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Executive Summary 

This report presents the results from the feasibility studies for the implementation of RRR business 
models interlinked with an assessment of health and environmental risks and mitigation measures for 
proposed waste reuse (resource recovery and reuse - RRR) business models in Lima, Peru. The 
feasibility studies conducted in Lima are a core of the research project and sought to explore across 
different settings the applicability, adaptability and comprehensiveness of the proposed business 
models in real-life settings; resulting in the strengthening of the methods and procedures,  but also in 
view of scalability and viability. A key output of the feasibility studies are city-strategies for resource 
recovery and reuse and aim to provide recommendations for investment options and related health 
risk monitoring and mitigation measures.   
 
A 7-component multi-criteria assessment (MCA) framework was adopted to ensure that the 
assessment of the viability, applicability, scaling-up potential of implementing different RRR business 
models at scale was conducted from a holistic view, taking into consideration both micro- and macro-
environment factors. The constituent criteria were: a) Waste supply and availability, b) Market 
assessment (demand quantification and product market assessment), c) Technological aspects, d) 
Institutional and legal settings and public support, e) Financial viability assessment, f) Health and 
environmental risk assessment, g) Socio-economic impact assessment (valuation of economic benefits 
and assessment of additional externalities).  
 
Ten (10) business models were selected for feasibility testing in Lima, covering several waste streams 
(faecal sludge, municipal solid waste (MSW), wastewater, agro-industrial waste) and resulting end-
products categorized into energy and nutrient recovery and wastewater use. The business models 
were selected based on information from: a) a pre-feasibility study, b) feedback from stakeholder 
workshops and c) a no-go analysis based on information from baseline surveys. The selected business 
models had to have at least triple bottom line targets: high impact from a scalability and replicability 
perspective and catalyze innovation adoption. The feasibility of each model was then analyzed based 
on the MCA framework and for its overall potential feasibility based on a 4-level ranking system, i.e. 
whether it has: 
 

 

 No  feasibility  Low feasibility  Medium feasibility  High feasibility 
 

The notion behind the ranking of the RRR business models is to provide different stakeholders, in 
particular, investors with an overview of the potential feasibility for implementation of the business 
models. Particularly, it provides insights on constraints, if any, possibly related to key resource factors, 
and the level of risk associated with their potential investments. The overall feasibility of the selected 
RRR business models is presented in Table 1 below. It is noted that the 'wastewater use for irrigation, 

energy and nutrient recovery' business model (BM 9) has the highest feasibility for Lima; the nutrient 
business model (MSW-based compost) and energy business model (MSW for electricity generation) 
have a medium level of feasibility. It is important to note however that the feasibility of some of the 
business models can be improved with some adaptation (e.g. use of strategic partnerships, 
consideration of alternative waste streams and institution of supportive policies). 
 
 The high feasibility potential for implementation of the 'wastewater use for irrigation, energy 

and nutrient recovery' business model (BM 9)1 is driven by key factors related to: a) high financial 
viability, b) supportive institutional environment and c) wastewater availability and access. There is 
significant wastewater generated and treated in Lima (at approx. 900 Million Litres per Day (MLD) of 

                                                           
1Business models 9, 12 and 13 were initially considered as separate models. However based on the concept behind the 
business models and the multi-criteria framework used for the analyses, they were combined into one business model with 
different scenarios.   
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treated WW) that can be reused at some level. Although treated wastewater is already in use in the 
city (in almost 12 of the 26 WWTPs, concentrated in the southern part of the city), the majority of the 
treated wastewater is discharged into the sea. This is similar for treated agro-industrial wastewater 
(~12 MLD mainly from dairy and beer production), which is discharged into the city rivers (Huaycloro 
and Rimac) and could be diverted for reuse. Business model 9 is noted to be the most feasible, 
particularly for projects of medium and small scale associated to irrigation in the districts of Lima. 
However, depending on who demands the treated wastewater, one must take into account the aims 
and objectives of the project/initiative, some of which are justifiable in the grounds of public interest. 

- SEDAPAL has clearly signaled its priority of reducing pollution and damage to health through 
treatment of wastewater τa public good component. While the price structure suggests a bias 
towards offering cheaper rates for agricultural purposes, it is possible to increase awareness 
towards the public need to invest in wastewater treatment plants (WWTP) to clean the Rimac 
River. Then, a combination of adjusting reference prices in coordination with ANA and other users 
plus use of enforcing mechanisms to reduce contamination of the Rimac River, could promote 
investments in wastewater treatment. Through PPPs, where Peru shows a friendly environment, 
some of these projects could become viable.  

- The Metropolitan Municipality of Lima, including SERPAR is one key potential user of treated 
wastewater to irrigate the parks they administer in the city. However, these plans must be aligned 
ǿƛǘƘ ǘƘŜ ƴŜǿ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴΩ ǇǊƛƻǊƛǘƛŜǎΦ Lǘ ǎƘƻǳƭŘ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ǇƻƭƛǘƛŎŀƭ Ǌƛǎƪ ƻŦ ǘƘŜǎŜ 
projects, since previous commitments with the previous administration have been cancelled. 

- District municipalities are another potential area for their parks and gardens, but they will only 
invest if a high price of commercial water justifies the investment. The country clubs, schools and 
other private entities with large green areas are also potential users of treated wastewater for 
irrigation, although with similar cautions2. However, the feasibility of supplying treated 
wastewater will depend on the length of the canal or pipeline and pumping costs to deliver the 
water to its customer segment. 

- The component of creating compost and organic fertilizer adds a possibility of a future cash flow, 
but has potential limitations. 

 
In regards to the wastewater-fed fish business model, although the market and financial indicators 
suggest potential feasibility of this model, the overall feasibility of the model is limited by the 
institutional environment. There are existing regulations for providing authorizations for reusing 
treated wastewater for irrigation but not for aquaculture. Additionally, there are no existing technical 
rules or standards nor policies or incentives that support wastewater-fed aquaculture. Given the 
importance of the institutional and legal environment for the implementation of this model, there will 
be the need for a revision of the policies and regulations to incentivize the implementation of such 
initiatives, especially given that this model has the greatest potential for having a positive impact from 
a reduction in exposure to pathogens at community level3.  
 
Only one of the energy business models was noted to be feasible for implementation in Lima - Model 
2a - energy service companies at scale (agro-waste to electricity), in the context of the energy market 
of Peru where hydroelectric and thermoelectric plants predominate. From the market perspective, it 
is important to note that waste-to-energy entities will have to compete in the market of non-
conventional renewable energies (relevant market), where wind and solar energy are prevalent. Whilst 
these are critical factors to be considered, Lima has several particular advantages in place such as the 
availability of inputs to produce energy, low-cost technologies, a high potential to produce 
technological change and a high probability of replacement when energy sources such as diesel, wood, 

                                                           
2It is important to note that any health risks associated with this business model can be mitigated with a reasonable set of 

control measures. 
3It has, however, to be noted that this only applies if the wastewater (untreated or treated) used is compliant with national 
and international quality requirements regarding toxic chemicals. 
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batteries (usually more expensive) are prevalent. It is also important to note that whilst only a small 
percentage of the population in Lima still lacks power or still live in remote rural areas, their sources 
for electricity are based on non-conventional sources, in the order of: 1) solar, 2) mini-hydro or 3) 
biogas at a domestic scale. This thus represents an opportunity that waste-to-energy entities can 
capture. Additionally, the electricity market in Peru has favorable conditions and an abundance of 
energy sources, reflected in an energy matrix with high potential and high presence of energy 
production from renewable sources (mainly hydropower). An orderly and competitive energy market 
offers several options for the business model proposed, which should focus on preparing to participate 
as investment projects in the auction market. While the costs of entering the National Integrated 
Electricity System (SEIN) may be prohibitive for small projects, the stability of the regime (a third 
auction will happen in 2015:III) allows long-term investors to compete and reduce costs, while 
promoting technological change and innovation in order to help make these technologies more 
profitable. From a financial perspective, the analyses indicated that larger-scale plants are feasible but 
highly sensitive to the sale price of electricity. Additionally, the business model showed increasing 
viability with increases in the equity component of the investment.  
 

Although there is a significant availability and easy access to inputs (agro-waste, in particular pig 
manure) and the model showed a high financial viability, Model 3 has a low level of feasibility for 
implementation. This is mainly driven by a weak legal framework which is limited to energy generation 
from agro-waste in general and bio-fuels, without a focus on animal waste. There is thus no direct 
policy framework and standards or technical regulations in place that support the implementation of 
this model. This may be due to the novelty of waste reuse (gap in legislation) and the city's priorities 
as on the other hand, there are no laws/regulations that would represent a threat to the business 
either. There is a general notion that public institutions may not be interested to promote the model 
but there is a general interest from manure generators for on-site reuse. Thus, an improved enabling 
environment from an institutional perspective will generally improve the feasibility of this model4.  
 

The infeasibility of Model 4 - Onsite Energy Generation by Sanitation Service Providers (faecal sludge 
to energy) is mainly driven by the fact that Lima is predominately covered with sewer systems (90% 
coverage) and has very limited onsite sanitation coverage (6%) - thus a limited availability of waste 
input for energy generation. Additionally, there are no regulations, laws or any governmental policies 
that directly or indirectly promote and/or support this model. The main limiting factor is that the law 
establishes that sludge from WWTPs is considered a hazardous waste. Thus, by law, sanitation service 
providers are required to stabilize the sludge on-site and then, transport it to the sanitary landfills for 
proper disposal. Given these institutional constraints and limited onsite sanitation systems, this 
business model is noted to not be well-suited for the context of Lima.  
 
The nutrient business model - MSW-based compost (BM 15)5 is noted to be highly feasible in the 
Limean context. The feasibility is driven mainly by: a) high financial viability, b) supportive institutional 
and legislative environment, c) significant market demand and d) available technologies. There is a 
significant quantity of waste generated however this is collected in an unsorted form from households 
and markets. Food market waste may be an alternative sub-waste stream to target, which is easier to 
segregate at a centralized level given the high concentration of organic waste. The overall market 
assessment suggests that there is a fair demand for MSW-based compost in Lima. It is expected that 
44% of all households with plants/green areas will be willing to pay for compost (126,236 households); 
with a willingness-to-pay ranging between 2-2.5 Sol/Kg. The estimated demand from households for 
compost is 25,163 tons/year. On the other hand, about 14% of farmers are already using compost as 

                                                           
4 From a market perspective, given that the end-product is electricity the conclusions elaborated under Model 2 are also 
applicable to model 4. 
5Business models 15 and 21 were initially considered as separate models. However based on the concept5 behind the business 

models and the multi-criteria framework used for the analyses, they were combined into one business model with different 
scenarios.   
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a soil input and hence a conservative demand estimate would be 7,280 tons/year if we assume that 
only this group of farmers are willing to use compost. If we assume that farmers are provided with 
adequate training on compost use and its advantages the remaining 86% of the farmers can possibly 
be included as part of the potential market demand and thus the total estimated demand for compost 
will be 52,000 tons/productive cycle in a year. The market structure assessment revealed that the 
organic fertilizer market is small but a growing part of a concentrated fertilizer market led by imported 
chemical fertilizers. Currently, the organic fertilizer market is small and scattered (70 percent in the 
Andes), but strongly following the trend of organic food demand (currently mostly related to the 
external market demand). A premium for organic fertilizers is found in some niche markets, but the 
fertilizer market is generally a price-taker and also very volatile. Lima as a main potential market for 
organic fertilizers is moderately valid, mainly because of its potential as a distribution market (domestic 
and external) and less because of a growing domestic organic farming market. Other actors are 
planning to enter the latter market, mainly for organic agriculture for exports, and they are expecting 
future growth of urban farming demand, suggesting an expected increase in organic fertilizer demand. 
The financial assessment was conducted for three different scenarios and it was observed that at a 
lower scale of 70 tons and 200 tons, the viability of the business without any subsidy or incentives was 
marginal but as the scale of the waste processed increases, the feasibility of the compost production 
plant improves.It is important to note however that the decision of a business to operate at a certain 
scale will be determined by several factors: a) demand, b) price of the compost, c) economies of scale, 
among others. Whilst the current production levels of compost is unknown, it is clear that the compost 
sector is a burgeoning industry with some entry barriers but supportive and existing policies 
encouraging business development. 
 

Similar to business model 4, the infeasibility of Model 17 - High value fertilizer production for profit 
(faecal sludge-based compost) is mainly driven by the fact that Lima is predominately covered with 
sewer systems (90% coverage) and has very limited onsite sanitation coverage (6%). With no 
regulations, laws or any governmental policies that directly or indirectly promote and/or support this 
model and limited onsite sanitation systems, this business model is not well-suited for the context of 
Lima.  
 
 

Table 1: Overall feasibility ranking of the business models 

    Level of feasibility of the business models 

Ranking 
criteria Outputs 

ENERGY WASTEWATER NUTRIENT 

BM2a BM3 BM4 BM8 BM9, 12, 13 BM15& 21 BM17 

1 Waste supply and availability        

2 Market assessment        

1 Institutional analysis        

3 Technical assessment        

4 Financial assessment        

 
5 

Health risk& impact 
assessment        

Environmental risk and impact 
assessment        

6 Socio-economic assessment   N/C    N/C 

 Overall ranking of BM        
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Legend: 

Á BM 2a: Energy Service Companies at Scale (MSW to energy) 
Á BM 3:  Energy Generation from own Agro-industrial waste (agro-waste to energy) 
Á BM 4: Onsite Energy Generation by Sanitation Service Providers (faecal sludge to electricity) 
Á BM 8: Beyond cost recovery: wastewater-fed aquaculture 
Á BM 9: On Cost Savings and Recovery (wastewater use for irrigation, energy and nutrient recovery) 
Á BM 12: Wastewater treatment for carbon emissions reduction 
Á BM 13: Wastewater treatment for irrigation 
Á BM 15: Large-Scale Composting for Revenue Generation  (municipal solid waste to compost) 
Á BM17: High value Fertilizer Production for Profit (combination of municipal solid waste and faecal 

sludge to organic fertilizer) 
Á BM 21: Partially subsidized Composting at District Level 

 

Legend 

High feasibility 

Medium feasibility 

Low feasibility 

No feasibility 
 
 
N/C = Assessment not conducted 
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1 Introduction 

1.1 Overview of Research Project 
 

The overall goal of the project is to implement globally and at large scale recovery and safe reuse 
models of resources generated from liquid and solid waste streams in order to promote food security, 
cost recovery in the sanitation sector, and livelihood opportunities, while safeguarding public health 
and the environment in poor urban and peri-urban areas in developing countries. This translates into 
two key objectives: 

1. To increase the scale and viability of productive reuse of water, nutrients, organic matter and 
energy from domestic and agro-industrial waste streams through the analysis, promotion and 
implementation of economically viable business models; 

2. To safeguard public health in the context of rapidly expanding use of wastewater, excreta and 
greywater in agriculture and aquaculture and protect vulnerable groups from specific health 
risks associated with this pattern of agricultural development.  

This intervention thus had several increasingly interlinked components carried out over two phases: 
(1) a research dominated phase, and (2) an implementation dominated phase. While the research has 
an impact pathway based on two phases: (1) a research dominated phase and (2) an implementation 
dominated phase; the one described here centers on phase 1 and in particular on the 1st objective 
focusing on the analysis and feasibility testing of RRR business models.  
 

 
Figure 1: Research Framework for the Project 

 
The 1st objective focused on the identification of existing or emerging reuse cases in Asia, Africa and 
Latin America to learn about their performance and analyze in depth the most promising and/or 
scalable cases. The in-depth assessment of both formal and informal RRR business cases sought to 
understand the factors that drive their success and potential sustainability, replicability and scalability 
barriers, particularities and opportunities. This was based on a 7-component multi-criteria analysis 
covering among others the financial, institutional, policy, health and technical aspects of RR&R to 
understand the performance of each respective business case in their given context. Performance 
indicators for benchmarking of success were identified through a comparative analysis, and business 
models emerging from the analysis was described for each waste resource. Subsequent to the 
development of the RRR business models, multiple feasibility studies which were a core of the 
intervention and involving all relevant local stakeholders were conducted to explore across different 
settings the applicability, adaptability and comprehensiveness of the proposed business models in real-
life settings; resulting in the strengthening of the methods and procedures both are proposing, also in 
view of scalability and viability. A key output of the feasibility studies are city-strategies for RR&R which 
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include recommendations for investment options and related health risk monitoring and mitigation 
measures aligned to the Sanitation Safety Plan (SSP).   

1.2 Methodology for Feasibility Studies 

Feasibility studies in the context of this project are defined as the assessment and analysis of the 
viability, applicability, scaling-up potential of implementing different RRR business models at scale. 
This requires the application of an approach that assesses the feasibility of RRR business models from 
a holistic view, taking into consideration both micro- and macro-environment factors. For this purpose, 
different qualitative and quantitative approaches and related methodologies were used. The adopted 
methodology here builds on a multi-criteria assessment (MCA) framework and identified performance 
indicators and applied an institutional, policy and market analyses, perception studies, and business 
scenario modeling. The list of criteria selected for the MCA framework is based on previous research 
and is as follows: 

1. Waste supply and availability  
2. Market assessment (demand quantification and product market assessment)  
3. Technological assessment 
4. Institutional and legal settings and public support assessment 
5. Financial assessment 
6. Health and environmental risk assessment  
7. Socio-economic impact assessment (valuation of economic benefits and assessment of 

additional externalities) 
 
The list of criteria presented here is based on previous research. While it is impossible to identify a 
complete list of factors that will determine the feasibility of implementing an RRR business without 
knowing the specific context, the goal here was to present an extensive range of different criteria that 
would be of importance in different contexts and that are helpful in accurately assessing the feasibility 
potential of the business models. This list may be reduced or expanded for each specific business 
model and context. The application of the MCA framework for the feasibility assessment of the 
business models is detailed out in the related document for Output 2 - Methodological Guidelines on 
multi-criteria indicators determining promising business models and their targeted application in low-
income countries and emerging economies. 
 
The framework consists of a set of criteria, indicators, research questions, and detailed methodology 
under the overarching umbrella of a multi-criteria analysis (Figure 2). Each criterion has its own set of 
indicators, with these indicators having a set of research questions and to address these research 
questions, a specific approach/ methodology applied. The selected indicators for each criterion allows 
for comparisons between business model options to assess their viability, scalability and sustainability. 
The indicators are criterion-specific although a few were cross-cutting and applied to all criteria, 
addressing, e.g. opportunities and constraints for going at scale. The indicators shed light on the 
financial flows, production factors, resources or capacities requirements, associated health and 
environmental risks and economic benefits from the implementation of the specific RRR business 
models. It in essence allows one to address questions of financial sustainability, scalability, 
development impact, related health risks and environmental impact of the RRR business. The selected 
criteria essentially allows us to identify any limitations associated with both the input and output 
markets and related impacts. For example, the Waste Supply criterion assesses the quantity of waste 
input available and accessible to a business. This is an important criterion as resource limitation is a 
key factor for business sustainability. Each criterion is explained and described in Annex 2: MCA 
Framework. There are overarching research questions and sub-questions; of which the research 
questions were formulated to serve either: 
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i. The determination of the indicators 
ii. Provide background information on the business model 
iii. Assess the suitability of the indicator and functionality in and any given bio-physical or 

socio-economic setting (institutional capacity, infrastructure and technology)  

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 2: Framework for Feasibility Studies 

 
Prior to the feasibility studies, baseline surveys were conducted to guide the selection of appropriate 
cities for testing the business models. Based on a screening and previous research work, the following 
cities were preliminarily shortlisted: Kampala in Uganda, Bangalore, Mysore and Hubli-Dharwad in 
India, Kumasi, Accra and Tamale in Ghana, Cagayan de Oro in Philippines, Hanoi in Vietnam, Lima in 
Peru, and Ouagadougou in Burkina Faso. Baseline surveys were conducted to serve as a pre-feasibility 
study of cities, to preliminarily assess the extent of reuse and the types of RRR business models with 
the highest potential for sustainability and impact. The baseline surveys were buttressed with pre-
stakeholder workshop visits, which permitted the following: 

- to consolidate the baseline survey reports provided by the consultants with complementary 
dimensions (if the former proved to have insufficient information)  

- to meet key authorities on one-to-one basis to align the project with their needs; 
- to visit existing treatment or reuse cases in the city and discuss with the respective operators the 

options for RRR; 
- to pre-select the number and types of possible BMs that locally made sense; 
- to have first contacts with potential partners for the different dimensions of the feasibility phase. 

The final feasibility city selection criteria was based on: a) confirmed official interest, b) supporting 
policies, c) local partner capacity to carry out feasibility and health studies, d) urban and peri-urban 
farming sector in need of resources, and e) already ongoing reuse activities to test the SSP. The final 
selected cities were Kampala, Uganda; Lima, Peru; Bangalore, India; and Hanoi, Vietnam. This report 
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focuses on the results from the feasibility studies conducted in Lima, Peru. It is important to note that 
the feasibility studies considered an urban - peri-urban system boundary and defined based on the 
specific context and city under consideration. Ten (10) business models selected for feasibility testing 
in Lima are presented in Table 2. The selection process of the business models was based on three 
components: a) a pre-feasibility study, b) feedback from stakeholder workshops and c) a no-go analysis 
based on information from the baseline survey. 
 
Table 2: Selected RRR Business Models for Feasibility Testing in Lima6 

RR Business Models Brief Description 

ENERGY 

Model 2a: Energy Service 
Companies at Scale: Agro-Waste to 
Energy (Electricity) 

The business processes crop residues like wheat stalk, rice husk, maize stalk, groundnut 
shells, coffee husks, saw dust etc. to generate electricity which is sold to households, 
businesses or local electricity authority. 

Model 3:Energy Generation from 
own Agro-industrial waste (Agro-
waste to energy) 

The business processes agro-waste to generate electricity which use for internal 
purposes and any excess sold to households, businesses or local electricity authority. 

Model 4: Onsite Energy Generation 
by Sanitation Service Providers 
 

The business model is initiated by either enterprises providing a sanitation service such 
as public toilets or by residential institutions such as hostels, hospitals and prisons with 
a concentrated source of human waste (i.e. faecal sludge). The business concept is to 
process and treat human waste in a bio-digester to generate biogas to be used for 
lighting or cooking. 

WASTEWATER REUSE 

Model 8: Beyond cost recovery: 
the aquaculture example 

The business concept is to treat wastewater to an advanced tertiary state and during 
that process produce fish for human consumption. The concept offers business 
opportunities at medium scale, where existing in-use treatment plants can be used to 
raise fish for sale into the market, providing avenues for cost recovery to municipal 
wastewater management entities. 

Model 9, 12 & 13: On Cost Savings 
and Recovery - Wastewater 
treatment for irrigation/ fertilizer 

The business concept is to treat wastewater for safe reuse in agriculture, forestry, golf 
courses, plantations, energy crops, and industrial applications such as cooling plant. The 
sludge from the treatment plant can be used as compost and soil ameliorant and energy 
generated can be used for internal purpose resulting in energy savings. 

NUTRIENTS 

Model 15: Large-Scale Composting 
for Revenue Generation   

The business concept is to better manage Municipal Solid Waste (MSW) and recover 
valuable nutrients from the waste that would otherwise be unmanaged and disposed on 
streets and landfills without reuse. Compost from MSW is sold to farmers, landscaping, 
and plantations and other entities. Model 21: Partially subsidized 

Composting at District Level 

Model 17: High value Fertilizer 
Production for Profit 

Similar to Model 15 in concept but in addition to MSW, the business uses faecal sludge 
as an input from onsite sanitation systems which is rich in nutrients. There are 
opportunities for pelletization and blending of faecal sludge-based compost with rock-
phosphate, urea/struvite or NPK which is an additional value proposition that can be 
explored under this business model, allowing the product to have nutrient levels specific 

                                                           
6The business model on incineration of municipal solid waste (MSW) for energy production was not considered 
for Lima for the following reasons: 

a) Waste in developing countries has high water content and hence has a significantly lower calorific value; 
b) There are noted concerns of significant potential negative health and environmental impact associated with 

the model; 
c) Among the empirical business cases reviewed for the study on MSW to energy, MSW to landfill gas to energy 

was not analyzed; 
d)  Different stakeholders strongly opposed MSW incineration energy generation. 
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for target crops and soils, and a product structure improvement (pellets) to improve its 
competitive advantage, marketability and field use.  

