weight of the waste treated; 
• The reduction of the putrescible organic matter content, which also helps recovering dry 

materials for recycling (plastics, metals, paper/cardboard, etc.); and 
• The potential recovery of “compost-like” material suitable for certain controlled applications, of 

dry recyclables (plastics, metals, paper/cardboard), and/or of high-calorific waste mix known as 
refuse derived fuel (RDF) suitable for replacing fossil fuels at power stations in cement kilns. 

The main goal of MBT is to dispose a pre-treated and bio-stabilized waste characterized by its lower 
environmental impacts in the short-term (less attractive to rodents, birds, insects, etc.) and in the long-
term (less GHG emissions and leachate generation at the landfill). 

A generic mass balance on an MBT process is proposed in the Figure 4 . The utilization of the stabilized 
organic fraction (e.g. as a soil conditioner) may be possible under certain restrictions. If the compost-like 
output (bio-stabilized output) is produced from mixed solid wastes, the quality criteria and requirements 
for land application have to be met according to specific limitations. 
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Figure 4: Illustrative mass-balance of an MBT process 

 
Based on the intensity of the system and the relatively short duration of the biological step (up to 4-6 
weeks, instead of the 8-12 weeks required for the Organic Fraction of Municipal Solid Waste (OFMSW) 
recycling, the expected space demand of an MBT facility can range from 0.2 to 0.35 m2 per ton of 
residual waste treated every year. Compared to composting, MBT has higher requirements in terms of 
machinery since several segregating and conditioning steps could be necessary depending on the final 
goals of the treatment.  

As for the biological phase, it must be stressed that, at least in Europe, aerobic treatments are by far the 
most common option, while anaerobic digestion (AD) is losing ground mainly due to the limited number 
of technologies adoptable on such a heterogeneous and complicated feedstock and because the growth 
of organic waste separate collection is making the possibility of recovering biogas from unsorted waste 
less and less appealing. 

The overall investment costs strongly depend on the goals of the treatment, lower in case of a 
composting-like process simply aimed at reducing the organic load and higher in case of mechanical 
section strongly oriented at recycling dry fractions, and on the overall throughput capacity, as reported 
in Figure 5, referred to a survey on European facilities. 
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Figure 5: Indicative CAPEX ranges for MBT facilities depending on the throughput7 

 

3.1.2. Composting 
Composting is an organic waste treatment option whose main objective is to turn source-segregated 
organic waste into compost, a valuable solid organic fertilizer. Composting is a natural aerobic process 
performed by micro-organisms and fungi and consists in two biological steps respectively called the 
Active Composting Time (ACT) and the curing phase. 

Input materials 
Composting facilities accept different types of source-separated organic waste that can be classified in 
two main categories:  

1. Putrescible organic waste, characterized by a high nitrogen concentration, a high moisture 
content, and low permeability to air (i.e. food waste); 

2. Lignin/cellulose based organic waste, characterized by a high carbon concentration, a low 
moisture content, and high permeability to air (i.e. yard/green waste). 

Composting process stages 
The composting process can be summarized in the following five stages, each one associated with 
standard equipment and key features: 

1. Waste acceptance; 
2. Mechanical pre-treatment; 
3. Biological phase; 
4. Mechanical post-treatment (refining); 

                                                           
7  This figure and data is obtained from the report “Assessment Of The Options To Improve The Management Of 
Bio-Waste In The European Union” conducted by Arcadis/Eunomia for the European Commission. It can be access 
here:: http://ec.europa.eu/environment/waste/compost/pdf/ia_biowaste%20-%20final%20report.pdf   

http://ec.europa.eu/environment/waste/compost/pdf/ia_biowaste%20-%20final%20report.pdf
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5. Storage and commercialization of the final product (compost). 

A general mass balance of a composting facility is shown in Figure 6. 

Figure 6: Illustrative mass balance of an organic waste composting process 

 

 

1. Waste acceptance. In principle, the use of source-separated input waste should allow the 
production of compost. However, it is worth noting that a main concern in composting 
processes is the presence of sharp impurities or physical contaminants in the organic waste to 
be treated (e.g. plastics, glass and metals) due to inadequate sorting/separation at source. 
Therefore, these impurities must be properly removed before commercializing the compost 
product. 

2. Mechanical pre-treatment. To allow for the quick degradation of putrescible organic waste, 
different input materials must be blended in a mixture (the starting mixture) of easily 
degradable wet organic substances and structure-improving organic matter. To this end, bulking 
materials, commonly woody garden waste, are needed to create a mixture with adequate 
porosity that allows the air to flow in the pile when air conductivity is low. The basic equipment 
required for pre-treating organic waste is: a shredder for reducing the size of more bulky and 
woody organic waste fractions and a mixer for opening the bags containing food waste and 
blending it with green waste. An optimal carbon-to-nitrogen (C/N) ratio of the starting mixture 
should range between 20-35 parts of carbon to 1 part of nitrogen. Composting microorganisms 
use the carbon for energy and nitrogen for protein production during the composting process. 
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The proper balance of these two elements is essential to produce fertile and sweet-smelling 
compost.  

3. Biological phase. The biological phase of the composting process consists of two main steps: 
a. Active Composting Time (ACT), also known as intensive bio-oxidation, rotting phase, or 

thermophilic phase, where the fast degradation of the putrescible organic material 
takes place. 

b. Curing phase, where a more stable organic material converts into humic substances and 
a clay-humus complex. During this phase less draining and oxygenation operations are 
required compared to the more intensive ACT phase. 

4. Mechanical post-treatment (refining). At the end of the biological process, the resulting 
material known as rough compost must be mechanically refined to separate the compost from 
partially decomposed wood fractions and physical impurities. To do this, the required refining 
equipment includes a drum screen (diameter of 8-12 mm), which separates the compost (the 
fine fraction) from the larger fraction of rough compost (overscreen fraction). An additional 
gross screening of the overscreen fraction using a different drum screen (diameter of 80-120 
mm) allows separating most of the large impurities as overscreen fraction. An alternative to this 
second step could be the use of other technological equipment, such as wind sifters, which blow 
or suck air on the stream of material on a conveyor belt to divert the light fractions of the rough 
compost from the main stream, separating it into a dedicated chamber. 

5. Storage and commercialization of the final product (compost). 

Composting technologies 
There are different technology options for composting and they can be classified in the following 
categories (based on how the biological phases are performed): 

• Intensive/extensive systems: based on the specific energy input, the larger the input materials 
the more intensive the process; 

• Open/enclosed systems: based on the degree of isolation of the process from the surrounding 
area; 

• Static/dynamic systems: based on whether periodical turnings of the mixture are performed or 
not; 

• Forcedly ventilated/non-ventilated systems: based on the prioritized way of supplying fresh air 
to the composting pile, through forced aeration or by means of natural diffusion/convection. 

Based on these categories, two technological options can be considered for composing: 

1. Composting without forced aeration (WOFA), where mechanical turning equipment is used to 
regularly provide the process fresh air; 

2. Composting with forced aeration (WFA), where the aerobic conditions are maintained by 
means of blowers and pipelines for insufflating air into static piles or windrows. 

The main difference between composting WOFA and composting WFA is that the former needs the 
mixture to be turned periodically (dynamic systems) as the main method to provide fresh oxygen supply 
and to remove excess of heat. Conversely, composting WFA systems rely on forced or passive ventilation 
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of the piles (static systems), avoiding the disturbance of the microbial environment and the massive 
release of odors and dust into the surroundings associated with the turning.  Appendix 1 presents a 
comparison of the two composting technology options. 

3.1.3. Anaerobic Digestion 
Anaerobic digestion (AD) is the process of decomposition of organic material under controlled anaerobic 
conditions, at temperatures suitable for naturally occurring mesophilic or thermophilic anaerobic 
bacteria species to convert degradable organic matter into biogas and digestate. The digestate output is 
meant to undergo an aerobic curing phase (composting) to produce compost. The biogas output is a 
mixture of methane (50-65%), CO2 (35-50%) and other gases. The specific production of biogas and its 
composition depend on several aspects, ranging from the organic waste composition to the AD 
technology and the process performance. 

AD technologies 
Over the years, research and practical experience with AD on a broad range of organic feedstock have 
spurred the development of different available technologies. The main distinctions among the different 
technologies and process typologies are in the conditions in which the organic matter is anaerobically 
degraded and, more specifically, in the moisture of the mixture (ingestate) entering the anaerobic 
reactor and in the temperature of the process.  

Depending on the moisture or dry matter content of the ingestate, AD technologies can be divided in 
the following main groups: 

• Wet AD, where the ingestate must have a dry matter content lower than 10%; and 
• Dry AD, where the ingestate must have a dry matter content higher than 20%. 

As for the temperature at which the anaerobic process is performed, mesophilic (average temperature 
38-40°C) and thermophilic (average temperature 52-55°C) processes are the most commonly used at 
industrial scale. Thermophilic reactors can achieve higher biogas yields, although maintaining a proper 
process balance can be harder and more expensive. 

The type of reactor loading systems further distinguishes AD technologies between batch processes and 
continuous processes. While in continuous processes the digesters are periodically (daily or every few 
hours) fed with a given amount of ingestate and an equal amount of digestate is withdrawn, in batch 
processes the digesters are fed with a batch of ingestate and completely emptied after 3-4 weeks at the 
end of the AD process. Batch technologies are considered easier to manage, however, a higher specific 
biogas production is generally generated by continuous processes, where microbial kinetics is constantly 
kept at optimal conditions. Wet-continuous and dry-batch systems in mesophilic conditions are the 
most common systems. While wet-continuous systems are the most widely used worldwide, dry-batch 
are the most robust systems among the AD technologies, and therefore relatively cheap and easy to 
manage. Appendix 2 presents the main pros and cons of wet-continuous and dry-batch AD systems. 
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AD process stages 
The AD process can be summarized in the following six stages, each one associated with standard 
equipment and key features: 

1. Waste acceptance; 
2. Mechanical pre-treatment; 
3. Biological anaerobic phase; 
4. Biological aerobic post-treatment of digestate (optional); 
5. Mechanical post-treatment (refining); 
6. Final product (digestate and/or compost). 

An illustrative mass balance of a wet AD process is shown in Figure 7, and a dry-batch AD process mass 
balance is presented in Figure 8. As a reference throughput, both mass balances consider a food waste 
input of 36,500 TPY. In Appendix 3, a qualitative comparison of dry-batch AD and wet AD can be found. 

Figure 7: Illustrative mass balance of an organic waste wet AD process (absolute numbers are metric tons per year) 
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Figure 8: Illustrative mass balance of an organic waste dry-batch AD process (absolute numbers are metric tons per year) 

 
 

1. Waste acceptance. The amount of green waste required is different for the two technologies 
and depends on the specific demands of each technology. In order to compare wet AD and dry 
AD processes, it must be stressed that wet AD is much more sensitive to impurities in the 
organic waste, since most of the impurities that are not removed from waste before the 
biological process are likely to be trapped either at the bottom of the digester or to float on its 
surface, progressively clogging up the reactor and requiring expensive extraordinary 
maintenance activities. On the other hand, the dry-batch process is virtually indifferent to 
impurities content, since reactors are emptied and cleaned at the end of each biological cycle. 

2. Mechanical pre-treatment. This step includes a number of operations which are strictly 
connected with the specific AD technology chosen, presenting different possible layouts: 

• Layout A. Bag opening, screening, hydro-pulping/centrifugation/pressing, all aimed at 
the removal of low-density inert fractions. 

• Layout B. Shredding, screening, ferrous-metal removing, densimetric separation, 
dilution through screw mixer. 

• Layout C. Shredding, opening bags, mixing with digestate (10 to 50% by weight) 

Layout A is mainly used for wet digestion processes and Layout C for dry-batch processes 
performed in biocell-shaped reactors. In turn, Layout B is mainly suitable for dry or semi-dry 
continuous anaerobic digesters. 

3. Biological anaerobic phase. At the end of the anaerobic step, a partial recirculation of digestate 
inside the digester is often required by the specific technologies adopted, to: 
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• Contribute to waste dilution and reduce the demand of fresh water (especially in wet-
AD); 

• Inoculate waste with a pre-adapted pool of microorganisms in order to speed up the 
fermentation rate (both in dry and wet-AD); and 

• Pre-heat the ingestate (especially in wet-AD). 

Digestate recirculation takes place by means of pipelines in wet technologies while dry-batch 
technologies utilize simple wheel loaders to mix fresh waste with digestate removed from the 
fermentation reactors. 

The solid digestate extracted from dry-batch AD digesters, or the de-watered solid digestate 
recovered by means of centrifugation of the digestate from wet AD, consists of a relatively “dry” 
material (20-30% dry matter content) which holds nitrogen and Chemical Oxygen Demand 
(COD) concentrations comparable with digestate.  

The biogas generated during this stage can be converted through a combined heat and power 
(CHP) system into electricity (35-40% of the calorific value) and heat (40-45% of the calorific 
value), depending on the potential users and commercial possibilities. 

4. Biological aerobic post-treatment of digestate (optional). Unless a pre-pasteurization unit is 
installed prior to organic waste digestion there may still be pathogen concerns. It is therefore 
necessary to consider a post-composting step of the digestate solid fraction which, owing to the 
strong reduction in putrescible organic compounds incurred during the anaerobic reactor, can 
be completed in 4-6 weeks (a shorter period than plain composting).  The goals of the post-
composting step for both dry and wet AD are: 

• The reduction of moisture content, due to the heat production from aerobic oxidation 
of organic matter and subsequent evaporation of water in excess; 

• The reduction of free mineral nitrogen concentration, by a combined action of ammonia 
evaporation and its turning into an organic form due to microbial actions; 

• The mass sanitization, due to the production of biogenic heat and the increase of 
temperature over 55-60°C for several days; 

• The production of a solid product (compost) suitable for a wide market (direct 
application on agricultural soil, horticulture, gardening, domestic applications, etc.).  

In both scenarios, solid digestate is further treated aerobically for compost production, an 
option strongly recommended in order to produce an acceptable product for local markets. This 
is a necessary step for dry-batch AD, in which digestate is still contaminated with all the physical 
impurities affecting the incoming waste that can only be removed after a proper drying step. 
Liquid fraction from digestate separation in excess of the process needs should be considered as 
a cost, becoming a potential revenue only in the case of the development of a specific market. 

5. Mechanical post-treatment (refining). 
6. Final product (digestate and/or compost). 
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3.2. Assessment of Potential Organic Waste Available for the Project 
There are three main sources of organic waste generation in Arequipa: municipal markets, green areas 
and households. 

Based on data provided by the municipality of Arequipa,8 the total amount of organic waste generated 
by the municipal markets of the 18 districts considered in this analysis was 51.1 tons/day (or 18,396 
tons/year) in 2015. The daily and annual generation per district can be found in Table 6, which shows 
that the districts of Arequipa and Jose Luis Bustamante y Rivero (Bustamante) account for most of the 
organic waste generated by municipal markets (around 68% of total municipal market generation). 

