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Executive Summary

This report presents the results from the feasibility studies for the implementation of RRR business
modelsinterlinked with an assessment of health and environmental risks and mitigation measures for
proposed waste reuse (resource recovery and reu$s®RR business models ihima, Peru The
feasibility studies conducted inmaare a core of the research projeahd sought to explore across
different settings the applicability, adaptability and comprehensiveness of the proposed business
models in realife settings; resulting in the strengthening of the methods and procedures, but also in
view of scalability and viability. A key output of the feasibility studiescitystrategies foresource
recovery and reuse and aim to providecommendations for inv&ment options and related health

risk monitoring and mitigation measures.

A T-component multicriteria assessment (MCA) framework was adopted to ensure that
assessment of theiability, applicability, scalingp potential of implementing differenRRR business
models at scal@vas conducted frona holistic view, taking into consideration both micamd macre
environment factors.The constituent criteria were: a) &gte supply and availabilityp) Market
assessment (demand quantification and producarket assessment)c) Technological aspectsl)
Institutional and legal settings and public suppog) Financial viability assessmerf} Health and
environmental risk assessmermf)Socieeconomic impact assessment (valuation of economic benefits
and assessment of additional externalities)

Ten(10) business models were selected for feasibility testingiing covering several waste streams
(faecal sludge, municipal solid waste (MSW), wastewater,-ggiustrial waste) and resulting end
products categdzed into energy and nutrient recovery and wastewater use. The business models
were selected basedn information from: a) a prdeasibility study, b) feedback from stakeholder
workshops and c) a rgo analysis based on information from baseline survélieselectedbusiness
modelshad tohave at least triple bottom line targets: high impact from a scalability and replicability
perspective and catalyze innovation adoptidie feasibility of each model was then analyzed based
on the MCA framework anfibr its overall potential feasibilithased on a 4evel ranking systern.e.
whether it has:

B No feasibility [ | Lowfeasibility [ Medium feasibility [ High feasibility

The notion behind the ranking of the RRR business modelspsotade different stakeholders, in
particular, investors with an overview of the potential feasibility for implementation of the business
models.Particularlyjt providesinsights on constraintsf any, possibly retad to key resource factors

and the kvel of risk asociated with their potentiahvestmentsThe overall feasibility of the selected
RRR business models is preseritedlablel below. It is noted that thewastewateruse for irrigation,
energy and nutrient recoverpusiness modg|BM 9)has the highest feasibility for Lima; the nutrient
business model (MSWased conpost) 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 parpsershi
consideration of alternative waste strearand institutionof supportive policies).

The high feasibilitpotential for implementation of thewastewateruse for irrigation, energy
and nutrient recoverybusiness mode(BM 9} is drivenby key factorsrelated 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 ap@@0g. 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 muttriteria framework used for the analyses, they were combined into one business mobel wit
different scenarios.



treated WW) that canbe reused at some leveAlthough treatedwastewateris alreadyin usein the

city (in almost 12 of the 26 WWTPs, concentrated in the southern part of the city), the majority of the
treated wastewateris discharged into the sedhis is similar fotreated agreindustrial wastewater

(~12 MLD mainlfrom dairy and beer production), whidh discharged into the city rivers (Huaycloro
and Rimac) and coulde diverted for reuse.Business model 9 is noted to be the most feasible,
particularly for projecs of medium and small scale associated to irrigation in the districts of Lima.
However, depending on who demands ttneated wastewatey one must take into account the aims
and objectives of the projeftnitiative, some ofwhich arejustifiable in the groads of public interest.

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

- The Metropolitan Municipality of Lima, inclugirSERPAR is one key potential user of treated
wastewater to irrigate the parks they administer in the city. However, these plans must be aligned
GAGK (GKS yS¢6 IRYAYAAGNIGAZ2YQ LINA2NARAGASaD Li
projects, sine previous commitments with the previous administration have been clattel

- 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 investm€&he countryclubs, schools and
other private entities with large green areas are also potential users of treated wastewater for
irrigation, although with similar cautiohs However, the feasibility of supplying treated
wastewaterwill dependon the length of the carlar pipeline and pumping costs to deliver the
water to its customer segment.

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

In regards to thevastewaterfed fish businessmodel, 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 wastewkgraquaculture. Given the
importance of thenstitutional and legal environment fahe implementation of this model, there will

be the need for a revision of the policies and regulations to incexatithe implementationof such
initiatives, especially givethat this model has the greatest potential for having a positive impact from
a reduction in exposure to pathogens at community lével

Onlyone of the energy business modelasnoted to be feasibldor implementation in LimaModel

2a- energyservicecompanies ascale (agrewaste to electricity)in the context of the energy mket

of Peru where hydroelectric and thermoelectric plants predomin&®m the market perspective, it

is important to note that wastéo-energy entitieswill have to compete in the market of non
conventional renewable energies (relevant market), where wind and solar energy are preVitast.
these are critical factors to be considered, Lima has separéicular advantages in place such as the
availability of iputs to produe energy, lowcost technologies,a high potential & produce
technological change aradhigh probability of replacement when energy sources such as diesel, wood,

2lt is important to note that anyealth risks associated withis business modelan be mitigated with a reasonable set of
control measures

3It has, however, to be noted that this only applies if the wastewater (untreated atary used is compliant with national
and international quality requirements regarding toxic chemicals.
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batteries (usually more expensive) are prevaldnis also important to notehtat whilst onlya small
percentage of the population in Lima still lacks power or still live in remote rural areasstheges

for electricity are based on noitonventional sources, in therder of: 1) solar, 2) mini-hydro or 3)
biogas at a domestic siea This thus represents an opportunity that wadteenergy entities can
capture. Additionally, he electricity market in Peru has favorable conditions ancabundance of
energy sources, reflected in an energy matrix with high potential and high pressneaergy
production from renewable sources (iiméy 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 mark&thile 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 2015:1ll) allows letegm investors to compete and reduce costs, while
promoting technological change and innovation in orderhelp makethese technologies more
profitable. From a financial perspective, the analyses indicated that lssgale plants are feasible but
highly sensitive to the sale price of electricity. Additionalye business model showed increasing
viability with increases in the equity component of the investment.

Although there isa significantavailability and easy access to inputs (agsste, in particular g
manure)and the model showed a high financialability, Model 3 has alow level of feasibility for
implementation. This is mainly driven ayeak legal framework which is limited to egg generation

from agrowastein general and biduels, 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/regulaticdhat would represent a threat to the business
either. There is a general notion that puhlistitutions may not beinterested to promote the model

but there is a general interest fromanure generators for osite reuseThus, an improved enabling
environment from an institutional perspective will generally improve the feasibility of this Model

The infeasibilityof Model 4- Onsite Energy Generation by Sanitation Service Providers (faecal sludge
to energy)is mainly driven by the fact that Lima is gogninately covered with sewer systems (90%
coverage) and has very limited onsite sanitation coverage {@btis alimited availability of waste

input for energy generatiorAdditionally, 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-gite andthen, transport it to the sanitary landfills for

proper disposal. Given these institutional constraints dimiited onsite sanitation systems, this
busness modeis noted to not be well-suited for thecontextof Lima

The nutrient business modelMSWbased compos{BM 15 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, ¢) significant market demand and d) available tegjies. There is a
significant quantity of waste generated however this is collected in an unsorted form from households
and marketsFood market waste may be an alternative suaiste stream to target, which is easier to
segregate at a centralized level given the high concentration of organic wisteoverall market
assessment suggests that there is a fair demfandiSWbased composin Lima.lt is expected that

44% of all households with plafgseen areaswill bewilling to pay 6r compost (126,236 households);
with a willingnessto-pay rangingbetween 22.5 Sol/Kg. The estimated demand from households for
compost i25,163 tons/yearOn the other hand, about4% of farmes are already using compost as

4 From a market perspective, given that the emabduct is electricity the conclusions elaborated under Model 2 are also
applicable to model 4.

SBusiness models 15 and 21 were initially considered as separate models. However based on théloeioeithe business
models and the multcriteria framework used for the analyses, they were combined into one business model with different
scenarios.
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a il input and hence a conservativdemandestimate 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 ariglg@dowith
adequate training on compost use and its advantages the remaining 86% fafrthers 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 yedhe market structure assessment revealed thag t
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 perc¢bat in
Andes), but strongly following the trend of organic food demand (currently mostly relatedeto
external market demand)A premium for organic fertilizes is found in some niche markets, but the
fertilizer market is generallg price-taker and also ery volatile.Lima asa main potential market for
organic fertilizesis 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
planmning to enter the latter market, mainlfpr 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 diffescenarios 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
plantimprovesit 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 othersWhilst the current production levels cbmpost 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 infeasibilityof Model 17- High valuefertilizer production for profit
(faecal sludgdnased compostls mainly driven by the fact that Lima is predominately covered with
sewer systems (90% coverage) and kesy limited onsite sanitation coverage (6%)ith no
regulations, laws or any governmigl policies that directly or indirectly promote and/or support this
modelandlimited onsite sanitation systes)this business modeé$ not weltsuited for thecontextof

Lima
Tablel: Overall feasibility ranking of the buss®models
Level of feasibility of the business models
Ranking ENERGY WASTEWATER NUTRIENT
criteria | Outputs BM2a | BM3 | BM4 | BM8 | BM9, 12, 13| BM15%& 21 | BM17

1 Waste supply and availability

Market assessment

Institutional analysis

2
1
3 Technical assessment
4 Financial assessment

Health risl& impact

5 assessment
Environmental risk and impaci
assessment
6 Socieeconomic assessment N/C N/C

Overall ranking of BM

11



BM 2a:Energy Service Companies at Sddi\(to energy)

BM 3: Energy Generation from own Agnoedustrial waste (agrevaste to energy)

BM 4:0nsite Energy Generation by Sanitation Service Providers (faecal sludge to electricity)

BM 8:Beyond cost recoveryvastewaterfed aquaculture

BM 9: On Cost Savings and Recovery (wastewater use for irrigation, energy and nutrient recovery)
BM 12:Wastewater treatment for carbon emissions reduction

BM 13:Wastewater treatment for irrigation

BM 15:LargeScale Compostinigr Revenue Generation (municipal solid waste to compost)
BM17:High value Fertilizer Production for Profit (combination of municipal solid waste and faecal
sludge to organic fertilizer)

BM 21: Partially subsidized Composting at District Level

b
D D> DD D D > D> |0
Q.