 
Each business model was assessed based on the seven criteria listed in the MCA framework and 
subsequently evaluated for its overall potential feasibility based on a 4-level ranking system, i.e. 
whether it has: 
 

 No  feasibility  Low feasibility  Medium feasibility  High feasibility 

 
The subsequent sections present the feasibility assessment results of the different models from the 
different criteria. Section 10 provides a synthesis of the overall feasibility assessment and ranking of 
all the selected business models. 
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2 Key findings of Waste and Availability Analysis 

¢Ƙƛǎ ǎŜŎǘƛƻƴ ǇǊŜǎŜƴǘǎ ǘƘŜ ƪŜȅ ŦƛƴŘƛƴƎǎ ƻŦ ǘƘŜ ά²ŀǎǘŜ {ǳǇǇƭȅ ŀƴŘ !Ǿŀƛƭŀōƛƭƛǘȅέ ŀƴŀƭȅǎis that was 
conducted in Lima, Peru. The business models under consideration required analyzing the following 
waste streams: 

1. Municipal Solid Waste (MSW) 
2. Market Waste (MW) 
3. Wastewater (WW) 
4. Faecal Sludge (FS) 
5. Agro-Industrial Waste (AIW) 
6. Animal Manure (AM) 

 
Table 3provides a summary of the key findings for each business model under consideration. The waste 
streams and end-products are listed, including a ranking of feasibility for implementation 
(high/medium/low) and recommendations for adaptations to increase feasibility. Detailed analysis 
were conducted for each waste stream on: 

¶ Quantities and characteristics of defined waste streams. 

¶ Current and future solid waste and liquid waste management strategies of Lima, including cost 
for collection and disposal. 

¶ Accessibility of defined waste streams, and the implications on the potential for 
implementation of waste-based business models. 

 
The information was collected through a review of secondary data, interviews, field observations and 
collection of primary data. Detailed information, data analyses and data sources are available in: 
άResource, Recovery and Reuse Project. From Research to Implementation. Component 1 - Waste 
Supply and Availability: Lima, Peru. Internal report, available for download on www.sandec.ch/rrr. 
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Table 3: wŀǘƛƴƎ ƻŦ ŦŜŀǎƛōƛƭƛǘȅ ƻŦ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ŦǊƻƳ ŀ Ψ²ŀǎǘŜ {ǳǇǇƭȅ ŀƴŘ !ǾŀƛƭŀōƛƭƛǘȅΩ ǇŜǊǎǇŜŎǘƛǾŜ 
and recommendations for Lima 

Business 
Model 

Waste 
stream 

End-product Feasibility Recommendations 

2 (a) ¶ MSW 
¶ Biogas -> 

Electricity 

Medium-High (Households): a total of ~1Million t/yr (~2700 
t/d) of organic waste is generated in the city from household 
waste. The majority of this (~70%) is currently collected in a 
mixed form and disposed in sanitary landfills. 
High (Market ς high concentration of organic waste (84%) 
OFMSW): it is estimated that 214,000 t/yr (~550 t/d) of waste 
is produced by the 1200 foodmarketsofLima.About84% of 
market waste is organic (~460 t/d) and the majority of which 
(~70%) is currently collected in a mixed form and disposed to 
sanitary landfills.  

 

To receive high-quality 
OFMSW (organic fraction of 
municipal solid waste), it is 
recommended to stress on 
source-segregation of organic 
waste at food market and 
household (the latter having 
the greatest potential). 
Alternatively, food market 
waste may be targeted, which 
may be easier to segregate at 
centralized level given the 
high concentration of organic 
waste. 
Pig manure may be a good 
stream to focus on, given its 
nutrient and energy contents 
and lack of reuse in the city.  

3 
¶ AIW 

¶ AM 

¶ Ethanol 

¶ Electricity 

Medium (AIW) ς High (Pig Manure): Although a substantial 
generation of manure (e.g. Lima is the largest broiler 
producer in the country) and agro-industrial waste, the 
majority of this is already reused in agriculture (medium 
confidence). However, pig manure (~100t/d, fresh weight) 
represents an exception given the lack of market for it (due 
to unpleasant odors).  
Other waste streams total generation consist of (medium 
confidence): 

¶ 680 t/d of poultry litter; 900 t/d of cattle manure;  

¶ Agro-industrial waste was estimated at 191 t/d 

¶ ~150,000 t/yr (410 t/d) from slaughterhouse, mostly 
reused for animal feeds 

Pig manure (via biogas) may 
be a good manure stream to 
focus on, given its nutrient 
and energy contents and the 
lack of reuse in the city.  

4 
¶ Feces 

¶ Urine 

¶ FS 

¶ Biogas -> 
Cooking fuel 

Medium: There are very few experiences covered by 
ECOSAN toilets and FS generation and collection is low (see 
model 17). However, access to toilets services may be 
required particularly in the cities slums (low 
confidence).Similar businesses (e.g. x-runner) are already 
operating in similar contexts. 

This model may focus on 
slums areas by providing 
integrated sanitation services 
(e.g. toilets/showers). 

8 ¶ WW 
¶ Fish 

¶ Treated WW 

High (Partially Treated and Treated WW): There is enough 
wastewater and margin for duckweed cultivation or direct 
aquaculture. Aquaculture is already happening in Lima. 

8 WWTPs have pond-based 
technologies (mostly in the 
south) and may be adapted 
(or retrofitted) for duckweed 
or aquaculture production. 

9 
¶ WW 

¶ WW 
sludge 

¶ Electricity 

¶ Soil 
conditioner 

¶ Water (for 
reclamation) 

High (Treated WW): ~900 Million litres per Day (MLD) of 
treated WW are produced in the city (high 
confidence).Although treated WW reuse is already 
happening in the city (in almost 12 of the 26 WWTPs, 
concentrated in the southern part of the city), yet the 
majority of the treated WW is discharged into the sea.  

High (WW sludge): the city generates ~24,000 m3 of WWTP 
sludge per year (medium-high confidence), which is currently 
disposed in the city landfills.  

The WWTP sludge can be 
recovered for energy or 
nutrient recovery (via 
compost) either on-site or 
offsite. If the compost from 
WW sludge is considered, a 
more detailed assessment on 
heavy metals concentration in 
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High (Treated Industrial WW) ς Most of treated agro-
industrial wastewater (~12 MLD mainly from dairy and beer 
production) is discharged into the city rivers (Huaycloro and 
Rimac) and could diverted to reuse. 

the sludge of targeted WWTPs 
may be required. 

15 ¶ MSW 
¶ Soil 

conditioner 

Medium-High (Households): a total of ~1M t/yr (~2700 t/d) 
of organic waste is generated in the city from household 
waste. The majority of this (~70%) is currently collected in a 
mixed form and disposed in sanitary landfills 
High (Market ς high concentration of organic waste (84%) 
OFMSW): it is estimated that 214,000 t/yr (~550 t/d) of waste 
is produced by the 1200 food markets of Lima. About 84% of 
market waste is organic (~460 t/d) and the majority of which 
(~70%) is currently collected in a mixed form and disposed to 
sanitary landfills.  

For high quality compost, it is 
recommended to stress on 
source-segregation of waste 
at household or market level. 
Alternatively, food market 
waste may be targeted (high 
fraction of organic waste and 
may be easier to separate). 

17 
¶ MSW 

¶ FS 

¶ Fertilizer 
(NPK added) 

Medium (Households): a total of ~1M t/yr (~2700 t/d) of 
organic waste is generated in the city from household waste. 
The majority of this (~70%) is currently collected in a mixed 
form and disposed in sanitary landfills. It may be hard to 
receive OFMSW from this waste stream given that very little 
source segregation is happening at the moment. High 
(Market ς high concentration of organic waste (84%) 
OFMSW): it is estimated that 214,000 t/yr (~550 t/d) of waste 
is produced by the 1200 food markets of Lima. About 84% of 
market waste is organic (~460 t/d) and the majority of which 
(~70%) is currently collected in a mixed form and disposed to 
sanitary landfills.  
Low (FS): low FS production and collection was estimated in 
the city. Most of the onsite systems are uphill and latrines, 
when full, are buried and not emptied.  
Animal manure may be used for the enrichment process (see 
BM2 and 3). The availability of this waste stream is Medium 
to High. 

 
For high quality compost, it is 
recommended to stress on 
source-segregation of waste 
at household or market level. 
Alternatively, food market 
waste may be targeted (high 
fraction of organic waste and 
may be easier to separate). 
Agreement with market 
associations or owners to 
segregate OFMSW at 
generation may facilitate the 
sourcing of OFMSW. If this is 
not possible, segregation at 
treatment plant level can be 
easily done given the high 
percentage of organic waste 
in market waste. 

21 ¶ MSW 
¶ Soil 

conditioner 

Medium-High (Households): a total of ~1M t/yr (~2700 t/d) 
of organic waste is generated in the city from household 
waste. The majority of this (~70%) is currently collected in a 
mixed form and disposed in sanitary landfills. 
High (Market ς high concentration of organic waste (84%) 
OFMSW): it is estimated that 214,000 t/yr (~550 t/d) of waste 
is produced by the 1200 food markets of Lima. About 84% of 
market waste is organic (~460 t/d) and the majority of which 
(~70%) is currently collected in a mixed form and disposed to 
sanitary landfills.  

For high quality compost, it is 
recommended to stress on 
source-segregation of waste 
at household or market level. 
Alternatively, food market 
waste may be targeted (high 
fraction of organic waste and 
may be easier to separate). 
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3 Key findings of Market Assessment 

3.1 Introduction 

A key component of the feasibility studies is the market assessment of the RRR business models as 
functioning markets, an enabling institutional environment and positive economic and financial 
conditions are essential for sustainable business activity in any sector including the waste reuse sector. 
The set-up of any RRR business and the commercialization of a new product in a new market requires 
an accurate or close to accurate estimation of the relative market size for the new product. The 
successful development of any subsector market depends among other factors particularly on market 
demand. Specifically, the question of whether a demand actually exists and the price end-users are 
willing to pay for this new product needs to be explored. For this reason, the market assessment set 
out to evaluate the current and potential market for the recovered resource and the effect of different 
factors (e.g.  Socio-cultural aspects and perceptions, price of substitute products, etc.) on market 
demand. Information on market segments, potential clients of the RRR product, their actual and 
potential number and resource absorption capacity and their willingness-to-pay (WTP) were assessed.  
 

Additionally, the adoption of effective marketing and pricing strategies to ensure business 
sustainability require entrepreneurs to comprehensively understand the dynamics inherent in the 
relevant sub-sectors. This translates into the need for evaluating the structure (i.e. competition, 
differentiation of substitute products, barriers to market entry, among others) of the product market 
they operate in, i.e. how the behavior and performance of other businesses influence their decision 
making. Another important facet to the market assessment is demand forecasting ς i.e. market 
outlook. Market forecasting is a crucial element for business owners in assessing future capacity 
requirements, evaluating their decisions in the implementation of new business strategies and pricing 
decisions. Businesses need to adopt different strategies ranging from establishing key partnerships and 
price markups to maintain a competitive advantage and ensure sustainability. An assessment of the 
above listed aspects provides entrepreneurs with a solid market information base crucial for business 
start-up and sustainability. In that regard, the specific objectives of the market assessment were: 

1. To assess the market value of the RRR products under consideration ς  
a. To assess ŎƻƴǎǳƳŜǊǎΩ ǿƛƭƭƛƴƎness-to-pay (WTP) and differences in WTP estimates 

across different consumer segments and related factors influencing consumer 
demand; 

b. To estimate the potential market size for the RRR product; 
2. To assess the extent and characteristics of the market structure; 
3. To evaluate the market outlook of the RRR products and to what extent the RRR products 

would be viable over time in the market. 
As noted earlier, a total of 10 RRR business models were selected for the feasibility studies in Lima. For 
the purposes of the market assessment, an end-use typology of the business models was employed as 
although the underlying concept of the business models were different, a number of the end-products 
were the same across different business models. Thus for some business models, the related customer 
segments and relevant actors along the value chain considered would be the same. In that regard, for 
the selected business models, the following 5 value-added products were considered: 1) electricity, 2) 
wastewater-fed fish, 3) treated wastewater, 4) MSW-based compost and 5) faecal sludge-based 
compost.  
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Table 4: List of RRR business models and related products 
 

Business Model Value-added product Recovered resource 
Model 2: Independent power producer (agro-
waste to electricity) 

 
 
Electricity 
 

Energy 

Model 3: Energy Generation from own Agro-
industrial waste (Agro-waste to energy) 

Model 4: Onsite energy generation (faecal sludge 
to electricity 

Model 8: Beyond cost recovery: the aquaculture 
example 

Wastewater-fed fish Wastewater-fed fish 

Model 9, 12 & 13: On Cost Savings and Recovery - 
Wastewater treatment for irrigation/ fertilizer and 
energy production 

Treated wastewater Wastewater 

Model 15: Large-Scale Composting for Revenue 
Generation (MSW to compost) 

 
Compost 

 
 
 

Nutrients 
Model 21:  Partially subsidized Composting at 
District Level 

Model 17: High value Fertilizer Production for 
Profit(faecal sludge to compost) 

Faecal sludge-based 
compost 

3.2 Methodology 

 
3.2.1 Overview of Methodology 

 

The successful development of any RRR business depends on the effective workings of different facets 
of the respective value chain including: (a) market linkages between related subsector markets; (b) 
business dynamics ōŜǘǿŜŜƴ ǊŜƭŜǾŀƴǘ ŜŎƻƴƻƳƛŎ ŀŎǘƻǊǎ ŀƴŘ όŎύ ŎƻƴǎǳƳŜǊǎΩ ǊŜǎponsiveness to newly 
developed and available products. When introducing a new product into the market or simply entering 
a new industry, businesses are particularly interested in three factors: current and future consumer 
demand, competition and production costs. Though cost estimations are simple and straightforward, 
the assessment of consumer demand (as measured by willingness-to-pay (WTP) and competition are 
comparatively more complicated and not a straight forward calculation as historical data of consumer 
purchase patterns are guidelines at best (Lusk and Hudson, 2004). Specific methods were developed 
ŀƴŘ ǳǎŜŘ ŦƻǊ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻƴǎǳƳŜǊǎΩ ²¢tΣ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ƳŀǊƪŜǘ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ƻǳǘƭƻƻƪΦ 
The choice of methods for evaluating the different research questions were dependent on the context, 
the related RRR product, access to data and analytical tools to be employed. The subsequent sections 
will outline in detail the data collection tools and estimation approaches. The WTP and market outlook 
analysis viewed the business models from an end-product perspective, whilst the market structure 
was conducted from a sector perspective; i.e. (a) electricity market, b) fish market, c) water market 
and d) fertilizer market). 
 

3.2.1.1 Willingness-to-pay and Market size estimation 
Stated and revealed preference methodologies have gained immense popularity in eliciting 
ŎƻƴǎǳƳŜǊǎΩ Ǿŀƭǳŀǘƛƻƴ ƻŦ ƴŜǿ ǇǊƻŘǳŎǘǎ ό[ǳǎƪ ŀƴŘ IǳŘǎƻƴΣ 2004; Kimenju and Groote, 2008). The choice 
between the uses of stated or revealed preference methods is dependent on the RRR product under 
consideration. Stated preference methods such as contingent valuation methods are typically used for 
assessing consumer WTP of products with an inexistent market price (Adamowicz and Deshazo, 2006; 
Freeman, 2004). An example would be that of faecal sludge-based organic fertilizer, a new product in 
the fertilizer market. Alternatively, revealed preference methods such as hedonic pricing can be used 
to obtain the price of a good via real market purchasing mechanisms. These methods are grounded in 
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economic theory of welfare analysis and can also be used for the valuation of goods and services 
without market prices or shadow prices. Contingent valuation approaches has been successfully 
applied in the estimation of the demand for compost in Ghana (Danso et al., 2006); Tanzania (Valerian 
et al., 2011), and Ethiopia (Hagos et al., 2012). For the purpose of this study, contingent valuation 
methods were applied for the WTP assessment of the energy business models (i.e. electricity) and 
nutrient and wastewater business models. Based on the WTP measures, the potential market size of 
the RRR products was estimated.  
 

3.2.1.2 Market structure assessment 
This assessment was based on the notion that businesses require information on the extent and 
characteristics of the market structure for decision-making on strategies that ensure firm performance. 
To achieve this, a structureςconductςperformance (SCP) evaluation model was applied along the 
different stages of the product supply chain. The SCP approach provides insights into how markets 
function in the real world as opposed to in theory (Holtzman 2002; Wanzala et al. 2009). The SCP 
approach is based on the underlying rationale from economic theory of competitive markets, which 
suggests that competitive markets produce efficient prices and quantities. If a monopolist or 
oligopolist dominates a market, the lack of competition will yield higher prices and lower quantities 
traded. If the market structure is monopolistic or oligopolistic, then prevailing prices may be higher 
than what they would be in a competitive market. The SCP approach assesses the structure of the 
market (number of actors involved), their conduct (what products/services they perform), and how 
those two things lead to the performance of the marketτin terms of prices, quantities traded, and 
costs of performing various functions. Based on this analysis, insights of market performance and 
possible strategies that businesses can adopt (measured in terms of price and accessibility) can be 
drawn. To set the stage for assessing the market structure, the supply chain for competitive products 
was evaluated. This served to identify the constraints and distortions affecting the functioning of the 
markets of competitive products been considered and propose suitable mitigation measures to 
address these distortions. The supply chain analysis utilized data from the market size, key players in 
the supply chain, regulatory framework and subsidy programs. The SCP framework was applied as 
follows: 

1. The structure of the market was assessed from four aspects: market concentration (MC), product 
ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ όŀǎ ƳŜŀǎǳǊŜŘ ōȅ ōǳǎƛƴŜǎǎŜǎΩ ŀǿŀǊŜƴŜǎǎ ƻŦ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ǇǊƻŘǳŎǘǎύΣ ƳŀǊƪŜǘ 
integration (e.g. extension of credit between businesses) and conditions for entry in sector 
(threshold capital requirements, sources of funding). An MC ratio based on market share was 
calculated and monthly turnover data for relevant businesses was used to measure market share. 

2. The market conduct was evaluated based on the behaviour (whether players are price-taking or 
price-making agents: pricing and promotion) and activities of existing competing businesses. If 
data was available, their performance was assessed as reflected in the variation of their cost 
elements. A structural pyramid of players, functions and the performance of the product markets 
was developed to highlight the different dynamics.  

3. An overview of factors affecting the functioning of different markets was evaluated to capture 
supply-side constraints (e.g. business environment, taxes, tariffs) and demand-side factors (access 
to financing, production risk, purchasing power). 

 
 

3.2.1.3 Market outlook assessment 
The evaluation of the market outlook, i.e. market forecasting will aid new and existing RRR businesses 
in planning for the future. Because investment toward an uncertain future is very difficult and risky, 
market forecasting tools have been developed to alleviate the risk and to obtain more accurate or 
reliable information. This assessment is a projection of demand levels in the future, based on current 
or past evolutions. A Bass ƳƻŘŜƭ ƛǎ ǳǎǳŀƭƭȅ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ŎƻƴǎǳƳŜǊǎΩ ōŜƘŀǾƛƻǊ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜƛǊ 
loyalty towards a product. Most frequently, this model is used in marketing for dynamic forecasts of 
the market demand against the background of intense rivalry between products or brands. Since most 
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of the RRR products are new in the market, it was difficult to obtain time series data to develop a 
standard demand equation for the market trend analysis. Thus, to forecast the revenue or profit of a 
new product, the initial income from existing businesses if available was used. For a given RRR product, 
a Bass model was applied to analyze the market demand over time. In addition, this approach was 
used to estimate the growth in demand of an RRR-business product with other competing products. 
Where data was available, econometric analyses was used to forecast the market of the related 
products for the business models. 
 

3.2.2 Study Area and Data 

The primary survey covered several districts of Lima as shown in Figure 3 below.  For the WTP and 
market size assessment, primary data on price offers from market experimeƴǘǎΣ ǇŀǊǘƛŎƛǇŀƴǘǎΩ 
demographics and socio-economic factors were collected from different groups of respondents 
depending on the RRR product.  Additionally, data on price of substitute products, macro-economic 
factors, etc. were collected from secondary sources. WTP measures were derived directly from the 
purchase price and additional econometric analysis. For the market structure, both primary and mostly 
secondary data were collected and used for the supply chain analysis, although this was dependent on 
the RRR product. For example, supply chain analyses have been conducted on the fertilizer market in 
many agricultural dependent countries. If applicable to the city, these served as key sources for 
secondary data.  Data on the number and size of key players, the characteristics of these players (e.g. 
economies of scale, access to financing, marketing and distribution costs, and level of integration and 
nature of contractual agreements) was collected from primary sources.  For the market outlook, data 
on market demand and market share were obtained from the WTP and market structure assessment 
components. Additional secondary data on alternative products, prices and quantity of sales of existing 
competing products in the market (e.g. quantity of fertilizer sold per year, time series data of fertilizer, 
etc.) was collected from relevant institutions (e.g. marketing boards and departments). Revenues and 
cost data were collected from existing business as well as alternative input and output products 
markets. The sampling strategy for the different research aspects and models are outlined in Table 
5below. 
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Figure 3: Map of the city of Lima 

 
Table 5: Sampling Strategy for Market Assessment 

 
Sub-research 
components 

Business Models 

Model 2b, 3&4 
[Electricity] 

Model 8: 
[Wastewater 

fed fish] 

Model 9, 12, 13 
[Wastewater] 

Model 15 
&21 [MSW-

based 
compost] 

Model 17 
[Faecal 

sludge-based 
fertilizer] 

WTP and Market 
size 

Electricity market - 
secondary data 

H = 443 Water sector - 
secondary data 

H = 300 
F = 115 

H = 288 

Market structure Electricity market - 
secondary data 

Fish market - 
secondary 
data 

Water sector - 
secondary data 

Fertilizer market - secondary 
data 

Market Outlook Time series 2o data; 1o data from WTP assessment 

Pricing & 
Marketing strategy 

Electricity market - 
secondary data 

 Water sector - 
secondary data 

Fertilizer market - secondary 
data 

Optimal location or 
distribution 
strategy 

  Fish market - 
secondary 
data 

Water sector - 
secondary data 

Fertilizer market - secondary 
data 
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3.3 Results of the Market Assessment 

 
Model 2a: Energy service companies at scale (Agro-Waste to Electricity), Model 3: 
Energy Generation from own Agro-industrial waste (agro-waste to electricity) and Model 
4: Onsite energy generation by sanitation service providers (Faecal sludge to energy) 
 

The analysis showed that the proposed business models could work in the context of the energy 
market of Peru (general market) where hydroelectric and thermoelectric plants predominate; yet it 
will need to compete in the market of non-conventional renewable energies (relevant market), where 
wind and solar energy are prevalent. Thus, the proposed business models will be the best options if 
particular advantages are in place such as the availability of inputs to produce energy, low-cost 
technologies or with a high potential to produce technological change, or with a high probability of 
replacement when energy sources such as diesel, wood, batteries (usually more expensive) are 
prevalent. In addition, only a small percentage of the population in Lima still lacks power or still live in 
remote rural areas, but in any case their main options to obtain electricity rely on non-conventional 
sources (in this order) solar, mini-hydro or biogas at a domestic scale. 
 
Free users (usuarios libres in Spanish) who generate their own power, are more likely to switch to other 
sources of energy, included entering to the national networkτthis works by assuring that the new 
options could generate savings. Of companies reporting to MINEM in 2013, there were 73 companies 
generating their own power, concentrated in manufacturing activities, mining, agribusiness, and 
fisheries, among others. Of all hydropower plants, 79% buys energy from the electricity market and 
21% use their own. This latter group of companies may be willing to generate savings, and 
technological changes may allow them to save resources in electricity, or they could seek using clean 
energy as a matter of reputation. Based on the data for production of electrical energy (hydro, thermal, 
solar, wind) for the SEIN and others (in 2013), it can be seen that only a few large users generate their 
own powerτthat is justified by their scale of operation and possibly their remote location. For this 
reason, it seems the use of renewable energies in the case of free users is marginal. Nevertheless, it is 
noted that there are several individual cases promoted by some NGOs and obtaining resources from 
international cooperation. Similarly, low energy prices could be signaling a trend where more and more 
users decide to move to the national grid. In Peru power plants generate energy for both the national 
grid (SEIN) and usuarios libres. In 2013 the members of the SEIN power plants had generated 
40,284GWh, i.e. 93% of the total and the latter had an output of 2,848GWh (7% of the total). In this 
sense, the production SEIN increased 6.1% and production of isolates decreased by 0.1% over the 
previous year.  
 