Table 6. Potential Organic Waste from Municipal Markets, 2015 
Municipal 

District 
Potential Daily 

Generation (TPD) 
Potential Annual 
Generation (TPY) 

Arequipa  6.50 2340.00 
Alto Selva Alegre 0.28 100.80 
Cayma  0.09 32.40 
Cerro Colorado  0.07 25.20 
Characato  0.06 21.60 
Hunter  0.14 50.40 
Bustamante  28.50 10260.00 
Mariano Melgar  0.02 7.20 
Miraflores  1.50 540.00 
Paucarpata  1.38 496.80 
Sabandía  0.02 7.20 
Sachaca  0.30 108.00 
Socabaya  0.21 75.60 
Tiabaya  0.35 126.00 
Uchumayo  0.06 21.60 
Yanahuara  2.00 720.00 
Yura  9.50 3420.00 
La Joya  0.12 43.20 
Total 51.10 18396.00 

 

In turn, the maintenance activities of the municipal green areas of the 18 considered districts resulted in 
a similar amount of organic waste, 39.4 tons/day (or 14,180 tons/year) in 2015. As it was the case for 
municipal markets, Arequipa and Jose Luis Bustamente y Rivero districts account for most of the organic 
waste generation coming from municipal green areas, around 57% of all the green waste generated in 
the 18 districts. 

                                                           
8 Estudio de Mercado de Reciclaje, de Residuos Urbanos Reaprovechables y Compostable en la Provincia de 
Arequipa, 2015 
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Table 7. Potential Organic Waste from Municipal Green Areas, 2015 
Municipal 

District 
Potential Daily 

Generation (TPD) 
Potential Annual 
Generation (TPY) 

Arequipa  7.50 2700.00 
Alto Selva Alegre 0.14 50.40 
Cayma  1.87 673.20 
Cerro Colorado  2.50 900.00 
Characato  0.22 79.20 
Hunter  0.33 118.80 
Bustamante  15.00 5400.00 
Mariano Melgar  1.25 450.00 
Miraflores  1.50 540.00 
Paucarpata  0.62 223.20 
Sabandía  0.00 0.00 
Sachaca  2.50 900.00 
Socabaya  1.57 565.20 
Tiabaya  0.20 72.00 
Uchumayo  0.03 10.80 
Yanahuara  2.00 720.00 
Yura  0.60 216.00 
La Joya  1.56 561.60 
Total 39.39 14180.40 

 

As for organic waste coming from households, the 18 districts considered for the purposes of this 
analysis generated 229.4 tons/day (or 82,577.1 tons/year) in 2015. In this case, the organic waste 
generation is more evenly distributed among districts. As can be expected, Table 8 shows a larger 
organic waste generation by those districts with a higher population (see Table 3). 

Table 8. Potential Organic Waste from Households, 2015 
Municipal 

District 
Potential Daily 

Generation (TPD) 
Potential Annual 
Generation (TPY) 

Arequipa  12.72 4579.18 
Alto Selva Alegre 23.14 8331.35 
Cayma  24.26 8733.00 
Cerro Colorado  33.98 12233.72 
Characato  1.34 482.30 
Hunter  13.40 4824.92 
Bustamante  22.64 8151.97 
Mariano Melgar  17.62 6342.00 
Miraflores  10.96 3944.51 
Paucarpata  19.37 6973.29 
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Municipal 
District 

Potential Daily 
Generation (TPD) 

Potential Annual 
Generation (TPY) 

Sabandía  0.62 223.26 
Sachaca  5.95 2140.66 
Socabaya  14.31 5151.65 
Tiabaya  4.24 1525.99 
Uchumayo  3.84 1383.03 
Yanahuara  8.02 2887.96 
Yura  6.25 2251.33 
La Joya  6.71 2416.96 
Total 229.37 82577.08 

 

The combined organic waste generation of municipal markets, green areas and households amounted to 
319.9 tons/day (or 115,153.5 tons/year) in 2015. This is the total amount of organic waste that could be 
potentially recovered from the 18 considered districts and treated at a composting facility. 

3.3. Organic Waste Treatment Strategies Proposed 
While the total potential organic waste available is 319.9 tons/day if all markets, green areas and 
households are considered, recovering this amount would require a significantly large amount of 
economic, technical and human resources and it would be a long-term endeavor. 

Because of this and considering the fact that the MPA is already working with the KfW to develop an 
ambitious long-term integral strategy for solid waste management in Arequipa (including organic waste 
valorization), CCAP proposes a more practical approach to develop a composting project that can be 
rapidly implemented by starting at a smaller scale but can be easily scaled up with time. Thus, CCAP 
proposes a composting project focusing exclusively on the organic waste generated by municipal 
markets and green areas. 

Commonly, municipal markets and green areas are the best sources of readily available organic waste in 
terms of source-separation, quantities and selective collection.  

Most of the waste generated at markets and from green areas maintenance activities is organic, and 
therefore the source-separation effort is considerably lower if compared with organic waste generated 
by households. Additionally, these sources generate large quantities of organic waste: around 80% of 
total waste generated by markets is organic while essentially 100% of the waste generated from 
maintaining green areas is organic. Markets and green areas maintenance generate large amounts of 
easily source-separated organic waste that is localized in a small number of generation points when 
compared with households, which significantly facilitates selective collection. 

Therefore, the capacity training required to ensure an adequate separation of organic waste at source is 
significantly lower for municipal markets and green areas compared to households. This is due given 
that the number of waste generators to be trained is significantly lower and that the considerably higher 
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amount of organic waste in their waste streams (about 80% markets and almost 100% green areas) 
makes source-separation easier. Likewise, the required selective collection logistics are lower 
considering that the number of markets and green areas is significantly less than the number of 
households. 

In addition to this, municipal markets and green areas provide the two main input materials needed for 
optimal composting processes to occur (see Section 3.1.1): putrescible organic waste (i.e. food waste) 
and lignin/cellulose organic waste (i.e. yard/garden waste).  

This said, CCAP proposes two alternative strategies for treating organic waste from markets and green 
areas in Arequipa: 

1. Strategy 1: a composting project to treat the organic waste only from the municipal markets 
and green areas of the district of Arequipa. 

2. Strategy 2: a composting project to treat the organic waste from the municipal markets and 
green areas of all the 18 considered districts. 

The rationale behind these two different strategies is that due to the political-administrative 
organization of Arequipa and the decentralization of solid waste management public services. The MPA 
is the institution leading the development of the composting project, which requires the selective 
collection of organic waste from the different districts. However, the MPA has jurisdiction in matters of 
waste collection over the District of Arequipa, with the rest of the District Municipalities being directly 
responsible for the solid waste collection and disposal service in their districts. 

In this context, it might be difficult for the MPA to coordinate with all the other 17 District Municipalities 
to join the project and implement organic waste source-separation programs at their municipal markets 
and to establish selective collection routes to collect the organic waste from markets and green areas in 
their districts. Therefore, Strategy 1 proposes a comporting project at a small scale but easily scalable 
were other District Municipalities to join the initiative. In turn, Strategy 2 proposes a more ambitious 
composting project at a provincial scale under the assumption that the MPA will be able to reach a 
provincial agreement with the other District Municipalities to implement the project. 

3.4. Composting Technology Options Selected 
The two alternative strategies proposed will treat a significantly different amount of organic waste. 
Therefore, different composting technology options are recommended for each strategy. 

3.4.1. Strategy 1: Composting with forced aeration and gore cover system 
Under Strategy 1, the combined amount of organic waste coming from municipal markets and the green 
areas of the Arequipa district will be approximately 16 TPD or 5,000 TPY,9 with similar amounts of food 
waste and green waste. 

                                                           
9 This is the amount of organic waste projected over an assumed project lifetime of 20 years. See Section 4.1 for a 
detailed modelling of the projected annual amounts to be treated under Strategy 1. 
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A composting plant with a processing capacity of 5,000 TPY using a composting with forced aeration and 
gore cover system is proposed. This technology option is attractive under this scenario because of the 
relatively homogenous mixture of organic waste, which has a slightly higher amount of green waste than 
food waste. The amount of bulking agent provided by the green waste allows the air passively injected 
in the static composting piles to adequately flow for the composting process to optimally occur. 

This system does not require the use of a windrow turner, reducing significantly the initial investment 
needed. Additionally, composting with forced aeration and Gore® cover technology allows producing 
compost relatively quickly (within 9-12 weeks) and the passive ventilation of the covered piles avoids 
the disturbance of the microbial environment and the massive release of odors and dust into the 
surroundings associated with the turning. 

3.4.2. Strategy 2: Composting with forced aeration and turned windrows 
Under Strategy 2, the amounts of organic waste coming from municipal markets and the green areas 
from all the 18 districts will be approximately 97 TPD or 30,200 TPY.10 However, in this case the amounts 
of green waste available are slightly less than food waste.  

A composting plant with a processing capacity of 30,000 TPY using a composting with forced aeration 
and turned windrows system is proposed.11 This technology option is suitable under this scenario 
because of the relatively lower amount of green waste than food waste for the organic waste mixture. 
In addition to the forced ventilation system, the limited availability of bulking material requires the 
mixture to be turned periodically by means of a windrow turner in order to provide fresh oxygen supply 
to the composting piles and to remove the excess of heat from these. 

The combination of mechanical turning, forced aeration and covering the piles with semipermeable 
membranes allows producing compost relatively quickly (within 6-12 weeks) and reducing the demand 
of fresh water and odors release but incurring in significant initial investment needs in treatment 
technology. 

4. Conceptual Design of the Composting Project 

4.1.  Composting Plant Capacity 
In the design of a composting plant one of the first steps is the definition of the processing capacity 
based on the potential organic waste to be treated. This is particularly important since it will determine 
the maximum amount of organic waste that will be able to receive for processing. However, scalable 

                                                           
10 This is the amount of organic waste projected over an assumed project lifetime of 20 years. See Section 4.1 for a 
detailed modelling of the projected annual amounts to be treated under Strategy 2. 
11 This proposal is based in the one made by the KfW for a composting plant with the same capacity in their study 
Concepto MIRS Provincia de Arequipa. Programa de ingestiones "Manejo integral de residuos sólidos en 
municipalidades provinciales seleccionadas en Perú y la formulación de proyectos de inversión pública del servicio 
de limpieza que lo conforma". 
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composting systems configuration will allow to easily increase the processing capacity if needed in the 
future. 

In order to determine the capacity of the composting plant for each proposed strategy, it is necessary to 
project into the future the growth of the expected organic waste to be treated based on the assumed 
lifetime of the project. 

In this analysis, a project lifetime of 20 years is assumed with constructions starting in 2020, and 
therefore the project period is assumed to be 2020-2040. Based on the assessment of the potential 
organic waste available for the project conducted in Section 3.2, a waste generation growth rate of 1% is 
assumed in order to project into the future the organic waste available from markets and green areas.12 
Additionally, based on data from the waste characterization study of the municipal markets conducted 
in the District of Arequipa in 2015,13 it is assumed that 78.8% of the waste generated at the municipal 
markets is organic. 

In addition, it is considered that the operation time of the composting plant will be the same as the 
waste collection services: 6 days a week and 52 weeks a year. Table 9 summarizes these general 
assumptions. 

Table 9. Project General Assumptions  
Parameter Value 
Waste Generation Growth Rate 1% 
Municipal Markets Organic Waste 78.8% 

Project Lifetime 20 years 
(2020-2040) 

Composting Plant Operating Time 312 days/year 
 

In addition to this, it is critical to factor in the analysis the efficiency in the separation of organic waste at 
source, both municipal markets and green areas. That is, how much organic waste is effectively 
separated from the rest of the waste stream and ready for collection. It is assumed that it is easier to 
effectively separate organic waste generated by green areas maintenance activities than from municipal 
markets, since all of the green areas waste is essentially organic except some impurities or contaminants 
(e.g. plastics). Likewise, it is assumed that is easier to source-separate organic waste at municipal 
markets than at households given the larger fraction of organics in their waste streams. Finally, it is 
assumed that the efficiency rate of organic waste source-separation will increase with time as capacity 
training is provided and waste generators adopt source-separation as a common practice when 

                                                           
12 This 1% waste generation growth rate is the recommended by the MINAM and MEF for solid waste management 
project formulation in their "Guide for Identification, Formulation and Evaluation of Investment Public Projects of 
Solid Waste Management Services." Available at: 
https://www.mef.gob.pe/contenidos/inv_publica/docs/instrumentos_metod/ambiente/Libro-SNIP-por-
Contenido-de-la-Guia-2014.pdf      
13 Estudio de Caracterización de Residuos Sólidos Municipales del Distrito de Arequipa 2015 

https://www.mef.gob.pe/contenidos/inv_publica/docs/instrumentos_metod/ambiente/Libro-SNIP-por-Contenido-de-la-Guia-2014.pdf
https://www.mef.gob.pe/contenidos/inv_publica/docs/instrumentos_metod/ambiente/Libro-SNIP-por-Contenido-de-la-Guia-2014.pdf
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managing their waste. Considering all this, Table 10 summarizes the evolution of the efficiency rate in 
organic waste source-separation over the lifetime of the project. 

Table 10. Organic Waste Source-Separation Efficiency Rate  
2020-2021 2022-2023 2024-2025 2026-2027 2028-2029 2030-2040 

Municipal Markets 65% 70% 80% 85% 90% 95% 
Green Areas 90% 90% 95% 100% 100% 100% 

These general assumptions apply to the two proposed strategies. Next, the context-specific assumptions 
for each strategy are presented along with the projected annual organic waste to be treated under each 
scenario and used to determine the processing capacity for each plant. 

4.1.1. Strategy 1: Composting Plant with a 5,000 TPY processing capacity 
The Strategy 1 considers a composting plant treating the organic waste only from the municipal markets 
and the green areas of the district of Arequipa over the lifetime of the project, as shown in Table 11. 

Table 11. Strategy 1 Organic Waste Selective Collection Coverage  
2020-2040 

Municipal Markets Arequipa 
Green Areas Arequipa 

Based on all of the above, the annual organic waste expected to be recovered and treated between 
2020 and 2040 under the Strategy 1 is summarized in Table 12. This table only shows the data for the 
years 2020, 2025, 2030, 2035 and 2040, for the complete annual projections see Appendix 4. 

Table 12. Strategy 1 Expected Annual Organic Waste Available for Treatment at Composting Plant 

Municipal District Markets 2015 2020 2025 2030 2035 2040 
Arequipa  6.50 6.83 7.18 7.55 7.93 8.34 

Organic Waste  78.8% 78.8% 78.8% 78.8% 78.8% 
Source Segregation Efficiency  65% 80% 95% 95% 95% 

Sub-Total Markets   3.50 4.53 5.65 5.94 6.24 

       
Municipal District Green Areas 2015 2020 2025 2030 2035 2040 

Arequipa  7.50 7.88 8.28 8.71 9.15 9.62 
Source Segregation Efficiency  90% 95% 100% 100% 100% 

Sub-Total Green Areas   7.09 7.87 8.71 9.15 9.62 

       
TOTAL Daily Organic Waste (TPD)   10.59 12.40 14.36 15.09 15.86 

TOTAL Annual Organic Waste (TPY)   3,305 3,868 4,479 4,708 4,948 
 

According to this, the organic waste treated by the plant will reach 4,948 TPY by 2040. Therefore, a plant 
with a processing capacity of 5,000 TPY is proposed for Strategy 1. It is expected that the plant will not 
operate at full capacity during the project lifetime. However, this larger capacity offers an opportunity 
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for other Districts Municipalities to join the project in the future without requiring additional capital 
investments to increase the plant capacity.     

4.1.2. Strategy 2: Composting Plant with a 30,000 TPY processing capacity 
The Strategy 2 considers a composting plant treating the organic waste from the municipal markets and 
the green areas of all the 18 districts over the lifetime of the project. 