Legend

Medium feasibility
Low feasibility

N/C = Assessment not conducted
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1 |l ntroducti on

1.1 Overview of Research Project

The overall goal of the projecs 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 safeguapdiolgc health

and the environment in poor urban and peniban areas in developing countriékhis translatesnto

two key objectives:

1. To increase the scale and viability of productive reuse of water, nutrients, organic matter and
energy from domestic andgro-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 aquacultueend protect vulnerable groups from specific health
risks associated with this pattern of agricultural development.

Thisinterventionthus hadseveral increasingly interlinked components carried out awer phases

(1) a research dominated phase, and48)implementation dominated phas®/hile the research has

an impact pathway based on two phases: (1) a research dominated phase and (2) an implementation
dominated phase; th@ne describedhere centers on phase land in particular on the *1objective
focusing on the analysis and feasibility testing of RRR business models

Research Phase (yr 1-3) ‘ ‘ Implem entation Phase (yr 46)

Business case

identification and A
analysis Bu::;:;g:;del > F easibility studies
for Business Model
implementation Business maodel and
SSP implementation
Testing and and verification at
Expert verification of SSP as scale
Develo pment feadback on planning &
of SSP sSSP monitoring tool
Framework/
Manual

Figurel: Research Framework for the Project

The F' objective focused on the identification ekisting or emerging reuse cases in Asia, Africa and
Latin America to learn about their performance and analyze in depth the most promising and/or
scalablecases The indepth assessment of both formal and informal RRR business sasghtto
understandthe factorsthat drive their success armbtential sustainability, replicability and scalability
barriers, parttularities and opportunitiesThiswasbased on a ‘tomponent multicriteria analysis
covering among others the financial, institutional, palibgalth and technical aspects of RR&R to
understand the performance of each respective business case in their given context. Performance
indicators for benchmarking of succesere identified through a comparative analgsand business
models emerging &m the analysisvas described for each waste resourc8ubsequent to the
development of the RRR business modetsiltiple feasibility studieswhich were acore of the
intervention andinvolvingall relevant local stakeholdersere conducted taexplore acrgsdifferent
settingsthe applicability, adaptability and comprehensiveness of the proposed business models in real
life settingsyresulting in the strengthening of the methods and procedures both are proposingnalso
view of scalability and viabilitp key output of the feasibility studies aogty-strategies for RR&Rhich
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include recommendations fanvestment options and relatetealth risk monitoring and mitigation
measures aligned to th8anitation Safety PlaisGIP.

1.2 Methodology for Feasibility Studies

Feasibility studies in the context of this project are definedresassessment and analysis of the
viability, applicability, scalingp potential of implementing different RRR business models at scale.
This equiresthe application of an approacthat assesses the feasibility of RRR business models from
a holistic view, taking into consideration both micamd macreenvironment factorsFor this purpose,
different qualitative and quantitative approaches and related methodologiese used.Theadopted
methodology here builds on a mutltriteria assessment (MCA) framework and identified performance
indicators and applied aimstitutional, policy and market analyses, perception studies, and business
scenario modeling. The list of criteria selected the MCA framework is based on previous research
and is as follows:

1. Waste supply and availability
Market assessment (demand quantification and product market assessment)
Technological assessment
Institutional and legal settings and public suppassessment
Financiahssessment
Health and environmental risk assessment
Socieeconomic impact assessment (valuation of economic benefits and assessment of
additional externalities)

NoghkwhN

The list of criteria presented here is based on previous research. Wislémpossible 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 imporance in different contexts and that are helpfukiccuratly assessing thfeasibility
potential of the business models. This list may be reducedxpanded for each specifliusiness
model and context.The application of the MCA framework for the fealdyp assessment of the
business models is detailed out in the related documeniQatput 2- Methodological Guidelinesn
multi-criteria indicators determining promising business models and their targeted application-in low
income countries and emerging economies

The frameworlkconsists of a set of criteria, indicators, research questions, and detailed methodology
underthe overarching umbrella of a multriteriaanalysis Figure2). Each criterion has its own set of
indicators, with these indicators having a set of research questannd toaddress these research
guestions, a specific approach/ methodolaapplied.The selected indicators for each criterion altow

for comparisons between business model options to assess their viability, scalability and sustainability.
The indicators are criterion-specificalthough a fewwere crosscutting and appliedo all criteria,
addressing, e.g. opportunities and constraints for going at sddle.indicators shed light on the
financial flows, production factors, resources or capacities requirgsjeassociated 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 ks and environmental impact of the RRR businéls.selected
criteria essentially allows us to identify any limitations associated with both the input and output
markets and related impacts. For example, YWasteSupplycriterion assesses the quantity afaste

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 descrifgthéx2: MCA
Framework There are overarching research questions and ayestions of which theresearch
guestionswere formulated to serve either:
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The determination of the indicators
Provide background informatioon the business model
Assess the suitability of the indicator and functionality in and any givespHisical or
sociaeconomic setting (institutional capacity, infrastructure and technology)

=

Waste Market Financial [ Technical | Institutional Health and Socie
supply and | aspects aspects aspects andlegal | environmen economic
availability aspects tal aspects analysis

R A N A A A A
\ \ 1 I 1 I ’
\ 4

. \ | | | |
\\ \ 1 1 ! 1 pad
Set oflndicatorstailored to each criterion
A A A A A A A
1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
BroaderResearch Questionwilored to each set of indicators
Specific Methodologie$or research questions:
1. Data sources and collection (primary or secondary)
2. Data collection tools
3. Data analysis
4. Local partners
5. Allocated budget

Figure2: Framework for Feasibility Studies

=

CRITERION

INDICATORS
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QUESTIONS

SPECIFIC

METHODOLC

Prior to the feasibilitystudies baseline surveys were conducted to guide the selection of appropriate
cities fortesting the business modelBased on a screening and previoasearchwork, the following
cities were preliminarily sirtlisted: Kampala irdganda, Bangalore, Mysore aktiibliDharwad in
India, Kumasi, Accra and Tamale in Ghana, Cagayan de Oro in Philippines, Hanoi in Vietnam, Lima in
Peru, and Ouagadougou in Burkina F&aseline surveys were conducted to serve as degasibility
study of cities, to preliminarily assess the extent of reasd 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 providedtbg consultants with complementary
dimensionsif the former proved to have insufficient informatipn
- to meet key authorities on ongo-one basigo align the project with their needs;
- to visitexisting treatment or reuse cases in the city and discudstivit respectiveoperatorsthe
options for RRR,;
- to pre-select thenumberand typesof possible BM#hat locallymadesense;
- to have first contacts with potential partners for the different dinstons of the feasibility phase.
Thefinal feasibility city selction criteria was based ora) confirmed official mterest, b)supporting
policies,c) local partner capacity to carry out feasibility and health studisjrban and perurban
farming ctor in need of resources, and &yeady ongoing reuse activigdo test the SSHhe final
selected cities were Kampala, Uganda; Lima, Peru; Bangalore, India; and Hanoi, Viisaeport
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focuses on the results from the feasibility studies conductddrima, Perult is important to note that

the feasibility studés considered an urbanperi-urban system boundary and defined based on the
specific contekand city under consideratio.en(10) business models selected for feasibility testing

in Limaare presented iriTable2. The selection process of the business models was based on three
components: a) a preasibility study, b) feedback from stakeholder workshops and c}goramalysis
based on information tim the baseline survey.

Table2: Selected RRR Business Models for Feasibility Testing fn Lima

RR Business Models

Model 2a:Energy Service
Companies at Scale: Agvdaste to
Energy (Electricity)

Brief Description

Thebusiness processes crop residues like wheat stalk, rice husk, maize stalk, gro
shells, coffee husks, saw dust etc. to generate electricity which is sold to house
businesses or local electricity authority.

Model 3:Energy Generation from
own Agpo-industrial wastgAgro
waste to energy)

The business processes agvaste to generate electricity which use for internal
purposes and any excess sold to households, businesses or local electricity authg

Model 4:Onsite Energy Generatig
by Sanitation Service Providers

Model 8: Beyond cost recovery:
the aquaculture example

The business model is initiated by either enterprises providing a sanitation servicg
as public toilets or by residential institutions such as hostels, hospitals and prison
a concentratedsource of human waste (i.e. faecal sludge). The business concep
process and treat human waste in a ligester to generate biogas to be used
lighting or cooking.