The electricity market in Peru has favorable conditions and abundance of energy sources, reflected in 
an energy matrix with high potential and high presence of energy production from renewable sources 
(mainly hydropower). In the course of several decades, and enabled by the Camisea gas and power 
plants, it has managed to do most of the work to replace polluting energy sources to generate 
electricity, such as diesel oil or coal. The Peruvian government is making an effort to promote 
renewable energy technologies through an auction mechanism that ensures competition between 
several alternatives. Thus, it is not engaged in promoting a particular kind of alternative energy source, 
ōǳǘ ǎŜŜƪǎ ƛƴǾŜǎǘƻǊǎΩ ƻǿƴ ŎŀǇŀŎƛǘƛŜǎ ǘƻ ƛƴƴƻǾŀǘŜ ŀƴŘ produce technological changes between each 
auction. The goal is that, by 2021, Peru will be producing 5% of its energy from non-conventional 
sources τit is currently at 2.5%. It is here where the main chances of financing the proposed 
technologies are. In conclusion, an orderly and competitive energy market offers several options for 
the business models proposed, which should focus on preparing to participate as investment projects 
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in the auction market. While the costs of entering to the National Integrated Electricity System (SEIN) 
may be prohibitive for small projects, the stability of the regime (a third auction will happen in 2015:III) 
allows long-term investors to compete and reduce costs, while promoting technological change and 
innovation in order to help making these technologies more profitable. 

 
Model 8: Wastewater-fed Aquaculture (phyto-remediative wastewater treatment and fish 
production) 
 

Wastewater-fed aquaculture is becoming a major livelihood strategy for many municipalities looking 
for wastewater treatment and cost-savings options in Lima, Peru. To assess the market feasibility of 
such an initiative, a choice experiment approach was used to estimate the WTP and market demand 
of wastewater-fed fish in Lima, Peru. The results from the conditional logit model showed that 
households are willing to pay S. 0.64/kg more for information on source of water used to raise the fish 
they consume and S. 0.84/kg to know if additives had been used to raise the fish. Under the random 
parameter model (RPL) however, households were noted willing to pay S. 0.2/kg for information on 
source and S. 0.3/kg for information on whether additives had been used in rearing the fish. In both 
models, households were willing to pay S. 2.475/kg and S. 0.221/kg compensations for certification. 
Given these marginal estimates, the WTP for wastewater-fed fish with product information on the 
source of water used and additives was estimated at S. 3.99/kg; which was noted to be comparatively 
higher than the current market prices of other competitive products. This difference in prices is mainly 
driven by the respondents' marginal WTP for information on product quality. Additionally, the RPL 
model results showed that the demand for wastewater-fed fish is likely to be affected by factors such 
ŀǎ ǇŜǊŎŜǇǘƛƻƴǎΣ ŀƎŜΣ ƎŜƴŘŜǊΣ ŀƴŘ ƘƻǳǎŜƘƻƭŘǎΩ ƛƴŎƻƳŜ ƭŜǾŜƭΦ Thus, it is important for new wastewater-
fed fish businesses to consider the provision of a fish product with clear labelling on source and additive 
information. Results from the market structure assessment showed that whilst entry into the fish 
market is not free, it is clear that there are no barriers to entry, rather bureaucratic procedures which 
must be conducted prior to obtaining permission. The high level of concentration of the market (with 
two very large operations followed by a myriad of smaller ones) is more an indication of a growing 
market rather than a stabilized equilibrium enforced by market power or inefficiencies. 

 
Model 9, 12 and 13: Cost recovery - Treated wastewater for irrigation, fertilizer and 
energy 
 

Business model 9 is noted to be the most feasible, particularly for projects of medium and small scale 
associated to irrigation in the districts of Lima. However, depending on who demands the WWTP, one 
must take into account the aims and objectives of the project, some of them justifiable in the grounds 
of public interest. 

- SEDAPAL has clearly signaled its priority of reducing pollution and damage to health through 
treatment of wastewater τa public good component. While the price structure suggests a bias 
towards offering cheaper rates for agricultural purposes, it is possible to increase awareness 
towards the public need to invest in WWTP to clean the Rimac River. Then, a combination of 
adjusting reference prices in coordination with ANA and other users plus use of enforcing 
mechanisms to reduce contamination of the Rimac River, could promote investments in this 
area. Through PPPs, where Peru shows a friendly environment, some of these projects could 
become viable.  

- The Metropolitan Municipality of Lima, including SERPAR is one key potential user of treated 
wastewater to irrigate the parks they administer in the city. However, these plans must be 
ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘŜ ƴŜǿ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴΩ ǇǊƛƻǊƛǘƛŜǎΦ Lǘ ǎƘƻǳƭŘ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ǇƻƭƛǘƛŎŀƭ Ǌƛǎƪ ƻŦ 
these projects, since previous commitments with the previous administration have been 
canceled. 

- District municipalities are another potential area for their parks and gardens, but they will only 
invest if a high price of commercial water justifies the investment. However, associated costs 
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beyond technology make these hardly profitable projects, land costs, for example. The country 
clubs, schools and other private entities with large green areas are also potential users of 
treated wastewater for irrigation, although with similar cautions. 

- The component of creating compost and organic fertilizer adds a possibility of a future cash 
flow, but has its own problems as discussed in the previous sector. 

 

The other models are impractical from the market perspective for the following reasons: 
- Model 13 has low likelihood in the coming years. Current megaprojects cover much of the 

wastewater treatment according to the objectives of SEDAPAL. Nevertheless, it cannot be 
ruled out that a previous megaproject to maintain and expand the existing public WWTP could 
be part of the Proinversión portfolio. 

- The participation of farmers and buyers of treated water is not viable for model 13, due to the 
low price of water they access and the lack of value of wastewater in legislation. For farmers, 
it is likely that treated water is considered as a public good rather than having market value. 

- Finally, model 12 of sewage treatment through carbon credits is less viable. For Latin America, 
these projects have not obtained CERs. Moreover, most WWTP projects produce a positive 
financial value for irrigation, which would not justify issuing carbon credits for financing these 
types of projects. 

 
Model 15: Large-Scale Composting for Revenue Generation (MSW to Compost), Model 
21: MSW collection service and low-cost organic fertilizer and Model 17: High value 
fertilizer production for profit (faecal sludge-based fertilizer) 
 

The overall market assessment suggests that there is a fair demand for both MSW-based compost and 
Fortifer in Lima. In regards to MSW-based compost, it is expected that 44 % of all households with 
plants to be willing to pay for compost (126,236 households) since this is the percentage of the 
sampled respondents who are at least willing to pay between 2-2.5 Sol/Kg which is inclusive of the 
average price of 2.29-2.47. The estimated demand from households for compost is 25,163 tons/year. 
The estimated total number of farms for the two main peri-urban agrarian areas around Lima (i.e. 
Pachacamac and Carabayllo) is 5,200. The results suggest that on average each farm uses about 10 
tons of manure (9.5-13.5 tons) per hectare. About 14% of the farmers are already using compost for 
soil enhancement and hence a conservative estimate of the demand would be 7,280 tons/year if we 
assume that only this group of farmers are willing to use compost. If we assume that farmers are 
provided with adequate training on compost use and its advantages the remaining 86% of the farmers 
can possibly be included as part of the potential market demand and thus the total estimated demand 
for compost will be 52,000 tons/productive cycle in a year. However, assuming the product makes a 
new entry and is priced at 2.40 S/. per 10 Kg, the demand curve estimated from the open bids show 
that about 25% of the farmers are ready to pay the mean price and hence the market size estimate 
will be 13,000 tons/year.   
 
For the assessment of the Fortifer business model, it was noted that whilst farmers are considered a 
key customer segment, data was not collected from this group as the scoping study and follow-up 
interviews indicated that the farmers were uninterested in using the product and were unwilling to 
participate in the interviews. The resulting sample size and data provided were insufficient to conduct 
a meaningful WTP analysis. Thus, the analysis conducted here is based on data collected solely from 
households. In that regard, the results revealed that 52% of all households with plants would be willing 
to use Fortifer (i.e. 149,188households) since this is the percentage of the sampled respondents who 
preferred fortification of the product. The average expenditure revealed by the households that is 
spent on soil inputs was S/. 18.80. Assuming a price of S/. 6/10Kg for Fortifer, any household would be 
able to purchase about 30 Kg of Fortifer. However, if we consider a downward sloping demand curve 
we find that about 15% and 30% of the sampled respondents have stated their WTP to be over 6 S/. 
per Kg for powdered and pelletized Fortifer respectively. Thus a conservative estimate of the market 
size for powdered and pelletized Fortifer can be derived using these results and the total demand for 
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Fortifer derived. The estimates of the potential market size is therefore 2,228 tons/year and 4,457 
tons/year for powdered and pelletized Fortifer, respectively. It is important to note that these 
conservative estimates are based on the mean WTP derived from the contingent valuation which might 
have biases in terms of the ǊŜǎǇƻƴŘŜƴǘǎΩ ŎƘƻƛŎŜ ƻŦ ōƛŘs.  
 
The market structure assessment revealed that the organic fertilizer market is a small but a growing 
part of a concentrated fertilizer market led by imported chemical fertilizers. Currently, the organic 
fertilizer market is small and scattered (70 percent in the Andes), but strongly following the trend of 
organic food demand (currently mostly related to external market demand). A premium for organic 
fertilizers is found in some niche markets, but the fertilizer market is generally a price-taker and also 
very volatile. Lima as a main potential market for organic fertilizers is partially valid, mainly because of 
its potential as a distribution market (domestic and external) and less because of a growing domestic 
organic farming market. Other actors are planning to enter the latter market, mainly to address organic 
agriculture for exports, and they are expecting future growth of urban farming demand. Moreover, 
they expect growth in organic certification. New private investments are trying to increase the local 
production of chemical fertilizers.  
 
The distribution strategy assessment revealed that a recent important benchmark for the organic 
ŦŜǊǘƛƭƛȊŜǊ ƳŀǊƪŜǘ ƛǎ aŀƭƭƪƛΣ ŀ ŎƻƭƭŀǘŜǊŀƭ ōǳǎƛƴŜǎǎ ƻŦ ǘƘŜ ά{ŀƴ CŜǊƴŀƴŘƻέ ŎƻǊǇƻǊŀǘƛƻƴΣ ǿƘƛŎƘ ǘǊŀƴǎŦƻǊƳǎ 
pre-treated chicken manure into organic fertilizers, using its own distribution network. Having invested 
US$1.5 million, they expect US$2 million in sales in 2016 τ40 percent of which will go to the external 
markets that currently pay US$13 per 25 kilo. In the domestic market, they are offering US$2.5 Mallki 
bags for the growing organic market. One big advantage of this project is the access to inputs, which 
significantly lowers costs compared to collecting and segregating MSW. Moreover, their distribution 
network and the commoditization of the organic fertilizer are probably market barriers to other actors, 
unless they compete with lower prices or subsidies to their operations in a market that tends to 
concentrate. In summary, whilst there is potential in the fertilizer sector for organic fertilizer 
businesses in Lima, there are some challenges that the latter may face. Future demand for organic 
fertilizer has already created interest from a big corporation working on a scale of 100ton per year, 
and the case for subsidies to production (in the form of public funding) is expected to decline. As an 
overall conclusion, the analysis suggests a shift from the original model to focus on demand segments 
with high growth potential. These could be export markets for certified crops, small-scale urban 
agriculture or urban gardens, and foreign markets. Thus, Lima should become a distribution center 
rather than the main target for organic fertilizers. 
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Table 6: Summary of the feasibility of the selected RRR business models from a market perspective 

 
Business models WTP and Market 

Demand 

Market Structure 
 
 

 
Market Outlook 

Cumulative 
feasibility 

score 

Value-added 
product/recovered 

resource 

Model 2a ς Energy service companies 
at scale: agro-waste to electricity 

There is an already existing 
market for electricity - thus a 
WTP estimate not relevant. 
Additionally, any new 
businesses will be price takers 
given the regulations.  

1. Fair ease of entry into market  
2. High level of concentration (oligopolistic market) 
3. No product differentiation 
4. Price taker 
5. Potential negative profit margins (without subsidies) 

 
Expected growth in 

demand from 
households and 
industrial sector Medium 

feasibility 

 
 
 
 

Electricity Model 3 ς Energy Generation from 
own Agro-industrial waste (agro-
waste to energy) 

Model 4 ς Onsite energy by sanitation 
service providers 

 
Model 8: Wastewater-fed fish  

 
WTP > Current market price 

1. Easy market entry 
2. Low-to-medium level of concentration 
3. Limited to no product differentiation 
4. Price taker - but possible price setter with branding 
5. Potential net profit margins 

 
5 ς 7 years to reach 

growth stage in 
business life cycle 

High feasibility 

 
 

Wastewater-fed fish 

Model  9, 12 &13 - Treated 
wastewater for irrigation, fertilizer 
and energy 

WTP < Current market price 
(current price structure 
suggests a bias towards 
offering lower rates for 
agricultural purposes) 

1. Highly institutionalized  
2. High level of concentration 
3. Limited to no product differentiation 
4. Price taker  
 

Significant and growing 
demand from private 
entities with green 

areas. 
Low feasibility 

 
Treated wastewater 

Model 15ς Large-scale composting for 
revenue generation (MSW to 
compost)  & Model 21 - Partially 
subsidized composting at district level 

WTP > Current market price of 
competitive/ substitute 
products 

1. Medium level of ease of market entry 
2. Limited level of concentration in organic fertilizer market 
3. Limited to no product differentiation 
4. Price taker but potential price setter 
5. Potential net profit margins ςpositive  

 
Significant and growing 

demand. 
Medium 
feasibility 

 
 

MSW-based compost 

 
Model 17 ς High value fertilizer 
production for profit 

WTP > Current market price of 
competitive products (but 
limited to households). Key 
customer segment - farmers 
are unwilling to use the 
product 

1. Medium level of ease of market entry 
2. Limited level of concentration in organic fertilizer market 
3. Limited to no product differentiation 
4. Price taker but potential price setter 
5. Potential net profit margins ςpositive 

Significant and growing 
demand (demand 

limited to households 
per the assessment). 

Medium 
feasibility 

 
 

Faecal sludge-based 
organic fertilizer  
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4 Key findings of the Institutional and Legal 

Analysis 

Lima is the capital city of Peru, and is situated on one of the driest deserts in the world, at sea level, along 
the Pacific coast of South America.  Lima city has an area of 2,670 km2 and a population of almost 9 million 
people (one-ǘƘƛǊŘ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǇƻǇǳƭŀǘƛƻƴύΣ ǿƛǘƘ ŀƴ ŀƴƴǳŀƭ ƎǊƻǿǘƘ ǊŀǘŜ ƻŦ мΦпн҈Φ [ƛƳŀ ƛǎ Ƴƻǎǘƭȅ ǳǊōŀƴ 
and its remaining rural zones (peri-urban) feature some agricultural and livestock raising activities that 
continue to progressively disappear as urbanization relentlessly advances. The urban growth of the latest 
50 years has been disordered and unplanned, and this has resulted in serious problems for the planning 
and implementation of urban services (water, sanitation, waste collection, etc.). Lima is subdivided 
territorially and politically into 43 districts, which together are called the Province of Lima (this is 
equivalent to the whole city). Every territory has a District Municipality with elected District Mayors and 
the Provincial Municipality of Lima manages the whole territory. This situation generates some problems 
for the municipal coordination of service provision, and a disparity of coverage depending on the 
municipal budgets available. In addition, although there is a city master plan and provincial environmental 
policies developed in accordance to what is set forth in the national legal framework, each Municipality 
develops its own regulations for implementation within their territories.  
 
There are five main categories into which RRR stakeholders in Lima can be organized.  

¶ Under the first category are the governmental agencies with national authority for developing 
environmental policies and standards. They are responsible for formulating environmental policy and 
establishing rules and incentives for the functioning of RRR businesses. These are the Ministry of the 
Environment (MINAM), the Ministry of Housing, Construction and Sanitation (MVCS), the Ministry of 
Energy and Mines (MINEM), the Ministry of Economy and Finance (MEF) and the Ministry of 
Production (PRODUCE). MINAM was created only recently in 2008 and is the leading governing entity 
of the environmental sector; it formulates national environmental policy and is also responsible for 
overseeing the formulation of sectoral environmental policies and monitoring policy enforcement and 
implementation. 

¶ The second category is for the central government public entities or agencies that have monitoring 
and oversight functions, who are involved in developing technologies, standards and specific policies, 
granting permits and licenses, setting service tariffs related to solid waste, wastewater or energy or 
that enable business creation. They are the Environmental Assessment and Control Agency (OEFA), 
the National Water Authority (ANA), the National Agrarian Health Service (SENASA), the General 
Environmental Direction of the MVCS (DGAA), the National Agency of Water and Sanitation Services 
(SUNASS), the General Environmental Health Directorate (DIGESA), the Supervisory Body for 
Investments in Energy and Mining (OSINERGMIN), the National Service of Protected Natural areas 
(SERNANP) and  the Water and Sanitation Service Utility of Lima (SEDAPAL).   

¶ The third category includes local authorities, and the main functions and roles of the Province and the 
42 District Municipalities regarding environmental aspects and establishment of businesses are 
presented. The role that Municipalities have in issuing operating licenses is also explained. 

¶ The fourth category consists of stakeholders of the private sector. This includes main generators of 
waste (municipal solid waste, wastewater, agro-industrial waste), the companies formally dealing 
with the provision of solid waste services (EPS-RS) and their commercialization (EC-RS), the formal 
and informal waste pickers, the producers and users of compost and other organic fertilizers, users of 
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treated wastewater for irrigating green areas (private institutions such as golf clubs, cemeteries, 
schools, and real estate enterprises; Municipalities; farmers, etc.). 

¶ The fifth and last category of stakeholders includes the main stakeholders related to business start-
up and operation, in which we have the National Tax Management agency (SUNAT) and the Lima 
Chamber of Commerce (CCL). The procedure for establishing a formal enterprise in Peru is also 
presented, showing how difficult it is to start-up a formal business (although there are more simple 
procedures for SMEs), but that formality implies paying taxes and registration fees used to enforce 
compliance with the different regulations ruling the sector the SME belongs to. Also mentioned is the 
fact that there is no special tax regime, incentives or exemptions for businesses or enterprises 
engaged in waste reuse and/or recycling. Furthermore, the Chamber of Commerce does not yet have, 
among its members, any company related to waste reuse. Other stakeholders mentioned as support 
organizations are NGOs, local media, universities and research institutions and international 
cooperation agencies. It was not possible to identify actors with funds available for direct 
implementation of RRR business models, but there was mention of the existing environmental and 
investment funds (public and private) that could be applied for by Municipalities or interested 
entrepreneurs.   

 
This chapter also presents the analysis of national and local regulations that promote or relate to resource 
recovery and recycling. All the current regulations - which define the general and the specific institutional-
legal framework - are presented for the different waste streams (treated wastewater, nutrients, solid 
waste and energy). One of the main conclusions in this chapter is that there is a comprehensive legal 
framework for environmental matters that establishes the environmental management system of the 
country, which is sector-based and decentralized. The legal system confers functions and powers related 
to environmental issues to several stakeholders (and sectors) in a dispersed manner. Then, upon analysis, 
in several cases there are loopholes that prevent the effective application of the existing technical and 
legal rules that assign overlapping functions, a framework that becomes difficult to understand for 
ordinary citizens. 
 
In the case of the laws and regulations related to the reuse of treated wastewater, upon reviewing the 
regulatory framework, it was found that there are several laws and technical rules that promote treatment 
and reuse. In general, the regulatory framework promotes the application of different wastewater 
treatment systems and oversees the effluents of domestic wastewater treatment plants. In addition, the 
ANA authorizes the reuse of treated wastewater though the basin councils, and depending on the end 
use, also in coordination with sectoral agencies and the competent authority, i.e. the Ministry of 
Environment. There are several formal arrangements established along these lines regarding reuse for 
irrigation purposes, and potentially interested users can obtain reuse permissions from ANA. 
Nevertheless, there are still gaps to improve quality for reuse with different purposes since the standards 
set are only for release into water bodies (intended to reduce pollution). This situation has forced users 
of treated wastewater to invest in small in-site plants for secondary treatment that can provide treated 
wastewater suitable to reuse for irrigation purposes. Furthermore, it was found that at the moment, 
aquaculture using treated wastewater is not an activity that is encouraged by Law and is in fact not being 
done at all. In relation to the sludge from wastewater treatment plants, this material is considered by law 
a hazardous solid waste and therefore, there are no specific laws or policies that promote its reuse, for 
example for producing fertilizer or generating energy or any other product. Nonetheless, there are some 
technical rules (non-mandatory at the moment) for the construction of wastewater treatment plants that 
- if followed during plant design and construction - could enable reuse in agricultural activities. 
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In relation to the legal framework for solid waste recovery and reuse, there are several regulations that 
promote them, and the main one is the Solid Waste Act.  There are national policies and targets in national 
plans which require municipalities and stakeholders engaged in waste management to achieve 100% of 
appropriate management (reuse, recycling, final disposal). However, in practice, regulations and policies 
are more aimed at promoting the achievement of targets for inorganic waste recycling and reuse, while 
there are very few laws or decrees issued to promote recycling, segregation at source, selective collection 
or to regulate the stakeholders of the recycling chain. Besides, there is no law or rule that directly 
promotes composting or which enables specific regulations and public funds or support for that activity. 
At the local level there are some statutes enacted by the Municipal Government of Lima province and 
district municipalities that promote separation at source, selective collection, and other similar activities. 
However, there are very few laws or decrees in place to encourage recycling, segregation at source, or 
selective collection at the local level, or to regulate the stakeholders of the recycling chain. 
 
There are some national laws and regulations that indirectly encourage the reuse of waste for energy 
generation, but they are still limited. The legal framework promotes energy generation from non-
conventional renewable energy on a large scale (on-grid and off-grid) considering biomass (and municipal 
solid waste) as a source. It also promotes electricity sales through auctions and the use of agricultural 
waste for biofuel production. There are arrangements already established under this framework, carried 
out through auctions, which provide energy to the national integrated energy system.  
 
The institutional assessment of some of the RRR business were undertaken that mirror the business 
models assessed for feasibility in Lima. The assessment included understanding how business was 
developed (its origin, how it was funded, etc.), agreements and critical relationships with various 
stakeholders, supportive or barriers in regulatory framework, advantages and difficulties business owners 
identified and their perceptions including policy gaps, which formed one of the basis in defining the 
feasibility of the RRR business models. The following are the business cases that were assessed: 

¶ Wastewater reuse:  
o Tilapia breeding for research purposes (Park 26 Bio-Technological complex) implemented by 

the Ministry of Housing, Construction and Sanitation in agreement with the La Molina 
National University  

o Tilapia breeding in reservoirs containing treated irrigation water contaminated by sewage 
(the case of Reymundo Jauliz in Carapongo), this is a small-scale private initiative that was 
initially supported by CGIAR; and  

o Reuse of treated wastewater from SEDAt![Ωǎ ²²¢t ŦƻǊ ƛǊǊƛƎŀǘƛƴƎ ŎǊƻǇǎ ŀƴŘ ƎǊŜŜƴ ŀǊŜŀǎΦ 

¶ Nutrient (compost production) recovery:  
o Implemented by the private enterprise INGEMEDIOS (from municipal solid waste) and  
o A community-based experience that produces vermi-compost (La Lombriz Feliz Ecological 

Centre) (among other activities related to waste management: separation at source, 
collection, etc.). The vermi-compost is branded and sold in small plant/flower markets. This 
experience started with the support of the Catholic Church around 18 years ago. 

¶ Energy recovery: 
o PETRAMAS SAC, which generates energy from municipal solid waste through biogas captured 

in the final disposal cells of a sanitary landfill; the experience has been implemented with 
private funds, obtained support from the World Bank and the National Government pays for 
the electricity generated (the company is one of the companies that bid in the first RER 
auction that supplies energy to the national electric grid.  

o A small-scale enterprise using guinea pig manure to generate power, implemented by the 
farmers of Casablanca farm for self-consumption (electricity, cooking and animal heating)  
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o Energy from pig manure, implemented by a pig-breeder also for self-consumption (electricity 
and animal heating). 