However, it is assumed that it will take time to the MPA to coordinate the source-separation and 
selective collection of the organic waste coming from the markets of all the 18 districts. Therefore, it is 
assumed that in the first year of operations only organic waste from the municipal markets of the 
Arequipa District will be collected. Gradually, the municipal markets of a new district every year will join 
the project until all the municipal markets from all districts are part of the initiative as shown in Table 
13. The municipal markets of Bustamante, Yura and Yanahuara are the first ones joining the project 
during the first 3 years because they present the largest generation of organic waste. The combined 
organic waste generation of the markets from the rest of the districts barely adds up to 4.7 TPD, and 
therefore the selective collection logistics should be easier to organize (a single compactor truck with a 5 
TPD capacity would be enough) and it is assumed that they all can join at the same time by 2024. 

As for green waste, it is assumed that the collection logistics will be easier to organize for all districts. 
Therefore, while in the first year only green waste from the green areas of the Arequipa district would 
be collected, it is expected that from 2021 onwards the rest of the districts will collect separately and 
dispose their green waste at the composting plant. Table 13 summarizes the organic waste collection 
coverage calendar for the project under Strategy 2. 

Table 13. Strategy 2 Organic Waste Selective Collection Coverage  
2020 2021 2022 2023 2024-2040 

Municipal Markets Arequipa Arequipa + 
Bustamante 

Arequipa + 
Bustamante 

+ Yura 

Arequipa + 
Bustamante 

+ Yura + 
Yanahuara 

All Districts 

Green Areas Arequipa All Districts All Districts All Districts All Districts 

 

Based on all of the above, the annual organic waste expected to be recovered and treated between 
2020 and 2040 under the Strategy 2 is summarized in   
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Table 14. This table only shows the data for the years 2020, 2025, 2030, 2035 and 2040, for the 
complete annual projections see Appendix 5. 
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Table 14. Strategy 1 Expected Annual Organic Waste Available for Treatment at Composting Plant 

Municipal District Market 2015 2020 2025 2030 2035 2040 
Arequipa  6.50 6.83 7.18 7.55 7.93 8.34 

Alto Selva Alegre 0.28 0.29 0.31 0.33 0.34 0.36 
Cayma  0.09 0.09 0.10 0.10 0.11 0.12 

Cerro Colorado  0.07 0.07 0.08 0.08 0.09 0.09 
Characato  0.06 0.06 0.07 0.07 0.07 0.08 

Hunter  0.14 0.15 0.15 0.16 0.17 0.18 
Bustamante  28.50 29.95 31.48 33.09 34.78 36.55 

Mariano Melgar  0.02 0.02 0.02 0.02 0.02 0.03 
Miraflores  1.50 1.58 1.66 1.74 1.83 1.92 

Paucarpata  1.38 1.45 1.52 1.60 1.68 1.77 
Sabandía  0.02 0.02 0.02 0.02 0.02 0.03 
Sachaca  0.30 0.32 0.33 0.35 0.37 0.38 

Socabaya  0.21 0.22 0.23 0.24 0.26 0.27 
Tiabaya  0.35 0.37 0.39 0.41 0.43 0.45 

Uchumayo  0.06 0.06 0.07 0.07 0.07 0.08 
Yanahuara  2.00 2.10 2.21 2.32 2.44 2.56 

Yura  9.50 9.98 10.49 11.03 11.59 12.18 
La Joya  0.12 0.13 0.13 0.14 0.15 0.15 

Total Markets Generation  6.83 56.45 59.33 62.35 65.53 
Organic Waste  78.8% 78.8% 78.8% 78.8% 78.8% 

Source Segregation Efficiency  50% 75% 95% 95% 95% 
Sub-Total Markets   2.69 33.36 44.41 46.68 49.06 

       
Municipal District Green Area 2015 2020 2025 2030 2035 2040 

Arequipa  7.50 7.88 8.28 8.71 9.15 9.62 
Alto Selva Alegre 0.14 0.15 0.15 0.16 0.17 0.18 

Cayma  1.87 1.97 2.07 2.17 2.28 2.40 
Cerro Colorado  2.50 2.63 2.76 2.90 3.05 3.21 

Characato  0.22 0.23 0.24 0.26 0.27 0.28 
Hunter  0.33 0.35 0.36 0.38 0.40 0.42 

Bustamante  15.00 15.77 16.57 17.41 18.30 19.24 
Mariano Melgar  1.25 1.31 1.38 1.45 1.53 1.60 

Miraflores  1.50 1.58 1.66 1.74 1.83 1.92 
Paucarpata  0.62 0.65 0.68 0.72 0.76 0.80 

Sabandía  0.00 0.00 0.00 0.00 0.00 0.00 
Sachaca  2.50 2.63 2.76 2.90 3.05 3.21 

Socabaya  1.57 1.65 1.73 1.82 1.92 2.01 
Tiabaya  0.20 0.21 0.22 0.23 0.24 0.26 

Uchumayo  0.03 0.03 0.03 0.03 0.04 0.04 
Yanahuara  2.00 2.10 2.21 2.32 2.44 2.56 
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Yura  0.60 0.63 0.66 0.70 0.73 0.77 
La Joya  1.56 1.64 1.72 1.81 1.90 2.00 

Total Green Areas Generation  7.88 43.51 45.73 48.06 50.51 
Source Segregation Efficiency  90% 95% 95% 95% 95% 

Sub-Total Green Areas   7.09 41.34 43.44 45.66 47.99 

       
TOTAL Daily Organic Waste (TPY)   9.79 74.70 87.86 92.34 97.05 

TOTAL Annual Organic Waste (TPY)   3053 23305 27411 28809 30279 
 

According to this, the organic waste treated by the plant will reach 30,279 TPY by 2040. Therefore, a 
plant with a processing capacity of 30,000 TPY is proposed for Strategy 2. It is expected that the plant 
will not operate at full capacity until the end of the lifetime considered for the project. Then, additional 
capital investments to increase the plant capacity can be considered (the plant will be designed to be 
easily scalable). 

4.2.  Composting Plant Technical Configuration 

4.2.1. Strategy 1: Composting Plant – 5,000 TPY 

Constructions 
• Receiving, pre-treatment and screening facility: 750 m2 

o Receiving Area: 200 m2 
o Storage Area: 200 m2 
o Pre-treatment Area: 200 m2 
o Offices and Services Area: 150 m2 

• Composting Area: 3,660 m2 
o ACT: 2 Gore® Bunker (8m x 50 m) with a capacity of 500 tons each 
o Curing: 3 Windrows (8m x 40m) 

• Compost Storage: 400 m2 
• Leachate and Rainwater Collection System: 200 m2 
• Fencing, lighting, gate: 242 m 
• Weighbridge deck 
• Asphalt Pad (including access roads): 5,010 m2 
• Total land required: approximately 0.7 hectares 

Equipment 
• 1 loader 
• 1 shredder plus mixer 
• 1 trommel screen 
• 2 bunker Gore® systems (see Figure 9) 
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Figure 9. Composting WFO Gore® Cover System Layout14 

 

 

Technical Specifications 
• Operating time: 312 days per year 
• Compost Production (% of incoming feedstock): 30% 
• Process Rejects (% of incoming feedstock): 7% 
• Electricity consumption by Gore® system: 2.2 kWh per ton of throughput 
• Diesel Fuel consumption: 3.2 liters per ton of throughput 
• Fresh water consumption by composting process:  0.3 m3 per ton of throughput 
• Fresh water consumption by plant personnel: 0.1 m3 per person 
• Labor: 5.5 staff 

o  1 supervisor/administrator 

                                                           
14 Source: https://www.cityofpaloalto.org/civicax/filebank/documents/15184  

https://www.cityofpaloalto.org/civicax/filebank/documents/15184
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o 1.5 operators 
o 3 laborers 

• Constructions Expected Lifetime: 20 years  
• Mobile Equipment Expected Lifetime: 8 years  
• Gore® Cover System Lifetime: 6 years 

4.2.2. Strategy 2: Composting Plant – 30,000 TPY 

Constructions 
• Delivery hall: 432 m2 

o Push walls reception and storages: 19 m3 
o Sorting cabins: 48m3 

• Workshops, offices, staff rooms: 200m2 
• Intensive Composting Tarmac Floor: 2,816 m2 

o 8 windrows units of 8m x 40m with membrane cover 
o Composting Air and leachate channels: 8,640 m2 
o Concrete walls for composting: 640m x 0.3m x 1.5m 

• Maturation Area: 1,408 m2 
o 4 windrows units of 8m x 40m without cover 

• Compost Product Storage: 343 m2 
• Roads (around hall, composting and access): 4,000m2 
• Weighbridge  
• Fencing, lighting, gate: 440m 
• Total land required: approximately 1.9 hectares 

Equipment 
• 2 Front-end loader small (2m3 shovel) 
• 1 Windrow turner (see Figure 10) 
• 1 Crusher 
• 1 Ferrous separator (<100 mm) 
• 1 Screen/windsifter combination (mobile) 
• 2 Composting System Ventilation Stations 
• Fleece Cover (2,560 m2) 
• Membrane Cover (2,560 m2) 
• 1 Membrane rolling device 
• 10 Sorting Conveyor Belt (0.8 m width) 
• 3 Collection bays containers 
• Hall air extraction system with dedusting (7,776m3/h) 
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Figure 10. Turned Windrow Composting15 

 

 

 

Technical Specifications 
• Operating time: 312 days per year 
• Compost Production (% of incoming feedstock): 23.3% 
• Process Rejects (% of incoming feedstock): 7% 
• Electricity consumption by treatment technology: 237,527 kWh per year 
• Diesel Fuel consumption: 2 liters per ton of throughput 
• Fresh water consumption by composting process:  0.5 m3 per ton of throughput 
• Fresh water consumption by plant personnel: 0.1 m3 per person 
• Hydraulic Oil Consumption: 0.008 liter per ton of throughput 
• Lubricants/Grease: 0.003kg per ton of throughput 
• Labor: 12 staff 

o 2 sorters 

                                                           
15 Source: Top Image: Fundases (2014). Estudio de viabilidad técnica, ambiental y económica para el 
aprovechamiento de los residuos sólidos orgánicos de las diez y nueve (19) plazas de mercado, el corte de césped y 
la poda de árboles del Distrito Capital; Bottom Image: 
https://www.rdoequipment.com/equipment/new/vermeer/machine/ct820  

https://www.rdoequipment.com/equipment/new/vermeer/machine/ct820
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o 1 Cleaner 
o 1 Driver reception 
o 1 Driver composting, products and storage 
o 1 Gate and weighbridge 
o 0.5 Maintenance equipment 
o 0.5 Maintenance electrical 
o 1 Shift supervisors 
o 1 Administration 
o 0.5 Plant manager 
o 2 Security 
o 0.5 Agriculture engineer 

• Constructions Expected Lifetime: .30 years  
• Mobile Equipment Expected Lifetime: 8 years  
• Treatment Technology Expected Lifetime: 18 years 

4.3.  Composting Plant Operation 

4.3.1. Strategy 1: Composting Plant – 5,000 TPY 

Waste Reception and Storage 
The incoming organic waste must comply with certain criteria in order to be apt for composting. This 
means it must not be contaminated with non-compostable materials (e.g. plastics, ferrous elements). 
While the incoming organic waste will be separated at source, a screening at the plant gate must be 
conducted in order to determine the source-separation process was adequately performed and the 
organic waste is apt for processing. If this is not the case, the load will be send to the landfill for disposal. 

In the first year of operations, the plant will be receiving an organic waste daily amount of 
approximately 10 TPD, 3.5 TPD of food waste from markets and 7 TPD of green waste from green areas. 
As the time passes and source-separation efficiency increases, it is expected that the daily amounts will 
increase accordingly and by 2040 around 15 TPD will be arriving at the plant (see Appendix 4). 

During the reception phase, a volume and weight control of each load of incoming waste will be 
conducted in order to verify the quality and quantity of organic material received. The accepted organic 
waste will be stored in the Storage Area, which has a capacity for 120 tons (266 m3) and an area of 200 
m2. This capacity is equivalent to approximately 10 days of incoming organic waste, which allows the 
continuous reception in case the composting operations need to stop for maintenance activities or 
extraordinary circumstances. 

Mechanical Pre-Treatment 
During this phase, the organic waste from municipal markets is shredded using the Shredder plus Mixer 
equipment, which reduces the material particles volume before it is mixed with the green waste. 
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Using the front loader, food waste and green waste are mixed in the composting area until creating a 
homogenous mixture apt for composting. This mixture is placed in the bunkers forming piles of 3.5 m 
high, 8 meters wide and 50 m long and is covered by the Gore® covers. 

Active Composting Time 
Any given batch of organics will spend 8-9 weeks within the Gore® bunkers, where compressed air is 
injected into the piles during the first stages of the composting process to keep the mixture permanently 
oxygenated. The Gore® cover also allows avoiding excess of heat and/or humidity. 

The leachate and rainwater collection system allow collecting the leachate generated during the 
composting process as well as rainwater using a network of PVC pipes that channels the liquids into an 
underground pool with a capacity of 25 m3. These liquids will be injected into the piles as needed in 
order to maintain the appropriate levels of humidity using a pumping and sprinklers system. 

Monitoring of the piles is conducted during the whole process, measuring the humidity content, 
temperature, hydrogen concentration and other data. After the first 4 weeks, the humidity and aeration 
conditions within the bunkers are modified as the material starts decomposing. 

Curing 
After 8-9 weeks of ACT in the Gore bunkers, the significantly reduced organic material is moved the 
curing area by means of the front loader, where windrows are formed for the curing process. After a 
period of 2-3 weeks the composting material achieves equilibrium conditions and is ready for refining. 

Mechanical Post-treatment and Storage 
After the 12 weeks composting process, the resulting material (rough compost) is mechanically refined 
to separate the compost from partially decomposed wood fractions and physical impurities using the 
trommel screen. Different size refining allows producing compost for different applications. For 
example, a refining using an 8-10 mm screen produces compost for seeds cultivation, while a 10-15 mm 
refining generates compost apt for intensive cultivation and a 15-20 mm refining for fruit and forest 
plantation. It is estimated that the refining process will generate some reject materials (around 7% of 
the incoming organic waste), which will be disposed at the landfill along with other residual waste 
generated at the composting plant. 

Ultimately, the final compost product will be stored in the Compost Storage Area in bulk in piles of 5 m 
high, which will be turned by a front loader at least once a month in order to avoid a loss of product 
quality before it is commercialized. 

4.3.2. Strategy 2: Composting Plant – 30,000 TPY 

Waste Reception and Storage 
The incoming organic waste must comply with certain criteria in order to be apt for composting. This 
means it must not be contaminated with non-compostable materials (e.g. plastics, ferrous elements). 
While the incoming organic waste will be separated at source, a screening at the plant gate must be 
conducted in order to determine the source-separation process was adequately performed and the 
organic waste is apt for processing. If this is not the case, the load will be send to the landfill for disposal. 
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In the first years of operations, the plant will be receiving an organic waste daily amount of 
approximately 52 TPD, 15 TPD of food waste from markets and 38 TPD of green waste from green areas. 
As the time passes and source-separation efficiency increases, it is expected that the daily amounts will 
increase accordingly and by 2040 around 97 TPD will be arriving at the plant (see Appendix 5). 