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

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

Model 15:LargeScale Composting
for Revenue Generation

Model 21:Partially subsidized
Composting at District Level

The business concept is to treat wastewater for s@fiese in agriculture, forestry, go
courses, plantations, energy crops, and industrial applications such as cooling pla
sludge from the treatment plant can be used as compost and soil ameliorant and €
generated can be used for internal purpassulting in energy savings.

The business concept is to better manage Municipal Solid Waste (MSW) and r
valuable nutrients from the waste that would otherwise be unmanageddigplosed on
streets and landfills without reuse. Compost from MSW is sold to farmers, landsc
and plantations and other entities.

Model 17:High value Fertilizer
Production for Profit

Similar to Model 15 in concept but in addition to MSW, the business uses faecal

as an input from onsite sanitatiosystems which is rich in nutrients. There ¢
opportunities for pelletization and blending of faecal sludgesed compost with rock
phosphate, urea/struvite or NPK which is an additional value proposition that cs
explored under this business model, allowing the product to have nutrient levels sp

6The business model on incineration of municipal solid waste (M8Vénergy productiorwas not considered
for Lima for the followingeasons:
a)Waste in developing couriés has high water content arftencehas asigrificantly lower calorific value;
b)Thereare noted oncernsof significantpotential negative health and environmeatimpactassociated with

the model;

¢)Among the empiricdbusiness cases reviewéa the study onMSW to energy, MSW to landfillggo energy

was not analyzed;

d) Different stakeholdersteongly opposed MSW incineratic@nergygeneration



for target crops and soils, and a product structure improvement (pellets) to inepite
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 feasibiligsed on a 4evel ranking systemi.e.
whether it has:

B o feasibility [ | Lowfeasibility [ ] 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 dlwerall feasibility assessment and ranking of
all the selected business models.
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2 Key findingandfAwaiAmebliysiitsy

¢tKAa aSOlA2y LINBaSyia GKS (Se& TAYRstyaawas 2F GKS a2
conducted in Lima, PerTThe lusiness models under consideration requigethlyzinghe following
waste streams:
1. Municipal Solid Waste (MSW)
Market Waste (MW)
Wastewater (WW)
Faecal Sludge (FS)
AgrolIndustrial Waste (AIW)
Animal Manure (AM)

ook wnN

Table3providesa summary of the key findings for each business modeér considerationThe waste
streams and engbroducts are listed, including a ranking of feasibility for implementation
(high/medium/low) and recommendations for adaions to increase feasibilityDetailed analysis
were conducted for each wasstreamon:
1 Quantities and characteristics of defined waste streams
1 Qurrent and future solid waste and liquid waste managemerdtsigiesof Lima including cost
for collection and disposal.
1 Accessibility of defined waste streams, and the implications on the potential for
implementation of wastebased business models.

The information was collected througtreview of secondargata, interviews, field observations and
collection of primary data. Detailed information, data analyses and data sources are available in:
dResource, Recovery and Reuse Project. From Research to Implementation. Compaiastel
Supply and Availability.ima Peru. Internal reporiavailable for download on www.sandec.ch/rrr
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Table3:wl G Ay 3

2F FTSraAroAtAGe

27F
and recommendations for Lima

odzaAyS

aa Y2RSfa TN

Business
Model

Waste
stream

Endproduct

Feasibility

Recommendations

2(3

|l

MSW

f

Biogas>
Electricity

Medium-High (Households): a total of ~1iMon t/yr (~2700
t/d) of organic waste is generated fhe cityfrom household
waste The majority of this (~70%)dsirrently collected in g
mixed form and disposed in sanitary landfills.

High (Marketc high concentration of organic wasté84%)
OFMSW)itis estmated that 214,000 t/yr (~558d) of waste
is produced by thel200 foodnarketfLimaAbout34% of
market wase is organiq~460 t/d) and he majority ofwhich
(~70% iscurrently collected in a mixed form and disposed
sanitary landfills.

To receive higiguality
OFMSW( (organic fraction of
municipal solid waste)it is
recommended to stress o
sourcesegregation of organi
waste at food market and
household (the latterhaving
the greatest potential)
Alternatively, fmd market
waste may be targetedyhich
may be easier to segregate g
centralizedlevel given the
high concentration of organic
wade.

Pig manure may be a good
stream to focus on, given its
nutrient and energy contents
and lack ofeusein the city.

= =

AW
AM

= =

Ethanol
Electricity

Medium (AIW)¢ High (Pig Manure): Although a substanti
generation of manure (e.g. Lima is the largest bro
producer in the country) and agfiodustrial waste, the
majority of this is already reused in agriculture (mediy
confidence). However, pig manure (~100t/d, freskight)
represents an exception given the lack of market for it (q
to unpleasant odors).
Other waste streams total generation consist of (medi
confidence):

9 680 t/d of poultry litter; 900 t/d of cattle manure;

1 Agroindustrial waste was estimated at 19/d

1 ~150,000 t/yr (410 t/d) from slaughterhouse, mos

reused for animal feeds

Pig manure(via biogas)may
be a good manure stream t
focus on, given its nutrien
and energy contents anthe
lack ofreusein the city.

= =4 =4

Feces
Urine
FS

Biogas>
Cooking fuel

Medium: There are very few experiences covered
ECOSAN toilesnd FS generation and collection is low (§
model 17) However, access totoilets servicesmay be
required particularly in the cities slums [ow
confidence)Similar businessege.g. xrunner) are already
operating in similar contexts.

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

WW

= =

Fish
Treated WW

High (Partially Treated andreated WW): There isnough
wastewater and margin foduckweedcultivation or direct
aguaculture Aquaculture is already happening in Lima

8 WWTPs have poHohsed
technologies (mostly in thg
south) and may be adapte
(or retrofitted) for duckweed
or aquacultureproduction.

= =

WwW
WwW
sludge

= =

f

Electricity
Soil
conditioner
Water (for
reclamation)

High (Treated WW): ~900 MNion litres per Day (MLD)of
treated WW are produced in the city (igh
confidence)Although treated WW reuse is alread
happening in the city (in almost 12 of the 26 WWT
concentrated in the southern part of the city), yet th
majority of the treated WW is dischargéao the sea.

High (WW sludge): the city generates ~24,000oMWWTP

sludge per year (mediuthigh confidence), whicts currently

disposed in the city landfills.

The WWTP sludge can K
recovered for energy o
nutrient recovery (vial
compost) either orsite or
offsite. If the compost from
WW sludge is considered,
more detailed assessment 0
heavy metals concentratn in
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High (Treated Industrial WWJ Most of treated agre
industrial wastewater~+12 MLDmainly from dairy and bee
production) is discharged into the city riveitduaycloro and
Rimac)nd could diverted to reuse.

the sludge of targeted WWTHF
may be required.

15

1T MSW

1 Soil
conditioner

Medium-High (Households): a total of ~1M t/yr (~2700 t/q
of organic waste is generated in the city from househ
waste. The majority of this (~70%) is currently collected
mixed form and disposed in sanitary landfills

High (Marketg high concentration of organiwaste (84%
OFMSW)itis estimated that 214,000 t/yr (~550 t/d) of was
is produced by the 1200 food markets of Lima. About 849
market waste is organic (~460 t/d) and the majority of wh
(~70%) is currently collected in a mixed form and dispose
sanitary landfills.

For high quality compost, it i
recommended to stress o
sourcesegregation of waste
at household or market leve
Alternatively, food market
waste may be targeted (hig
fraction of organic waste an
may be easier to separate).

17

1T MSW
1 FS

1 Fertilizer
(NPK added)

Medium (Households): a total of ~1M t/yr (~2700 t/d)
organic waste is generated in the city from household wa
The majority of this (~70%) is currently collected in a mi
form and disposed in sanitary landfills. It mbag hard to
receive OFMSW from this waste stream given that very |
source segregation is happening at the moment. H
(Market ¢ high concentration of organic waste (844
OFMSW)itis estimated that 214,000 t/yr (~550 t/d) of was
is produced by thd200 food markets of Lima. About 84%
market waste is organic (~460 t/d) and the majority of wh
(~70%) is currently collected in a mixed form and dispose
sanitary landfills.

Low ¢S) low FS production and collection was estimated
the city. Most of the onsite systems are uphill and latring
when full, are buried and not eptied.

Animal manure may be used for the enrichment process
BM2 and 3). The availability of this waste stream is Med
to High.

For high quality compost, it i
recommended to stress or
sourcesegregation of waste
at household or market leve
Alternatively, food market
waste may be targeted (hig
fraction of organic waste an
may be easier to separate).

Agreement  with  market
associations or owners t
segregate OFMSW  t¢

generation may facilitate the
sourcing of OFMSW. If this
not possible, segregation &
treatment plant level can bg
easily done given thehigh
percentage of organic wast
in market waste.
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1T MSW

T Saoil
conditioner

Medium-High (Households): a total of ~1M t/yr (~2700 t/¢
of organic waste is generated in the city from househ
waste. The majority of this (~70%) is currently collected

mixed form and disposed in sanitary landfills

High (Marketg high concentration oforganic waste (84%
OFMSW)it is estimated that 214,000 t/yr (~550 t/d) of was
is produced by the 1200 food markets of Lima. About 849
market waste is organic (~460 t/d) and the majority of wh
(~70%) is currently collected in a mixed form and assal to

sanitary landfills.