 
 
Key lessons learnt on existing frameworks, supportive policy and gaps from various stakeholder interviews 
for RRR business models are as follows: 

¶ Treated wastewater: The regulations in place are more oriented toward reducing the pollution load 
of treated wastewater discharged into bodies of water, and also toward improving the quality of 
wastewater treatment intended (to a limited extent) for reuse in the irrigation of high stem crops. 
Regulations also establish the need for each sector (Ministry) to develop maximum allowable limits 
and environmental quality standards for reuse purposes. Since specific standards are necessary to 
complement existing standards meant for human consumption however it currently limits reuse for 
irrigation. MINAM has to address this pending task in coordination with the other Ministries (MVCS, 
MINAG, and others) considering the different possibilities for reuse.  
 
Although the standards are not defined yet, the Government promotes reuse by authorizations 
provided by the National Water Authority (ANA) and the Ministry of Housing, Construction and 
Sanitation (MVCS) has also issued policy guidelines for promoting the inclusion of municipal and 
domestic treated wastewater reuse for irrigating urban and peri-urban green areas into the National 
Water and Sanitation Policy, plans and strategies. A law which states that sanitation service providers 
(such as SEDAPAL) are authorized to sell treated wastewater from wastewater treatment plants; 
however, although the law has been regulated, there are no sanitation service providers making use 
of it yet at the national level. One task still pending is the formulation of a National Strategy for 
promoting the reuse of domestic and municipal wastewater for irrigation and greening in urban and 
peri-urban areas (particularly in coastal regions) and the development of complementary regulations 
and standards. It would also be necessary to enhance the monitoring of wastewater treatment and 
reuse in order to guarantee compliance with technical, social and environmental standards for reuse. 
 

¶ Aquaculture: The existing law for aquaculture promotion and development does not include the 
possibility of performing aquaculture activities using treated wastewater and therefore, there is no 
legal framework that supports this potential reuse, but neither are there any laws prohibiting it or 
limiting its development. This framework needs to be developed, and should take into consideration 
the lessons learned from existing experiences, pending areas of research, and the implementation of 
pilot projects which can help to develop a suitable legal framework for these types of businesses or 
activities. 

¶ Nutrient recovery: The legal framework for nutrients (compost, organic fertilizers, etc.), has several 
laws and regulations that promote reuse and recycling, with composting and vermi-composting 
mentioned as potential reuse purposes, among others. Nevertheless, there are no regulations that 
specifically encourage or directly promote the recycling of organic waste or regulates the production 
of organic fertilizers (i.e. compost, worm humus). Existing programs promoted by government 
agencies and municipalities are more focused on inorganic recycling and reuse. Neither are there any 
rules or regulations enacted to authorize or quality control standards for composting. The existing 
legal framework does not prohibit the recycling of organic waste, as long as proper and sanitary 
conditions for waste treatment and reuse in general are observed. Besides, concerning agricultural 
waste, MINAG has recently established a set of waste management regulations for the agriculture 
sector, covering activities from generation to final disposal, which considers composting as an 
alternative. 
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Since there are no promotion policies or regulations to follow, composting is done informally by 
farmers and municipalities at a very small scale, mainly for self-consumption using primarily aerobic 
methods. Municipalities and farmers seem to be interested in acquiring compost made from 
municipal solid waste only if it is cheap and meets technical requirements that guarantee good results 
for green areas or crops, and health conditions, rather than demanding that there be formal standards 
established that need to be mandatory for producing entities or companies.  

 

¶ Energy recovery: Energy recovery from waste is a recent development in Peru. The national policy 
framework currently includes producing electricity from renewable energy sources, but at the 
moment there are only national laws and regulations that indirectly encourage the reuse of solid 
waste for generating electricity. ¢ƘŜ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ tŜǊǳΩǎ ŜƴŜǊƎȅ ƳŀǘǊƛȄ ǎƘƻǿǎ ǘƘŀǘ ƎƻǾŜǊƴƳŜƴǘŀƭ 
entities are gradually incorporating (or planning to incorporate) a major contribution from renewable 
energy (biomass among others) and it opens a good opportunity for generating electricity from 
municipal solid waste, but limited possibilities for using animal manure (which due to the scale is more 
oriented toward self-consumption). The calls for bids for renewable energy resources (RER) that 
supply electricity to the SEIN (National Electric Interconnected System), have already included energy 
from municipal waste (among other sources). Experiences have to be supported by private 
investment, but could also apply for international cooperation funds or governmental funds (carbon 
credits).  
 

The legal-institutional feasibility analysis for each of the ten business models identified for Lima was 
conducted using a ten-evaluation criteria, which include analyzing the content of written laws and policies, 
the funds available, the norms and rules of game, the existing structure or mechanisms for laws and 
policies and the informal institutional arrangements. They also analyze the existing culture in terms of 
values and behavior that shape how people deal with and understand the RRR issue, unofficial attitudes 
and community perceptions. A summary of the results of the feasibility study is presented in the following 
Table 7. 
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Table 7: Summary of institutional feasibility of selected business models for Lima 

Business models  Content  Structure  Culture  Overall Overall institutional feasibility and comments  

Model 2: Energy 
Service Companies 
at Scale: (b) 
Municipal Solid 
Waste to Energy 
(Electricity) 
 

Medium Low to Medium Medium Medium The laws and regulations are not well established (specifically for power generation 
from municipal waste), they are oriented toward promoting renewable energy 
resources (waste is one of them). Existing laws do not threaten the business model. 
PIGARS of Lima proposes to include the recovery of biogas from their sanitary landfills 
in the ToR of the new concession service for Lima Province. There is indirect financial 
support given by the public sector (MINEM, OSINGERMIN) through RER auctions. 
There are also CDM projects that EPS-RS could develop and apply for co-investment 
funds. Public Institutions are active and proactive in promoting this business model 
(MINAM, MINEM). Not directly but there are RER auctions (promoted by MINEM) that 
include the topic, and projects/programs interested in reducing carbon emissions (i.e. 
NAMA of MINAM).There is one landfill producing energy and selling carbon credits 
(Huaycoloro Private Landfill). There is no data or technical information available 
regarding the technological adaptations made. This case is not exactly a PPP, but can 
be used as a good reference for private participation. There is donor support from 
World Bank for the model. Improving waste management is one of the environmental 
priorities, and with the latest COP 20 in Lima, people are becoming aware of the 
importance of reducing greenhouse gases. This topic has not attracted much attention 
among civil society, nor has it garnered media coverage. 

Model 3: Energy 
Generation from own 
Agro-industrial waste 

Low Low Low Low There is a weak legal framework limited to generating power from agro-waste but 
nothing mentioned about manure. There is no policy framework to support the model 
and it is limited to RER and energy generation from biofuels.  There are no standards 
or technical regulations in place to develop the business models, nor any 
laws/regulations that represent a threat. No budget or financial support from public 
entities and only covered by private investment (on a very small scale and generally 
for self-consumption).MINEM indirectly incentives by considering energy generation 
from animal waste (and industrial waste) as raw material for power production (RER) 
but there is not any explicit (policy or budget) support.Public Institutions seem not 
interested to promote the model and leave the possibility to interested manure 
generators for on-site reuse.There is not enough technical professionals to develop 
this business model.  

Model 4: Onsite 
Energy Generation 
by Sanitation Service 
Providers  
 

Not feasible Low Low Low to infeasible There are no regulations, laws or any governmental policies that directly or indirectly 
promote and/or support this model. The main problem found is that the law establishes 
that sludge from WWTPs is considered a hazardous waste. Therefore, by law, 
sanitation service providers are required to stabilize the sludge on-site and then, 
transport it to the sanitary landfills for proper disposal. There are no existing 
experiences of onsite energy generation. 



  

37 
 

Model 8: Beyond 
Cost Recovery: the 
aquaculture example 

Low Low Low Low There are regulations for providing authorizations for reusing treated wastewater for 
irrigation but not for aquaculture. There are no technical rules or standards associated 
with this business model. There are no policies or incentives for aquaculture using 
treated wastewater. There is one experimental center of the MVCS that combines 
wastewater treatment (tertiary) and aquaculture (tilapia). Research is carried out with 
students of the UNALM. Currently, there are not enough qualified professionals to 
develop this business model. There was donor support for the Urban Harvest initiative 
in Carapongo, but not available anymore. 

Model 9: On Cost 
Savings and 
Recovery - 
Wastewater for 
Irrigation, Energy and 
Nutrient Recovery 

Medium to high Medium to high Medium to high Medium to high There are several legal instruments that promote the reuse of treated wastewater for 
irrigation and enable reuse authorizations. Wastewater related problems are 
increasingly becoming a priority for the government. There are policies that seek to 
promote reuse for greening and landscaping, or other uses related to irrigation. Also, 
the Ministry of Environment is promoting carbon emissions reduction from wastewater 
treatment and other sources and is developing a national strategy for reducing carbon 
emissions. Limited budget available to treat wastewater but not necessarily oriented to 
reuse. MVCS is providing some financial support to install small WWTPs for reuse. No 
financial incentives are provided by public institutions to projects or initiatives related 
to this business model. Regulations issued by MVCS promote the sale of treated 
wastewater and organic waste generated in WWTP for reuse.  SEDAPAL plans to 
conduct research in reuse of sludge (biogas capture) for energy production. Treatment 
is done by WWTPs. They are obliged to treat wastewater as part of their mandate, but 
most WWTPs only comply with the low standards required to deliver treated 
wastewater into the sea. Farmers and Municipalities interested in reuse have to 
implement secondary and tertiary treatment to obtain the proper quality for reuse. 
There are not enough technical professionals in WWTPs that treat for reuse purposes. 
Legally forming the business is easy but the problem to overcome is the location of the 
treatment plants for reuse (secondary) and other operational aspects (distance, 
pumping, delivery to users, etc.)However, there is no evidence of any PPP under 
development. There is much interest in this topic among civil society and media but it 
is increasing. 

Model 15: 
Centralized Large-
scale Compost 
Production for 
Revenue Generation 

Medium Medium Medium Medium There is a regulatory framework for waste reuse able to be used to support the 
business although composting or carbon emissions reduction is not explicit. At the 
moment, no financial support is given by the public sector. It is expected that there 
would be public budget available in Lima (funds raised by the MMML) as part of the 
implementation of the PIGARS proposed activities. Public Institutionsô roles are active 
and proactive in developing this business model (MINAM, MML, district municipalities). 
MINAM is promoting carbon emissions reductions coming from organic municipal 
waste and other sources. There are some enterprises interested in investing in this 
model but in Peru there are not enough technical professionals with practical 
experience in composting from municipal solid waste. No donors identified that could 
provide support. Farmers and municipalities need to have technical evidence of the 
quality of the compost produced from MSW for greening or to be used on different 
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crops. Since this compost comes from waste they feel it has to be cheaper than the 
compost they buy. 
 

Model 17: High value 
Fertilizer Production 
for Profit from Fecal 
Sludge 

Low Low to Medium Low Low There is a regulatory framework for waste reuse that can be used to support the 
business although composting is not explicit. There are no technical standards in place 
that could be used either to develop or threaten the business model. At the moment, 
no budget or financial support is provided by the public sector. MINAM and MML 
support recycle and reuse (in general) but it is not clear if they have progressively 
increased their interest in reusing organic waste (fertilizers from organic matter).No 
public actors identified but there are small plants run by communities and/or organized 
by the church or NGOs. Depending on the source and/or raw material and/or process 
for making the fertilizer, the acceptance could be good.  

Model 21: Partially 
subsidized 
composting at district 
level 

Medium Medium Medium Medium There is a regulatory framework for waste reuse that could be used to support the 
business, although composting is not explicit at district and/or province level. At the 
moment, no financial support is given by the public sector but some municipalities 
implement composting with their operational budget. Public Institutionsô roles are 
active and proactive in developing this business model (MINAM, MML, district 
municipalities).There are some district municipalities already producing compost from 
their green wastes and other inputs. There are some few enterprises interested in 
investing in this model in public-private partnerships with District Municipalities. No 
significant interest amongst civil society and media support for the topic 
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Considering the above criteria set mentioned for evaluating institutional-legal feasibility, there is only one 
model in Lima with medium-high feasibility: on wastewater reuse (model 9: On Cost Savings and Recovery: 
Treated wastewater for irrigation/fertilizer/energy and carbon). There are three models with medium 
feasibility ς energy generated from municipal solid waste (Model 2b: energy generation from waste) and 
the other two are related to nutrients and production of compost from municipal solid waste (Model 15: 
Large scale composting for revenue generation, and Model 21: Partially subsidized composting at district 
level). Compost from SWM and organic fertilizers seem to have an undeveloped market niche, in which 
institutions interested in transforming open public spaces into green spaces and for the development and 
maintenance of public green areas. Furthermore, the development of energy models are able to apply for 
funding from CDM project funds and others related to climate change (reduction of methane emissions 
and contribution to mitigate global warming) or public investment projects with social impact, either by 
applying for public funding from PROINVERSION or participating as bidders in renewable energy resources 
auctions. The other four business models selected for analysis in Lima, have institutional limitations that 
prevent them from being feasible from an institutional-legal perspective, but also considering the current 
culture and level of interest among citizens and the civil society.  
 
 

  



  

40 
 

5 Key findings of Technology Assessment 

This section summarizes the key ŦƛƴŘƛƴƎǎ ƻŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘ ά¢ŜŎƘƴƻƭƻƎȅ !ǎǎŜǎǎƳŜƴǘέ. The business 
models do not prescribe a specific technology option or scale, but rather define a process (e.g. anaerobic 
digestion) and targeted end-product (e.g. biogas). Based on this limited level of technical detail, the 
technology assessment provides 

¶ A flow diagram, which shows the inputs (e.g. municipal solid waste), outputs (e.g. soil conditioner) 
and processes (e.g. composting) for each business model. 

¶ An overview of treatment options (e.g. windrow composting) for each of the processes in the flow 
diagram 

¶ An overview of mitigation measures (e.g. temperature control) for each output that has a 
potential environmental hazard (e.g. pathogens) 

¶ Technology Score Cards that rank technology options based on requirements such as and, 
electricity, and operation and maintenance 

¶ A context specific evaluation, based on local characteristics, and summarizes the potential of the 
business model from a technical perspective 

 
At this stage of the assessment, the technical feasibility of the business models cannot be judged in detail, 
as information on facility scale, specific location in the city and market demand is not available. Therefore, 
ŀƭƭ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ŀǊŜ ǊŀƴƪŜŘ άƳŜŘƛǳƳ ŦŜŀǎƛōƛƭƛǘȅέ. Required treatment infrastructure can only be clearly 
defined after the market demand of end-products and the corresponding specific goal of treatment is 
determined. This would also include detailed laboratory analysis of the waste to be treated, so that 
treatment technologies can be selected and designed accordingly. This was not available within the scope 
of this report, given the size and complex waste management infrastructure of the feasibility study cities. 
Feasibility of a treatment technology depends strongly on the enabling environment (i.e. institutional, 
legal and political concerns), supporting such an implementation. The technology assessment therefore 
cannot be regarded as a stand-alone component, but is highly dependent on other components of the 
feasibility analysis. ¢ƘŜ ά¢ŜŎƘƴƻƭƻƎȅ !ǎǎŜǎǎƳŜƴǘέ ǊŜǇƻǊǘ ƛǎ ŀ ƎǳƛŘŀƴŎŜ ŘƻŎǳƳŜƴǘ for the decision making 
process, as the implementing business can use the technology and process descriptions, proposed 
mitigation measures, technology score cards and context specific information to identify the constraints 
certain technologies have. Table 8 provides a summary of all business models, including the input waste 
stream, the anticipated end-product, technologies under consideration, and conversion processes. 
5ŜǘŀƛƭŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ŀǾŀƛƭŀōƭŜ ƛƴΥ άResource, Recovery and Reuse Project. From Research to 
Implementation. Component 4ςTechnology Assessment: Bangalore, India; Hanoi, Vietnam; 
YŀƳǇŀƭŀκ¦ƎŀƴŘŀΤ [ƛƳŀΣ tŜǊǳΦ CŜōǊǳŀǊȅ όнлмрύέ. Available for download on www.sandec.ch/rrr. 
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Table 8: Summary of business models under consideration for Lima 

Business 
Model 

Waste 
stream 

End-product Technologies Process 

2 (a,b) 
¶ AIW 

¶ AM 

¶ Gasification -> 
Electricity 

¶ Biogas -> Electricity 

¶ Gasification technologies 

¶ Single stage 

¶ Multi-stage 

¶ Batch 

¶ Biogas conversion 
technologies 

¶ Gasification 

¶ Anaerobic 
digestion 

¶ Biogas to electricity 
conversion 

3 
¶ AIW 

¶ AM 

¶ Ethanol 

¶ Electricity 

¶ Fermentation, Distillation 
Technologies 

¶ Single stage 

¶ Multi-stage 

¶ Batch 

¶ Biogas conversion 
technologies 

¶ Fermentation, 

¶ Distillation 

¶ Biogas to electricity 
conversion 

4 
¶ Feces 

¶ Urine 

¶ FS 

¶ Biogas -> Cooking 
fuel 

¶ Single stage 

¶ Multi-stage 

¶ Batch 

¶ Anaerobic 
digestion 

8 ¶ WW 
¶ Fish 

¶ Treated WW 

¶ Duckweed 

¶ Aquaculture 
¶ Pond treatment 

9 
¶ WW 

¶ WW 
sludge 

¶ Electricity 

¶ Soil conditioner 

¶ Water (for 
reclamation) 

¶ Conventional WW treatment 
technologies 

¶ Biogas conversion 
technologies 

¶ Conventional WW 
treatment 

¶ Biogas to electricity 
conversion 

12 
¶ WW 

¶ WW 
sludge 

¶ Biogas -> Electricity 

¶ Conventional WW treatment 
including anaerobic digestion 
technologies 

¶ Biogas conversion 
technologies 

¶ Conventional WW 
treatment 

¶ Biogas to electricity 
conversion 

13 ¶ WW 
¶ Water (for 

reclamation) 

¶ Conventional WW treatment 
with limited nutrient removal 

¶ Slow rate infiltration 

¶ Rapid infiltration 

¶ Overland flow 

¶ Wetland application 

¶ Conventional WW 
treatment 

¶ Land application 

15 
¶ MSW 

¶ FS 
¶ Soil Conditioner 

¶ Solid/liquid separation 

¶ Drying beds 

¶ Co-composting 

¶ Co-composting 
(MSW + FS) 

17 
¶ MSW 

¶ FS 
¶ Fertilizer (NPK 

added) 

¶ Solid/liquid separation 

¶ Drying beds 

¶ Co-composting 

¶ Co-composting 
(MSW + FS) 

21 
¶ MSW 

¶ FS 
¶ Soil Conditioner 

¶ Solid/liquid separation 

¶ Drying beds 

¶ Co-composting 

¶ Co-composting 
(MSW + FS) 
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6 Key findings of the Financial Analysis 

6.1 Introduction 

This section presents the financial feasibility assessment of the selected RRR business models for Lima. 
The RRR business models assessed for feasibility are classified into Energy, Wastewater and Nutrient 
based on the resource recovered from the waste generated by the city of Lima. The financial analysis of 
the RRR business models selected for Lima considered all the business models except for models 4 and 
17. This is because these business models are based on onsite sanitation systems and in Lima, the majority 
of the city has sewerage coverage and has less than 6% through onsite sanitation systems.  
 

6.2 Methodology 

The methodology used for the financial assessment was based on a pre-defined step-by-step process with 
the objective to mirror the business model and respective financials relevant to local context and to assist 
investors, donors, governments and entrepreneurs as a decision making tool. The following steps were 
undertaken for the financial analysis of the RRR business models: 

- Step 1: Identification of business cases in Lima similar to the generic RRR business models. 
- Step 2: Development of scenarios wherever necessary to mirror the business model to local 

context based on the local business cases identified. Development of scenarios for different scales 
based on business cases across developing countries in Asia, Africa and Latin America and from 
literature review. 

- Step 3: Description of the technology for the RRR business models based on the technical 
assessment report and as observed from the business cases in the region.  

- Step 4: Identification of key input data points based on scenarios developed, type of technology 
used and scale of the business. 

- Step 5: A mix of primary and secondary data was also used for this analysis. Data from waste 
supply, demand, technical and health assessments of the RRR business models fed into the 
financial analysis. The analysis took into consideration investment and production cost data of 
similar business models in the selected city. Where the business models under study did not exist 
in the selected city, the analysis was based on secondary data. Data on economic indicators such 
as interest rates, inflation, tax, escalation, annual write off, insurance and debt-equity ratios were 
obtained from published data reports by the Central Bank of Peru and industrial benchmarks for 
the region. 

- Step 6: The profitability and financial viability of an RRR business model was analyzed based on 
the Profit and Loss Statement (P&L), Operational Breakeven, net present value (NPV), internal 
rate of return (IRR) and Payback period valuation criteria. For the financial risk assessment of RRR 
business models, Monte Carlo risk analysis method was used. Microsoft Excel was used for the 
financial analysis and an Excel add-in, @Risk, used to execute the Monte Carlo simulations.  
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The Monte Carlo risk analysis involved the following steps: 
- Selection of valuation criteria: The NPV, IRR or depending on the business model under 

analysis, other criteria were used as the valuation criteria.  
- Identification of sources of uncertainty and key stochastic variables. Possible sources of 

uncertainty considered were technical development, change in government policy, 
ƛƴŦƭŀǘƛƻƴΣ ǾŀǊƛŀǘƛƻƴ ƛƴ ƛƴǇǳǘ ŀƴŘ ƻǳǘǇǳǘ ǇǊƛŎŜǎΣ ŎƻƳǇŜǘƛǘƻǊǎΩ ŀŎǘƛƻƴǎ ŀƴŘ ƻǘƘer various 
factors. After the sources of uncertainty were identified stochastic variables (investment 
cost, yield, price of inputs, price of output, etc.) which significantly affect the economic 
performance of the RRR business model and which are subject to uncertainty were 
identified.  

- Definition of the probability distributions of stochastic variables: Probability distributions 
for all risky variables were defined and parameterized.  

- Running of the simulation model: Determination of the NPV and IRR for each year using 
sampled values from the probability distributions for project life. This process was 
repeated a large number of times (larger than 1000) to obtain a frequency distribution 
for NPV and IRR.  

- Determination of the probability distribution of the simulation output (NPV& IRR):  The 
simulation model generates empirical estimates of probability distributions for NPV and 
IRR, so that investors can evaluate the probability of success for an RRR-business model. 

 
Data limitations: In any research, data access and availability is critical. RRR sector development is not yet 
well developed in Peru and sectors such as making compost from waste is hardly known. This limited data 
availability from the local context in assessing the financial viability of the business models. Additionally, 
significant challenges were encountered in obtaining data relevant to the Limean context. As much as was 
possible, input data were collected from business cases identified in Lima, however when data was not 
available or not provided by the businesses, data collected from similar business cases operating in Asia, 
Africa and Latin America was verified and used; and also supplemented with data from literature and 
actualized for Lima. Data was also validated from the data collected by other components of the feasibility 
study ς market, waste supply and availability, technical, and institutional assessment. 

6.3 Financial Synopsis of the RRR Business Models 

The following section presents the key financial highlights of the RRR business models assessed. For the 
detailed assessment, please refer to the full Financial Analysis report. The financials for the RRR business 
models are classified according to Energy, Wastewater and Nutrient models. 
 
 

6.3.1 Energy Business Models 
 

Table 9 presents the key highlights of the energy business models. As seen from the Table 9, the energy 
business models show a high financial viability with both the models: Model 2 ς Energy service companies 
at scale and Model 3: Energy from own agro-industrial waste with positive NPV and IRR greater than 4% 
which is the discount rate in Peru. Model 4 - onsite energy generation by sanitation service providers was 
not assessed for Lima for reasons mentioned earlier. 
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Table 9: Energy Business Models 
 Model 2: Energy Service 

Companies at Scale - Agro-
Waste to Energy 
(Electricity) 

Model 3: Energy from own 
Agro-industrial waste 

Model 4: Onsite Energy 
Generation by Sanitation 
Service Providers 

Scale  Process 200 tons of MSW 
per day 

Piggery rearing 4,000 pigs  
 
 
 
 
Financial analysis was not 
done for this business 
model 

Investment 
required (in USD) 

3.36 million 382K 

Operations Cost (in 
¦{5κȅŜŀǊύϝϞ 

0.94 million to 1.7 million 55K to 94K 

Revenue (in 
USD/year)* 

1.27 million to 2.31 million 137K to 239K 

NPV @ discount 
rate 4%** 

$470,238 389,714 

IRR**  5.35% 13.16 % 

* Range is based on first year to life cycle term costs and revenue 
Ϟ hǇŜǊŀǘƛƻƴǎ Ŏƻǎǘ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ŘŜǇǊŜŎƛŀǘƛƻƴΣ ƛƴǘŜǊŜǎǘ ŀƴŘ ǘŀȄ 
** Calculated for life cycle term 
K = 1,000 

 
 

6.3.2 Wastewater Reuse Business Models 
 

Table 10 provides key highlights of the wastewater reuse business models. The scale was based on serving 
population of 300,000 which would result in 52,800 m3 of wastewater on a daily basis. 
 