During the reception phase, a volume and weight control of each load of incoming waste will be 
conducted in order to verify the quality and quantity of organic material received. The accepted organic 
waste will be stored in the Storage Area, which has a capacity for 192 tons (266 m3). This capacity is 
equivalent to approximately 2 days of incoming organic waste, which allows the continuous reception in 
case the composting operations need to stop for maintenance activities or extraordinary circumstances. 

Mechanical Pre-Treatment 
During this phase, the front loaders will feed the crusher/shredder machine with food and green waste 
from the municipal markets and green areas in order to achieve the optimal mixture for composting. 
The mixture is transported by means of the sorting conveyor belts to the sorting, classification area, 
where impurities, such as plastics, metals, large wood pieces, etc., are removed. 

The initial mixture must have a typical water content high enough for the composting process to occur. 
If the water content is not adequate, fresh water will be injected using a water pump and hose. 

Active Composting Time 
The ACT process will last approximately 6 weeks, where the mixture will be distributed in eight 
windrows of 8 m wide and 40 m long. Each windrow is closed on the sides by concrete walls of 1.5 m 
high and 40 m long, and will be covered by a two-layer fleece and membrane cover. The membrane 
cover is semipermeable and allows the reduction of the dehydration of the windrows by the sun and 
wind and of the demand of fresh water; while protecting the windrows from strong rainstorms and 
wind. The membrane has a rolling device that allows easy covering and uncovering of the windrows.  

The windrows can be access from both sides by front loaders and windrow turners using inner roads of 8 
m wide. Each windrow bunker has two porous aeration channels located in the asphalt surface which 
are used to inject air into the pile by a ventilation system at the end of each channel. In order to 
minimize the water demand, the aeration system will only operate at the minimum level required to 
maintain the windrow oxygenated and with a temperature below 70°C. The personnel will monitor the 
temperature using the measurement equipment. 

After 6 weeks, fresh compost is generated, which can be used for agricultural activates after the refining 
phase. However, this compost cannot be stored for long periods of time and needs to be consumed in 
the short term. Therefore, the additional phase of curing is recommended.  

Curing (optional) 
The fresh compost produced after 6 weeks of ACT can be subjected to an additional curing phase of six 
more weeks to produce “new” compost, which can be stored for longer period and is adequate for 
gardening, fine seeds cultivation, etc. In Arequipa, flower cultivation is an important activity and flower 
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farmers have been identified as potential buyers of compost. Therefore, while optional, this additional 
phase is strongly recommended. 

For the curing phase, a front loader will transport the material from the ACT area to the curing area, 
where it will be distributed in 4 open windrows without forced aeration of 8 m wide and 40 m long. 
After 6 more weeks of curing, the composting material is ready for the refining. 

Mechanical Post-treatment and Storage 
The final stage is the refining process of the rough compost produced after the ACT and curing phase. 
During the refining process, the front loader feeds the rough compost to a screen/windsifter machine 
using a refining screen size of 8-12 mm. The smaller fraction of the material obtained will be the final 
compost product. The windsifter allows winnowing impurities such as plastics. The resulting overscreen 
fraction can be reused in the composting process as long as the level of impurities and contaminants is 
minimal. This overscreen fraction is particularly useful as a bulking agent and can serve to minimize the 
lower amounts of green waste compared to food waste. The contaminated overscreen material will be 
disposed at the landfill (approximately 7% of the incoming organic waste). 

The final compost product will be stored in the Compost Storage Area in piles of 5 m high, which will be 
turned by a front loader at least once a month in order to avoid a loss of product quality before it is 
commercialized. 

4.4.  Location 
The landfill Quebrada Honda has been identified by the MPA as the most suitable site for the 
composting facility. There is a plot of 90 hectares where the plant could be located, an area significantly 
larger than the required for a composting plant with a treatment capacity of 100 tons per day that 
ranges between 2 and 5 hectares depending on the composting technology used. 

Image 5. Potential site within the landfill 
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However, the formalization of the certification of Quebrada Honda as a sanitary landfill (as required by 
MINAM) is a pre-requisite for the plant to be located within the landfill. As mentioned before, while the 
landfill complies with established regulations, it has not been certified as sanitary landfill due to informal 
settlements within the landfill limits, with around 100 people living informally in the landfill buffer zone. 
This is a pressing issue for the municipality, and it is expected to be solved by this year, especially due to 
pressures coming from MINAM. However, it is a matter of political will and the incoming municipal 
elections could affect the soon resolutions of the problem. In any case, until the landfill is not officially 
formalized and registered as a sanitary landfill, the organic waste management facility cannot be built in 
this location. 

5. Economic-Financial Evaluation 

5.1.  Cost Analysis 

5.1.1. Strategy 1: Composting Plant – 5,000 TPY 

Capital Expenditures (CAPEX) 
The composting plant envisioned for Strategy 1 has a processing capacity of 5,000 TPY and uses a WFA 
and Gore® cover system. The estimated total initial investment costs for this type of facility are USD 1.7 
million. 

Table 15 shows the individual cost of the civil works, treatment technology and mobile equipment 
required by this composting facility, including the engineering, installation and contingencies costs. 

Table 15. CAPEX of Strategy 1 Composting Plant – 5,000 TPY 

CAPEX (USD)     
Civil Works Units Cost 
Asphalt pad (including roads, composting area, etc.) 5,010m2 $133,466 
Receiving / Pre-treatment/Screening shed 750m2 $150,000 
Weighbridge deck  $13,500 
Fencing, lighting, gate 242m $50,200 

Constructions  $347,166 
Engineering 10% $34,717 
EPC Contractor fee 10% $34,717 
Contingencies 10% $34,717 

Sub-Total Civil Works  $451,316 
Treatment Technology    
Gore° system (2 bunkers plus installation package)  $380,000 

Treatment Technology  $380,000 
Contingencies 10% $38,000 

Sub-Total Treatment Technology  $418,000 
Mobile Equipment    
Loader  $153,000 
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Shredder plus Mixer  $550,000 
Trommel screen  $57,000 

Equipment  $760,000 
Contingencies 10% $76,000 

Sub-Total Mobile Equipment  $836,000 
Total   $1,705,316 

 

Operating Expenses (OPEX) 
The main operating expenses of a composting plant are labor costs, maintenance costs and variable 
costs, which includes the costs of the energy and other materials consumed during the operation of the 
plant. 

Table 16 shows the annual operating costs of the composting facility assuming that it is operating at full 
capacity, processing 5,000 TPY of organic waste. In this scenario, the total OPEX of the plant is USD 
119,260 per year, which is equivalent to USD 23.85 per ton of organic waste processed. 

Table 16. OPEX of Strategy 1 Composting Plant – 5,000 TPY 

OPEX (USD per year)     
Labor Units Annual Cost 
Supervisor 1 $21,319 
Operator 1.5 $14,924 
Laborer 3 $21,319 

Labor 5.5 $57,562 
Allowance 20% for extended shift length, absence, 
holidays, training, etc. 20% $11,512 

Sub-Total Labor  $69,075 
Annual Maintenance Costs % of Investment  
Constructions 2% $6,943 
Equipment  $2,300 
Taxes, insurance 1% $17,433 

Sub-Total Maintenance Costs  $26,676 
Variable Costs Unit Cost  
Electricity (USD/kwh) 0.15 $1,650 
Fuel (USD/l) 0.80 $12,800 
Fresh Water labor consumption (USD/l) 0.77 $132 
Fresh Water Composting Process (USD/l) 0.77 $1,927 
Miscellaneous  $5,000 
Lab  $2,000 

Sub-Total Variable Costs  $23,509 
Total   $119,260 

   
Operational Unitary Cots (USD/ton)   $23.85 
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5.1.2. Strategy 2: Composting Plant – 30,000 TPY 

Capital Expenditures (CAPEX) 
The composting plant envisioned for Strategy 2 has a processing capacity of 30,000 TPY and uses a WFA 
turned windrows system. The estimated total initial investment costs for a composting facility with 
these characteristics are USD 4.4 million. 

Table 17 shows the individual cost of the civil works, treatment technology and mobile equipment 
required by this composting facility, including the engineering, installation and contingencies costs. 

Table 17. CAPEX of Strategy 2 Composting Plant – 30,000 TPY 

CAPEX (USD)    
Civil Works Units Cost 
Delivery hall 432m2 $167,443 
Hall floor concrete 432m2 $83,722 
Intensive Composting Tarmac Floor 2816m2 $83,466 
Push walls reception and storages 19m3 $3,882 
Sorting cabins 48m3 $21,341 
Composting air and leachate channels 640m2 $36,480 
Concrete walls for composting 640mx0.3mx1.5m $59,754 
Maturation Area 1,408m2 $41,733 
Storage 343m2 $10,157 
Roads (around hall, composting and access) 4,000m2 $118,560 
Weighbridge civil installation  $2,438 
Workshops, offices, staff rooms 200m2 $88,920 
Fencing, lighting, gate 440m $91,291 
Interface connections (electricity, transformer 
station, water, sewer, telephone/date, etc.)  $133,950 

Constructions  $943,138 
Engineering 10% $94,314 
EPC contractor fee 10% $94,314 
Contingencies 10% $94,314 

Sub-Total Civil Works  $1,226,079 
Mechanical Processing Machinery Units  
Crusher 1 $239,400 
Ferrous separator (<100 mm) 1 $28,500 
Screen/windsifter combination (mobile) 1 $313,500 
Composting System Ventilation Stations 2 $902,880 
Fleece Cover 2,560m2 $5,837 
Membrane Cover 2,560m2 $93,389 
Sorting Conveyor Belt (0.8 m width) 10 $34,200 
Weighbridge deck 1 $11,400 
Collection bays containers 3 $8,550 
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Hall air extraction system with dedusting 7776m3/h $53,188 
Treatment Technology  $1,690,843 

Fixed Machinery  $1,269,568 
Fixed Machinery Installation 15% $190,435 
Engineering 8% $126,813 
Fixed Machinery electricity supply, distribution and 
SCADA, hall lighting 10% $126,957 
EPC contractor fee 10% $169,084 
Contingencies 10% $169,084 

Sub-Total Mechanical Processing Machinery  $2,473,217 
Mobile Equipment Units  
Front-end loader small (2m3 shovel) 2 $273,600 
Windrow turner 1 $353,400 
Membrane rolling device 1 $22,800 

Mobile Equipment  $649,800 
Contingencies 10% $64,980 

Sub-Total Mobile Equipment  $714,780 
Total   $4,414,077 

 

Operating Expenses (OPEX) 
The main operating expenses of a composting plant are labor costs, maintenance costs and variable 
costs, which includes the costs of the energy and other materials consumed for the operation of the 
plant. 

Table 18 shows the annual operating costs of the composting facility assuming that it is operating at full 
capacity, processing 30,000 TPY of organic waste. In this scenario, the total OPEX of the plant is USD 
461,162 per year, which is equivalent to USD 15.37 per ton of organic waste processed. 

Table 18. OPEX of Strategy 2 Composting Plant – 30,000 TPY 

OPEX (USD per year)    
Labor Units Annual Cost 
Total sorters 2 $14,213 
Cleaners 1 $5,330 
Driver reception 1 $9,949 
Driver composting, products and storage 1 $9,949 
Gate and weighbridge 1 $9,949 
Maintenance equipment 0.5 $5,685 
Maintenance electrical 0.5 $7,106 
Shift supervisors 1 $10,660 
Administration 1 $12,436 
Plant manager 0.5 $10,660 
Security 2 $12,792 
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Agriculture engineer 0.5 $8,883 
Labor 12 $117,612 

Allowance 20% for extended shift length, absence, 
holidays, training, etc. 20% $23,522 

Sub-Total Labor  $141,135 
Annual Maintenance Costs % of Investment  
Constructions 2% $18,863 
Treatment Technology 4% $63,897 
Mobile Equipment 4% $25,992 
Taxes, insurance 1% $44,141 

Sub-Total Maintenance Costs  $152,892 
Fixed Costs  $294,027 

Variable Costs Unit Cost  
Electricity (USD/kwh) 0.15 $37,473 
Diesel fuel (USD/l) 0.80 $47,969 
Fresh water labor consumption (USD/l) 0.77 $288 
Fresh water composting process (USD/l) 0.77 $11,548 
Hydraulic oil (USD/l) 4.74 $1,137 
Lubricants/grease (USD/kg) 3.56 $320 
Membrane replacement (USD/ton) 2.28 $68,400 

Sub-Total Variable Costs  $167,135 
Total   $461,162 

   
Operational Unitary Cots (USD/ton)   $15.37 

 

5.2.  Project Valuation Analysis 
In order to assess the value of the project and therefore its financial feasibility, the discounted cash flow 
(DCF) valuation method is used. DCF is a direct valuation technique that values a project by projecting its 
future free cash flows16 into the future for an assumed project lifetime, discounting them to the present 
using a discount rate, and then calculating the Net Present Value (NPV), Internal Rate of Return (IRR) 
and Payback Period (PB) of the project for the period considered. 

The NPV, IRR and PB are key economic indicators in project valuation that allow assessing the 
profitability of a project and making an informed investment decision. 

• NPV. The NPV calculates the difference between all future project revenues and costs (including 
initial investment) discounted to the present so the investors have an idea of the actual value of 
the investment today. A project is considered financially viable if its NPV is positive. 

                                                           
16 The Free Cash Flow is the amount of revenues produced by a project after paying for operating expenses and 
capital expenditures. 
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• IRR. The IRR is the discount rate at which the project’s NPV equals zero, o more simply, 
percentage rate earned on each dollar invested for each period it is invested. It provides a useful 
threshold rate of return, so if a project’s IRR is higher than an investor’s required rate of return 
then the project is considered attractive for investment. Generally speaking, the higher a 
project’s IRR, the more desirable it is to undertake. 

• PB. The PB calculates the length of time required to recoup the original investment. 

In this valuation analysis, an Unlevered DCF approach is taken. This means that the analysis does not 
consider the potential capital structure (equity and debt) to finance the project. 

Table 19 present the key economic assumptions used for the analysis. Some of these assumptions are 
critical in determining the projected future cash flows, such as the waste gate fees or the compost price, 
since they condition the revenue stream of the project. It is assumed that the composting plant will be 
eligible to receive the same gate-fee per ton of waste accepted as the landfill operator. As for the 
compost price, while there is not a consolidated compost market in Arequipa, according to the KfW 
study an average compost price in Peru is approximately USD 200/ton. 

Another critical assumption of the analysis is that 100% of compost produced by the plant will be sold. 
However, this is consistent with the potential demand of compost in the region of Arequipa if a market 
is developed, which would be significantly higher than the compost produced by the plant and therefore 
easily absorbed. The province of Arequipa has approximately 58,000 hectares of agricultural land and 
the municipal green areas represent 280 hectares. Considering that 1 hectare requires around 20 tons of 
compost per year, the potential total demand of compost in the region would amount to 1.2 million tons 
of compost per year, while the composting plants proposed would produce around 4,000-26,000 tons 
per year between 2020 and 2040.  