For high quality compost, it i
recommended to stress o
sourcesegregation of waste
at household or market leve
Alternatively, food market
waste may be targeted (hig
fraction of organic waste an
may be easier to separate).
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3 Key findi ngss ods Maagrktet A

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 environmentand positive economic and financial
conditions areessential for sustainable business actiuitany sector including the waste reuse sector.
The setup of any RRR business and toenmercialization of a new product in a new market requires

an accurate p 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 existstla@grice enduses are

willing to pay for this new product needs to be explorédr this reason, the market assessmeat

out to evaluate the current and potential market for the recovered resourcethaeffect of different
factors (e.g. Sociecultural aspects and perceptiongrice of substitute products, etc.) on market
demand. Information on market segments, potential clientstttd RRR producttheir actual and
potential number ad resource absorption capaciand their willingnesso-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 subsectors. This translates into the nedor 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. market
outlook. Market forecastingis a crucial elementor business ownerén assessing future capacity
requirements, evaluating their decisions in tingplementation of new business strategiesnd pricing
decisionsBusinesses need &dopt different strategies rangirfigom establishing key partnerships and
price markupdo maintain a competitive advantage and ensure sustainab#ity assessment of the
above listed aspectsrpvides entrepreneurs with a solid market information base crucial for business
start-up and sustainabilityin that regard, lhe specific objectives of thmarketassessmenivere:
1. To assess the market valoéthe RRR products under consideration
a. To asessO2 Yy & dzY' S Ndessto-a (WTH) drsdifferences in WTP estimates
across different consumer segments and related destinfluencing consumer
demand;
b. To estimate thepotential market size for th&@RR product;
2. To assess the extent and characteristi€the market structure;
3. To evaluate the market outlook of the RRR products am#/hat extent the RRR products
would be viable over time in the market
As noted earlier, a total df0 RRR business models were selected for the feasibility studiémanFor
the purposes of the market assessment, an-eisé typology of the business models was employed as
although the underlying concept of the business models were different, a number of thpreddcts
were the same across different business models. Tdhusome 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 veddeled products were consideretl) electricity, 2)
wastewater-fed fish, 3) treated wastewater, 4) MSkésed compost and 5) faecal sludogssed
compost.
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Table4: List of RRR business models and related products

Business Model Value-added product | Recovered resource
Model 2:Independent power producer (agro Energy

waste to electricity)

Model 3:Energy Generation from own Agro Electricity

industrial wastg/Agrowaste to energy)
Model 4: Onsite energy generation (faecal sludg
to electricity

Model 8:Beyond costecovery: the aquaculture | Wastewaterfed fish Wastewaterfed fish
example
Model 9, 12 & 13: On Cost Savings and Recovel Treated wastewater Wastewater

Wastewater treatment for irrigation/ fertilizer and
energy production
Model 15:LargeScaleComposting for Revenue

Generation(MSW to compost) Compost

Model 21: Partially subsidized Composting at

District Level Nutrients
Model 17:High value Fertilizer Production for Faecal sludgbased

Profit(faecal sludge to compost) compost

3.2 Methodology

3.2.1 Overview of Methodology

The successfdevelopment of any RRR busindependson the effective workings of different facets

of the respectivevalue chain including: (a) market linkages betweelated subsector markets; (b)

business dynamicd S 6 SSy NBf SGFyid SO2y 2 YA @onsivéhésg tdhewly y R 6 O
developed and availablgroducts. When introducing a new product into the markesimply entering

a new industrypusinesses are particularly interestedthmee factors: currert and future consumer

demand competitionand production costs. Though cost estimations are simple and straightforward,

the assessment of consumer demafad measred by willingnesso-pay (WTPand competition are
comparatively more complicated and nosaaight forward calculation as historical data of consumer
purchase patterns are guidelines at best (Lusk and Hudson, 280dgific methods were developed

YR dzaASR F2NJ 0KS S@lfdz dA2y 2F (GKS O2yadzySNBAQ 2 ¢
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 aedtimation approaches. The WTP and market outlook

analysis viewed the business models from an-pratluct perspective, whilst the market structure

was conducted from a sector perspective; i.e. (a) electricity market, b) fish market, ¢) 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
O2yadzYSNAERQ @l fdzZ GAZ2Y 27T 2004 KimdnNEREmtdie, 2008hETdzdide | Y R |
between theusesof stated or revealed preference methodsdependent onthe RRRoroduct under
consideration Stated preference methods such as contingent valuation mettaod typically usefbr
assessing consumer WTRpobductswith an inexigent market price Adamowicz and Deshazo, 2006;
Freeman, 2004)An example would be that of faecsllidgebased organic fertilizeg new product in
the fertilizer market Alternatively, revealed preference methsduch as hedonic pricinguabe used
to obtain the price of a goodia real market purchasing mechanisriitiese methods are grounded in
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economic theory of welfare analysis andn also beused forthe valuationof goods and services
without market prices or shadow prices. Contingemtiunation approacks has beensuccessfully
appliedin the estimation othe demand for compost in Ghana (Danso et al., 2006); Tan24aliexi@n

et al, 2011), and Ethiopia (Hagos et al., 20E)t the purpose of this study, contingent valuation
methods wee applied for the WTP assessment of the energy business models (i.e. electricity) and
nutrient and wastewater business models. Based on the WTP meashegstential market size of

the RRR products was estimated

3.2.1.2 Market structure assessment
This assesnent was based on the notion thausinesses require information on the extent and
characteristics othe marketstructurefor decisioamaking on strategies that ensure firm performance.
To achievethis, a structurecconductperformance (SCP) evaluation ded was appliedalong the
different stages of the product supply chain. TRERapproach 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 underlyirgtionale 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 competitiaill yield higher prices and lower quantite
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 (whbducts/services they perform), and how
those two things lead to the performance of the markeh terms of prices, quantities traded, and
costs of performing various functions. Based on this analysis, insights of market performance and
possible strategig that businesses can adopt (measured in terms of price and accessibility) can be
drawn.To set the stage for assessing tharket structure, the supply chain faompetitive products
was evaluatedThisservedto identify the constraints and distortiondfacting the functioning of the
markets of competitive products been considerednd proposesuitable mitigation measuresto
address these distortion§ he supply chain analysis utilized data friiva market size, key players in
the supply chain, regulatorframework and subsidy program$he SCRramework was applied as
follows:
1.Thestructure of the marketwasassessed from four aspects: market concentration (MC), product
RATFSNBYGALFGA2Y o6& YSFadnNBR o0& odaiySaasSaq |
integration (e.g. extension of credit between businesses) and conditions for entry in sector
(threshol capital requirements, sources of funding). An MC ratio based on market slzere
calculated and monthly turnover data for relevant businesses was useg&sure market share
2.Themarket conductwas evaluated based ahe behaviour (whether players areipe-taking or
priceemaking agents: pricing and promotion) and activitiesegisting competingusinessesilf
data was available, thejpperformancewas assesseds reflected inthe variation of their ost
elements. A structurgpyramid of players, functitsand theperformanceof the product markets
was developed to highlight the different dynamics.
3.An overview offactors affecting the functioningpf different markets was evaluated to capture
supplyside constraints (e.g. business environment, taxesff$diand demaneside factors (access
to financing, produdon risk, purchasing powgr

3.2.1.3 Market outlook assessment
The evaluation of the market outlook, imarket forecastingvill aid new and existing RRR businesses
in planning for the futureBecause imestment 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 assessmeilid a projection of demand levels in the future, basedcorrent
or past evolutionsABas¥2 RSt A& dzadzZ tfe& dzaSR (G2 RSAONARGS 02
loyalty towards a productMost frequently, this model is used in marketing for dynamic forecasts of
the market demand against the backgroundriense rivalry between products or brand&nce most
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of the RRR products are new in the marketyvés 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 froraxistingbusinesss if available was useBor a given RRiRoduct,

a Basgnodelwasapplied to analyze the market demand over time. In addition, this appreach

used to estimate the growth in demand of an RiRiness producwith 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

Theprimary survey coveredeveraldistricts ofLimaas shown irFigure3 below. For theWTP and
market size assessment, primary data on price offers from market expgrima@ > LJ- NI A OA LJI
demographics and socconomic factors wre collected from different groups of respondents
depending on the RRR product. Additionally, data on price of substitute products,-g@mromic
factors, etc. were collected from secondary sms. 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 dhe number and size of key playetide characteristics of these players (e.g.
economies of scale, access to financing, marketing and distribution costs, andfletegration and

nature of contractual agreementsvas collected from primary sourceBor the market outlook, data

on marketdemand and market share were obtained from the WTP and market structure assessment
componentsAdditional secondary data on alternative produgsces and quantity of sales of existing
competing productsn the market (e.gquantity of fertilizer sold er year, time sries data of fertilizer,
etc.)was collected fromrelevant institutiong(e.g. marketing boardand departments Revenues and

cost data werecollected from existing business as well as alternative input and output products
markets.The sampling strategy for the different research aspects and models are outlirebie
5below.
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Table5: Samplindstrategy for Market Assessment