In the financial analysis of models 9, 12 and 13, the assessment assumed investment of reuse 
infrastructure in an existing treatment plant. The financials assessment takes into consideration the 
additional investment required to incorporate recovery of energy (including carbon credits), nutrient and 
treated wastewater for irrigation and related operation cost and revenue for the treatment plant. All three 
recovery options shows positive NPV and IRR greater than discount rate. In the case of model 8, the reuse 
activity - cultivation of wastewater-fed fish is assumed to occur in an existing wastewater treatment plant 
using a waste stabilization pond system for treatment and the fish is cultivated in the tertiary pond. 

 
 
 
 
 
 
 
 
 
 
 
 



  

45 
 

Table 10: Wastewater Reuse Business Models$ 
 

 Model 9, 12 & 13: On Cost Savings and 
Recovery 

Model 8: Beyond cost recovery: the 
Aquaculture example 

Scale  52,800 m3 for 
irrigation 

932 tons of 
sludge per 
day 

5,250 m3 of 
biogas + carbon 
benefits 

5,000 kg of annual harvest of tilapia fish 

Investment 
required (in USD) 

660K 224K 1.5 million 11,200 

Operations Cost 
όƛƴ ¦{5κȅŜŀǊύϝϞ 

554K to 936K 48K to 84K 0.96 million to 
1.7 million 

6K to 10K 

Revenue (in 
USD/year)* 

634K to 1 
million 

84K to 166K 1.24 million to 
2.2 million 

8K to 14K 

NPV @ discount 
rate 4%** 

$917,252 $741,247 $4.1 million $8,970 

IRR**  19% 25% 29.87% 12% 
$Business models 9, 12 and 13 were initially considered as separate models. However based on the concept7 behind 
the business models and the multi-criteria framework used for the analyses, they were combined into one business 
model with different scenarios.   
* Range is based on first year to life cycle term costs and revenue 
Ϟ hǇŜǊŀǘƛƻƴǎ Ŏƻǎǘ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ŘŜǇǊŜŎƛŀǘƛƻƴΣ ƛƴǘŜǊŜǎǘ ŀƴŘ ǘŀȄ 
** Calculated for life cycle term 
K = 1,000 

 
 
 

6.3.3 Nutrient Business Models 
 

Table 11 presents the key highlights of the nutrient business models8. As seen from the Table 11below, 
for Model 15 - large scale composting plants as the scale increases the NPV and IRR also increases. For all 
three scenarios, the NPV is positive and IRR is equal to above discount rate. However it is to be noted that 
for the 70-ton and 200-ton plant it is assumed to have capital subsidy of at least 75% from the municipality 
and in addition there is an incentive in the form of tipping fees for private sector participation. For the 
600 ton plant, such an incentive and subsidy is not required. In the case of high value fertilizer production 
and compost production for sanitation service delivery, they both have positive NPVs and IRR greater than 
discount rate. 

 
 
 
 
 

                                                           
7The concept behind business models 9, 12 and 13 was to assess the operational cost recovery and related viability of the BM 

from the reuse components which are: a) Energy recovery - energy generation for internal use to reduce electricity related costs 
which are the primary operation costs for WWTP, b) Carbon sales - carbon reductions which is mainly captured when treatment 
plant generates energy by capturing methane, c) Nutrient recovery ς Sale of sludge as fertilizer and, d) Treated water ς Sale 
towards irrigation. BM 9 focuses on recovery of energy, nutrient and treated water, while BM 12 is for carbon emission (read as 
energy recovery) and BM 13 is for irrigation.   
8Business models 15 and 21 were combined into 1 business model with different scales (70 and 200 tons for model 21 & 70, 200 

and 600 tons for model 15).  
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Table 11:  Nutrient Business Models 
 Model 15: Large-Scale Composting for Revenue 

Generation  
Model 17: High 
value Fertilizer 
Production for 
Profit 

Model 21: Partially 
subsidized 
composting at 
District level 

Scale  70 tons of 
MSW per day 

200 tons of 
MSW per day 

600 tons of 
MSW per day 

 
 
 
 
Financial 
analysis was not 
done for this 
business model 

 
 
 
 
Financial 
assessment as 
under Model 15 

Investment 
required (in USD) 

628K 1.22 million 3.3 million 

Operations Cost (in 
¦{5κȅŜŀǊύϝϞ 

73K to 217K 284K to 488K 549K to 992K 

Revenue (in 
USD/year)* 

150K to 354K 385K to 719K 809K to 2.45 
million 

NPV @ discount 
rate 12%** 

$14,965 $64,807 $2,847,902 

IRR**   4% 5% 12% 

* Range is based on first year to life cycle term costs and revenue 
Ϟ hǇŜǊŀǘƛƻƴǎ Ŏƻǎǘ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ŘŜǇǊŜŎƛŀǘƛƻƴΣ ƛƴǘŜǊŜǎǘ ŀƴŘ ǘŀȄ 
** Calculated for life cycle term 
K = 1,000 

6.4 Summary assessment of financial feasibility of RRR Business 

Models 

Table 13 provides a summary overview of the feasibility of RRR business models for Lima. As mentioned 
earlier in the methodology, a Monte Carlo risk analysis was done for the financial models for variable 
parameters with a high level of uncertainty. A stochastic simulation model was run for a large number of 
iterations to generate empirical estimates of probability distributions for NPV and IRR, to guide investors, 
donors and entrepreneurs to evaluate the probability of success for an RRR business model. This 
simulation results evaluated several aspects: a) a probability of NPV < 0, mean NPV and IRR, pessimistic 
and optimistic NPV and IRR values. The mean NPV and IRR is the net average of the lowest and highest 
NPV and IRR value for various iterations. The results from the simulation exercise formed the basis for the 
selection of key indicators to assess the feasibility of the RRR business model. The indicators used to assess 
the feasibility of the RRR business models were based on:  P (NPV<0), Mean NPV been positive or negative 
and a Mean IRR greater than or less than the discount rate in Peru (4%). The methodology used to define 
the feasibility is as described in Table 12 below. 
 

Table 12:  Feasibility Methodology 

P (NPV < 0) Mean NPV Mean IRR Feasibility 

0 < P (NPV) <  30% + Greater than discount rate High 

30% < P (NPV) <  50% + Greater than discount rate Medium to High 

0 < P (NPV) <  30% + Less than discount rate  
Medium 50% and above + Greater than discount rate 

0 < P (NPV) <  30% - Greater than discount rate  
Low to Medium 30% < P (NPV) <  50% + Less than discount rate 

30% < P (NPV) <  50% - Greater than discount rate  
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50% and above + Less than discount rate Low 

0 < P (NPV) <  30% - Less than discount rate  
 

Not Feasible 
30% < P (NPV) <  50% - Less than discount rate 

50% and above - Greater than discount rate 

50% and above - Less than discount rate 

 
Using the methodology defined in Table 12 above, the RRR business models were assessed for their 
viability to Lima context. Model 15 ς large scale composting for revenue generation (200 tons) as seen 
from the Table 13 is the only model that is not feasible while the remaining models show either medium 
or high feasibility. The models with high feasibility are Model 3 ς Energy Generation from own Agro-
Industrial waste, Model 9 ς On Cost Savings and Recovery: Sludge recovery as nutrient and electricity 
generation including carbon credits and Model 15 ς large scale composting for revenue generation @ 600 
tons per day of waste processed. Except for Model 3 ς Energy generation from own Agro-industrial waste, 
the remaining models are public-private partnership (PPP) models where it is assumed that land and 
oftentimes capital is provided by the municipality.  Model 9 ς On cost savings and recovery (sludge 
recovery and electricity generation) when all three components are combined in a treatment plant, has a 
medium to high feasibility potential. 
 

Table 13: RRR Business Models Feasibility 
RRR Business Models P (NPV< 0) Mean NPV  Mean IRR Feasibility 

ENERGY 

Model 2: Energy Service Companies at 
Scale ςMSW to Energy 

32.1% $369,445 4.94% Medium to 
High 

Model 3: Energy Generation from own 
Agro-industrial waste 

0.2% $389,714 15.04% High 

Model 4: Onsite Energy Generation by 
Sanitation Service Providers 

Financial Feasibility not undertaken 

WASTEWATER REUSE 

Model 8: Beyond Cost Recovery: the 
Aquaculture example 

35% $3,116 12.37% Medium to 
High 

     

Model 9: On Cost Savings and Recovery 
ς Irrigation reuse 

43% $333,510 22.82% Medium to 
High 

Model 9: On Cost Savings and Recovery 
ς sludge recovery as soil conditioner 

8.6% $972,011 30.65% High 

Model 12: On Cost Savings and Recovery 
ς electricity for onsite use + carbon 
credits 

0% $3,333,526 25.72% High 

Model 13: On Cost Savings and Recovery 
ς combined energy, water and nutrient 
recovery 

8.4% $969,649 30.45% High 

NUTRIENTS 

Model 15: Large-Scale Composting for 
Revenue Generation  - 70 tons  

48% $16,381 4.06% Medium  

Model 15: Large-Scale Composting for 
Revenue Generation  - 200 tons 

56.9% ($80,739) 2.78% Not feasible 

Model 15: Large-Scale Composting for 
Revenue Generation  - 600 tons 

0% $3,004,169 12% High 
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Model 17:High value Fertilizer 
Production for Profit 

Financial Feasibility not undertaken 

Model 21: Partially subsidized 
composting at district level 

Financial Feasibility as part of Model 8 ς 70 tons and 200 tons 

 
While Table 13 above attempts to give a snapshot of the RRR business models viable for the Lima context, 
it however needs to be noted that all the business models under different conditions other than that in 
Lima may have high feasibility potential or similarly unviable. For example, Model 2 ς Energy Service 
Company, becomes increasingly viable when per unit price of electricity is increased by 0.01 USD and 
similarly as it is reduced the viability drastically reduces. In addition, the debt to equity ratio has a 
significant impact on the viability with greater equity ratio improving the viability and higher debt reducing 
the viability due to high debt rates at 15% (as per the Central Bank of Peru). Other than the interest rates, 
the percentage of sale of product plays a significant role in the viability.  
 
Below is a brief overview of the key aspects that will influence the feasibility of each of the business 
models in Lima: 
 

Model 2 ς Energy Service Companies-MSW to Energy: This business model is observed at a large scale in 
Lima where a landfill in Huaycoloro is used to generate power by tapping landfill gas. The financial 
assessments show that larger scale plants is feasible but highly sensitive to the sale price of electricity. In 
addition as mentioned earlier, the business shows increasing viability when the equity component of the 
investment is increased.  
 
Model 3: Energy generation from own agro-industrial waste: This is the only business model with 
complete private ownership. The model is based on energy savings and in the case of excess energy, it is 
sold to neighboring households and businesses. The agro-waste generated from any medium or large 
agro-industry is high and enough to cover internal energy requirement. The investment shows a very 
strong viability assuming the markets for the sale of excess energy is nearby or there is possibility of 
feeding the excess electricity to grid. The business hardly has any variables that dictate its viability, 
however plant operation days and electricity price dictate the extent of profitability. 
 
Model 8ς Beyond cost recovery the aquaculture example: The financial analysis of the model assumed that 
there is no additional investment and the cultivation of the fish occurs in an existing treatment plant that 
has a waste stabilization pond system, with production activities occurring in the tertiary treatment pond. 
Another approach that can be considered is the investment in a pond system which is fed with secondary 
treated water to cultivate duckweed for tertiary treatment, which is fed to the fish. The business is highly 
sensitive to the scale of operations. At lower fish production levels, the business model is not viable as 
the cost of labor to manage the production activities is high and drives the investment to be unviable. 
Additionally, the price of inputs (fingerlings) and the price of fish also determine the business viability. The 
concern of market acceptability is minimal as consumers are rarely aware of the source of water used for 
aquaculture. 
 
Model 9, 12 and 13 ς On cost savings and recovery: The financial analysis of this model focused on the 
reuse component and does not take into account the setting up of a new wastewater treatment plant. 
Three scenarios were developed based on the type of resource recovered (energy including carbon 
credits, water and nutrient). The key assumption in the case of water and nutrient recovery is the sale of 
treated wastewater for irrigation (or industry) or sale of sludge as soil conditioner. We acknowledge that 
these assumptions of sale is the riskiest aspect of this business model as farmers rarely pay for freshwater 
in developing countries and to assume that they would pay for treated water is questionable. In the event 
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of a drought or water scarcity, there is the possibility of increased willingness to pay for treated 
wastewater and in the case of Lima which is one of the driest regions in the world, peri-urban agriculture 
could significantly benefit from 365 days of water. Alternatively, the treatment plant could target the sale 
of treated water to industries. The feasibility of supplying treated wastewater also depends on the length 
of the canal or pipeline and pumping costs to deliver the water to its customer segment. In the case of 
the electricity generated, the financial assessment shows that about 35% of energy required for the 
treatment plant is covered and viability is significant from the sale of carbon. However, given the 
fluctuation in carbon prices (which is currently less than a dollar for ton of CO2), the impact on the viability 
of the investment will be significant. A higher electricity price in Lima will make the investment viable. A 
treatment plant incorporating all these reuse investments yields a positive NPV and in the longer run, 
after the reuse component of the investment is paid back, it will help significantly improve the operation 
cost recovery of wastewater treatment plant. 
 
Model 15ς Large scale composting for revenue generation and Model 21 - Partially-subsidized composting 
(MSW-based compost): As noted above, the financial assessment was conducted for three different 
scenarios and it was observed that at a lower scale of 70 tons and 200 tons, the viability of the business 
without any subsidy or incentives was marginal and as the scale of waste processed increases, the 
feasibility of the compost production plant improves. Similar to Model 2, the debt to equity ratio plays a 
significant role for a positive NPV especially for the 70-ton and 200-ton plant. A critical assumption in the 
business model is the significant quantity of compost sold per year (from 50% to 80%). In the study, it was 
observed that in developing countries, most compost plants from municipal solid waste, struggle to sell 
compost (less than 50% sales) and they undertake compost production to reduce the overall quantity of 
waste sent to landfill. In addition, the compost price in Peru is significantly high in comparison to countries 
in Asia and Africa. The price of compost is one the most sensitive parameters that drives viability of the 
business.  
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7 Key findings of the Health Risk and Impact 

Assessment 

7.1 Introduction and methodology 

For the 4 targeted feasibility cities of the RRR project, the health components around the selected 
business models (BM) employed two methodologies, with two different foci: Health Risk Assessment 
(HRA) and the Health Impact Assessment (HIA). The HRA aimed at identifying health risks associated with 
the input resources (e.g. faecal sludge, waste water) of proposed BMs and defining what control measures 
are needed for safeguarding occupational health and producing outputs (e.g. treated waste water, soil 
conditioner) that are compliant with national and international quality requirements. The HIA aimed at 
identifying potential health impacts (positive or negative) at community level under the scenario that the 
proposed BMs are implemented at scale in Lima. The magnitude of potential impacts was determined by 
means of a semi-quantitative impact assessment. The feasibility studies in Lima were oriented towards 
nine BMs that were selected due to their potential in the given context. These BMs are: 

¶ Model 2b: Energy service companies at scale: MSW to energy (electricity) 

¶ Model 3: Energy generation from own agro-industrial waste 

¶ Model 4: Onsite energy generation by sanitation service providers 

¶ Model 8: Beyond cost recovery: the aquaculture example 

¶ Model 9: On cost savings and recovery 

¶ Model 13: Informal to formal trajectory in wastewater Irrigation: sale/auctioning 
 wastewater for irrigation 

¶ Model 15: Large-scale composting for revenue generation 

¶ Model 17: High value fertilizer production for profit 

¶ Model 21: Partially subsidized composting at district level 

7.2 Evidence-base of the HRIA 

A broad evidence-base was assembled for the health risk and impact assessment (HRIA). At a large scale 
(i.e. city level) this entailed the collection of secondary data on the epidemiological profile, environmental 
exposures and the health system of Hanoi. This included statistics of health facilities from urban, peri-
urban and rural areas in and around Hanoi city, as well as data from the peer-reviewed and grey literature. 
The literature review had a focus on (i) soil-, water- and waste-related diseases; (ii) respiratory tract 
diseases; and (iii) vector-borne diseases, since these disease groups are closely associated with unsafe 
disposal of waste and waste recovery. At a small scale, primary data was collected at the level of existing 
RRR activities by means of participatory data collection methods and direct observations. A total of seven 
existing RRR cases were investigated in Lima area: 

¶ Case 1: Wastewater treatment for irrigation: Fundo Palo Alto 

¶ Case 2: MSW collection service- San Luis Municipality-Recyclers 

¶ Case 3: Treated wastewater for irrigation/fertilizer/energy: ParqueZonal Huascar 

¶ Case 4: High quality branded/certified organic fertilizer form faecal sludge and municipal solid 
waste (MSW) & onsite energy generation: ECO GrŀƴƧŀ ά/ŀƳƛƭŀέ όǇƛƎ ŦŀǊƳύ 
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¶ Case 5: Phyto-remediative water treatment and fish production (Tilapia ponds): urban agricultural 
family business, Carapongo, Lurigancho 

¶ Case 6: High Quality Branded/Certified Organic Fertilizer from Faecal Sludge X-runners - Dry 
toilets- Sanitation Solution in urban Areas 

¶ Case 7: Phyto-remediative water treatment and fish production (Tilapia ponds): Union University 
 
The cases were studied considering the given context and by following a similar methodology in all 4 
feasibility study cities. An additional important component of the case studies were an assessment of the 
use and acceptability of personal protective (PPE) among the workforce. In addition to the standardised 
methodology of the health component around these seven existing RRR cases, the city of Lima benefited 
from a complementary in-depth study on the concentration of heavy metals, protozoa and helminth eggs 
were carried out in the frame of the pre-testing of the Sanitation Safety Planning (SSP) manual in Lima. 
For the pre-testing of the SSP manual in Lima, two study sites were selected: the agricultural area in Cono 
Este (peri-urban area of Lima) and the ParqueHusacar in Lima city. In the frame of those two case studies, 
the team led by Dr Julio Moscoso collected a large number of environmental samples (water, soil and 
plant) for determining the presence and/or concentration of heavy metals, bacteria, protozoa and 
helminth eggs. Hence, the data generated by the SSP manual trials make an important contribution to the 
evidence-base of the HRIA. 

7.3 Summary of findings of the literature review and in-depth 

studies 
 

According to health statistics from the districts where the data collection activities at the level of existing 
RRR cases took place (i.e. Lurigancho, Villa el Salvador and Lurin districts, and San Luis municipality), 
respiratory diseases, diseases of the digestive system and different infectious and parasitic diseases were 
the leading causes of morbidity at the represented health facilities in 2009, 2010 and 2011. A closer look 
at the statistics reveals that upper respiratory tract infections and intestinal infections are the principal 
cause for consulting a health facility, with most patients being under the age of 5 years. 
With regard to access to sanitation facilities, the 2012 Peru Demographic and Health Survey (PDHS) found 
that three in four households in urban areas have access to piped drinking water inside their house and 
are connected to the sewerage system [15]. In Lima, the percentage of houses that are connected to the 
sewerage system is 90.3%, which is clearly above the national average. In 2012, 6.3% of the households 
in Lima collected their drinking water from a pipe or fountain outside their house or apartment. 
 
Against this background, it is not surprising that helminthic infections are not a major health concern in 
urban and peri-urban areas of Lima. Intestinal protozoa infections are of greater public health concern, 
particularly in children. The burden of chronic respiratory diseases and cardiovascular diseases is relatively 
high in Peru, accounting for 4% and 22% of total mortality (all ages, both sexes), respectively. 
Depending on the season, a broad range of mosquito vectors such as Anopheles spp., Aedes spp. and Culex 
spp. are present in Peru. Therefore, various vector-borne diseases are endemic in the country, particularly 
in the jungle areas in the north. The most important vector-borne disease in Peru is Dengue, but also 
malaria, leishmaniasis and Chagas disease are important public health concerns. However, none of those 
vector-borne diseases is of public health relevance in Lima.  
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Exposure to noise, air pollution, contaminated drinking water, contaminated surfaces and contaminated 
food products are important environmental determinants of health. The findings of the environmental 
sampling at the Cono Este study can be summarised as follows: 

¶ Water samples: none of the average values for heavy metals exceeded the national threshold. 
Protozoa concentrations above the national limit of 0 protozoa per 1 L were detected in water 
samples from each sampling site. Also helminth eggs were detected in most samples, though the 
ŀǾŜǊŀƎŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŘƛŘ ƴƻǘ ŜȄŎŜŜŘ ǘƘŜ ƴŀǘƛƻƴŀƭ ƭƛƳƛǘ ƻŦ Җм ƘŜƭƳƛƴǘƘ ŜƎƎ ǇŜǊ м [Φ 

¶ Soil samples: concentrations of arsenic and led exceeded national limits at two of the three 
sampling sites. Cadmium was above the national threshold at one study site. 

¶ Grass samples at UPeU: helminth eggs (A. Lumbricoides and Strongyloides sp.) were detected on 
grass surfaces irrigated with wastewater. 

¶ Vegetable samples collected at Carapongo: all the vegetable samples showed contamination with 
protozoa eggs. Helminth eggs were less of an issue. 

¶ Fish: fish cultivated at the Nievería site showed concentrations of TTC exceeding the national limit 
of 100 TTC/g (maximum). The maximum concentration of TTC of fish cultivated at the Carapongo 
site was 3.3 TTC/g. 

 
Findings of the environmental sampling at the Parque Huascar study site are as follows: 

¶ Water samples: none of the average values for heavy metals exceeded the national threshold. 
The crude water from the waste water treatment plant (WWTP) showed protozoa concentrations 
above the national limit of 0 protozoa per 1 L and also high concentrations in TTC (up to 7x107 
TTC/100mL). Also helminth eggs were detected in all crude water samples. 

¶ Soil samples: concentrations of chrome exceeded national limits in soil of the green areas and 
agricultural surfaces of Parque Huascar. Larvae of Ascaris spp. and Strongyloides spp. were 
detected in soil samples of the green areas. 

¶ Grass samples: as for the soil samples, helminth larvae (Ascaris spp. and Strongyloides spp.) were 
detected on grass surfaces irrigated with wastewater. No protozoa were found in grass samples. 
Interestingly, very high concentrations of TTC were measured on grass samples (up to 2x105 
TTC/g). 

7.4 Key findings of the HRA 
 

All of the identified occupational health risk ς such as exposure to pathogens, skin cuts or inhalation of 
toxic gases ς can be managed by providing appropriate PPE, health and safety education to workers and 
appropriate design of the operation and technical elements. Biological hazards mostly derive from human 
and/or animal wastes that serve as inputs per se for the proposed BM (e.g. animal manure or human 
faeces) or are a component thereof (e.g. human waste in wastewater). For meeting pathogen reduction 
rates, a series of treatment options are at disposal. The HRA provides guidance on which treatment 
options are required for what reuse option. When it comes to the implementation of the BM, the 
challenge will be to respect indicated retention times and temperatures for achieving the required 
pathogen reduction rates. Since the proposed retention times may also have financial implications, it is 
important that these are taken up by the financial analysis. 
 
Chemical hazards primarily concern wastewater fed BMs. The environmental sampling in Lima area 
showed variation in heavy metal concentration, often exceeding national and international thresholds. 
This clearly indicates that irrigation with wastewater is of concern in Lima from a health and 
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environmental perspective, though high local variation might apply. This needs to be taken into account 
for the planning of any wastewater fed BM, i.e. environmental sampling is indicated for identifying 
suitable locations. Where threshold values of toxic chemicals exceed national and WHO guideline values, 
physiochemical treatment for removing toxic chemicals such as heavy metals are required. Also co-
composting with wastewater sludge is only an option if the sludge is compliant with heavy metal 
thresholds. In addition, for both irrigation with treated wastewater and the use of sludge-based soil 
conditioner, chemical parameters of receiving soils need to be taken into account. Of note, reuse of sludge 
is currently prohibited in Peru. 
 