Table 19. Project Valuation Economic Assumptions 
Parameter Value 
Inflation rate17 2% 
Discount Rate 8% 
PEN/USD Exchange Rate18 0.3 
Income Tax19 29.5%   

Waste Gate Fee (PEN/ton) PEN7.8 
Waste Gate Fee (USD/ton) $2.34 
Rejects Gate Fee (PEN/ton) PEN7.8 
Rejects Gate Fee (USD/ton) $2.34 
Compost Sale Price (USD/ton) $200 

                                                           
17 Source: 2018 September Peru Central Bank Inflation Report. http://www.bcrp.gob.pe/publicaciones/reporte-de-
inflacion.html  
18 Source: Bloomberg Markets 
19 Source: Deloitte, International Tax Peru Highlights 2018. 
https://www2.deloitte.com/content/dam/Deloitte/global/Documents/Tax/dttl-tax-peruhighlights-2018.pdf  

http://www.bcrp.gob.pe/publicaciones/reporte-de-inflacion.html
http://www.bcrp.gob.pe/publicaciones/reporte-de-inflacion.html
https://www2.deloitte.com/content/dam/Deloitte/global/Documents/Tax/dttl-tax-peruhighlights-2018.pdf
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Parameter Value 
Compost Sold (% of Compost Produced) 100%   

Electricity Price (USD/kWh) $0.15 
Diesel Fuel Price (USD/l) $0.80 
Fresh Water Price (USD/l) $0.77 

 

5.2.1. Strategy 1: Composting Plant – 5,000 TPY 
This section presents the project valuation analysis for the composting plant of Strategy 1. 

Table 20 presents some specific technology assumptions for the Strategy 1 composting plant that have 
been included in the DCF analysis. Both the treatment technology and the mobile equipment have an 
expected useful life of 8 years, and therefore additional capital investments to replace them will be 
needed in the years 9 and 17 of the project lifetime.  

Table 20. Strategy 1 Composting Plant Additional Capital Investments Required 
Parameter Value 
Treatment Technology Lifetime (years)  8  
Treatment Technology Replacement Cost  $229,000  
Treatment Technology Replacement Cost 
(USD) in 9th year  $273,676  

Treatment Technology 1st Replacement 
Investment Year 9 

Treatment Technology Replacement Cost 
(USD) in 17th year  $320,655  

Treatment Technology 2nd Replacement 
Investment Year 17 

  
Mobile Equipment Expected Lifetime (years)  8  
Mobile Equipment Costs (USD) $760,000  
Mobile Equipment Replacement Cost (% of 
investment) 10.00% 

Mobile Equipment Replacement Cost (USD) in 
9th year  $90,827  

Mobile Equipment 1st Replacement 
Investment Year  9  

Mobile Equipment Replacement Cost (USD) in 
17th year  $106,418  

Mobile Equipment 2nd Replacement 
Investment Year  17  
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Table 21 presents the project valuation DCF analysis over five-year intervals running from year 0 to year 
20. This table provides a snapshot of the expected annual revenues and expenses, including the initial 
investments and the unlevered annual free cash flows, the annual earnings after taxes and before 
interests. To see the yearly breakdown complete analysis, see Appendix 6. 

Table 21. Strategy 1 Composting Project Valuation Analysis 

 2020 2021  2025 2030 2035 2040 

Year 0 1  5 10 15 20 

    
    

Investment     
    

Civil Works Investment $451,316   
    

Treatment Technology Investment $418,000   
    

Mobile Equipment Investment $836,000   
    

Initial Capital Investment ($1,705,316)   
    

    
    

Revenues    
    

Incoming Feedstock (ton/year)  3,338  3,868 4,479 4,708 4,948 

Waste Gate Fee (USD/year)  $2.34  $2.53 $2.80 $3.09 $3.41 

Gate Fee Revenues (USD/year)  $7,811  $9,797 $12,526 $14,535 $16,867 

    
    

Compost Produced (ton/year)  1,001  1,160 1,344 1,412 1,484 

Compost Sale Price (USD/ton)  $200  $216 $239 $264 $291 

Compost Sales (USD/year)  $200,292  $251,197 $321,184 $372,702 $432,483 

     
    

Total Revenues (USD/year)  $208,104  $260,993 $333,710 $387,237 $449,350 

    
    

Expenses    
    

Process Rejects  234  271 314 330 346 

Waste Gate Fee (USD/year)  $2.34  $2.53 $2.80 $3.09 $3.41 

Rejects Disposal Cost (USD/year)  $547  $686 $877 $1,017 $1,181 

    
    

Labor (USD/year)  $69,075  $74,769 $82,551 $91,143 $100,629 

Annual Maintenance Costs (USD/year)  $26,296  $28,464 $31,427 $34,698 $38,309 

Fixed Costs (USD/year)  $95,371  $103,233 $113,978 $125,841 $138,938 

    
    

Electricity Consumption (kWh/year)  7,344  8,509 9,854 10,357 10,885 

Electricity Price (USD/kWh)  $0.15  $0.16 $0.18 $0.20 $0.22 

Electricity Costs (USD/year)  $1,102  $1,382 $1,767 $2,050 $2,379 

    
    

Diesel Fuel Consumption (l/year)  10,682  12,377 14,333 15,065 15,833 

Diesel Fuel Price (USD/l)  $0.80  $0.87 $0.96 $1.06 $1.17 

Diesel Fuel Costs (USD/year)  $8,546  $10,718 $13,704 $15,902 $18,453 
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Fresh Water Consumption by staff (m3/year)  172  172 172 172 172 

Fresh water Consumption by process (m3/year)  1,001  1,160 1,344 1,412 1,484 

Fresh Water Price (USD/l)  $0.77  $0.83 $0.92 $1.02 $1.12 

Fresh Water Costs (USD/year)  $904  $1,111 $1,396 $1,611 $1,859 

    
    

Miscellaneous Costs (USD/year)  $5,000  $5,412 $5,975 $6,597 $7,284 

    
    

Lab Costs (USD/year)  $2,000  $2,165 $2,390 $2,639 $2,914 

    
    

     
    

Total Expenses (USD/year)  $113,470  $124,706 $140,086 $155,657 $173,007 

    
    

EBITDA  $94,634  $136,287 $193,624 $231,580 $276,343 

Depreciation  $179,316  $179,316 $68,129 $68,129 $75,950 

    
    

EBIT/Taxable Income  $(84,682)  $(43,029) $125,495 $163,452 $200,393 

Corporate Income Taxes  $-  $- $(37,021) $(48,218) $(59,116) 

    
    

Tax-adjusted EBIT  $(84,682)  $(43,029) $88,474 $115,233 $141,277 

Depreciation  $179,316  $179,316 $68,129 $68,129 $75,950 

Additional Capital Costs    
    

     
    

Unlevered Free Cash Flows ($1,705,316) $94,634  $136,287 $156,603 $183,362 $217,227 
 

After the initial investment in year 0, the operating plant returns positive earnings from year 1 onwards, 
reaching USD 217,227 in year 20. However, as shown in Table 22, the NPV of the project is negative, the 
IRR is only 4% and the initial investment of the project will not be recovered until year 15. 

Table 22. Strategy 1 Composting Project Financial Indicators 

Parameter Value 
NPV ($546,718) 
IRR 4% 
Payback Period 15.12 

 

However, these results are conditioned by the assumptions used for the analysis. A sensitivity analysis is 
deemed necessary to assess how these financial indicators vary as economic conditions change. 
Additionally, an assessment of the potential capital structures to finance this project needs to be 
conducted to improve the value of these financial indicators and make the project attractive for 
investment. This will be explored by CCAP in a subsequent analysis.  
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5.2.2. Strategy 2: Composting Plant – 30,000 TPY 
This section presents the project valuation analysis for the composting plant of Strategy 2. 

Table 23 presents some specific technology assumptions for the Strategy 2 composting plant that have 
been included in the DCF analysis. The treatment technology of the plant has an expected useful life of 
18 years, while the mobile equipment useful life is 8 years. Therefore, additional capital investments to 
replace them will be needed in years 9 and 17 of the project lifetime. 

Table 23. Strategy 2 Composting Plant Additional Capital Investments Required 

Parameter Value 
Treatment Technology Lifetime (years)  18  
Technology Treatment Costs (USD) $1,690,843 
Treatment Technology Replacement Cost (% 
of investment) 5.60% 

Treatment Technology Replacement Cost 
(USD) in 19th year $137,941 

Technology Technology 1st Replacement 
Investment Year 19 

  

Mobile Equipment Lifetime (years)  8  
Mobile Equipment Costs (USD) $649,800 
Mobile Equipment Replacement Cost (% of 
investment) 12.50% 

Mobile Equipment Replacement Cost (USD) 
in 9th year $97,071 

Mobile Equipment Replacement Cost (USD) 
in 17th year $113,735 

Mobile Equipment 1st Replacement 
Investment Year 9 

Mobile Equipment 2nd Replacement 
Investment Year 17 
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Table 24 presents the project valuation DCF analysis over five year intervals running from year 0 to year 
20. This table provides a snapshot of the expected annual revenues and expenses, including the initial 
investment and the unlevered annual free cash flows, the annual earnings after taxes and before 
interests. To see the yearly breakdown complete analysis, see Appendix 7. 
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Table 24. Strategy 2 Composting Project Valuation Analysis 

 2020 2021 2025 2030 2035 2040 

Year 0 1 5 10 15 20 

       

Investment            

Civil Works Investment $1,226,079       

Mechanical Processing Machinery Investment $2,473,217       

Mobile Equipment Investment $714,780           

Initial Capital Investment ($4,414,077)          

       

Revenues            

Incoming Feedstock (ton/year)  16,308 23,305 27,411 28,809 30,000 

Waste Gate Fee (USD/year)   $2.34 $2.53 $2.80 $3.09 $3.41 

Gate Fee Revenues (USD/year)  $38,162 $59,029 $76,655 $88,950 $102,268 

       

Compost Produced (ton/year)  3,800 5,430 6,387 6,713 6,990 

Compost Sale Price (USD/ton)  $200 $216 $239 $264 $291 

Compost Sales (USD/year)   $759,969 $1,175,531 $1,526,543 $1,771,401 $2,036,622 

         

Total Revenues (USD/year)   $798,130 $1,234,559 $1,603,198 $1,860,351 $2,138,890 

       

Expenses        

Process Rejects  1,142 1,631 1,919 2,017 2,100 

Waste Gate Fee (USD/year)   $2.34 $2.53 $2.80 $3.09 $3.41 

Rejects Disposal Cost (USD/year)  $2,671 $4,132 $5,366 $6,227 $7,159 

       

Labor (USD/year)  $141,135 $152,769 $168,669 $186,225 $205,607 

Annual Maintenance Costs (USD/year)   $152,892 $165,496 $182,721 $201,738 $222,736 

Fixed Costs (USD/year)  $294,027 $318,265 $351,390 $387,963 $428,342 

       

Electricity Consumption (kWh/year)  237,527 237,527 237,527 237,527 237,527 

Electricity Price (USD/kWh)  $0.15 $0.16 $0.18 $0.20 $0.22 

Electricity Costs (USD/year)   $35,629 $38,566 $42,580 $47,012 $51,905 

       

Diesel Fuel Consumption (l/year)  32,617 46,610 54,822 57,618 60,000 

Diesel Fuel Price (USD/l)  $0.80 $0.87 $0.96 $1.06 $1.17 

Diesel Fuel Costs (USD/year)   $26,093 $40,362 $52,414 $60,821 $69,927 

       

Fresh Water Consumption by staff (m3/year)  374 374 374 374 374 

Fresh water Consumption by process (m3/year)  8,154 11,652 13,705 14,405 15,000 

Fresh Water Price (USD/m3)  $0.77 $0.83 $0.92 $1.02 $1.12 

Fresh Water Costs (USD/year)   $6,572 $10,033 $12,968 $15,028 $17,261 
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Hydraulic Oil Consumption (l/year)  130 186 219 230 240 

Hydraulic Oil Price (USD/l)  $4.74 $4.83 $4.83 $4.83 $4.83 

Hydraulic Oil Costs (USD/year)   $618 $901 $1,060 $1,114 $1,160 

       

Lubricants/grease Consumption (kg/year)  49 70 82 86 90 

Lubricants/Grease Price (USD/kg)  $3.56 $3.85 $4.25 $4.70 $5.19 

Lubricants/grease Costs (USD/year)   $174 $269 $350 $406 $467 

       

Membrane Replacement Costs (USD/ton)  $2.28 $2.47 $2.72 $3.01 $3.32 

Membrane Replacement Costs (USD/year)   $37,183 $57,515 $74,689 $86,669 $99,646 

         

Total Expenses (USD/year)   $402,969 $470,043 $540,816 $605,240 $675,867 

       

EBITDA  $395,161 $764,516 $1,062,382 $1,255,111 $1,463,023 

Depreciation  $267,618 $267,618 $190,404 $190,404 $62,750 

       

EBIT/Taxable Income  $127,543 $496,899 $871,978 $1,064,707 $1,400,274 

Corporate Income Taxes  $(37,625) $(146,585) $(257,233) $(314,089) $(413,081) 

       

Tax-adjusted EBIT  $89,918 $350,314 $614,744 $750,618 $987,193 

Depreciation  $267,618 $267,618 $190,404 $190,404 $62,750 

Additional Capital Costs       

         

Unlevered Free Cash Flows ($4,414,077) $357,536 $617,931 $805,148 $941,023 $1,049,943 

 

After the initial investment in year 0, the operating plant returns positive earnings from year 1 onwards, 
reaching USD 1 million in year 20. As shown in Table 25, the NPV of this project is positive, the IRR is 
above 10%, and the initial investment will be recovered after year 8. 

Table 25. Strategy 2 Composting Project Financial Indicators 

Parameter Value 
NPV $1,306,679  
IRR 13% 
Payback Period 8.65 

 

However, these results are conditioned by the assumptions used for the analysis. A sensitivity analysis is 
deemed necessary to assess how these financial indicators vary as economic conditions change. 
Additionally, an assessment of a capital structure to finance this project needs to be conducted to allow 
maximizing the value of these financial indicators and making the project more attractive for 
investment. This will be explored by CCAP in subsequent analysis.  
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6. Climate Change Mitigation Potential and Sustainable Development Co-
Benefits 

6.1.  Emissions Reductions Comparative Analysis 
This section presents a quantitative comparative analysis of the reduction in GHG emissions that can be 
achieved in the waste sector in Arequipa if the proposed organic waste treatment project is 
implemented. 

The analysis is conducted using the Solid Waste Emissions Estimation Tool (SWEET) and considers the 
emissions from various sources in the Arequipa’s waste sector including: 

• Existing landfills and dumpsites (open and closed) 
• Waste collection and transportation 
• Waste handling equipment (e.g. forklifts, bulldozers) 
• Waste combustion equipment (e.g. waste-to-energy facility) 
• Organic waste management facilities (e.g. composting plant) 
• Waste burning (including open burning) 

The analysis estimates the emissions reductions resulting from the potential diversion of organic waste 
from landfilling for a period of 20 years (2020-2040) under Strategy 1 and under Strategy 2 compared to 
a business-as-usual scenario. 

6.1.1. Business-As-Usual Scenario 
The Business-As-Usual scenario assumes that Arequipa will not implement any of the proposed or other 
alternative organic waste treatment projects in the near future. In this case, as shown in Table 26, the 
business-as-usual cumulative emissions over a period of 20 years (2020-2040) would be 3,282,274 tons 
of CO2. 

Table 26. Emissions under Business-As-Usual Scenario (metric tons of CO2e) 

Year BAU 
2020 113,662 
2021 124,392 
2022 134,433 
2023 143,850 
2024 152,703 
2025 161,045 
2026 168,926 
2027 167,001 
2028 165,417 
2029 164,144 
2030 163,152 
2031 162,416 
2032 161,914 
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2033 161,625 
2034 161,529 
2035 161,610 
2036 161,853 
2037 162,242 
2038 162,767 
2039 163,415 
2040 164,177 

Cumulative Emissions 
(2020-2040) 3,282,274 

 

6.1.2. Strategy 1 Scenario 
Under Strategy 1, the municipality of Arequipa would implement a composting facility for the treatment 
of organic waste coming from the municipal markets and green areas of only the Arequipa district. In 
this scenario, as shown in Table 27 and Figure 11, over a 20-year period emissions would be reduced by 
31,331 tons of CO2e as compared to the business-as-usual scenario, which equals to a 1 percent 
reduction. 