Sub-research

Business Models

components Model 2b, 3&4 Model 8: Model 9,12, 13 | Model 15 Model 17
[Electricity] [Wastewater [Wastewater] &21 [MSW- [Faecal
fed fish] based sludge-based
compost] fertilizer]
WTP and Market Electricity market - H =443 Water sector - H =300 H =288
size secondary data secondary data F =115
Market structure Electricity market - | Fish market - Water sector - Fertilizer market - secondary
secondary data secondary secondary data data
data

Market Outlook

Time series 2°data; 1° data from WTP assessment

Pricing &

Electricity market -

Water sector -

Fertilizer market - secondary

Marketing strategy secondary data secondary data data

Optimal location or Fish market - Water sector - Fertilizer market - secondary
distribution secondary secondary data data

strategy data

25




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 shawd that the proposed business models could work in the context of thergyn
market of Peru (general market) where hydroelectric and thermoelectric plants predominate; yet it
will need to compete in the market of neconventional renewable energies (relevant market), where
wind and solar energy are prevalent. Thus, the propolsasiness modelwill be the best optionsf
particular advantages are in place such as the availability of inputs to produce energgosbw
technologies or with a high potential to produce technological change, or with a high probability of
replacementwhen 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 ob&éttricity rely on norconventional
sources (in this order) solar, minydro or biogas at a domestic scale.

Free usersysuarios libregn Spanish) who generate their own power, are more likely to switch to other
sources of energy, included entering ttte national network this works by assuring that the new
options could generate savings. Of companies reporting to MINEM in 2013, there were 73 companies
generating their own powerconcentrated 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 alldlaem to save resources in electricity, ey could seek using clean
energy as a matter of reputatioBased 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 power that 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 som@dN&hd 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) andsuarios 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 decrea@dddogver 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). Ithe 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 codhe Peruvian government is making an effort tcomiote
renewable energytechnologies through an auction mechanism that ensures competition between
several alternatives. Thus, it is not engaged in promoting a particular kind of alternative energy source,
odzi &4SS1a Ay@gSaiz2NRARQ 2moduceéchdblaical dhanges bieBveeh gagh?z @1 G S
auction. The goal is that, by 2021, Peru will be producing 5% of its energy froconeentional
sourcest it is currentlyat 2.5%. It is here where the main chances of financing the proposed
technologies areln 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 Integtdlectricity System (SEIN)
may be prohibitive for small projects, the stability of the regime (a third auction will happen in 2015:111)
allows longterm investors to compete and reduce costs, while promoting technological change and
innovation in order & help making these technologies more profitable.

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

Wastewaterfed aquaculture is becoming a major livelihood strategy for many municipalities looking
for wastewater treatment and costavings options in Lima, Peru. To assess the market feasibility of
such an initiative, a choice experiment approach wagluseestimate the WTP and market demand

of wastewaterfed 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 usaidéthe fish

they consume ané. 0.84/kg to know if additives had been used to raise the fish. Under the random
parameter model (RRhowever, 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 usediimgethe fish. In both
models,households were willing to pa$g. 2.475/kg and S. 0.221/kg compensations for certification.
Given these marginal estimates, the WTP for wastewsgdrfish with product information on the
source of water used and additivesasvestimated 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 qualitsiditionally, the RPL
model results showed that the demand for wastewated fish is likely to be affected by factors such
4 LISNOSLIA2yaz 383 3ISy RKNIEIs impoRantfor rizi \Gaktenwbt® a Q A y C
fed fish businesses to consider the pramisof a fish product with cledabellingon source and additive
information. Results from the market structure assessment showed whalst entry into the fish
market is not free, it is clear that there are no barriers to entry, rather bureaucratic guves 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 equilibriuemforced 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 feasipéticularly for projects of medium and small scale
associated to irrigation in the districts of Lima. However, depending on who demanuéAfiie>, 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 a public good component. While the price structure suggests a bias
towards offering cheaper rates for agricultural puges, it is possible to increase awareness
towards the public need to invest 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 contaminatiof the Rimac River, could promote investments in this
area. Through PRPwhere Peru shows a friendly environment, some of these projects could
become viable.

- The Metropolitan Municipality of Lima, including SERPAR i&@ngotential userof treated
wastewater to irrigate the parks they administer in the city. However, these plans must be
Ff AAYySR 6AGK GKS yS¢ FTRYAYAAUNI GA2YyQ LINRA 2N ()
these projects, since previous commitments with the previous adimation 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 héygrofitable projects, land costs, for example. The country
clubs, schools and other private entities with large green areas are also potential users of
treated wastewateffor irrigation, although with similar cautions.

- The component of creating composha 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 impracticiibm the market perspectivéor the following reasons:

- Model 13 has low likelihood in the comingears. 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 pilidP could
be part of the Proinversiongstfolio.

- The participation of farmers and buyers of treated water is not viable for mt®|edue 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 |iigood rather than having market value.

- Finally, model2 of sewage treatment through carbon credits is less viable. For Latin America,
these projects have not obtained CERs. Moreover, méatTP projects produce a positive
financial value for irrigationwhich 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 botHolsl& 4 compost and
Fortifer in Lima. In regards to MSWésed compost, it is expected thd4 % 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 peyween 22.5 Sol/Kg which is inclusive of the
average price of 2.292.47. The estimated demand from households for compos25163 tons/year

The estimated total number of farms for the two main perban agrarian areas around Lima (i.e.
Pachacamac and Carabayllo) is 5,200. The results suggest that on average each farmutsk® abo
tons of manure (9.8.3.5 tons) per hectare. About 14% of the farmers are already using compost for
soilenhancement 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 &ewompost. If we assume that farmers are
provided with adequate training on compost use and its advantages the remaining 86%farhtiees

can possibly be included as part of the potential market demand and thus the total estimated demand
for compost wil 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 hencadnket sizeestimate

will be 13,000 tons/year.

For the assessment of the Fortifer business model, it was noted thégtvitrmers are considered a
key customer segment, data was not collected from this group as the scoping study anduipllow
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 conductedshbased on data collected solely from
householdsin that regard, the results revealed tha2% of all households with planisuld be willing

to useFortifer (i.e. 149188households) since this is the percentage of the sampled respondents who
preferred Drtification of the product.The average expenditure revealed by the househdtidd is
spent on soil inputs was S/. 18.80. Assunamqgice of S/. 6/10Kg foioRifer, any household would be
able to purchasabout 30 Kg of éttifer. However, if we considea downward sloping demand curve

we find that about 15% and 30% of the sampled respondents have stated theitoNjERver 6 S/.

per Kg for powdered and pelletizeafifer respectively. Thus a conservative gsiie of the market

size for powdered angelletized Iertifer 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 therefg@2@®tons/year and 457
tons/year for powdered and pelleted Fortifer,respectively. It ismportant to note that these
conservative estimatgare based on the mean WTP derived from the contingent valuation which might
have biases interms tfieNB &4 L2 Yy RSy 1 a0 OK2A O0OS 2F 0AR

The market structure assessment revealed tHag brganic fertilizer markesia 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 (currgly mostly related to external market demand.remium for organic
fertilizersis found in some niche markets, but the fertilizer market is geneaghice-taker and also

very volatile Lima asamain potential market for organic fertilizeis partidly 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 expds, and they are expecting future growth of urban farming demand. Moreover,
they expect growth in organic certification. New private investments are trying to inctbadecal
production of chemicdiertilizers.

The distribution strategy assessment ealed that a recent important benchmark for the organic
FSNIAEAT SNI YIENL SO Aa alfttl1AZ  O2ftF 0SNIf 0dzaA Yy
pre-treated chicken manure into organic fertilizers, using its own distribution network. Hawiagted
US$1.5 million, they expect US$2 million in sales in 204® 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. Ong bidvantage 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 otltersa

unless they compete with lower prices 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 aseme challengethat the latter may face Future demand foorganic
fertilizer has already created interest frombig corporation working on a scale of 100ton per year,
and the case for subsidies to production (in the form of public fundsgkpected to declineAs an
overal conclusionthe 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, swalk urban
agriculture or urban gardens, and foreign markets. Thus, Lioald become a distribution center
rather than the main target for organic fertilizers.
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Table6: Summanyof the feasibility of the selected RRR business models from a market perspective

Market Structure Cumulative Value-added
Business models WTP and Market Market Outlook feasibility product/recovered

Demand score resource
Model 2ac Energy serviceompanies| There is an already existin 1. Fair ease of entry intmarket o _
at scale: agrevaste to electricity market for electricity- thus a|2. High ével of concentration (oligopolistic market) Expected growth in

WTP estimate not relevan] 3. No product differentiation demand from
] Additionally, any new 4. Price taker households and .

Model 3 ¢ Energy Generation fron|  sinessesvill be price takerd 5. Potential negative profit margins (without subsidies) industrial sector Meciyrn Electricity
own Agroindustrial waste (agro given the regulations. feasibility
waste to energy)
Model 4 ¢ Onsite energy by sanitatior|
service providers

Model 8: Wastewateffed fish

WTP > Current market price

. Easy market entry

. Lowto-medium level otoncentration

. Limited to no product differentiation

. Price taker but possible price setter with branding

5¢ 7 years to reach
growth stage in
business life cycle

Wastewaterfed fish

Model 9, 12 &3- Treated
wastewater for irrigation, fertilizer
and energy

WTP < Current market prig

(current price structure
suggests a bias toward
offering lower rates fof

agricultural purposes)

. Highly institutionalized
. Highlevel of concentration
. Limitedto no product differentiation

1
2
3
4
5. Potential net profit margins
1
2
3
4. Price taker

Significant and growin
demand from private
entities with green
areas.