In terms of physical hazards, sharp objects deriving from contaminated inputs (e.g. faecal sludge or MSW) 
ending-up in soil conditioner are a risk that has been identified for a number of BM. This will require 
careful pre-processing of inputs and sieving of End-products. Moreover, users need to be sensitised about 
the potential presence of sharp objects in the soil conditioner and advised to wear boots and gloves when 
applying the product. Also emissions such as noise and volatile compounds are of concern at workplace 
and community level. While PPE allows for controlling these hazards at workplace level, a buffer zone 
between operation and community infrastructure needs to be respected so that ambient air quality and 
noise exposure standards are not exceeded. Of note, the actual distance of the buffer zone is depending 
on the level of emissions. Finally, for businesses involving burning processes and power plants, 
fire/explosion and electric shock are risks of high priority that need to be managed appropriately. 
 
Overall, the health risks associated with most of the proposed BM can be mitigated with a reasonable set 
of control measures. Concerns about heavy metals and other chemical contaminants remain for all the 
wastewater-fed BM. From a health perspective, wastewater fed agriculture (Model 8) in Lima needs to be 
promoted with care, also since the concentration of heavy metals is likely to further increase over time 
due to accumulation in the soils. Models 2b, 15, 17 and 21, all of which use municipal solid waste (MSW) 
as an input, are only an option if no medical waste from health facilities is mixed with common MSW. 

7.5 Key findings of the HIA 
 

The objective of the HIA was to assess potential health impacts at community level of proposed BMs for 
Lima under the assumption that the control measures proposed by the HRA are deployed. This included 
consideration of both potential health benefits (e.g. business is resulting in reduced exposure to 
pathogens as it entails treatment of wastewater) and adverse health impacts (e.g. exposure to toxic gases 
by using briquettes as cooking fuels). Since the HIA aimed at making a prediction of potential health 
impacts of a given BM under the assumption that it was implemented at scale, a scenario was defined for 
each BM as an initial step. The scenario was then translated into the impact level, the number of people 
affected and the likelihood/frequency of the impact to occur. By means of a semi-quantitative impact 
assessment, the magnitude of the potential impacts was calculated. 
 
A summary of the nature and magnitude of anticipated health impacts for each of the proposed BM is 
presented in Table 14. Most of the proposed BMs have the potential for resulting in a minor to major 
positive health impact. Under the given scenarios, Model 9 (treated wastewater for 
irrigation/fertilizer/energy: on cost savings and recovery), 13 (informal to formal trajectory in wastewater 
irrigation: sale/auctioning wastewater for irrigation) and Model 8 (the aquaculture example) have the 
greatest potential for having a positive impact since it will result in a reduction in exposure to pathogens 
at community level. It has, however, to be noted that this only applies if the wastewater (untreated or 
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treated) used is compliant with national and international quality requirements regarding toxic chemicals. 
The other BMs are anticipated to only have a minor positive or insignificant impact on community health. 
 

Table 14: Summary table of anticipated health impacts and their respective magnitude 

Business model Scale of the BM: applied scenario Anticipated health impact Magnitude (score) 

Model 2b ς Energy service 
companies at scale: MSW to 
energy (electricity) 

Two plants as proposed by the 
business will be implemented in Lima. 

Impact 1: changes in health 
status due to access to electricity  

Insignificant 
(0) 

Model 3 ς Energy generation 
from own agro-industrial waste 

Two plants as proposed by the 
business will be implemented in Lima, 
resulting in 500 people that will have 
a reduce exposure to manure 

Impact 1: changes in health 
status due to access to electricity  

Insignificant 
(0) 

Impact 1: reduction in 
respiratory, diarrhoeal and 
intestinal diseases 

Minor positive 
impact 

(15) 

Model 4 ς Onsite energy 
generation in enterprises 
providing sanitation services 

10 villages in rural and peri-urban 
areas of Lima will implement the BM 
with a population of 1,000 each 

Impact 1: reduction in 
respiratory, diarrhoeal and 
intestinal diseases 

Moderate positive 
impact 

(30) 

Impact 2: changes in health 
status due to access to electricity 

Insignificant 
(0) 

Model 8 ς Beyond cost recovery: 
the aquaculture example 

3 operations serving 500 farmers. 
Products irrigated with safe 
irrigation water and safe fish from 
the aquaculture will be consumed 
by 150,000 consumers 

Impact 1: reduction in 
respiratory, diarrhoeal, intestinal 
and skin diseases 

Major positive 
impact 
(4,535) 

Model 9 ς On cost savings and 
recovery 

Scenario of Cono Este: 5,600 farmers, 
700,000 consumers and 22,000 
people downstream will be impacted 

Impact 1: reduction in 
respiratory, diarrhoeal, intestinal 
and skin diseases 

Major positive 
impact 
(25,030) 

Impact 2: reduction in exposure 
to chemicals and heavy metals 

Moderate positive 
impact 

(28) 

Impact 3: changes in health 
status due to access to electricity 

Insignificant 
(0) 

Model 13 ς Informal to formal 
trajectory in wastewater 
Irrigation: sale/auctioning 
wastewater for irrigation 

Scenario of Cono Este: 5,600 farmers, 
700,000 consumers and 22,000 
people downstream will be impacted 

Impact 1: reduction in 
respiratory, diarrhoeal, intestinal 
and skin diseases 

Major positive 
impact 
(25,030) 

Impact 2: reduction in exposure 
to toxic chemicals (e.g. heavy 
metals) 

Moderate positive 
impact 

(28) 

Model 15 ς Large-scale 
composting for revenue 
generation 

Two centralised co-composting plants 
are installed in Lima, ǎŜǊǾƛƴƎ нΩллл 
households each 

Impact 1: reduction in 
respiratory, diarrhoeal, intestinal 
and skin diseases 

Minor positive 
impact 

(4) 

Model 17 ς High value fertilizer 
production for profit 

Two centralised co-composting plants 
are installed in Lima, serving нΩллл 
households each 

Impact 1: reduction in 
respiratory, diarrhoeal, intestinal 
and skin diseases 

Minor positive 
impact 

(4) 

Model 21 ς Partially subsidized 
composting at district level 

No health impacts anticipated Insignificant 
(0) 
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8 Key findings of the Environmental Assessment 

For the Environmental Impact Assessment (EIA), business model flow diagrams are used as a tool to 
visualize both impact assessments. The EIA takes into consideration the ά¢ŜŎƘƴƻƭƻƎȅ !ǎǎŜǎǎƳŜƴǘέ, which 
comprises an extensive literature review on technologies for resource recovery also identifying potential 
environmental hazards and measures of mitigation. Within the scope of this assessment, the 
environmental impact of the business models are not assessed in detail, as information on facility scale 
and specific location in the city was not available. Rather, with the level of technical detail currently 
available, the EIA shows potential environmental hazards, which should be recognized and mitigated 
during implementation.  
 
More detailed analysis of specific environmental impacts can follow at a later stage if treatment 
infrastructure has been clearly defined based of an analysis of market demand for end-products and the 
respective determination of treatment goals.  Such an evaluation would have to include detailed 
laboratory analyses of the waste streams to be utilized, so that treatment technologies can be selected 
and designed in detail. Currently, and based on the EIA as a stand-alone component, the feasibility of 
business modeƭǎ Ŏŀƴƴƻǘ ōŜ ǊŀƴƪŜŘΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ǊŜŀǎƻƴ ŦƻǊ ŀƭƭ ōǳǎƛƴŜǎǎ ƳƻŘŜƭǎ ǊŜǎǳƭǘƛƴƎ ƛƴ άƳŜŘƛǳƳ 
ŦŜŀǎƛōƛƭƛǘȅέΦ ¦ƭǘƛƳŀǘŜƭȅΣ ǘƘŜ ƛƳǇƭŜƳŜƴǘƛƴƎ ōǳǎƛƴŜǎǎ Ƙŀǎ ǘƻ ƳƛǘƛƎŀǘŜ ǘƘŜ ƛŘŜƴǘƛŦƛŜŘ ǇƻǘŜƴǘƛŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
hazards, which will results in little, or no environmental impact. 
 
Table 15 provides a summary for all the business models, the respective waste streams, end-products 
technologies, processes and potential environmental hazards, including proposed mitigation measures.  
 
Detailed information is available in the reports on: Resource, Recovery and Reuse Project. From Research 
to Implementation. Component 4 ς Technology Assessment: Bangalore, India; Hanoi, Vietnam; 
Kampala/Uganda; Lima, Peru. February (2015)and Component 7 ς Health and environmental risk and 
impact assessments of waste reuse business models: Lima, Peru. 
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Table 15: Summary of business models under consideration for Lima 

Business 
Model 

Waste 
stream 

End-product Technologies Process 
Potential Environmental 
Hazard 

Mitigation measures 

2 (a) ¶ MSW 

¶ Gasification -> 
Electricity 

¶ Biogas -> 
Electricity 

¶ Gasification technologies 

¶ Single stage 

¶ Multi-stage 

¶ Batch 

¶ Biogas conversion tech. 

¶ Gasification 

¶ Anaerobic digestion 

¶ Biogas to electricity 
conversion 

¶ Hazardous air emissions 

¶ Residuals (tar, char, oil) 

¶ Solid residue (digestate) 

¶ Liquid effluent 

¶ Air emission control technologies 

¶ Collection/Storage/Disposal at 
appropriate location 

¶ Solid/liquid residue post-treatment 

3 
¶ AIW 

¶ AM 

¶ Ethanol 

¶ Electricity 

¶ Fermentation, Distillation 
Technologies 

¶ Single stage 

¶ Multi-stage 

¶ Batch 

¶ Biogas conversion 
technologies 

¶ Fermentation, 

¶ Distillation 

¶ Biogas to electricity 
conversion 

¶ Hazardous air emissions 

¶ Solid residue (digestate) 

¶ Liquid effluent 

¶ Air emission control technologies 

¶ Solid/liquid residue post-treatment 

4 

¶ Faeces 

¶ Urine 

¶ FS 

¶ Biogas -> 
Cooking fuel 

¶ Single stage 

¶ Multi-stage 

¶ Batch 

¶ Anaerobic digestion 

¶ Air emissions 

¶ Solid residue (digestate) 

¶ Liquid effluent 

¶ Maintenance of anaerobic digester 

¶ Solid/liquid residue post-treatment 

8 ¶ WW 
¶ Fish 

¶ Treated WW 

¶ Duckweed 

¶ Aquaculture 
¶ Pond treatment 

¶ Heavy metals in effluent 
and/or  sludge from WW 
treatment  

¶ Solid residue (sludge from 
WW treatment) 

¶ Upstream monitoring of heavy metal 
concentration 

¶ Monitoring of effluent and solids  

¶ Solid residue (sludge from WW 
treatment) post-treatment 

9 
¶ WW 

¶ WW 
sludge 

¶ Electricity 

¶ Soil 
conditioner 

¶ Water (for 
reclamation) 

¶ Conventional WW treatment 
technologies 

¶ Biogas conversion 
technologies 

¶ Conventional WW 
treatment 

¶ Biogas to electricity 
conversion 

¶ Heavy metals in effluent 
and/or WW sludge 

¶ Solid residue (sludge from 
WW treatment) 

¶ Air emissions 

¶ Upstream monitoring of heavy metal 
concentration 

¶ Monitoring of effluent and solids  

¶ Solid residue (sludge from WW 
treatment) post-treatment 

¶ Maintenance of anaerobic digester 
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12 
¶ WW 

¶ WW 
sludge 

¶ Biogas -> 
Electricity 

¶ Conventional WW treatment 
including anaerobic 
digestion technologies 

¶ Biogas conversion 
technologies 

¶ Conventional WW 
treatment 

¶ Biogas to electricity 
conversion 

¶ Heavy metals in effluent 
and/or WW sludge 

¶ Air emissions 

¶ Solid residue (sludge from 
WW treatment) 

¶ Liquid effluent 

¶ Upstream monitoring of heavy metal 
concentration 

¶ Monitoring of effluent and solids  

¶ Solid residue (sludge from WW 
treatment) post-treatment 

¶ Maintenance of anaerobic digester 

13 ¶ WW 
¶ Water (for 

reclamation) 

¶ Conventional WW treatment 
with limited nutrient 
removal 

¶ Slow rate infiltration 

¶ Rapid infiltration 

¶ Overland flow 

¶ Wetland application 

¶ Conventional WW 
treatment 

¶ Land application 

¶ Groundwater 
contamination (heavy 
metals/pathogens) 

¶ Contamination of irrigated 
crops 

¶ Solid residue (sludge from 
WW treatment) 
 

¶ Crop selection 

¶ Upstream monitoring of heavy metal 
concentration 

¶ Monitoring of effluent and solids  

¶ 2006 WHO guidelines 

¶ Solid residue (sludge from WW 
treatment) post-treatment 

15 
¶ MSW 

¶ FS 

¶ Soil 
Conditioner 

¶ Solid/liquid separation 

¶ Drying beds 

¶ Co-composting 

¶ Co-composting 
(MSW + FS) 

¶ Accumulated inorganic 
waste 

¶ Leachate from composting 

¶ Insufficient pathogen 
inactivation 

¶ Liquid effluent (from FS 
treatment) 

¶ Storage/transport/disposal (sanitary 
landfill) 

¶ Moisture control 

¶ Leachate treatment 

¶ Temperature control (compost heap) 

¶ Post-treatment of liquid effluent 

17 
¶ MSW 

¶ FS 

¶ Fertilizer (NPK 
added) 

¶ Solid/liquid separation 

¶ Drying beds 

¶ Co-composting 

¶ Co-composting 
(MSW + FS) 

¶ Accumulated inorganic 
waste 

¶ Leachate from composting 

¶ Insufficient pathogen 
inactivation 

¶ Liquid effluent (from FS 
treatment) 

¶ Storage/transport/disposal (sanitary 
landfill) 

¶ Moisture control 

¶ Leachate treatment 

¶ Temperature control (compost heap) 

¶ Post-treatment of liquid effluent 

21 
¶ MSW 

¶ FS 

¶ Soil 
Conditioner 

¶ Solid/liquid separation 

¶ Drying beds 

¶ Co-composting 

¶ Co-composting 
(MSW + FS) 

¶ Accumulated inorganic 
waste 

¶ Leachate from composting 

¶ Insufficient pathogen 
inactivation 

¶ Liquid effluent (from FS 
treatment) 

¶ Storage/transport/disposal (sanitary 
landfill) 

¶ Moisture control 

¶ Leachate treatment 

¶ Temperature control (compost heap) 

¶ Post-treatment of liquid effluent 
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9 Key findings of the Socio-Economic Assessment 

9.1 Introduction 

The section presents the socioeconomic assessment of the selected RRR business models.  The 
socioeconomic assessment acts as a decision making tool for determining the feasibility of the business 
model from a societal perspective. It incorporates all the costs and benefits of the potential impacts 
accruing from the economic, social, health and environmental considerations. Therefore this primarily 
involves the derivation of the monetary values of the direct and indirect, positive and negative effects 
from the implementation of the business model. A comprehensive socioeconomic assessment determines 
whether the all the benefits of a particular business model outweigh its costs and thus supports in making 
decision. 

9.2 Methodology 

The first important footstep towards a socioeconomic assessment is defining of the system boundary. This 
is an integration of two aspects ς  

¶ Determination of the baseline condition which becomes the benchmark for comparison of the 
alternative (i.e. establishment of the business model); and 

¶ Identification of the input resources (from different waste streams) for the business models at 
the city level based on the availability. These constraints govern the scales of operation of the 
business, potential impacts and beneficiaries. Regarding the scale of operation of the businesses, 
the socioeconomic assessment utilized the scales of the financial models developed previously. 
However, it was up-scaled based on the waste resources available at the city context. 

After having demarcated the system boundary the socioeconomic assessment conducted the following 
guided steps to evaluate the benefits and the costs.      

- Step 1: Identification of socioeconomic impacts of similar business cases in Lima 
- Step 2: Scoping of the potential impacts (social, environmental and health) based on the system 

boundary. This step leads to the definition of the parameters to be used in the socioeconomic 
assessment.  

- Step 3: Description of the technology for the RRR business models based on the technical 
assessment report and as observed from the business cases in the region.  

- Step 4: Identification of key input data points based on scenarios developed, type of technology 
used. The financial models served as the base data source for the economic data as well as some 
of the social data. Investments and production costs were obtained from the financial models. 
Data on economic indicators such as wage rates, interest rates, inflation, tax, annual write off, 
insurance, depreciation and debt-equity ratios were obtained from published data reports by 
Bank of Peru and industrial benchmarks for the region. The environmental and health data were 
collected from secondary sources based on the scale of the operation and assumption made 
under the system boundary which delineates the level of stakeholders for a particular model. For 
the environmental data, emission rates, carbon equivalents, cost of pollution (and abatement 
costs) were collected from the secondary sources and likewise for the health related parameters 
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after having scoped the potential impact and the targeted population that can be impacted, DALYs 
were used to measure the impact in value terms. The economic values of the DALYs were obtained 
from secondary data sources for Peru. In this step the parameters are also categorized as 
deterministic and stochastic based on literature survey and expert opinions.    

- Step 5: The socioeconomic viability of an RRR business model was analysed based on the NPV of 
the benefits and costs, Benefit to Cost Ratio (BCR) and the Rate of return on Investments (RoI). 
For each of the economic, social, health and environmental aspects, the benefits and costs were 
measured (in monetary terms) separately, and the cumulative figure was used to evaluate the 
NPV, BCR and RoI. Subsequently, a Monte Carlo risk analysis method was performed for the NPV 
calculations using an Excel add-in, @Risk. 
 
The Monte Carlo risk analysis involved the following steps: 

- Selection of valuation criteria: The NPV of each of the business model was selected to 
study the stochastic variations under conditions of uncertainty of the parameters.  

- Identification of sources of uncertainty and key stochastic variables. Similar sources of 
uncertainty as considered in the financial models were also assumed in the 
socioeconomic assessment. However, in addition to technical development, change in 
ƎƻǾŜǊƴƳŜƴǘ ǇƻƭƛŎȅΣ ƛƴŦƭŀǘƛƻƴΣ ǾŀǊƛŀǘƛƻƴ ƛƴ ƛƴǇǳǘ ŀƴŘ ƻǳǘǇǳǘ ǇǊƛŎŜǎΣ ŎƻƳǇŜǘƛǘƻǊǎΩ ŀŎǘƛƻƴǎ 
and other various factors, other health and environmental parameters (like economic 
value of DALY and abatement costs) were also treated stochastic.  

- Definition of the probability distributions of stochastic variables: Probability distributions 
for all risky variables were defined and parameterized.  

- Running of the simulation model: Determination of the NPV for each year and the criteria 
(social, economic, health and environment) using sampled values from the probability 
distributions for project life. This process was repeated a large number of times (larger 
than 5000) to obtain a frequency distribution for NPV.  

- Determination of the probability distribution of the simulation output (NPV):  The 
simulation model generated empirical estimates of probability distributions for NPV 
which was further used for the feasibility study. 

 

Data limitations: As noted in the synopsis of the financial assessment, since the RRR sector is nascent in 
Peru, data access and availability were limited. This was even more critical for the socio-economic 
assessment which relied heavily on the secondary databases and the financial models. The financial 
models developed for the business cases served as the data source for the economic data used in the 
socioeconomic assessment. The data for the environmental and health costs and benefits were obtained 
from secondary sources and the literature survey contextualized for Peru. However, in certain cases 
where data was not available, data from certain reports showing global figures or assessments were 
utilized and actualized for the context of Lima. Since the financial model is the base for the economic 
model, it needs to be mentioned here that economic data not available for the businesses were mined 
from the different business sources operating in Asia, Africa and Latin America and were verified before 
their use. However, as explained before in the financial assessment, data sources for wastewater is weak 
and this produces a cascading effect in the socioeconomic assessment as well.  



  

60 
 

9.3 Overall approach of the socioeconomic assessment: Defining 

the system boundary of the models 

The following matrix defines the system boundary of the socioeconomic models used in the assessment 
for the RRR business models. In all of these cases, the scale of the business model is so adjusted such that 
the entire waste can be utilized by the particular business. The socioeconomic assessment of the business 
models is performed taking into consideration two contrasting situations where the baseline condition 
refers to the present situation in Lima and the alternative scenario proposes the introduction of the 
business. The scale of operation for each of the businesses is based on two aspects ς  

¶ The availability of different waste streams in the perspective of Lima as derived from other 
reference literature, reports and documents; and 

¶ The scale of operation is based on the scale assumed in the financial analysis. This is primarily 
assumed to keep a parity in the analysis performed since one of the important component of 
the socioeconomic assessment includes the financial analysis of the operation. However, to 
achieve the entire consumption of the waste streams for the respective businesses, a linear 
extrapolation of the scale of the business model assumed in financial analysis is utilized. 

The following table (Table 16) indicates the baseline and alternative scenarios and also describes the scale 
of operation for the different business models in Lima.     

Table 16: Baseline and Alternative Scenarios used for the Socioeconomic Assessment for the different 
Business Models 

Business Models Base case Alternative Remarks 

System Boundary of the Energy Models 

Model 2: Energy Service 
Companies at Scale ï 
MSW to Energy 

Landfill gas is not 
being utilized for 
generation of 
electricity 

The alternative scenario assumes the 
utilization of the entire landfill gas for 
electricity production. The scale 
considered for the socio-economic 
assessment includes the entire MSW 
generated in Lima. 

 

Model 3: Energy 
Generation from own Agro-
industrial waste 

The baseline 
scenario does not 
consider any 
generation of 
electricity from 
livestock wastes. 

The alternate situation assumes 10 pig 
farms with a herd size of 4,000 that 
generates electricity from livestock 
waste. 

In absence of the data about 
the number of pig farms 
existing in Lima it is considered 
that establishment of 10 big 
farms would be representative 
scale for the city. 

Model 4: Onsite Energy 
Generation by Sanitation 
Service Providers 

Feasibility study was not undertaken. 

System Boundary for the Wastewater models 

Model 9: On Cost Savings 
and Recovery ï combined 
energy, water and nutrient 
recovery 

The WWTPs 
existing does not 
have electricity 
production 

9 WWTPs treating wastewater of more 
than 5000 MGD is considered for the 
analysis 

There exists 26 WWTPs in 
Lima which is not being used 
either for aquaculture or 
electricity, fertilizer and 
irrigation. The socioeconomic 
study assumes that the 
smaller plants with than 5000 
MGD is used for aquaculture 

Model 8: Beyond Cost 
Recovery: the Aquaculture 
example 

The WWTPs are not 
linked with ponds 

16 WWTPs which are smaller in 
capacity is assumed to be linked with 
ponds for aquaculture.  
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Business Models Base case Alternative Remarks 

where aquaculture 
is practiced 

and the rest plants are used 
for electricity, irrigation and 
fertilizer production (since 
plants with capacity less than 
5000 MGD is economically not 
feasible for electricity 
generation)   

System Boundary for the Nutrient Models 

Model 15: Large-Scale 
Composting for Revenue 
Generation   

No Large scale 
composting in Lima 

The alternate scenario assume 8 large 
scale compost plants which can take 
up 600 tons of organic waste to 
exhaust the entire organic fraction of 
MSW of the city.   

 

Model 17: High value 
Fertilizer Production for 
Profit 

Feasibility study was not undertaken 

Model 21: Partially 
subsidized composting at 
district level 

Feasibility study was not undertaken 

9.4 Synopsis of the socioeconomic assessment of the RRR 

business models 

The following section presents key highlights of the RRR business models in terms of the Net Present Value 
(NPVs) of the different components assessed under this study and for detailed assessment please refer to 
respective RRR business models presented in subsequent sections. The respective business models were 
evaluated based on the monetization of the costs and benefits pertaining to the financial/economic, 
environmental and social consequences of the potential impacts from the business model. The financials 
for the RRR business models are classified according to Energy, Wastewater and Nutrient models.  