Table 27. Emissions Scenarios Comparison – BAU vs. Strategy 1 (metric tons of CO2e) 
Year BAU Strategy 1 
2020 113,662  113,706  
2021 124,392  124,107  
2022 134,433  133,838  
2023 143,850  142,962  
2024 152,703  151,539  
2025 161,045  159,620  
2026 168,926  167,254  
2027 167,001  165,311  
2028 165,417  163,709  
2029 164,144  162,417  
2030 163,152  161,407  
2031 162,416  160,653  
2032 161,914  160,133  
2033 161,625  159,825  
2034 161,529  159,711  
2035 161,610  159,773  
2036 161,853  159,996  
2037 162,242  160,367  
2038 162,767  160,872  
2039 163,415  161,501  
2040 164,177  162,243  
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Cumulative Emissions 
(2020-2040) 3,282,274 3,250,943 

Cumulative Total 
Reductions (2020-2040) 

 31,331 

Cumulative Percentage 
Reduction (2020-2040) 

 -1% 

 

Figure 11. CO2e Emissions Reductions over 20 years – BAU vs. Strategy 1 

 

6.1.3. Strategy 2 Scenario 
Under Strategy 2, the municipality of Arequipa would implement a composting facility for the treatment 
of organic waste coming from the municipal markets and green areas of all the 18 districts considered in 
this analysis. In this scenario, as shown in Table 28 and Figure 12, over a 20-year period emissions would 
be reduced by 146,097 tons of CO2e as compared to the business-as-usual scenario, which equals to a 4 
percent reduction. 

Table 28. Emissions Scenarios Comparison – BAU vs. Strategy 2 (metric tons of CO2e) 
Year BAU Strategy2 
2020 113,662 115,250 
2021 124,392 124,217 
2022 134,433 132,609 
2023 143,850 140,483 
2024 152,703 147,888 
2025 161,045 154,870 
2026 168,926 161,472 
2027 167,001 159,345 
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2028 165,417 157,564 
2029 164,144 156,098 
2030 163,152 154,916 
2031 162,416 153,995 
2032 161,914 153,311 
2033 161,625 152,842 
2034 161,529 152,570 
2035 161,610 152,478 
2036 161,853 152,549 
2037 162,242 152,770 
2038 162,767 153,128 
2039 163,415 153,611 
2040 164,177 154,210 

Cumulative Emissions 
(2020-2040) 3,282,274 3,136,177 

Cumulative Total 
Reductions (2020-2040) 

 -146,097 

Cumulative Percentage 
Reduction (2020-2040) 

 -4% 

 

Figure 12. CO2e Emissions Reductions over 20 years – BAU vs. Strategy 2 
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6.2.  Sustainable Development Co-benefits 
The co-benefits of climate and sustainable development that derive from projects for the treatment and 
use of organic waste are numerous and allow strengthening the support for its implementation by 
different actors, from the government to the citizens, through environmental and social organizations. 
These aspects are fundamental to guarantee the sustainability of the project in the long term. 

Thus, beyond reducing GHG emissions from landfills derived from the anaerobic decomposition of 
organic waste, it is worth mentioning other environmental, economic and social benefits that this 
project can provide. 

6.2.1. Environmental 
• The reduction of waste deposited in the landfill reduces the generation of leachate from the 

landfill and therefore prevents further contamination of aquifers. 
• The use of compost produced in agriculture and the maintenance of green areas can help 

replace the use of chemical fertilizers 
• The increase in the recycling of materials, which the separation at the source of organic waste 

can contribute, can reduce the use of raw materials (paper, plastic, metals, etc.) 

6.2.2. Economic 
• The extension of the useful life of the sanitary landfill derived from the reduction of the 

disposed organic waste (more than 50% of the received waste) translates into economic 
savings of final disposal costs 

• The decrease of the leachates generated in the landfill allows savings in treatment costs of the 
same 

• The sale of the project's compost offers an added economic value 
• The project can promote the creation of new markets, such as compost, with the consequent 

economic benefits derived for the different actors 

6.2.3. Social 
• Decrease in the health impacts of the population by reducing local air pollutants and increasing 

air quality, as well as soil and water pollution, especially for populations living near the landfill 
• Job creation - alternative waste treatment technologies can generate up to 6 and 10 times 

more jobs than landfills 
• Creating sustainable lifestyles and increasing the quality of life of the most vulnerable 

populations, such as informal recyclers. The informal recyclers will be able to recover more 
recyclable materials, since less materials will not be so contaminated with organic waste 

7. Next Steps 
This high-level prefeasibility analysis provides a characterization of two potential strategies to 
implement a composting project in Arequipa, including the technology, capacity, economic and financial 
aspects. Based on this analysis, the next step for the municipality is to select the most suitable strategy 
based on the local reality and the existing resources. In order to inform this decision, a sensitivity 
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analysis of the economic-financial analysis provided here will be conducted to identify the key factors 
impacting the profitability and feasibility of each strategy (e.g. gate fees, compost price, etc.) 

Once selected the strategy, the Stage 1 of this technical assistance provided by CCAP will be completed 
(see Figure 13 ). Based on the initial assessment and pre-feasibility analysis conducted, the next stage 
will focus on identifying the potential risks to the project and how to mitigate them; a special focus will 
be on economic and financial risks. 

Finally, a financial work plan for the selected project will be developed. The goal is to define an 
adequate capital structure to finance the project and a robust business model that benefits the 
municipality but that is attractive for private investors. An implementation plan with clear goals and 
target, strategic lines, key actions, and a calendar should accompany the financial work plan. 

Figure 13. Stages of CCAP Technical Assistance Project 

 

 

 

 

Stage 1: Initial Assessment and Pre-Feasibility Analysis
•Assessment of the national and local SWM context
•High-level Pre-Feasibility Analysis of composting project
•Selection of the priority project by the municipality

Stage 2: Identification of Risks
•Assesment of political, technical, financial and environemntal risks to  project 

financing and implementation
•Definition of strategies and action plans to mitigate the identifed risks

Stage 3: Development of Financial Work Plan
•Determine an adecuate capital strucutre and financing sources for the project
•Design a solid business model that attracts the interests of the private sector
•Develop a Finanical Work Plan that allows for the implementation of the project, 

including goals, procedures and calendar
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Appendices 

Appendix 1. Comparison of Composting WFA and Composting WOFA 
Parameter WFA WOFA 

Footprint WFA is a more compact option than 
WOFA. In this range of throughputs, 
one can consider a 25% more space 
demand for WOFA. 

Considering a WOFA solution based on a 
space saving turning equipment (i.e. bridge 
self-propelled turners that don’t shift the 
piles from their original position), can 
reduce the difference down to 10%. 
 

Dependence on bulking agent  WFA is more sensitive to an adequate 
presence of bulking material (i.e. 
garden waste) than WOFA, since the 
success in providing all the mass with 
fresh air in a forcedly ventilated process 
depends on the permeability of the 
piles. The shortage of Carbon rich 
materials will negatively influence the 
process kinetics. 
 

In WOFA a limited availability (or quality) of 
bulking material can be counterbalanced by 
a higher turning frequency. The shortage of 
Carbon rich materials will negatively 
influence the process kinetics. 

Sensitive to impurities content  The composting process is not affected by physical impurities that contaminate food 
waste, which can be mechanically removed at the end of the biological step through a 
mechanical refining step. In this respect, a biological process based on frequent 
mechanical turnings, such as in the WOFA scenario, could bring to a significant 
reduction in size of such contaminants as plastic sheets, whose diversion from compost 
could become a problem. 
 

Energy Consumption WFA turnings are replaced by a forced 
ventilation by means of fans 

WOFA mainly relies on diesel engines 
equipment (grinder for green waste, screen 
for compost refining, wheel loaders and, 
above all, turning equipment) 

Personnel Less intensive 
 

More intensive 
The intensive piles turning activity will 
require 20-25% full time additional workers 
than WFA. It is estimated that, according to 
the overall throughput and the types of 
processes performed, overall workers 
(including plant responsible and 
administrative staff) will be one employee 
for every 4000-5000 tons processed. 
 

Environmental Impacts It is fundamental to put in place all the necessary safeguards aimed at preventing 
process water release into the ground; for this reason, all the plant area shall be paved 
and provided with water draining and holding systems. Roofing most of the process 
sections will translate in lower amounts of leachate produced (due to rain events) to be 
managed; leachate will be recirculated on the composting piles in the ACT step. 
The other main potential environmental impact is related to odor generation and 
release to the atmosphere during the process; as already mentioned, waste handling 
(with loaders, screen and turners) will produce the highest amounts of odors. For this 
reason, one can imagine that WFA (mostly based on forced aeration of piles) will have a 
lower impact. Since, according to a WFA scenario, the ACT step would be performed in 
closed biocells, a further odor reduction option could include the management of 
exhaust air extracted from the biocells through a biofiltration system. Additional CAPEX 
and OPEX should be estimated, if required 
 

Overall investments $95/TPY FW  
Providing the plant with enclosed 
buildings for the reception, 
pretreatment and ACT step of the 
process would raise CAPEX up to a 
budgetary cost around $185/TPY FW.20 

$80/TPY  
Providing the plant with enclosed buildings 
for the reception, pretreatment and ACT 
step of the process would raise CAPEX up to 
a budgetary cost around $160/TPY FW.21 

Process control is mainly based on 
the periodical monitoring of 
parameters such as temperature and 
moisture content of the piles, and 
subsequent feedback actions—
moistening, air supply fine tuning, 
etc. 

Undoubtedly, WFA allows a better 
control of the process, since static piles 
can be provided with “in continuous” 
monitoring systems, and the supply of 
air can be finely regulated increasing 
and decreasing the power of the fans.  

WOFA is based on regular turning activities 
(necessary to provide oxygen to the mass) 
and possibly manual parameters monitoring, 
without the possibility of a fine control. 
Therefore, there is a better chance to 
prevent process failures, which can lead to 
final products unsuitable to be put into the 
market and to be reprocessed or disposed. 

                                                           
20 Estimation based on European unitary costs (€/TPA of Food Waste) 
21 Estimation based on European unitary costs (€/TPA of Food Waste) 
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Appendix 2. Main pros and cons of wet and dry-batch systems22 

Parameter 
PROS CONS 

Wet Dry-batch Wet Dry-batch 

Te
ch

no
lo

gi
ca

l 

Proven, with much 
knowledge on 
biological process 
management 
 

Very simple and 
robust 

Possible ingestate 
short-circuits inside 
the reactors 
(Retention Times not 
guaranteed for all the 
material) 

Higher need of bulking 
agents (green waste) 

No need of mixing 
devices inside the 
reactors 

Possible separation 
and segregation of 
floating or 
sedimenting inerts 
inside the reactors 
 

liquid waste 
streams can be co-
digestion with solid 
waste streams 

Not affected by light 
and heavy impurities 
contaminating waste 

Mechanical parts wear 
due to sand and other 
inerts dissolved in the 
reactor 
 

Loading and unloading 
phases must be carefully 
approached, due to potential 
explosion risks associated to 
methane pockets put in 
contact with oxygen Lower intensive and 

cheaper 
pretreatments  
 

Intensive pre-
treatment operations 
generally required  

Bi
ol

og
ic

al
 

dilution of 
compounds toxic to 
the micro-
organisms 

Adapted to high 
organic loads  

Loss of organic matter 
during the pre-
treatment step 
 

Lower biogas yields 

 Process failures 
affect single cycles 
only and can be 
promptly managed 
 

Strongly sensitive to 
high (or variable) 
organic loads 

Scarce possibility of diluting 

toxic compounds  

 

Ec
on

om
ic

 a
nd

 
En

vi
ro

nm
en

ta
l Low costs of 

pumping and mixing 
equipment, easily 
available on the 
market 
 

Generally cheap 
technologies 

Higher CAPEX, 
especially for pre-
treatment and 
digesters 

Higher footprint 

No fresh water 
required 
 

Higher liquid outputs 
to be managed 

 

  

                                                           
22 Elaboration based on data from the report “Digestione anaerobica della frazione organica dei rifiuti solidi. Aspetti 
fondamentali, progettuali, gestionali, di impatto ambientale ed integrazione con la depurazione delle acque reflue” 
conducted by APAT in 2005. 
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Appendix 3. Comparison of Wet AD and Dry-batch AD 
Parameter Wet AD Dry-batch AD 

Footprint 1.8ha for a wet AD in this case, for a 
36,500 TPY FW throughput 
Wet AD is a more compact option than 
dry-batch, due to the fact that the 
anaerobic digesters are more 
developed in height and that solid 
digestate to be composted is lesser 
than the one produced in dry-batch 
systems. 
 

2.3ha for a dry-batch in 
this case, for a 36,500 TPY 
FW throughput 

Biogas production 130 Nm3/TPY yield for wet systems  
Wet AD is considered as higher 
performing than dry-batch.  
 

110 Nm3/TPY yield for 
dry-batch systems 

Composting Step In general, wet AD is recognized as 
being less demanding than dry-batch 
AD, since: 

• lower amount of solid 
digestate are produced; 

• lower amounts of green waste 
are needed; 

Digestate tends to be biologically more 
stable, due to the higher organic matter 
degradation during the anaerobic 
phase; therefore, composting is 
expected to require a lower duration 
and a less demanding process control. 
 

More demanding  

Energy Consumption 
 

Wet AD requires electric energy (i.e. 
pre-treatments, ingestate mixing inside 
the reactors, digestate separation, etc.).  
It must be stressed that electricity can 
be produced inside the plant through 
the exploitation of the biogas generated 
during the anaerobic digestion phase. 
 

Dry-batch AD mainly 
relies on diesel engines 
equipment (grinder for 
green waste, screen for 
compost refining, wheel 
loaders) 

Liquid waste disposal  
This is a crucial aspect to be considered in 
the comparison between the two scenarios. 
Liquids (rich in Nitrogen and with a high 
COD) can be treated in a wastewater 
treatment plant; their accessibility (and 
possible unitary treatment costs must 
carefully be considered with respect to local 
conditions). The possibility to consider such 
liquids as a valuable output of the plant (as 
a liquid fertilizer) can be considered, even 
though their suitability of being considered 
as a fertilizer are disputable. 
 

The nature of wet systems allows for 
the production of a large amount of 
liquid digestate (roughly 70% of food 
waste treated) which cannot be 
recirculated inside the plant.  

The nature of dry-batch 
systems allows for the 
production of a 
reasonable amount of 
liquid digestate (roughly 
20% of food waste 
treated) which cannot be 
recirculated inside the 
plant. 