Low feasibility

Treated wastewater

Model 15 Largescale composting fo

WTP > Current market price ¢

. Medium level otase ofmarket entry

1
revenue  generation (MSW ¢ Competitive/ substitute| 2. Limited level of concentration organic fertilizer marke| Significant and growin Medium
compost) & Model 21 - Partially | Products 3. Limited to no product differentiation demand. teasibilit MSWbased compost
subsidized composting atistrict level 4. Pricetakerbut potential price setter y
5. Potential net profit margingpositive
WTP> Current market price o] 1. Medium level okase ofmarket entry Significant and growin
Model 17 ¢ High value fertilizer| COMpetitive  products (but | 2. Limited level of concentratian organic fertilizer marke| ~ demand ¢emand _
production for profit limited to households). Ke| 3. Limited to no product differentiation limited to households Medium Faecal sludgédased
customer segment- farmers| 4. Price takeibut potential price setter per the assessment). feasibility organic fertilizer
5

are unwilling to use the

product

. Potential net profit margingpositive
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4 Key findindgstoftuthenal and

Anal ysi s

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 (onel KANR 2F (GKS O2dzy iNBQa LR LMzZ A2y 0T gAGK |y
and its remaining rural zones (peniban) feature some agricultural and livestock raising activities that
continue to progressively disappear as urlzation 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,. dtanais 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 tdia 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 anidgiebenvironmental

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 staklen®in Lima can be organized.

1 Under the first category aré¢he governmental agencies with national authority for developing
environmental policies and standards. They @&ponsible 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
Erergy 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 deadiming entity
of the environmental sector; it formulates national environmental policyl is also responsible for
overseeing the formulation of sectoral environmental policies moaitoring policy enforcement and
implementation.

1 The second category is for the central government public entities or agencies that have monitoring
and oversighfunctions, 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 Environmentals&ssent 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 Enviremtal 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).

i The third category incties 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 licensesdsaldained.

1 The fourth category consists of stakeholders of the private sector. This includes main generators of
waste (municipakolid waste, wastewater, agfiodustrial waste), the companies formally dealing
with the provision of solid waste serviceP@RS) and their commercialization (RGS), 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, cemgteries
schoolsandreal estate enterprises; Municipalitiermers, etc.).

1 The fifth and last category of stakeholders includes the main stakeholders related to business start
up and operation, in which we have the Natiodax Management agency (SUNAT) dmal ltima
Chamber of Commerce (CCL). The procedure for establishing a formal enterprise in Peru is also
presented, showing how difficult it is to staup a formal business (although there are more simple
procedures for SMESs), but that formality implies paytaxes 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 inwaste 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 insttuéad 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 couté applied for by Municipalities or interested
entrepreneurs.

This chaptealsopresents the analysis of national and local regulations that promote or relate to resource
recovery and recycling. All the current regulatiemgich define the general ahthe specific institutional

legal framework- are presented for the different waste streams (treated veagater, nutrients, solid
waste and energy. One of the main conclusions in this chapter is that there is a comprehensive legal
framework for environmatal matters that establishes the environmentalanagement system of the
country, which is sectabased and decentralized. The legal system confers functions and powers related
to environmental issues to several stakeholders (and sectors) in a disperse@ma@hen, 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 wastewaten teviewing the
regulatory frameworkit wasfound that there are several laws and technical rules that promote treatment
and reuse. In general, the regulatory frameworlomiotes the application of different wastewater
treatment systems and oversees the effluents of domestic wastewater treatment plants. In addition, the
ANAauthorizes the reuse of treated wastewater though the basin councils, and depending on the end
use, aso 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, andpotentially interested users can obtaireuse 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 treatedwastewater to invest in small isite plants for secondary treatment that can provide treated
wastewater suitable to reuse for irrigation purposes. Furthermore, it was found that at the moment,
aguaculture using treated wastewater is not an activity tlsaémcouraged by Law and is in fact not being
done at all. In relation to the sludge from wastewater treatment platitss material is considered bgw

a hazardous solid waste and therefore, there are no specific laws or policies that promote its oeuse, f
example for producing fertilizer or generating energy or any other product. Nonetheless, there are some
technical rules (nomandatory at the moment) for the construction of wastewater treatment plants that

- if followed during plant design and consttion - 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 anditargisnal

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 achewent of targets for inorganic waste recycliagd 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 laweothat 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 prmote 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 stakeholdeteorecycling chain.

There are some national laws and regulations that indirectly encourage the reuse of waste for energy
generation, but they are still limitedThe legal framework promotes energy generation from hon
conventional renewable energy on a large scaledod and offgrid) considering biomass (and municipal
solid waste) as a source. It also promotes electricity sales through auctions and the ysewfuaal

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 nstitutional assessment cdome of the RRR busiee 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, goportive 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 modg&lse bllowing are the bainess cases that were assessed:

I Wastewater reuse:

o Tilapia breeding for research purposes (Park 26TBichnological 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-sradgl private initiative that was
initially supported by CGIAR; and

0 Reuse of treatedvastewater from SEDA! [ Q& 22 ¢t F2NJ ANNAIIF GAy3 ON

9 Nutrient (compost production) recovery:

o Implemented by the private enterprise INGEMEDIOS (from municipal solid waste) and

0 A communitybased experience that produces verotimpost (La Lombriz Feliz Ecolagic
Centre) (among other activities related to waste management: separation at source,
collection, etc.). The vermgiompost is brande@nd sold in small plant/flower markets. This
experience started with the support of the Catholic Church around 18 years ag

1 Energy recovery:

0 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 obtainedsupport from the World Bank arttie 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.

0 A smaliscale enterprise using guinea pig manure to generate powereimghted by the
farmers of Casablanca farm for setfnsumption (electricity, cooking and animal heating)

33



o Energy from pig manure, implemented by a-prgeder also for selfonsumption (electricity
and animal heating).

Key lessons learnt on existing fraworks, supportive policy and gaps from various stakeholder interviews

for RRR business models aefollows

1 Treated wastewaterThe regulations in place are more oriented toward reducing the pollution load
of treated wastewater discharged into bodies wéter, 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 envionmental quality standards for reuse purpos&ince 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 coordinatioh thi¢ 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 promotingritiesion of municipal and
domestic treated wastewater reuse for irrigating urban and juebian green areas into the National
Water and Sanitation Policy, plans and strategidaw which states that sanitation service providers
(such as SEDAPAL) are autted 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 Natidmategy 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 necessargmiance the monitoring of wastewater treatment and
reuse in order to guarantee compliance with technical, social and environmental standards for reuse.

1 Agquaculture:The existing law for aquaculture promotion and development does not include the
possibiliy 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 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.

1 Nutrientrecovery:The legal framework for nutrients (compost, organic fertilizers, etc.), has several
laws and regulations that promote reuse and recycling, with composting and ~eemposting
mentioned as potential reuse purposes, among others. Neverthellesse are no regulationshat
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 amre focused on inorganic recycling and reuse. Neiétnerthere any
rules or regulations enacted to authorize or quality control standards for compostiegeXisting
legal framework does not prohibit the recycling of organic waste, as long as propesaaitdry
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 findisposal, 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 forcegi§umption using primarily aerabi
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 themanding that there be formal standards
established that need to be mandatory for producing entities or companies.

1 Energy recoveryEnergy recovery from waste is a recent development in Peru. The national policy
framework currently includes producing eteicity 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 electricitytt KS 02 Y LJl2aAdAz2y 2F t SNHzQa SySNBHe@
entities ae 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 mau(arhich due to the scale is more
oriented toward seHconsumption). 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 gmong other sources). Experiences have to be supported by private
investment, but could also apply for international cooperation funds or governmental funds (carbon
credits).

The legainstitutional feasibility analysis for each of then business modal identified for Limavas
conducted usin@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 infomal 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 feasilsilitdy is presented in the following
Table7.

35



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

Table7: Summary of institutiondkasibility of selected business models for Lima

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

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

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.
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Model 8: Beyond
Cost Recovery: the
aquaculture example

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

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

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
i mpl ement ation of the Pl GARS proposed

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

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

Model 21: Partially
subsidized
composting at district
level

38

crops. Since this compost comes from waste they feel it has to be cheaper than the
compost they buy.

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.