9.4.1 Energy Business Models 

Table 17 provides key highlights of Energy business models. To iterate, the table indicates the NPV of the 
three components of each of the energy business model. It can be seen from the table, that the energy 
models have a Benefit-Cost ratio (BCR) greater than 1. However, the changes in integrating the 
environmental and social components has contrasting impacts for different models. It can be observed 
that the ESCO model has a higher return in terms of environmental and social benefits over the other two 
models although there are possibilities of losses based on the financial assessment of the model.  
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Table 17: Energy Business Models 
 Model 2: Energy Service Companies 

at Scale ς MSW to Energy 
Model 3: Energy Generation from own 
Agro-industrial waste 

Scale of operation Power generation from the landfills 
at the city level 

10 Plants generating electricity from 
livestock waste targeted for farm size 
with 4000 pigs   

NPV**  Financial (in USD) 3,761,904 3,147,990 

NPV**  Financial &  
Environmental (in USD) 

15,297,902 18,718,720 

NPV**  Financial, 
Environmental & Social (in 
USD) 

50,646,571 48,795,286 

B:C Ratio 9.28 6.87 

ROI  321% 126% 

** Calculated for life cycle term using Discount Rate of 12% 
# 10 plants assumed since actual number of the pig farms existing in Lima were not available 
K = 1,000 
 

9.4.2 Wastewater Reuse Business Models 

In the context of Lima, two different scenarios are considered ς (i) Treated wastewater for irrigation, 
fertilizer and energy, and (ii) Wastewater for irrigation and ground water recharge.  Table 18provides key 
highlights of wastewater reuse business models. The scale was based on the input wastewater quantity 
in Lima which was from the waste supply and availability data based on sewer network in Lima. Both of 
these models exhibits higher environmental and societal benefits in terms of reduction of pollution and 
health benefits. Using WSPs has a lower cost which is also being reflected in the NPV of the financial 
benefits from the introduction of wastewater for recharge and utilization in agriculture.  

Table 18: Wastewater Reuse Business Models 
 Model 8: Wastewater-fed aquaculture Model 9: Treated wastewater for 

irrigation/fertilizer/energy ς cost 
recovery 

Scale of operation 17 small scale ponds are considered for 
aquaculture. These ponds are linked to 
the WWTPs from which there is no 
electricity generation  

9 WWTPs which have a treatment 
capacity of more than 5000 MGD per 
day is being considered for the socio-
economic assessment 

NPV**  Financial (in USD) 152,490 (1,437,849) 

NPV**  Financial &  
Environmental (in USD) 

311,988 83,747,518 

NPV**  Financial, 
Environmental & Social (in 
USD) 

2,700,704 110,880,671 

B:C Ratio 14.18 7.33 

ROI  122% 146% 

** Calculated for life cycle term using discount rate of 12% 
K = 1,000 
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9.4.3 Nutrient Business Models 

The nutrient business models have been compared in Table 19. This table provides key highlights of 
Nutrient business models in terms of the NPVs for the financial, environmental and societal net benefits. 
It can be seen from the table that High value Fertilizer production and compost derived from Sanitation 
Service Delivery have higher increase in societal benefits compared to the compost production from MSW. 
This is primarily due to the fact that sanitation infrastructure either in terms of better service delivery or 
treatment of faecal sludge have pertinent health benefits as well as positive environmental impacts for 
the society.      

Table 19: Nutrient Business Models 
 Model 15: Large-Scale Composting for Revenue Generation & 

Model 21: Partially subsidized composting at the district level 

Scale of operation  8 plants each with a handling capacity of 600 tons of MSW is 
assumed. Total compost production capacity in each plant is 
96 tons per day 

NPV**  Financial (in USD) 25,258,365 

NPV**  Financial &  
Environmental (in USD) 

143,483,439 

NPV**  Financial, 
Environmental & Social (in 
USD) 

238,801,928 

B:C Ratio 11.62 

ROI  104% 

** Calculated for life cycle term using Discount Rate of 12% 
K = 1,000 

9.5 Summary assessment of financial feasibility of RRR Business 

Models 

Table 20 provides a summary overview of the criteria used for feasibility of RRR business models for Lima 
based on the socioeconomic assessment. Three main criteria were used to assess the feasibility of the 
business model - (i) Benefit-Cost Ratio (BCR), (ii) Rate of Investment; and (iii) Probability distribution of 
the Net Present Value (NPV). The BCR was derived as a ratio of economic, social, health and environmental 
benefits to the costs in monetary terms. Any project or business with a BCR greater than 1 is termed to 
be generating more societal benefits compared to the costs for implementing the project and therefore 
the BCR was used as the governing criterion for the feasibility assessment. The Rate of Investment (RoI) 
was determined based on all the benefits that accumulated from the business with respect to the initial 
investments made for the business. Along with these criteria, the probability distribution of the NPV based 
on the uncertainty of different parameters used in the model was used. 

As mentioned earlier in the methodology, a Monte Carlo risk analysis was performed on the Net Present 
Value (NPV) derived from the costs and benefits from the different parameters of the socioeconomic 
models. These parameters which were considered as stochastic in the model were defined by a suitable 
probability distribution to represent uncertainty in the values used for the models. For the Monte Carlo 
analysis a large number of iterations were performed to obtain empirical estimates of the NPV and also 
derive a probability distribution of the NPV. The probability distribution obtained for the NPV was used as 
one of the criterion for assessing the feasibility of the business model. The mean value obtained from the 
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probability distribution of the NPV was taken as a benchmark for determining the feasibility. The 
probability distribution thus generated was utilized to find out the probability of the NPV value below the 
benchmark (mean). The methodology used to define the feasibility is as described in Table 20below. 

Table 20: Feasibility Ranking Methodology 

P (NPV <NPVmean) B:C Ratio Rate of Investment (RoI) Feasibility 

0 < P (NPV <NPVmean) <  30% > 1 > 100% High  

30% < P (NPV <NPVmean) <  50% > 1 > 100% Medium 

50% and above > 1 > 100% 

0 < P (NPV <NPVmean) <  30% < 1  > 100% Low 

30% < P (NPV <NPVmean) <  50% < 1 > 100% 

50% and above < 1 > 100% 

0 < P (NPV <NPVmean) <  30% > 1  < 100% 

30% < P (NPV <NPVmean) <  50% > 1 < 100% 

50% and above > 1 < 100% 

0 < P (NPV <NPVmean) <  30% < 1 < 100%  
 

Not Feasible 
30% < P (NPV <NPVmean) <  50% < 1  < 100% 

50% and above < 1 < 100% 

 
Using the methodology defined in Table 20, the RRR business models were assessed for their viability in 
the context of the Lima city (shown in Table 21). Based on the criteria of assessment, it is found that the 
energy models have a lower feasibility compared to that of the wastewater and the nutrient models. All 
the energy models have a BCR greater than 1 however, the ROI is lower than 100% indicating that the 
business model would not be able to reap benefits larger than the investments. Along with these 
observations, it was also estimated that the probability of NVP dipping down from the mean value is more 
than 50% or close to it. In comparison to these scenario, although the models for wastewater and 
nutrients had probability values close to 50%, the other criteria of BCR to be greater than 1 and RoI of 
more than 100% make the business models to be feasible at a medium range. It has been mentioned 
previously that economic costs and benefits utilize the database from the financial analysis. At the same 
time the financial models had been scaled up linearly to meet the waste resources from different waste 
streams produced in Lima. Therefore, it becomes imperative to check the convergent validity of the 
financial and socioeconomic model in which further we assess the social, environmental and health 
aspects. The results of the socioeconomic assessment for the wastewater and nutrient models conforms 
to that of the financial analysis while that of the energy models (excepting the Energy Service Companies) 
differ in the results.  
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Table 21: Synopsis of Socioeconomic Feasibility RRR Business Models 
RRR Business Models P (NPV<NPVmean) B:C Ratio Rate of 

Investment 
(ROI) 

Feasibility 

ENERGY 

Model 2: Energy Service Companies at 
Scale - Agro-Waste to Energy (Electricity) ς 
8MW Profit Maximization Model 

50.5% 9.2 321.6% Medium 

Model 3: Energy Generation from own 
Agro-industrial waste 

50.2% 6.87 126% Medium 

 

Model 8: Phyto-remediate wastewater 
treatment and fish production 

49% 14.18 122% High 

Model 9: On Cost Savings and Recovery ς 
combined energy, water and nutrient 
recovery 

49.3% 7.33 146% High 

 

Model 15: Large-Scale Composting for 
Revenue Generation  - 600 tons 

50.6% 8.18 104% Medium 

Model 21: Partially subsidized composting 
at district level 

    

 
 
Below is brief on key aspects that determine the feasibility of each of the business models in Lima: 
 

Model 2 ς Energy Service Companies: This business model has a lot of potential when we consider 
electricity generation for rural Peru where electricity is a basic need. Associated with this there is net GHG 
emissions saved per kWh of electricity generated is 2.724 kg CO2eq.  The highest savings in GHG emissions 
are mainly from avoided from the MSW which is practically untapped while the highest emissions from 
the business model is from the leakages from gasifier. In the present situation most of the MSW finds its 
way to the landfills and open dumpsites. However, as the financial analysis indicates that larger scale 
plants are very sensitive to price of electricity for feed-in-tariffs which when coupled with the societal 
benefits provides impetus for the feasibility of the model. 
 
Model 3 ς Energy generation from own agro-industrial waste ς Livestock waste to energy: This business 
model has a medium feasibility based on the socio-economic assessment of the model. The societal 
benefits are particularly high for the model boosting the benefit-cost ratio for the business. The primary 
benefits accruing to the business arises from self-sufficiency in electricity and also reduction in the 
wastewater run-off with a high BOD content from the farms.    
 
Model 8 ς Wastewater-fed aquaculture (wastewater treatment and fish production): In the phyto-
remediative process it is assumed that the wastewater treatment plants already exists and the ponds used 
for aquaculture are aerobic maturation ponds. The business model has medium feasibility, but has a high 
potential of employment generation particularly among the fishing communities as it provides 
opportunity for them to rear fish in these ponds. At the same time, the potential undesirable outputs from 
wastewater can be flushed off during natural treatment.  
 
Model 9 ς On Cost savings and recovery: It is being assumed that the wastewater treatment plant exists 
and additional investments are made to retrieve water for irrigation, sludge for compost and electricity 
for use in the plant. The feasibility of the business model is governed by the fact that there is lower initial 
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investments compared and practically no operation costs, while the benefits like irrigation and 
groundwater recharge are more favorable. In Lima with the newly planned WWTPs coming up there is a 
lot of potential for electricity generation. Consideration of the health and environmental aspects shows 
that there is substantial amount of reduction in surface and groundwater which has indirect costs 
associated inter-temporally. In addition there is also a potential of earning benefits due to reduced GHG 
emissions and savings incurred in using compost as a soil ameliorant which reduced the fiscal burden. The 
socioeconomic feasibility shows that health issues among farmers which might arise due to use of 
wastewater is overweighed by the benefits incurred. However, application of the business model should 
be subjected to the research on health effects both on consumers and farmers consuming food irrigated 
by wastewater and producing food irrigated by wastewater respectively.    
 
Model 15 ς Large scale composting for revenue generation: The financial analysis shows that large sized 
compost plants of 600 tons/day is highly feasible. The socioeconomic assessment considered the 8 plants 
of same scale for absorbing the waste of the city. The economic feasibility of the model is similarly high 
mainly due to the fact that there are savings in terms of GHG emissions. This model also has societal 
impacts through soil amelioration and increasing the farm income in future years with higher yields when 
used in conjunction with chemical fertilizers and ultimately also reduces the use of the fertilizers helping 
the soil to retain nutrients for a longer period of time.     
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10 Synthesis of Feasibility Studies 

This section presents the overall synthesis and ranking of the potential feasibility of the selected business 
models for Lima. The notion behind the ranking of the RRR business models is to provide different 
stakeholders, in particular, investors with an overview of the potential feasibility for implementation of 
the business models. In particular, it provides insights on the constraints, if any, possibly related to key 
resource factors such as land, investment, finance, etc., and the level of risk associated with their potential 
investments. It is important to note that this is an overview assessment and any actual implementation 
will require a detailed ex-ante assessment, particularly related to the environmental impact given 
information on site specificity. The key focus for the business models considered is that they have at least 
triple bottom line targets: high impact from a scalability and replicability perspective and catalyze 
innovation adoption. The different criteria/indicators selected to assess these targets are: a) 
profitability/cost recovery, b) social impact, c) environmental impact, d) scalability and replicability, and 
e) innovation.  

10.1 Methodology for the Ranking of the Business Models 

As noted in section 1, the feasibility assessment of the RRR business models was based on a multi-criteria 
framework and utilized performance indicators for the assessment of business viability. The MCA 
framework consisted of 7 comprehensive criteria to assess the enabling environment for the 
implementation of each RRR business model. The criteria were: waste supply and availability, institutional, 
market, technical, financial, health & environmental, and socio-economic assessment. It is to be noted 
that the results from the different components are embedded and used to develop and conduct the socio-
economic assessment, in particular, the financial and health & environment assessment which form the 
basis for the socio-economic analyses. Each business model was assessed based on the seven criteria 
listed in the MCA framework and subsequently evaluated for its overall potential feasibility based on a 4-
level ranking system, i.e. whether it has a potential of: 
 
 

 No  feasibility  Low feasibility  Medium feasibility  High feasibility 

 
The methodology developed uses a step-wise screening hierarchy and screening criteria to assess how 
the feasibility of the different business models rank in comparison to each other based on the 4-level 
system outlined above.  

¶ Screening hierarchy: The 7 criteria each have a different weightage and related effects on the level 
of viability of each RRR business model. The following is the hierarchy used for applying the 
screening criteria:  

o Waste Supply & Availability > Institutional > Market > Technical > Financial > Health & 
Environment > Socio-economic assessment 
 

¶ Assessing the 'No' and 'Low' Feasibility ranks: As noted in the screening hierarchy, of the 7 criteria, 
the 'Waste Supply &Availability' and 'Institutional' assessment have the highest weightage and 
related impact for the potential feasibility of the implementation of any RRR business model. If 
there is not enough waste available or limited to no access to be processed into energy, water or 
nutrient resource product, the business cannot be operate and/or if the local laws and regulations 
restrict the reuse of a specific waste source, related specific RRR business model cannot be 
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implemented without policy reforms. Thus based on these factors, the ranking assessment rules 
are as follows: 

o If either results from the 'Waste Supply &Availability' OR 'Institutional' assessment 
indicate that a business model (BM) is άbƻǘ ŦŜŀǎƛōƭŜέ όbCύ, irrespective of the results of 
the other criteria, the implementation of the RRR business model is considered not 
feasible. If not, then we subsequently check for ά[ƻǿ ŦŜŀǎƛōƛƭƛǘȅέ ό[Cύ. 
Á If either results from the Waste Supply & Availability OR Institutional analyses 

indicate that a business model has LF, then irrespective of the results of the other 
criteria, the implementation of the RRR business model is considered to have low 
feasibility. If not, then we subsequently move on to the next criterion in the 
hierarchy. 

If both 'Waste Supply & Availability' and 'Institutional' results show that the business model has 
medium or high feasibility, we move to the next criterion in the hierarchy. The cycle continues till 
all the criteria in the hierarchy is covered. Subsequent rules followed for assessing 'no feasibility' 
or 'low feasibility' have minimum conditions of the dominant criteria to have medium or high 
feasibility: 

o If Market is NF irrespective of results of subsequent lower hierarchy criterion,  
then BM = NF else move to next criterion in hierarchy 

o If Technical is NF irrespective of results of subsequent lower hierarchy criterion,  
then BM = NF else move to next criterion in hierarchy 

o If Financial is NF irrespective of results of subsequent lower hierarchy criterion,  
then BM = NF else move to next criterion in hierarchy 
If Health & Environment is NF, then BM = NF else move to next criterion in hierarchy 

o If Socio-economic is NF, then BM = NF else check to assess LF 
 

o Assessing LF from Market, Technical, Financial, Health &Environment and Socio-economic 
components, the following rules were applied: 
Á If Market is LF irrespective of results of subsequent lower hierarchy criterion, 

then BM = LF else move to next criterion in hierarchy 
Á If Technical is LF irrespective of results of subsequent lower hierarchy criterion, 

then BM = LF else move to next criterion in hierarchy 
Á If Financial is LF irrespective of results of subsequent lower hierarchy criterion, 

then BM = LF else move to next criterion in hierarchy 
Á If Health & Environment is LF, move to assessment of medium of high feasibility 

 

¶ Assessing medium feasibility and high feasibility: The RRR business model will be assessed for 
medium or high feasibility, once the business model has gone through a cycle of 'no feasibility' 
and 'low feasibility' for all the criteria along the mentioned screening hierarchy and as per the 
rules described for assessing 'no feasibility' and low feasibility. To assess Medium feasibility (MF) 
and High feasibility (HF) of RRR business models, the Waste Supply &Availability and Institutional 
criteria has to be of either medium or high feasibility and then the following rules are applied: 

o If Market is MF, irrespective of  whether Technical, Financial and Socio-economic is 
either MF or HF, then BM = MF 

o If Market is HF, Technical is MF, Financial is MF, Socio-economic is either LF,MF or HF, 
BM = MF 

o If Market is HF, Technical is HF, Financial is MF, Socio-economic is either LF, MF or HF,  
BM = HF 

o If Market is HF, Technical is MF, Financial is HF, Socio-economic is either LF, MF or HF,  
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BM = HF 
o If Market is HF, Technical is HF, Financial is HF, Socio-economic is either LF, MF or HF,  

BM = HF 
 
It is assumed that for the Health & Environmental assessment criterion, irrespective of its results 
as LF, MF and HF, it will not dictate the final RRR business model viability for implementation as 
risks and associated mitigation measures are incorporated/ captured in both the technical and 
financial feasibility; as is for the socio-economic assessment. The methodology rules described 
above is captured as a snapshot in Table 22 below. 

 
Table 22: Methodology for the Ranking of the Feasibility of the Business Models 

Waste 
supply& 
availability 

Institutional 
assessment 

Market 
assessment 

Technical 
assessment 

Financial 
assessment 

Health & 
Environmental 
assessment 

Socio-
Economic 
assessment 

Feasibility 
Ranking 

No 
feasibility 

Irrespective of feasibility for these components  
 
 
 
 
No feasibility 

Irrespective No feasibility Irrespective of feasibility for these components 

No 
feasibility 

No feasibility Irrespective of feasibility for these components 

Medium and/or High 
feasibility 

No feasibility Irrespective of feasibility for these components 

Medium and/or High 
feasibility 

L, M, H No feasibility Irrespective of feasibility for these components 

Medium and/or High 
feasibility 

L, M, H L, M, H No feasibility Irrespective of feasibility for these 
components 

Medium and/or High 
feasibility 

L, M, H L, M, H L, M, H No feasibility Irrespective 
of feasibility 

Medium and/or High 
feasibility 

L, M, H L, M, H L, M, H L, M, H No feasibility 

Low Irrespective of the feasibility for these components  
 
 
Low 
feasibility 
 
 
 

Irrespective Low Irrespective of the feasibility for these components 

Low Low Irrespective of the feasibility for these components 

Medium and/or High 
feasibility 

Low Irrespective of the feasibility for these components 

Medium and/or High 
feasibility 

L, M, H Low Irrespective of the feasibility for these components 

Medium and/or High 
feasibility 

L, M, H L, M, H Low Irrespective 

Medium and/or High 
feasibility 

L, M, H L, M, H L, M, H Low 

Medium and/or High 
feasibility 

Medium Medium Medium L, M, H L, M, H  
Medium 
feasibility Medium and/or High 

feasibility 
Medium Medium High L, M, H L, M, H 

Medium and/or High 
feasibility 

Medium High Medium L, M, H L, M, H 

Medium and/or High 
feasibility 

High Medium Medium L, M, H L, M, H 
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Medium and/or High 
feasibility 

High High Medium L, M, H L, M, H  
 
High 
feasibility 

Medium and/or High 
feasibility 

High Medium High L, M, H L, M, H 

Medium and/or High 
feasibility 

High High Medium L, M, H L, M, H 

Medium and/or High 
feasibility 

Medium High High L, M, H L, M, H 

Medium and/or High 
feasibility 

High High High L, M, H L, M, H 

 

10.2 Synthesis of feasibility ranking of business models 

The overall feasibility of the selected business models are presented in Table 23 below. It is noted that 
the 'wastewater use for irrigation, energy and nutrient recovery' business model has the highest feasibility 
for Lima'; the nutrient business model (MSW-based compost) and energy business model (MSW for 
electricity generation) have a medium level of feasibility. It is important to note however that some of the 
feasibility of some of the business models can be improved with some adaptation (e.g. use of strategic 
partnerships, consideration of alternative waste streams and institution of supportive policies). 
 
Model 2a - Energy Service Companies at Scale (MSW to electricity): 
The results showed that the proposed business model has potential for implementation in Lima and could 
work in the context of the energy market of Peru where hydroelectric and thermoelectric plants 
predominate. From the market perspective, it is important to note that waste-to-energy entities will have 
to compete in the market of non-conventional renewable energies (relevant market), where wind and 
solar energy are prevalent. Whilst these are critical factors to be considered, Lima has several particular 
advantages in place such as the availability of inputs to produce energy, low-cost technologies, a high 
potential to produce technological change and a high probability of replacement when energy sources 
such as diesel, wood, batteries (usually more expensive) are prevalent. It is also important to note that 
whilst only a small percentage of the population in Lima still lacks power or still live in remote rural areas, 
their sources for electricity are based on non-conventional sources, in the order of: 1) solar, 2) mini-hydro 
or 3) biogas at a domestic scale. This thus represents an opportunity that waste-to-energy entities can 
capture. 
 

The electricity market in Peru has favorable conditions and abundance of energy sources, reflected in an 
energy matrix with high potential and high presence of energy production from renewable sources 
(mainly hydropower). In the course of several decades, and enabled by the Camisea gas and power plants, 
it has managed to do most of the work to replace polluting energy sources to generate electricity, such as 
diesel oil or coal. The Peruvian government is making an effort to promote renewable energy technologies 
through an auction mechanism that ensures competition between several alternatives. Thus, it is not 
ŜƴƎŀƎŜŘ ƛƴ ǇǊƻƳƻǘƛƴƎ ŀ ǇŀǊǘƛŎǳƭŀǊ ƪƛƴŘ ƻŦ ŀƭǘŜǊƴŀǘƛǾŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜΣ ōǳǘ ǎŜŜƪǎ ƛƴǾŜǎǘƻǊǎΩ ƻǿƴ ŎŀǇŀŎƛǘƛŜǎ 
to innovate and produce technological changes between each auction. The goal is that, by 2021, Peru will 
be producing 5% of its energy from non-conventional sources τit is currently at 2.5%. It is here where the 
main chances of financing the business model is. In conclusion, an orderly and competitive energy market 
offers several options for the business model proposed, which should focus on preparing to participate as 
investment projects in the auction market. While the costs of entering the National Integrated Electricity 
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System (SEIN) may be prohibitive for small projects, the stability of the regime (a third auction will happen 
in 2015:III) allows long-term investors to compete and reduce costs, while promoting technological 
change and innovation in order to help making these technologies more profitable. From a financial 
perspective, the analyses indicated that larger-scale plants are feasible but highly sensitive to the sale 
price of electricity. Additionally, the business model showed increasing viability with increases in the 
equity component of the investment.  
 
Model 3 - Energy Generation from own Agro-industrial Waste (agro-waste to electricity): 
From a financial perspective, this is the only business model with complete private ownership. The model 
is based on energy savings and any excess energy generated is sold to neighboring households and 
businesses. The agro-waste generated from any medium or large agro-industry is typically sufficient to 
cover any internal energy requirements. The analysis shows the business to have a very strong viability 
assuming the markets for the sale of excess energy is nearby or there is possibility of feeding the excess 
electricity to grid. The business hardly has any variables that dictate its viability, however plant operation 
days and electricity price may dictate the extent of profitability. 
 

Although there is significant availability and easy access to inputs (agro-waste, in particular pig manure), 
and the model shows a high financial viability, the results show that this business model as a low level of 
feasibility for implementation. This is mainly driven by a weak legal framework which is limited to energy 
generation from agro-waste, in general and bio-fuels, without a focus on animal waste. There is thus no 
direct policy framework and standards or technical regulations in place that support the implementation 
of this model. This may be due to the novelty of waste reuse (gap in legislation) and the city's priorities as 
on the other hand, there are no laws/regulations that would represent a threat to the business either. 
There is currently no known budget or financial support from public entities and all existing initiatives are 
covered by private investment (on a very small scale and generally for self-consumption). There is a 
general notion that public institutions may not be interested to promote the model but there is a general 
interest from manure generators for on-site reuse. Thus, an improved enabling environment from an 
institutional perspective will generally improve the feasibility of this model9. 
 