Environmental Impact Smaller footprint, more liquid digestate 
to be disposed of, higher biogas 
production 

Larger footprint, less 
liquid digestate to be 
disposed of, lower biogas 
production 
 

Overall investment 
The expected CAPEX, including a CHP unit 
for the generation of electricity and heat 
from biogas 

$460 – 530/TPY FW  $340-410/TPY FW 

Process control  
Anaerobic digestion, both wet and dry, requires a careful process 
control depending on the indications of the technology provider; 
whichever technology is chosen, it must be stressed that the process 
will require a higher degree of knowledge and awareness than plain 
composting. 
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Appendix 4. Strategy 1 Expected Annual Organic Waste Available for Treatment at Composting Plant 

                       
Municipal District 
Markets 2015 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 

Arequipa  6.50 6.83 6.90 6.97 7.04 7.11 7.18 7.25 7.32 7.40 7.47 7.55 7.62 7.70 7.77 7.85 7.93 8.01 8.09 8.17 8.25 8.34 

Organic Waste  78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 
Source Segregation 

Efficiency  65% 65% 70% 70% 80% 80% 85% 85% 90% 90% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 

Sub-Total Markets   3.50 3.53 3.84 3.88 4.48 4.53 4.86 4.91 5.25 5.30 5.65 5.71 5.76 5.82 5.88 5.94 6.00 6.06 6.12 6.18 6.24 

                       
Municipal District 
Green Areas 2015 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 

Arequipa  7.50 7.88 7.96 8.04 8.12 8.20 8.28 8.37 8.45 8.54 8.62 8.71 8.79 8.88 8.97 9.06 9.15 9.24 9.34 9.43 9.52 9.62 
Source Segregation 

Efficiency  90% 90% 90% 90% 95% 95% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Sub-Total Green Areas   7.09 7.17 7.24 7.31 7.79 7.87 8.37 8.45 8.54 8.62 8.71 8.79 8.88 8.97 9.06 9.15 9.24 9.34 9.43 9.52 9.62 

                       
TOTAL Daily Organic  

Waste (TPD)   10.59 10.70 11.08 11.19 12.27 12.40 13.22 13.36 13.78 13.92 14.36 14.50 14.64 14.79 14.94 15.09 15.24 15.39 15.55 15.70 15.86 
TOTAL Annual Organic  

Waste (TPY)   3305 3338 3457 3492 3829 3868 4126 4167 4300 4343 4479 4524 4569 4614 4661 4708 4755 4802 4850 4899 4948 
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Appendix 5. Strategy 2 Expected Annual Organic Waste Available for Treatment at Composting Plant 
 

Municipal District 
Market 2015 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 

Arequipa  6.50 6.83 6.90 6.97 7.04 7.11 7.18 7.25 7.32 7.40 7.47 7.55 7.62 7.70 7.77 7.85 7.93 8.01 8.09 8.17 8.25 8.34 
Alto Selva Alegre 0.28 0.29 0.30 0.30 0.30 0.31 0.31 0.31 0.32 0.32 0.32 0.33 0.33 0.33 0.33 0.34 0.34 0.35 0.35 0.35 0.36 0.36 

Cayma  0.09 0.09 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.12 
Cerro Colorado  0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.09 0.09 

Characato  0.06 0.06 0.06 0.06 0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08 
Hunter  0.14 0.15 0.15 0.15 0.15 0.15 0.15 0.16 0.16 0.16 0.16 0.16 0.16 0.17 0.17 0.17 0.17 0.17 0.17 0.18 0.18 0.18 

Bustamante  28.50 29.95 30.25 30.56 30.86 31.17 31.48 31.80 32.11 32.44 32.76 33.09 33.42 33.75 34.09 34.43 34.78 35.12 35.47 35.83 36.19 36.55 
Mariano Melgar  0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 

Miraflores  1.50 1.58 1.59 1.61 1.62 1.64 1.66 1.67 1.69 1.71 1.72 1.74 1.76 1.78 1.79 1.81 1.83 1.85 1.87 1.89 1.90 1.92 
Paucarpata  1.38 1.45 1.46 1.48 1.49 1.51 1.52 1.54 1.56 1.57 1.59 1.60 1.62 1.63 1.65 1.67 1.68 1.70 1.72 1.73 1.75 1.77 

Sabandía  0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 
Sachaca  0.30 0.32 0.32 0.32 0.32 0.33 0.33 0.33 0.34 0.34 0.34 0.35 0.35 0.36 0.36 0.36 0.37 0.37 0.37 0.38 0.38 0.38 

Socabaya  0.21 0.22 0.22 0.23 0.23 0.23 0.23 0.23 0.24 0.24 0.24 0.24 0.25 0.25 0.25 0.25 0.26 0.26 0.26 0.26 0.27 0.27 
Tiabaya  0.35 0.37 0.37 0.38 0.38 0.38 0.39 0.39 0.39 0.40 0.40 0.41 0.41 0.41 0.42 0.42 0.43 0.43 0.44 0.44 0.44 0.45 

Uchumayo  0.06 0.06 0.06 0.06 0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08 
Yanahuara  2.00 2.10 2.12 2.14 2.17 2.19 2.21 2.23 2.25 2.28 2.30 2.32 2.35 2.37 2.39 2.42 2.44 2.46 2.49 2.51 2.54 2.56 

Yura  9.50 9.98 10.08 10.19 10.29 10.39 10.49 10.60 10.70 10.81 10.92 11.03 11.14 11.25 11.36 11.48 11.59 11.71 11.82 11.94 12.06 12.18 
La Joya  0.12 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.15 0.15 0.15 0.15 0.15 0.15 

Total Markets 
Generation  6.83 37.15 47.71 50.35 55.89 56.45 57.01 57.58 58.16 58.74 59.33 59.92 60.52 61.12 61.73 62.35 62.98 63.60 64.24 64.88 65.53 

Organic Waste  78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 78.8% 
Source Segregation 

Efficiency  50% 50% 65% 65% 75% 75% 85% 85% 90% 90% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 
SubTotal Markets   2.69 14.64 24.44 25.79 33.03 33.36 38.19 38.57 41.24 41.66 44.41 44.86 45.30 45.76 46.21 46.68 47.14 47.61 48.09 48.57 49.06 
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Municipal District 
Green Area 2015 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 

Arequipa  7.50 7.88 7.96 8.04 8.12 8.20 8.28 8.37 8.45 8.54 8.62 8.71 8.79 8.88 8.97 9.06 9.15 9.24 9.34 9.43 9.52 9.62 
Alto Selva Alegre 0.14 0.15 0.15 0.15 0.15 0.15 0.15 0.16 0.16 0.16 0.16 0.16 0.16 0.17 0.17 0.17 0.17 0.17 0.17 0.18 0.18 0.18 

Cayma  1.87 1.97 1.99 2.00 2.02 2.05 2.07 2.09 2.11 2.13 2.15 2.17 2.19 2.21 2.24 2.26 2.28 2.30 2.33 2.35 2.37 2.40 
Cerro Colorado  2.50 2.63 2.65 2.68 2.71 2.73 2.76 2.79 2.82 2.85 2.87 2.90 2.93 2.96 2.99 3.02 3.05 3.08 3.11 3.14 3.17 3.21 

Characato  0.22 0.23 0.23 0.24 0.24 0.24 0.24 0.25 0.25 0.25 0.25 0.26 0.26 0.26 0.26 0.27 0.27 0.27 0.27 0.28 0.28 0.28 
Hunter  0.33 0.35 0.35 0.35 0.36 0.36 0.36 0.37 0.37 0.38 0.38 0.38 0.39 0.39 0.39 0.40 0.40 0.41 0.41 0.41 0.42 0.42 

Bustamante  15.00 15.77 15.92 16.08 16.24 16.41 16.57 16.74 16.90 17.07 17.24 17.41 17.59 17.76 17.94 18.12 18.30 18.49 18.67 18.86 19.05 19.24 
Mariano Melgar  1.25 1.31 1.33 1.34 1.35 1.37 1.38 1.39 1.41 1.42 1.44 1.45 1.47 1.48 1.50 1.51 1.53 1.54 1.56 1.57 1.59 1.60 

Miraflores  1.50 1.58 1.59 1.61 1.62 1.64 1.66 1.67 1.69 1.71 1.72 1.74 1.76 1.78 1.79 1.81 1.83 1.85 1.87 1.89 1.90 1.92 
Paucarpata  0.62 0.65 0.66 0.66 0.67 0.68 0.68 0.69 0.70 0.71 0.71 0.72 0.73 0.73 0.74 0.75 0.76 0.76 0.77 0.78 0.79 0.80 

Sabandía  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sachaca  2.50 2.63 2.65 2.68 2.71 2.73 2.76 2.79 2.82 2.85 2.87 2.90 2.93 2.96 2.99 3.02 3.05 3.08 3.11 3.14 3.17 3.21 

Socabaya  1.57 1.65 1.67 1.68 1.70 1.72 1.73 1.75 1.77 1.79 1.80 1.82 1.84 1.86 1.88 1.90 1.92 1.93 1.95 1.97 1.99 2.01 
Tiabaya  0.20 0.21 0.21 0.21 0.22 0.22 0.22 0.22 0.23 0.23 0.23 0.23 0.23 0.24 0.24 0.24 0.24 0.25 0.25 0.25 0.25 0.26 

Uchumayo  0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
Yanahuara  2.00 2.10 2.12 2.14 2.17 2.19 2.21 2.23 2.25 2.28 2.30 2.32 2.35 2.37 2.39 2.42 2.44 2.46 2.49 2.51 2.54 2.56 

Yura  0.60 0.63 0.64 0.64 0.65 0.66 0.66 0.67 0.68 0.68 0.69 0.70 0.70 0.71 0.72 0.72 0.73 0.74 0.75 0.75 0.76 0.77 
La Joya  1.56 1.64 1.66 1.67 1.69 1.71 1.72 1.74 1.76 1.78 1.79 1.81 1.83 1.85 1.87 1.88 1.90 1.92 1.94 1.96 1.98 2.00 

Total Green Areas 
Generation  7.88 41.81 42.23 42.65 43.08 43.51 43.95 44.39 44.83 45.28 45.73 46.19 46.65 47.12 47.59 48.06 48.54 49.03 49.52 50.01 50.51 

Source Segregation 
Efficiency  90% 90% 90% 90% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 

SubTotal Green Areas   7.09 37.63 38.01 38.39 40.93 41.34 41.75 42.17 42.59 43.01 43.44 43.88 44.32 44.76 45.21 45.66 46.12 46.58 47.04 47.51 47.99 

                       
TOTAL Daily Organic  

Waste (TPY)   9.79 52.27 62.45 64.18 73.96 74.70 79.93 80.73 83.83 84.67 87.86 88.73 89.62 90.52 91.42 92.34 93.26 94.19 95.13 96.09 97.05 

TOTAL Annual 
Organic Waste (TPY)   3053 16308 19483 20024 23074 23305 24940 25189 26156 26417 27411 27685 27962 28241 28524 28809 29097 29388 29682 29979 30279 
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Appendix 6. Strategy 1 Composting Project Valuation Analysis 
 

 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

                      
Investment                       
Civil Works Investment $451,316                     
Treatment Technology 
Investment $418,000                     
Mobile Equipment 
Investment $836,000                     
Initial Capital 
Investment ($1,705,316)                     

                      
Revenues                      
Incoming Feedstock 
(ton/year)  3,338 3,457 3,492 3,829 3,868 4,126 4,167 4,300 4,343 4,479 4,524 4,569 4,615 4,661 4,708 4,755 4,802 4,850 4,899 4,948 
Waste Gate Fee 
(USD/year)  $2.34 $2.39 $2.43 $2.48 $2.53 $2.58 $2.64 $2.69 $2.74 $2.80 $2.85 $2.91 $2.97 $3.03 $3.09 $3.15 $3.21 $3.28 $3.34 $3.41 
Gate Fee Revenues 
(USD/year)  $7,811 $8,252 $8,501 $9,509 $9,797 $10,660 $10,982 $11,558 $11,907 $12,526 $12,904 $13,294 $13,696 $14,109 $14,535 $14,974 $15,427 $15,892 $16,372 $16,867 

                      
Compost Produced 
(ton/year)  1,001 1,037 1,048 1,149 1,160 1,238 1,250 1,290 1,303 1,344 1,357 1,371 1,384 1,398 1,412 1,426 1,441 1,455 1,470 1,484 
Compost Sale Price 
(USD/ton)  $200 $204 $208 $212 $216 $221 $225 $230 $234 $239 $244 $249 $254 $259 $264 $269 $275 $280 $286 $291 
Compost Sales 
(USD/year)  $200,292 $211,584 $217,974 $243,833 $251,197 $273,335 $281,590 $296,362 $305,312 $321,184 $330,884 $340,876 $351,171 $361,776 $372,702 $383,957 $395,553 $407,499 $419,805 $432,483 

                       
Total Revenues 
(USD/year)  $208,104 $219,836 $226,475 $253,342 $260,993 $283,995 $292,572 $307,920 $317,219 $333,710 $343,788 $354,170 $364,866 $375,885 $387,237 $398,932 $410,979 $423,391 $436,177 $449,350 

                      
Expenses                      
Process Rejects  234 242 244 268 271 289 292 301 304 314 317 320 323 326 330 333 336 340 343 346 
Waste Gate Fee 
(USD/year)  $2.34 $2.39 $2.43 $2.48 $2.53 $2.58 $2.64 $2.69 $2.74 $2.80 $2.85 $2.91 $2.97 $3.03 $3.09 $3.15 $3.21 $3.28 $3.34 $3.41 
Rejects Disposal Cost 
(USD/year)  $547 $578 $595 $666 $686 $746 $769 $809 $834 $877 $903 $931 $959 $988 $1,017 $1,048 $1,080 $1,112 $1,146 $1,181 

                      
Labor (USD/year)  $69,075 $70,456 $71,866 $73,303 $74,769 $76,264 $77,790 $79,345 $80,932 $82,551 $84,202 $85,886 $87,604 $89,356 $91,143 $92,966 $94,825 $96,722 $98,656 $100,629 
Annual Maintenance 
Costs (USD/year)  $26,296 $26,822 $27,359 $27,906 $28,464 $29,033 $29,614 $30,206 $30,811 $31,427 $32,055 $32,696 $33,350 $34,017 $34,698 $35,392 $36,099 $36,821 $37,558 $38,309 

Fixed Costs (USD/year)  $95,371 $97,279 $99,224 $101,209 $103,233 $105,298 $107,404 $109,552 $111,743 $113,978 $116,257 $118,582 $120,954 $123,373 $125,841 $128,357 $130,925 $133,543 $136,214 $138,938 

                      
Electricity Consumption 
(kWh/year)  7,344 7,606 7,682 8,425 8,509 9,078 9,168 9,460 9,555 9,854 9,953 10,052 10,153 10,254 10,357 10,460 10,565 10,671 10,777 10,885 
Electricity Price 
(USD/kWh)  $0.15 $0.15 $0.16 $0.16 $0.16 $0.17 $0.17 $0.17 $0.18 $0.18 $0.18 $0.19 $0.19 $0.19 $0.20 $0.20 $0.21 $0.21 $0.21 $0.22 
Electricity Costs 
(USD/year)  $1,102 $1,164 $1,199 $1,341 $1,382 $1,503 $1,549 $1,630 $1,679 $1,767 $1,820 $1,875 $1,931 $1,990 $2,050 $2,112 $2,176 $2,241 $2,309 $2,379 
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Diesel Fuel 
Consumption (l/year)  10,682 11,063 11,174 12,254 12,377 13,204 13,336 13,760 13,898 14,333 14,477 14,622 14,768 14,915 15,065 15,215 15,367 15,521 15,676 15,833 
Diesel Fuel Price 
(USD/l)  $0.80 $0.82 $0.83 $0.85 $0.87 $0.88 $0.90 $0.92 $0.94 $0.96 $0.98 $0.99 $1.01 $1.03 $1.06 $1.08 $1.10 $1.12 $1.14 $1.17 
Diesel Fuel Costs 
(USD/year)  $8,546 $9,028 $9,300 $10,404 $10,718 $11,662 $12,015 $12,645 $13,027 $13,704 $14,118 $14,544 $14,983 $15,436 $15,902 $16,382 $16,877 $17,387 $17,912 $18,453 