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. Publ i ¢ I nstit
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




Considering the above criteria set mentioned for evaluating institutibegal feasibility, there is only one
model in Lima wittmediumhigh feasibility on wastewater reuse (model 9: On Cost Savings and Bgcov
Treated wastewater for irrigation/fertilizer/energy and carbon). There are three models métium
feasibility¢ energy generated from municipal solid waste (Model 2b: energy generation from waste) and
the other two are related to nutrients and prodtion 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 nichéglin wh
institutions interested in transforming open public spaces into green spaces and for the development and
maintenance of public green areas. Furthermdhe development of energy models are able to apply for
funding from CDM project funds and otherdated 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 renewablessoeirge s
auctions.The otherfour business models selected for analysis in Lima, have institutional limitations that
prevent them from being feasible from an institutioflafjal perspective, but also considering the current
culture and level of interest aomg citizens and the civil society.
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5 Key findings of Technology A

Thissection summarizes thekey FAY RAY & 2F GKS 02 YL y.SYidibusings§ OKyYy 2 f ;
models do not prescribe a specific technology option or scale, but rather definecess (e.g. anaerobic
digestion) andtargeted end-product (e.g. biogas). Based on this limited level of technical déiil,
technology assessment provides
1 Aflow diagram, which shows the inputs (e.g. municipal solid waste), outputs (e.g. soilaweiti
and processes (e.g. composting) for each business model.
1 Anoverview of treatment options (e.g. windrow composting) for each of the processes in the flow
diagram
1 An overview of mitigation measures (e.g. temperature control) for each output that has a
potential environmental hazard (e.g. pathogens)
1 Technology Score Cards that rank technology options based on requirements such as and,
electricity, and operation and maintenance
9 A context specific evaluation, based on local characteristics, and sumnthezestential 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 detall,

as information on facility scale, specific location in the city and market ddrisanot available. Therefore,

Fff odzaAySaa Y2RSt a I MBquind trédinteR inflastrBdRule d2Yi onty Se-cledrlyy A £ A ( ¢
defined after the market demand of erRatoducts and the corresponding specific goal of treatment is
determined. Thisvould 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 imfretstre 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 beregarded as a standlone component, but is highly dependent on other components of the
feasibility analysigs KS a ¢ SOKy 2f 238 | 4a4S3aaYSy ioétheN&isinNEking a | 3
process, as the implementing business can use the technolodyparcess descriptions, proposed

mitigation measures, technology score cards and context specific information to identify the constraints

certain technologies hav@.able8 providesa summary of all business models, including the input waste

stream, the anticipated engroduct, technologies under consideration, and conversion processes.
5S0FAf SR AYT2N)YI (iResyrce, AR&covérnydandl fReudedjeSt. Fioyi YRes@arch to
Implementation. Component c¢Zechnology Assessment: Bangalore, India; Hanoi, Vietham;
YFEYLIF EFk! 3FYRET [ A YL Aailabeibidisinlaad an Wik shidec.ohirm mp 0 £
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Table8: Summary obusiness models under consideration for Lima

Business Waste Endproduct Technologies Process
Model stream
Gasification technologies .
E Sin Ille st; e g 1 Gasification
1 Gasification> g g 1 Anaerobic
1 AW o 1 Multi-stage . .
2 (a,b) Electricity digestion
1T AM . ... | Batch A i
1 Biogas> Electricity 1 Bi . 1 Biogas to electricity
iogas conversion conversion
technologies
1 Fermentation, Distillation
Technologi .
T Sienc IZOS;?IES 1 Fermentation,
1 AW | Ethanol gie s'ag 1 Distillation
3 . 1 Multi-stage . .
1T AM 9 Electricity 1 Batch 9 Biogas tcelectricity
. . conversion
9 Biogas conversion
technologies
F . . ingl .
) e'ces I Biogas> Cooking ) Smg.estage 1 Anaerobic
4 9 Urine fuel 1 Multi-stage dicestion
1 FS 1 Batch 9
1 Fish 1 Duckweed
8 T ww 1 Treated WW 1 Aquaculture T Pond treatment
9 Electricity 1 ConventionaWW treatment |9 Conventional WW
T ww . o .
1 Soil conditioner technologies treatment
9 17 ww . . ) -
1 Water (for 1 Biogas conversion 9 Biogas to electricity
sludge . . )
reclamation) technologies conversion
1 _Convgntlonal WW. tre.atme.nt 1 Conventional WW
7T ww including anaerobic digestion treatment
12 17 ww 1 Biogas> Electricity technologies . -
: . 1 Biogas to electricity
sludge 1 Biogas conversion )
. conversion
technologies
1 Conventional WW treatment
ith limited nutrient removal
wrnh timi . .u I. v 1 Conventional WW
1 Water (for 1 Slow rate infiltration
13 T WwW . e . treatment
reclamation) 1 Rapid infiltration 1 Landapplication
1 Overland flow pp
1 Wetland application
1 Solid/liquid separation .
1 MSW . o . 1 Cocomposting
15 1 FS 9 Soil Conditioner 1 Drying beds_ (MSW + FS)
1 Cocomposting
o lid/liqui i .
17 1 MSwW 1 Fertilizer (NPK E g? |i(:]/|qblggsseparatlon 1 Cocomposting
1 Fs added) ying beds (MSW + FS)
1 Cocomposting
1 Solid/liquid separation .
1 MSW . o . 1 Cocomposting
21 1 FS 1 Soil Conditioner 3 Drying beds (MSW + FS)

Cocomposting
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6 Key findings of the Financi a

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 erated 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 Lin@jthe maj

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 ordefimed stepby-step process with
the objective to mirror the business modahd respective financials relevant to local context and to assist
investors, donors, governments and entrepreneurs as a decision makingteobllowing steps were
undertakenfor the financial analysis of the RRR business models:

- Step l:dentification ofbusiness cases in Limgnilar to thegeneric RRR business models.

- Step 2:Developnent of scenarios wherever necessaity mirror the business model to local
contextbased on the local business cases identified. Devedop ofscenariosdr different scale
based on business cases across developing countries in Asia, Africa and Latin America and from
literature review.

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

- Step 4:Identification ofkey 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 walsoused for this analysis. Data frowaste
supply, demand, technicand health assessmentd the RRR business mosldééd into the
financial analysis. The analysi®k into consideration investment and production cost data of
similar business models in the selected city. Where the busimesiels under studyid not exist
in the selected city, the analysis was based on secondary bata.on economic indicators such
as interest rates, inflation, tax, escalation, annual write off, insurance andetgbty ratioswere
obtainedfrom publishel data reportsby the Central Bank of Peru and industrial benchmarks for
the region.

- Step 6 Theprofitability and financial viability of an RRR business ma@slanalyzed based on
the Profit and Loss Statement (P&L), Operational Breakeven, net predest \WPV), internal
rate of return (IRR) and Payback period valuation crit€ioa thefinancialrisk assessment of RRR
business models, Monte Carlo risk analysis metlvad used.Microsoft Excelvas used for the
financial analysis and an Excel add@Riskused to execute the Monte Carlo simulations
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The Monte Carlo risk analysis invahtbe following steps:

- Selection o¥aluation criteria The NPV, IRR or depending on the business model under
analysis, other criterizvere used aghe valuation crieria.

- Identification ofsources of uncertainty and key stochastic variabResssible aurces of
uncertainty considered wee technical development, change in government policy,
AYFELOGA2Y S GENRFGAZ2Y Ay AyLdzi | ¥Rarigudzi LIdzi
factors. Afer the sources of uncertainty wetidentified stochastic variables (investment
cost, yield, price of inputs, price of output, etc.) which significantly affect the economic
performance of the RRR business model andciwlare subjectd uncertainty wee
identified.

- Defirition ofthe probability distributions of stochastic variahl®sobability distrilations
for all risky variables we defined and parameterized.

- Ruming ofthe simulation modelDetermiration ofthe NPV and IRRr each year using
sampled values from the probability distributions for project life. This proceas
repeated a large number of times (larger than 1000) to obtain a frequency distribution
for NPVand IRR

- Determiration ofthe probability distributiorof the simulation output (NRVIRR: The
simulation model generateempirical estimates of probability distributions for NBN
IRR so that investors can evaluate the probability of success for arbR&liRess model.

Data limitations:in any researchjata access and availability is critical. RRR sector developrmantyist

well developedn Peru and sectors such as making compost from waste is hardly kiilogtimited data
availability fromthe local contextin assessing thBnancial viability of the business modefsdditionally,
significant challenges were encountered in obtaining data relevatftg&imean context.As much as was
possible, input data were collected from business cases identified in Lima, however whewatanhot
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 alsodated from the data collected by other components of the feasibility
study¢ 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 hgitis of the RRR business models assessed. For the
detailedassessmentplease refer to the fulFinancial Analysieport. The financials for the RRR business
models are classified according to Energy, Wastewater and Nutrient models.

6.3.1 Energy Business Models

Table9 presensthe key highlights of thereergy businesmodels. As seen from thEable9, the energy
business models shoahigh financial viability with both the modelstodel 2¢ Energy service companies
at scale and ModeB: Energy from owng@ro-industrial waste with positive NPV afidRgreater thand%
which is the discount rate in Peru. Modkl onsite energy generation by sanitation service providers was
not assessed for Lima for reasons mentioned earlier.
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Table9: Energy Business Models

Model 2: Energy Servic
Companiesat Scale- Agro-

Model 3: Energy from own
Agroindustrial waste

Model 4: Onsite Energy
Generation by Sanitation

Waste to Energy Service Providers
(Electricity)

Scale Process 200 tons of MS\ Piggery rearing 4,000gs
per day

Investment 3.36 million 382K

required (in USD)
Operations Cost (in 0.94 millionto 1.7 million
'{5k&SI N

55K to 94K
Financial analysis was n

Revenue (in 1.27 million to 2.31 million 137K to 239K done for this business
USDlyear)* model

NPV @ discouni $470,238 389,714

rate 4%**

IRR** 5.35% 13.16 %

* Range is based on first year to life cycle term costs and revenue

U hLISNIGA2ya O02ait R2Sa y20 AyOf dzRS
** Calculated for life cycle term

K =1,000

RSLINBEOALFGA2Y S Ay idSN]

6.3.2 Wastewater Reuse Business Models

TablelOprovides key highlights difie wastewater reuse business models. The scale was based on serving
populationof 300,000 which would result in 52,80C 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 ingideaation 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 pdsie NPV and IRR greater than discount rate. In the case of model 8, the reuse
activity - cultivation of wastewateiffed fish is assumed to occur in an existing wastewater treatment plant
using a waste stabilization pond system for treatment and the fishltszated in the tertiary pond.