Model 4 - Onsite Energy Generation by Sanitation Service Providers (faecal sludge to energy): 
The infeasibility of this business model is mainly driven by the fact that Lima is predominately covered 
with sewer systems (90% coverage) and has very limited onsite sanitation coverage (6%). The public toilets 
in Lima are mostly connected to the central sewer system. The onsite energy generation by sanitation 
service provider business model can be initiated by either an enterprise running a toilet complex or 
residential institution. In both cases the toilets are not connected to the sewers, thus limiting the 
availability of the sludge. There are however very few experiences covered by ECOSAN toilets and FS 
generation and collection is generally low10. Additionally, there are no regulations, laws or any 
governmental policies that directly or indirectly promote and/or support this model. The main limiting 
factor is that the law establishes that sludge from WWTPs is considered a hazardous waste. Thus, by law, 
sanitation service providers are required to stabilize the sludge on-site and then, transport it to the 
sanitary landfills for proper disposal. Given these institutional constraints and limited onsite sanitation 
systems, this business model is not well-suited for the context of Lima.  
 
 

                                                           
9From a market perspective, given that the end-product is electricity the conclusions elaborated under Model 2 are also applicable 
to model 4. 
10However, access to toilets services may be required particularly in the slum areas. There are some businesses such as X-Runner 
that have implemented this business model. 
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Model 8 - Beyond Cost Recovery: Wastewater-fed Aquaculture 
Wastewater-fed aquaculture is becoming a major livelihood strategy for many municipalities looking for 
wastewater treatment and cost-savings options in Lima, Peru. The results show that generally consumers 
are willing to pay for wastewater-fed fish however, it is important for new wastewater-fed fish businesses 
to consider the provision of a fish product with clear labelling on source and additive information. The 
concern of market acceptability is minimal as consumers are rarely aware of the source of water used for 
aquaculture. It is noted that whilst entry into the fish market is not free, it is clear that there are no barriers 
to entry, rather bureaucratic procedures which must be conducted prior to obtaining permission. The high 
level of concentration of the market (with two very large operations followed by a myriad of smaller ones) 
is more an indication of a growing market rather than a stabilized equilibrium enforced by market power 
or inefficiencies. 
 

The financial analysis of the model assumed that there is no additional investment and the cultivation of 
the fish occurs in an existing treatment plant that has a waste stabilization pond system, with production 
activities occurring in the tertiary treatment pond. From a financial perspective, the business of 
wastewater-fed fish is highly sensitive to the scale of operations. At lower fish production levels, the 
business model is not viable as the cost of labor to manage the production activities is high and drives the 
investment to be unviable. Although the market and financial indicators suggest potential feasibility of 
this model, the overall feasibility of the model is limited by the institutional environment. There are 
existing regulations for providing authorizations for reusing treated wastewater for irrigation but not for 
aquaculture. Additionally, there are no existing technical rules or standards nor policies or incentives that 
support this wastewater-fed aquaculture. Given the importance of the institutional and legal environment 
for the implementation of this model, there will be the need for a revision of the policies and regulations 
to incentive the implementation in such initiatives, especially given that this model has the greatest 
potential for having a positive impact from a reduction in exposure to pathogens at community level11.  
 
Model 9, 12 and 13 - On Cost Savings and Recovery (Wastewater use for irrigation, nutrient recovery 
and electricity generation)12 
The high feasibility for implementation of this business model is driven key factors related to: a) high 
financial viability, b) supportive institutional environment and c) wastewater availability and access. There 
is significant wastewater generated and treated in Lima (at approx. 900 Million Litres per Day (MLD) of 
treated WW) that can be reused at some level. Although treated wastewater is already in use in the city 
(in almost 12 of the 26 WWTPs, concentrated in the southern part of the city), the majority of the treated 
wastewater is discharged into the sea. This is similar for treated agro-industrial wastewater (~12 MLD 
mainly from dairy and beer production), which is discharged into the city rivers (Huaycloro and Rimac) 
and could be diverted for reuse.  
 

Business model 9 is noted to be the most feasible, particularly for projects of medium and small scale 
associated to irrigation in the districts of Lima. However, depending on who demands the treated 
wastewater, one must take into account the aims and objectives of the project/initiative, some of which 
are justifiable in the grounds of public interest. 

                                                           
11It has, however, to be noted that this only applies if the wastewater (untreated or treated) used is compliant with national and 
international quality requirements regarding toxic chemicals. 
12Business models 9, 12 and 13 were initially considered as separate models. However based on the concept behind the business 
models and the multi-criteria framework used for the analyses, they were combined into one business model with different 
scenarios.  The concept underlying these business models is to treat wastewater for safe reuse in agriculture and industrial 
applications, convert the sludge from the treatment plant to compost and soil ameliorant for sale and generate energy for internal 
purposes resulting in energy savings or sale to the national grid. The premise is that these activities will generate revenue to curb 
maintenance costs of the wastewater treatment plant and ensure its sustainability. 
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- SEDAPAL has clearly signaled its priority of reducing pollution and damage to health through 
treatment of wastewater τa public good component. While the price structure suggests a bias 
towards offering cheaper rates for agricultural purposes, it is possible to increase awareness towards 
the public need to invest in WWTP to clean the Rimac River. Then, a combination of adjusting 
reference prices in coordination with ANA and other users plus use of enforcing mechanisms to 
reduce contamination of the Rimac River, could promote investments in wastewater treatment. 
Through PPPs, where Peru shows a friendly environment, some of these projects could become 
viable.  

- The Metropolitan Municipality of Lima, including SERPAR is one key potential user of treated 
wastewater to irrigate the parks they administer in the city. However, these plans must be aligned 
ǿƛǘƘ ǘƘŜ ƴŜǿ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴΩ ǇǊƛƻǊƛǘƛŜǎΦ Lǘ ǎƘƻǳƭŘ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ǇƻƭƛǘƛŎŀƭ Ǌƛǎƪ ƻŦ ǘƘŜǎŜ ǇǊƻƧŜŎǘǎΣ 
since previous commitments with the previous administration have been canceled. 

- District municipalities are another potential area for their parks and gardens, but they will only invest 
if a high price of commercial water justifies the investment. The country clubs, schools and other 
private entities with large green areas are also potential users of treated wastewater for irrigation, 
although with similar cautions13.However, the feasibility of supplying treated wastewater will 
depend on the length of the canal or pipeline and pumping costs to deliver the water to its customer 
segment. 

- The component of creating compost and organic fertilizer adds a possibility of a future cash flow, but 
has potential limitations. 

The financial analysis of this model focused on the reuse component and did not take into account the 
setting up of a new wastewater treatment plant. Three scenarios were developed based on the type of 
resource recovered (energy including carbon credits, water and nutrient). The key assumption in the case 
of water and nutrient recovery is the sale of treated wastewater for irrigation (or industry) or sale of 
sludge as soil conditioner14. In the event of a drought or water scarcity, there is the possibility of increased 
willingness to pay for treated wastewater and in the case of Lima which is one of the driest regions in the 
world, peri-urban agriculture could significantly benefit from 365 days of water. Alternatively, the 
treatment plant can target the sale of treated water to industries. In the case of the electricity generated, 
the financial assessment shows that about 35% of energy required for the treatment plant is covered and 
viability is significant from the sale of carbon. However, given the fluctuation in carbon prices (which is 
currently less than a dollar for ton of CO2), the impact on the viability of the investment will be significant. 
A higher electricity price in Lima will make the investment viable. A treatment plant incorporating all these 
reuse investments yields a positive NPV and in the longer run, after the reuse component of the 
investment is paid back, it will help significantly improve the operation cost recovery of wastewater 
treatment plant. 
 
Model 15 - Large scale composting for revenue generation and Model 21 - Partially subsidized 
Composting at District Level (MSW-based compost)15 

                                                           
13It is important to note that any health risks associated with this business model can be mitigated with a reasonable set of 
control measures. 
14We acknowledge that these assumptions of sale is the riskiest aspect of this business model as farmers rarely pay for freshwater 
in developing countries and to assume that they would pay for treated water is questionable. 
15Business models 15 and 21 were initially considered as separate models. However based on the concept behind the business 
models and the multi-criteria framework used for the analyses, they were combined into one business model with different 
scenarios.  BM 15 and 21 are similar in concept in terms of the end-product (MSW-based compost) and waste stream (MSW). In 
that regard, the waste supply and market assessment was conducted for one waste stream (MSW) and one end-product 
(compost). Similarly, the technology used is the same for both models given the same waste stream and end-product. For the 
institutional analysis, the results for the model-specific assessment resulted in the same findings across the different sub-
components for the 2 models as the actors, policy support, local acceptance, etc. are the same. The financial analysis was 
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This business model based on compost production from municipal solid waste is noted to be highly 
feasible in the Limean context. The feasibility is driven mainly by: a) high financial viability, b) supportive 
institutional and legislative environment, c) significant market demand and d) available technologies. 
There is a significant quantity of waste generated however this is collected in an unsorted form from 
households and markets. Food market waste may be an alternative sub-waste stream to target, which is 
easier to segregate at a centralized level given the high concentration of organic waste.  
 

The overall market assessment suggests that there is a fair demand for MSW-based compost in Lima. It is 
expected that 44% of all households with plants/green areas will be willing to pay for compost (126,236 
households); with a willing-to-pay between 2-2.5 Sol/Kg. The estimated demand from households for 
compost is 25,163 tons/year. On the other hand, about 14% of farmers are already using compost as a 
soil input and hence a conservative demand estimate would be 7,280 tons/year if we assume that only 
this group of farmers are willing to use compost. If we assume that farmers are provided with adequate 
training on compost use and its advantages the remaining 86% of the farmers can possibly be included as 
part of the potential market demand and thus the total estimated demand for compost will be 52,000 
tons/productive cycle in a year. The market structure assessment revealed that the organic fertilizer 
market is a small but a growing part of a concentrated fertilizer market led by imported chemical 
fertilizers. Currently, the organic fertilizer market is small and scattered (70 percent in the Andes), but 
strongly following the trend of organic food demand (currently mostly related to the external market 
demand). A premium for organic fertilizers is found in some niche markets, but the fertilizer market is 
generally a price-taker and also very volatile. Lima as a main potential market for organic fertilizers is 
moderately valid, mainly because of its potential as a distribution market (domestic and external) and less 
because of a growing domestic organic farming market. Other actors are planning to enter the latter 
market, mainly for organic agriculture for exports, and they are expecting future growth of urban farming 
demand, suggesting an expected increase in organic fertilizer demand. 
 

The financial assessment was conducted for three different scenarios and it was observed that at a lower 
scale of 70 tons and 200 tons, the viability of the business without any subsidy or incentives was marginal 
but as the scale of the waste processed increases, the feasibility of the compost production plant 
improves. The debt to equity ratio plays a significant role in the viability of the business.It is important to 
note however that the decision of a business to operate at a certain scale will be determined by several 
factors: a) demand, b) price of the compost, c) economies of scale, among others. Whilst the current 
production levels of compost is unknown, it is clear that the compost sector is a burgeoning industry with 
some entry barriers but supportive and existing policies encouraging business development. 
 
Model 17 - High value fertilizer production for profit (faecal sludge-based compost) 
Similar to business model 4, the infeasibility of this business model is mainly driven by the fact that Lima 
is predominately covered with sewer systems (90% coverage) and has very limited onsite sanitation 
coverage (6%). The public toilets in Lima are mostly connected to the central sewer system. The onsite 
energy generation by sanitation service provider business model can be initiated by either an enterprise 
running a toilet complex or residential institution. In both cases the toilets are not connected to the 
sewers, thus limiting the availability of the sludge. There are however very few experiences covered by 
ECOSAN toilets and FS generation and collection is generally low16. Additionally, there are no regulations, 
laws or any governmental policies that directly or indirectly promote and/or support this model. The main 

                                                           
conducted for 1 model (MSW - compost) with different scales (70 and 200 tons for model 21 & 70, 200 and 600 tons for model 
15). Given the above, the overall feasibility was combined for both models 15 and 21.  
16However, access to toilets services may be required particularly in the slum areas. There are some businesses such as X-Runner 
that have implemented this business model. 
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limiting factor is that the law establishes that sludge from WWTPs is considered a hazardous waste. Thus, 
by law, sanitation service providers are required to stabilize the sludge on-site and then, transport it to 
the sanitary landfills for proper disposal. Given these institutional constraints and limited onsite sanitation 
systems, this business model is not well-suited for the context of Lima.  
 
 

Table 23: Overall feasibility ranking of the business models 

    Level of feasibility of the business models 

Ranking 
criteria 

Outputs 

ENERGY WASTEWATER NUTRIENT 

BM2a BM3 BM4 BM8 
BM9, 12, 

1317 BM15 & 21 BM17 

1 Waste supply and availability        

2 Market assessment        

1 Institutional analysis        

3 Technical assessment        

4 Financial assessment        

 
5 

Health risk& impact 
assessment        

Environmental risk and impact 
assessment        

6 Socio-economic assessment   N/C    N/C 

 Overall ranking of BM        

 

Legend: 

Á BM 2a: Energy Service Companies at Scale (MSW to energy) 
Á BM 3:  Energy Generation from own Agro-industrial waste (agro-waste to energy) 
Á BM 4: Onsite Energy Generation by Sanitation Service Providers (faecal sludge to electricity) 
Á BM 8: Beyond cost recovery: wastewater-fed aquaculture 
Á BM 9: On Cost Savings and Recovery (wastewater use for irrigation, energy and nutrient recovery) 
Á BM 12: Wastewater treatment for carbon emissions reduction 
Á BM 13: Wastewater treatment for irrigation 
Á BM 15: Large-Scale Composting for Revenue Generation  (municipal solid waste to compost) 
Á BM17: High value Fertilizer Production for Profit (combination of municipal solid waste and faecal 

sludge to organic fertilizer) 
Á BM 21: Partially subsidized Composting at District Level 

                                                           
17Based on the described methodology for ranking the feasibility of the business models, BM9 should be ranked low given that 
the market feasibility is low. It was difficult to obtain data from the main users of treated wastewater which are farmers and 
directly estimate their willingness-to-pay and thus the notion of a low willingness-to-pay was based on the fact that some farmers 
ŀŎŎŜǎǎ ǿŀǘŜǊ ŀǘ ŀ ƭƻǿ ǘŀǊƛŦŦ ŀƴŘ ǘƘŜǊŜ ƛǎ ŎǳǊǊŜƴǘƭȅ ƴƻ άǇǊƛŎŜέ ŦƻǊ ǿŀǎǘŜǿŀǘŜǊ ōŜŎŀǳǎŜ ǘƘŜǊŜ ƛǎ ƴƻ developed market and current 
regulators have not placed a reference value of reutilizing wastewater. Given the data limitations with the market assessment, it 
was important not to limit the final feasibility assessment based on a possibly biased market assessment, especially given the 
growing demand for wastewater for irrigation of green areas in Lima. Municipalities and private clubs need water to irrigate their 
landscaping and save money after legislations changedτresulting in them now paying commercial rates for water. Their 
willingness to pay is expected to increase if accessing treated wastewater implies savings in the long term. In this situation, it 
would also be key to analyze the case of SERPAR which is responsible for zonal parks. Another opportunity exists with the 
implementation of the Urban Development Plan for Lima and Callao 2035 (PLAM) τprepared in the previous municipal 
administration.  
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Legend 

High feasibility 

Medium feasibility 

Low feasibility 

No feasibility 

 

N/C = Assessment not conducted 
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11 Annex 1: Linking Research and Business 

Development 

An online platform called Specific Topic Entry Page (STEP) for Business Development in Resource Recovery 

ŀƴŘ {ŀŦŜ wŜǳǎŜ όά{¢9t www .ǳǎƛƴŜǎǎ 5ŜǾŜƭƻǇƳŜƴǘέΣ http://www.sswm.info/category/step-rrr-business-

development/rrr-business-development) was developed. It reflects, combines and makes available in a 

concise and comprehensible way scientific insights and up-to-date research results obtained from the 

feasibility studies and provides entrepreneurs the needed technical and business strategy tools to support 

the entrepreneurial process when conceiving, launching and growing a venture in the water, sanitation 

or resource management sector. To help empower the private and public sector in Lima a 6-day Business 

Model Development Training (BMDT) focusing on the translation of RRR business ideas into promising 

business models for the safe resource recovery from liquid and solid waste businesses models was held 

from 30thOctober to 6th November 2014. The BMDT was completed by 10 intrapreneurs representing 6 

companies/institutions, 5 entrepreneurs and 6 future trainers (21 participants in total). A total number of 

10 BMs were prepared during the training: 

 

 

Luisiana Vega, San Fernando 

 

Production of flour PROTEIN PLUS for animal food from hatchery waste with 

a high content of protein, Ca and P and high digestibility. 

 

 

 

VilmaVilca, Fertipez 

 

Production of organic fertilizer from fish waste FERTIPEZ, rich in nutrients 

for agricultural production (avocados and olives) 

http://www.sswm.info/category/step-rrr-business-development/rrr-business-development
http://www.sswm.info/category/step-rrr-business-development/rrr-business-development
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Jesusa Palomino, Agua Ecosan Peru 

 

 

Production of liquid fertilizer FLOR PNK, which is rich in NPK and 

micronutrients, that ensures organic certification and the wellbeing of the 

coffee ecosystem. 

 

 

Cecilia Vasquez, X-Runner 

 

Programs for the recovery of impoverished soils by the application of 

BIOGREEN, an organic soil conditioner with high nutrient availability and 

water retention. 

 

 

Paul Pucuhuaranga, Selvandina 

 

 

Production of Fertilize-2, a biological fertilizer from bio-digestion of sheep 

and guinea pigs excreta, that provides micro and macro nutrients. 

 

 

 

Gustavo Huamani, Green Garden 

 

ME fortified compost production from organic waste generated in the 

markets located in Lima. 
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Roger Pérez, Muyuy 

 

Paper recycling company, segregating and packing paper in Andahuaylas. 

 

Diana Palomino y FlorParedes, Municipalidad de Miraflores 

 

Integral solid waste management service, with an emphasis on collection, 

segregation, processing and marketing of 10 kinds of paper for export. 

 

Yovanna Orihuela, Municipalidad de Villa el Salvador 

 

Collecting solid waste and transforming into souvenirs and decorative 

articles for Corporate Events. 

 

Hugo Gurrionero, CER 

 

 

 

Consulting company in RRR, specialized in the design and implementation 

of match-making community-industry development projects. 

 



  

80 
 

12 Annex 2: MCA Framework 

The MCA framework used consists of 7-component criteria with each criterion having its own set of 
indicators and related questions. Detailed questions were employed to provide data/information for the 
evaluation of indicators. The list of criteria selected for the MCA framework is based on previous research 
and is as follows: 

1. Waste supply and availability  
2. Market assessment (demand quantification and product market assessment)  
3. Technological aspects (waste transport, storage, valorization, process and product safety) 
4. Institutional and legal settings and public support  
5. Financial feasibility/viability assessment 
6. Health and environmental risk assessment  
7. Socio-economic impact assessment (valuation of economic benefits and assessment of 

additional externalities) 
 

The MCA builds on the assessment of a set of criteria and indicators to a) analyze if existing local conditions 
support the model, and b) to run e.g. sensitivity analyses under various scenarios of demand, supply, 
technical options etc. Each of the criteria sought to assess the following: 

 
 1. Waste supply and availability (access): There is a perception that waste is abundant in urban 
cities and supply limitations are uncommon. However preliminary observations indicate that different 
ƎƻǾŜǊƴŀƴŎŜ ǎȅǎǘŜƳǎ ŘƛŎǘŀǘŜ ƻǿƴŜǊǎƘƛǇ ǊƛƎƘǘǎ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǿŀǎǘŜ, which has implications for accessibility, 
ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ Ƙƻǿ ŜŦŦƛŎƛŜƴǘ ǘƘŜ ōǳǎƛƴŜǎǎΩǎ ǇǊƻŎŜǎǎŜǎ ǿƛƭƭ ōŜΦ ¢Ƙƛǎ ŎǊƛǘŜǊƛƻƴ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƳǇƻǊǘŀƴǘ ƛƴ 
ŜȄǇƭŀƛƴƛƴƎ ŀ ŦƛǊƳΩǎ ōǳǎƛƴŜǎǎ ƳƻŘŜƭ ŀǎ ŀŎŎŜǎǎ ǘƻ ƛƴǇǳǘǎ όŀ ƪŜȅ ǊŜǎƻǳǊŎŜύ ǊŜǇǊŜǎŜƴǘǎ ŀ ƳŀƧƻǊ ŦŀŎǘƻǊ ƻŦ 
production. Adequate access to waste or a lack thereof may signify an important source of constraint to 
business viability. Key questions that were sought to be answered include but not limited to: What are 
the types, quality and quantity of waste available? Who owns the waste currently? What is the periodicity 
of availability? Who are the actors along the sanitation service chain providing the resource? Which 
competing alternative destination is available? Is the supply legal? Is the supplied product safe? Are there 
supply limitations and so on?  
 

2. Market assessment (demand quantification and product market assessment)  
¢Ƙƛǎ ŎǊƛǘŜǊƛƻƴ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƳǇƻǊǘŀƴǘ ƛƴ ŜȄǇƭŀƛƴƛƴƎ ŀ ŦƛǊƳΩǎ ōǳǎƛƴŜǎǎ ƳƻŘŜƭ ŀǎ ƛƴǎǳŦŦƛŎƛŜƴǘ ƳŀǊƪŜǘ ŘŜƳŀƴŘ 
may be the key driving force of business failure. The market assessment provides pertinent information 
on key elements of the business model: value proposition, key resources, cost structure, revenue model, 
customer relations and customer segments. The estimation of market demand implicitly provides insights 
on key customer segments that the business needs to target (number of current customers by segment; 
profitability by segments; growth potential by customer segments). Information on the structure of the 
output market will guide a business in adopting the most efficient pricing and marketing strategy to ensure 
it maintains its competitive advantage in the market.  These in addition to the assessment of the outlook 
of the market, efficient marketing strategies will drive how a firm's business model is structured).  
 
 3. Technological aspects (waste transport, storage, valorization, process and product safety) 
This criterion focuses on the actual technical approach/process applied for the output production. It 
focuses on the analysis of the technical options for its energy requirement, related costs, repair sensitivity, 
supply chain, level of expertise available/needed, etc. This criterion is particularly important in explaining 
ŀ ŦƛǊƳΩǎ ōǳǎƛƴŜǎǎ ƳƻŘŜƭ ŀǎ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ǇǊƻŎŜǎǎ ǳǎŜŘ ǊŜǇǊŜǎŜƴǘǎ ŀ ƪŜȅ resource for the business. The 
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robustness of the technical process, its safety capabilities and conversion efficiency of waste to the 
marketable product represents the key strengths of the business model that the business can actually 
leverage. This criterion focuses on the actual technical approach/process applied for the output 
production. It focuses on the analysis of the technical options for its energy requirement, related costs, 
repair sensitivity, supply chain, level of expertise available/needed, etc. 
 
 4. Institutional and Legal Settings and Public Support 
This criterion targets the legal, institutional and administrative context within which a business case 
operates, as well as the public perception. As noted in previous research, the success or failure of any 
business, particularly in developing countries depend largely on institutional factors. A thorough analysis 
of this criterion is particularly important as the lack of a supportive institutional and legal environment 
are cited as one of the major constraints to business start-up. Key questions addressed include: ownership 
of operations, acceptance by local community, the institutional set-up, linkages, dependencies, 
agreements and decision pathways. 
 
  5. Financial feasibility/viability assessment 
This criterion assesses the financial viability of the business model. Given a myriad of factors including but 
not limited to demand, cost structure, macroeconomic factors, etc., is the business model financially 
viable? This assessment evaluates the investment and production costs, earnings, taxes, depreciation and 
amortization, funding sources among others and evaluates them to the business model's profitability and 
operating performance. Key questions addressed include: Is the business financially viable (break-even; 
profit-generating)? Can the product be produced cost-effectively with positive profits and under what 
conditions? Is the business financially viable and under what conditions? Is the firm operating at an 
optimal production capacity based on the choice of technical process, related costs, etc.?  
 
 6. Health and Environmental risks and risk mitigation 
This criterion focuses on the assessment of the risks associated with production and consumption of the 
value-added product. Risks (i.e. occupational and consumer) and risk mitigation processes should be 
assessed across the waste chain (sanitation and solid waste service chain) at all strategic points, starting 
from the input market to the output market. Key questions addressed include: What are the foreseen 
health and environmental risks/ challenges associated with informal sector participation in providing 
services along the waste chain? What are the health risks associated with the handling and processing of 
the particular waste input used?  
 
 7. Socio-economic impact assessment  
This criterion provides an assessment of the societal and environmental benefits and costs resulting from 
the RR&R activity. This criterion assesses the socio-economic impact of the business model based on the 
valuation of socio-economic, environmental and health benefits and costs associated with the model and 
any additional externalities. 
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