                      
Fresh Water 
Consumption by staff 
(m3/year)  172 172 172 172 172 172 172 172 172 172 172 172 172 172 172 172 172 172 172 172 
Fresh water 
Consumption by 
process (m3/year)  1,001 1,037 1,048 1,149 1,160 1,238 1,250 1,290 1,303 1,344 1,357 1,371 1,384 1,398 1,412 1,426 1,441 1,455 1,470 1,484 
Fresh Water Price 
(USD/l)  $0.77 $0.79 $0.80 $0.82 $0.83 $0.85 $0.87 $0.89 $0.90 $0.92 $0.94 $0.96 $0.98 $1.00 $1.02 $1.04 $1.06 $1.08 $1.10 $1.12 
Fresh Water Costs 
(USD/year)  $904 $950 $978 $1,080 $1,111 $1,199 $1,234 $1,294 $1,331 $1,396 $1,436 $1,478 $1,521 $1,565 $1,611 $1,658 $1,706 $1,755 $1,807 $1,859 

                      
Miscellaneous Costs 
(USD/year)  $5,000 $5,100 $5,202 $5,306 $5,412 $5,520 $5,631 $5,743 $5,858 $5,975 $6,095 $6,217 $6,341 $6,468 $6,597 $6,729 $6,864 $7,001 $7,141 $7,284 

                      
Lab Costs (USD/year)  $2,000 $2,040 $2,081 $2,122 $2,165 $2,208 $2,252 $2,297 $2,343 $2,390 $2,438 $2,487 $2,536 $2,587 $2,639 $2,692 $2,746 $2,800 $2,856 $2,914 

                      
                       
Total Expenses 
(USD/year)  $113,470 $116,138 $118,579 $122,128 $124,706 $128,137 $130,853 $133,970 $136,815 $140,086 $143,067 $146,113 $149,226 $152,407 $155,657 $158,978 $162,372 $165,840 $169,385 $173,007 

                      
EBITDA  $94,634 $103,698 $107,896 $131,215 $136,287 $155,858 $161,719 $173,949 $180,404 $193,624 $200,721 $208,057 $215,640 $223,479 $231,580 $239,954 $248,607 $257,551 $266,793 $276,343 

Depreciation  $179,316 $179,316 $179,316 $179,316 $179,316 $179,316 $179,316 $179,316 $68,129 $68,129 $68,129 $68,129 $68,129 $68,129 $68,129 $68,129 $75,950 $75,950 $75,950 $75,950 

                      
EBIT/Taxable Income  $(84,682) $(75,618) $(71,420) $(48,101) $(43,029) $(23,458) $(17,597) $(5,366) $112,275 $125,495 $132,592 $139,928 $147,512 $155,350 $163,452 $171,825 $172,657 $181,601 $190,843 $200,393 
Corporate Income 
Taxes  $- $- $- $- $- $- $- $- $(33,121) $(37,021) $(39,115) $(41,279) $(43,516) $(45,828) $(48,218) $(50,688) $(50,934) $(53,572) $(56,299) $(59,116) 

                      
Tax-adjusted EBIT  $(84,682) $(75,618) $(71,420) $(48,101) $(43,029) $(23,458) $(17,597) $(5,366) $79,154 $88,474 $93,477 $98,649 $103,996 $109,522 $115,233 $121,136 $121,723 $128,028 $134,544 $141,277 

Depreciation  $179,316 $179,316 $179,316 $179,316 $179,316 $179,316 $179,316 $179,316 $68,129 $68,129 $68,129 $68,129 $68,129 $68,129 $68,129 $68,129 $75,950 $75,950 $75,950 $75,950 

Additional Capital Costs          $364,503        $427,074    
                       
Unlevered Free Cash 
Flows ($1,705,316) $94,634 $103,698 $107,896 $131,215 $136,287 $155,858 $161,719 $173,949 $(217,221) $156,603 $161,606 $166,778 $172,124 $177,650 $183,362 $189,265 $(229,400) $203,978 $210,494 $217,227 

 

NPV ($546,718) 
IRR 4% 

  
  

Payback Period 
                      
15.12 

 



 

72 
  

Appendix 7. Strategy 2 Composting Project Valuation Analysis 
 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

                      

Investment                                          
Civil Works 
Investment $1,226,079                      
Mechanical 
Processing 
Machinery 
Investment $2,473,217                      
Mobile Equipment 
Investment $714,780                                         
Initial Capital 
Investment ($4,414,077)                                        

                      

Revenues                                          
Incoming 
Feedstock 
(ton/year)  16,308 19,483 20,024 23,074 23,305 24,940 25,189 26,156 26,417 27,411 27,685 27,962 28,241 28,524 28,809 29,097 29,388 29,682 29,979 30,000 
Waste Gate Fee 
(USD/year)   $2.34 $2.39 $2.43 $2.48 $2.53 $2.58 $2.64 $2.69 $2.74 $2.80 $2.85 $2.91 $2.97 $3.03 $3.09 $3.15 $3.21 $3.28 $3.34 $3.41 
Gate Fee 
Revenues 
(USD/year)  $38,162 $46,502 $48,749 $57,298 $59,029 $64,433 $66,379 $70,305 $72,428 $76,655 $78,970 $81,355 $83,812 $86,343 $88,950 $91,636 $94,404 $97,255 $100,192 $102,268 

                      
Compost 
Produced 
(ton/year)  3,800 4,540 4,666 5,376 5,430 5,811 5,869 6,094 6,155 6,387 6,451 6,515 6,580 6,646 6,713 6,780 6,847 6,916 6,985 6,990 
Compost Sale 
Price (USD/ton)  $200 $204 $208 $212 $216 $221 $225 $230 $234 $239 $244 $249 $254 $259 $264 $269 $275 $280 $286 $291 
Compost Sales 
(USD/year)   $759,969 $926,063 $970,810 $1,141,070 $1,175,531 $1,283,146 $1,321,897 $1,400,087 $1,442,369 $1,526,543 $1,572,645 $1,620,139 $1,669,067 $1,719,473 $1,771,401 $1,824,897 $1,880,009 $1,936,785 $1,995,276 $2,036,622 

                        
Total Revenues 
(USD/year)   $798,130 $972,565 $1,019,559 $1,198,369 $1,234,559 $1,347,579 $1,388,276 $1,470,392 $1,514,797 $1,603,198 $1,651,615 $1,701,493 $1,752,878 $1,805,815 $1,860,351 $1,916,534 $1,974,413 $2,034,040 $2,095,468 $2,138,890 

                      

Expenses                       

Process Rejects  1,142 1,364 1,402 1,615 1,631 1,746 1,763 1,831 1,849 1,919 1,938 1,957 1,977 1,997 2,017 2,037 2,057 2,078 2,099 2,100 
Waste Gate Fee 
(USD/year)   $2.34 $2.39 $2.43 $2.48 $2.53 $2.58 $2.64 $2.69 $2.74 $2.80 $2.85 $2.91 $2.97 $3.03 $3.09 $3.15 $3.21 $3.28 $3.34 $3.41 
Rejects Disposal 
Cost (USD/year)  $2,671 $3,255 $3,412 $4,011 $4,132 $4,510 $4,646 $4,921 $5,070 $5,366 $5,528 $5,695 $5,867 $6,044 $6,227 $6,415 $6,608 $6,808 $7,013 $7,159 

                      
Labor (USD/year)  $141,135 $143,958 $146,837 $149,774 $152,769 $155,824 $158,941 $162,120 $165,362 $168,669 $172,043 $175,484 $178,993 $182,573 $186,225 $189,949 $193,748 $197,623 $201,575 $205,607 
Annual 
Maintenance 
Costs (USD/year)   $152,892 $155,950 $159,069 $162,251 $165,496 $168,806 $172,182 $175,625 $179,138 $182,721 $186,375 $190,103 $193,905 $197,783 $201,738 $205,773 $209,889 $214,086 $218,368 $222,736 
Fixed Costs 
(USD/year)  $294,027 $299,908 $305,906 $312,024 $318,265 $324,630 $331,123 $337,745 $344,500 $351,390 $358,418 $365,586 $372,898 $380,356 $387,963 $395,722 $403,637 $411,709 $419,944 $428,342 

                      
Electricity 
Consumption 
(kWh/year)  237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 237,527 
Electricity Price 
(USD/kWh)  $0.15 $0.15 $0.16 $0.16 $0.16 $0.17 $0.17 $0.17 $0.18 $0.18 $0.18 $0.19 $0.19 $0.19 $0.20 $0.20 $0.21 $0.21 $0.21 $0.22 
Electricity Costs 
(USD/year)   $35,629 $36,342 $37,068 $37,810 $38,566 $39,337 $40,124 $40,927 $41,745 $42,580 $43,432 $44,300 $45,186 $46,090 $47,012 $47,952 $48,911 $49,889 $50,887 $51,905 
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Diesel Fuel 
Consumption 
(l/year)  32,617 38,966 40,048 46,148 46,610 49,879 50,378 52,312 52,835 54,822 55,370 55,924 56,483 57,048 57,618 58,194 58,776 59,364 59,958 60,000 
Diesel Fuel Price 
(USD/l)  $0.80 $0.82 $0.83 $0.85 $0.87 $0.88 $0.90 $0.92 $0.94 $0.96 $0.98 $0.99 $1.01 $1.03 $1.06 $1.08 $1.10 $1.12 $1.14 $1.17 
Diesel Fuel Costs 
(USD/year)   $26,093 $31,796 $33,333 $39,178 $40,362 $44,057 $45,387 $48,072 $49,523 $52,414 $53,996 $55,627 $57,307 $59,038 $60,821 $62,657 $64,550 $66,499 $68,507 $69,927 

                      
Fresh Water 
Consumption by 
staff (m3/year)  374 374 374 374 374 374 374 374 374 374 374 374 374 374 374 374 374 374 374 374 
Fresh water 
Consumption by 
process (m3/year)  8,154 9,741 10,012 11,537 11,652 12,470 12,594 13,078 13,209 13,705 13,842 13,981 14,121 14,262 14,405 14,549 14,694 14,841 14,989 15,000 
Fresh Water Price 
(USD/m3)  $0.77 $0.79 $0.80 $0.82 $0.83 $0.85 $0.87 $0.89 $0.90 $0.92 $0.94 $0.96 $0.98 $1.00 $1.02 $1.04 $1.06 $1.08 $1.10 $1.12 
Fresh Water Costs 
(USD/year)   $6,572 $7,952 $8,328 $9,741 $10,033 $10,929 $11,255 $11,909 $12,265 $12,968 $13,356 $13,755 $14,167 $14,591 $15,028 $15,478 $15,942 $16,419 $16,911 $17,261 

                      
Hydraulic Oil 
Consumption 
(l/year)  130 156 160 185 186 200 202 209 211 219 221 224 226 228 230 233 235 237 240 240 
Hydraulic Oil Price 
(USD/l)  $4.74 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 $4.83 
Hydraulic Oil Costs 
(USD/year)   $618 $754 $774 $892 $901 $965 $974 $1,012 $1,022 $1,060 $1,071 $1,082 $1,092 $1,103 $1,114 $1,125 $1,137 $1,148 $1,160 $1,160 

                      
Lubricants/grease 
Consumption 
(kg/year)  49 58 60 69 70 75 76 78 79 82 83 84 85 86 86 87 88 89 90 90 
Lubricants/Grease 
Price (USD/kg)  $3.56 $3.63 $3.70 $3.78 $3.85 $3.93 $4.01 $4.09 $4.17 $4.25 $4.34 $4.43 $4.51 $4.61 $4.70 $4.79 $4.89 $4.98 $5.08 $5.19 
Lubricants/grease 
Costs (USD/year)   $174 $212 $222 $262 $269 $294 $303 $321 $331 $350 $360 $371 $383 $394 $406 $418 $431 $444 $457 $467 

                      
Membrane 
Replacement 
Costs (USD/ton)  $2.28 $2.33 $2.37 $2.42 $2.47 $2.52 $2.57 $2.62 $2.67 $2.72 $2.78 $2.83 $2.89 $2.95 $3.01 $3.07 $3.13 $3.19 $3.26 $3.32 
Membrane 
Replacement 
Costs (USD/year)   $37,183 $45,310 $47,499 $55,829 $57,515 $62,781 $64,677 $68,502 $70,571 $74,689 $76,945 $79,269 $81,663 $84,129 $86,669 $89,287 $91,983 $94,761 $97,623 $99,646 

                        
Total Expenses 
(USD/year)   $402,969 $425,528 $436,543 $459,748 $470,043 $487,502 $498,490 $513,408 $525,027 $540,816 $553,106 $565,685 $578,563 $591,745 $605,240 $619,055 $633,198 $647,678 $662,502 $675,867 

                      

EBITDA  $395,161 $547,037 $583,016 $738,621 $764,516 $860,077 $889,786 $956,984 $989,771 $1,062,382 $1,098,509 $1,135,808 $1,174,316 $1,214,071 $1,255,111 $1,297,479 $1,341,215 $1,386,362 $1,432,966 $1,463,023 

Depreciation  $267,618 $267,618 $267,618 $267,618 $267,618 $267,618 $267,618 $267,618 $190,404 $190,404 $190,404 $190,404 $190,404 $190,404 $190,404 $190,404 $192,487 $192,487 $62,750 $62,750 

                      
EBIT/Taxable 
Income  $127,543 $279,420 $315,398 $471,003 $496,899 $592,459 $622,169 $689,366 $799,367 $871,978 $908,105 $945,404 $983,912 $1,023,666 $1,064,707 $1,107,075 $1,148,728 $1,193,875 $1,370,217 $1,400,274 
Corporate Income 
Taxes  $(37,625) $(82,429) $(93,042) $(138,946) $(146,585) $(174,775) $(183,540) $(203,363) $(235,813) $(257,233) $(267,891) $(278,894) $(290,254) $(301,982) $(314,089) $(326,587) $(338,875) $(352,193) $(404,214) $(413,081) 

                      

Tax-adjusted EBIT  $89,918 $196,991 $222,356 $332,057 $350,314 $417,684 $438,629 $486,003 $563,553 $614,744 $640,214 $666,510 $693,658 $721,685 $750,618 $780,488 $809,853 $841,682 $966,003 $987,193 

Depreciation  $267,618 $267,618 $267,618 $267,618 $267,618 $267,618 $267,618 $267,618 $190,404 $190,404 $190,404 $190,404 $190,404 $190,404 $190,404 $190,404 $192,487 $192,487 $62,750 $62,750 
Additional Capital 
Costs          $97,071        $113,735  $137,941  
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Unlevered Free 
Cash Flows ($4,414,077) $357,536 $464,609 $489,974 $599,675 $617,931 $685,301 $706,247 $753,621 $656,886 $805,148 $830,618 $856,914 $884,062 $912,089 $941,023 $970,892 $888,606 $1,034,169 $890,811 $1,049,943 

 

NPV $1,306,679  
IRR 13% 

 

Payback Period 8.65  
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