Tablel0: Wastewater Reuse Business Models

Model 9, 12 & 13 On Cost Savings an

Model 8: Beyond cost recovery: the

required (in USD)
Operations Cost 554K to 936K 48K to 84K

OAY | {5k

Revenue (in 634K to 1 84Kto 166K
USDlyear)* million

NPV @ discouni $917,252 $741,247
rate 4%**

IRR** 19% 25%

Recovery Aquaculture example
Scale 52,800 m3 for 932 tons of 5,250 m3 of 5,000 kg of annual harvest of tilapia fish
irrigation sludge per biogas + carbor
day benefits
Investment 660K 224K 1.5 million 11,200

0.96 million to 6K to 10K

1.7 million

1.24 million to 8K to 14K
2.2 million

$4.1 million $8,970
29.87% 12%

$Business models 9, 12 and 13 were initially considered as sepacatels. However based on the concépéehind
the business models and the muttiiteria 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 andhueve

U hLISNI GAz2ya Oz2ai R2Sa
** Calculated for life cycle term

K'=1,000

6.3.3 Nutrient Business Models

y2i AyOf dzRS RSLINBOAFGA2Yy X

Tablel1 presentsthe key highlights ofhe nutrient business modefs As seen from th&ablel1below,
for Model 15 - large scale composting plards the scaléncreases the NPV and IRR also increases. For all
three scenarioghe NPV is positive and IRR is equal to above discount rate. However it is to be noted that
for the 70ton and 206ton plant it is assumed to have capital subsidy of at least 75% from the municipality
and in addition there ign incentive in the form of tipping fees for private sector participation. fher

600 ton plant, suclanincentive and subsidy is not required. In tese of high value fertilizer production

Ay G SN

and compost production for sanitation service delivery, they both have positive NPVs and IRR greater than

discount rate.

"The 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 recpvenergy generation for internal use to reduce electricity related costs
which are the primary operation costs for WWTP, b) Carbon sate®on reductions which is mainly captured when treatment

plant generates energy by capturing methane, c) Nutrieaioveryq Sale of sludge as fertilizer and, d) Treated wat&ale
towards irrigation. BM 9 focuses on recovery of energy, nutrient and treated water, while BM 12 is for carbon emissian (read

energy recovery) and BM 13 is for irrigation.

8Businessnodels 15 and 21 were combined into 1 business madi# different scaleg70 and 200 tons for model 21 & 70, 200

and 600 tons for model 15).
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Tablell: Nutrient Business Models

Model 15: LargeScale Composting for Reveny Model 17: High | Model 21: Partially
Generation value Fertilizer| subsidized
Production for | composting at
Profit District level
Scale 70 tons of 200 tons of 600 tons of
MSW per day MSW perday MSW per day
Investment 628K 1.22 million 3.3 million
required (in USD)
Operations Cost (in 73K t0217K 284K to 488K 549K to 992K Financial Financial
'{5k&SI N analysis was no' assessment a
Revenue (in 150K to354K 385K to 719K 809K to 2.45 done for this under Modell5
USDlyear)* million business model
NPV @ discouni $14,965 $64,807 $2,847,902
rate 12%**
IRR** 4% 5% 12%

* Range is based on first year to life cycle term costs and revenue

U hLISNI GAz2ya Ozai R2S&a y2G AyOf dz
** Calculated for life cycle term

K =1,000
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6.4 Summary assessment of financial feasibility of RRR Business
Models

Tablel3 providesa summary overview of thfeasibility of RRR business modelslfiona. As mentioned

earlier in the methodologya Monte Carlo risk analysis was dofe the financial models fovariable
parameters with a high level of uncertain# stochastic simulation model was run for a éargimber of

iterations to generateempirical estimates of probability distributions for NBw IRRto guide investors,

donors and entrepreneurs t@valuate the pobability of success for an RRRsiness modelThis
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. rBisaltsfrom 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 (NMeaf)NP\been positive or negative

and aMean IRRyreater than or less than the discount ratePeru (4%). The methodology used to define

the feasibility is as described Trablel2 below.

Tablel2: Feasibility Methodology

P (NPV <0) Mean NPV Mean IRR Feasibility

0 <P (NPV) < 30% + Greater than discount rate
30% < P (NPV) < 50 + Greater than discount rate

0 <PA(NPV) < 30% + Less than discount rate

50% and above + Greater than discount rate Medium

0 <P (NPV) < 30% - Greater than discount rate
30% < P (NPV) < 50 + Less than discount rate Low to Medium
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
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 ihable12 above the RRR business models were assessed for their
viability to Lima contextModel 15 ¢ large scale compsting for revenue generation (200 tons) as seen
from the Tablel3is theonly model that is not feasible while the remaining models show either medium
or high feasibility. The models with high feasibility are Mo@lel Energy Generation from own Agro
Industial waste, ModeB ¢ On Cost Savings and Recovery: Sludge recovery as nutrient and electricity
generation including carbon credits and Modélc large scale composting for revenue generation @ 600
tons per day of waste processed. Except for M@teEnagy generation from own Agrimdustrial waste,

the remainingmodels are publiprivate patnership (PPP) models where & assumed that land and
oftentimes capital is provided by the municipality. Modelc On cost savings and recovery (sludge
recovery ad electricity generation) when all three components are combined in a treatment lasg,
medium to highfeasibility potential.

Tablel3: RRR Business Models Feasibility

RRR Business Models | P(NPV<0) |[MeanNPV | MeanIRR | Feasibility
ENERGY

Model 2: Energy Service Companies| 32.1% $369,445 4.94%

ScalegMSWto Energy

Model 3. EnergyGeneration from own 0.2% $389,714 15.04%

Agroindustrial waste
Model 4: Onsite Energy Generation ki Financial Feasibility not undertaken
Sanitation Service Providers
WASTEWATER REUSE

Model 8: Beyond Cost Recovery: th 35% $3,116 12.37%
Aquaculture example

Model 9: On Cost Savings and Recov( 43% $333,510 22.82%
¢ Irrigation reuse
Model 9: On Cost Savings and Recov( 8.6% $972,011 30.65%
¢ sludge recovery as soil conditioner
Model 12 On Cost Savings and Recovi 0% $3,333,526 25.72%
¢ electricity for onsite use+ carbon
credits

Model 13 On Cost Savings and Recov( 8.4% $969,649 30.45%
¢ combined energy, water and nutrier|
recovery
NUTRIENTS
Model 15 LargeScale Composting fg 48% $16,381 4.06%
Revenue Generation 70 tons

Model 15 LargeScale Composting fi
Revenue Generation 200 tons

Model 15 LargeScale Composting fg 0% $3,004,169 12%
Revenue Generation 600 tons
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Model 17:High  value Fertilize FinanciaFeasibility not undertaken
Production for Profit
Model 21. Partially subsidizeq Financial Feasibilitgs part of Model & 70 tons and 200 tons
composting at district level

While Tablel3 aboveattempts to give a snapshot ttie RRR business modeilable forthe Lima context,

it howeverneeds to be noted that all the business models undiéierent conditions other than thain

Lima may havéigh feasibilitypotential or similarly unviable. For example, Model;Znergy 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 drastlgateduces. 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). Othéndhiaterest 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
modelsin Lima:

Model 2¢ Energy Service CompanrldSW to EnergyThis business model is observed at a large scale in
Lima where a landfill iHuaycolorois used to generate power by tapping landfill gas. The financial
assessments show that larger scale plants is feasible but highly setsitivesaleprice ofelectricity. In
addition as mentioned earlier, the business shows increasing viability when the eqaigonentof the
investment is increased.

Model 3 Energy generation from own agnoedustrial waste:This is the only business model with
compete 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-agsbe generated from any medium or large
agroindustry is high and enough to cover internal energguirement. The investment showsvery

strong viability assuming the markets fthre sale of excess energy is nearby or there is possibility of
feedingthe 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.

Model8¢ Beyond cost recovery the aquaculture examphe financial analysis of the model assumed that
there is no additional investment and the cultivation of the figlcars in an existing treatment plant that
hasawaste stabilization pond system, with production activities occurrinbertertiary treatment pond.
Another approachhat can be considered is thavesmentin 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 producterels the business model isot viable as

the cost of labor to managthe productionactivities is high and drivake investmentto 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 consunaeesrarelyaware ofthe source of water used for
aquaculture.

Model 9 12 and 13 Oncost savings and recoveryhe fnancial analysis of this modt&cused on the

reuse component and does not take irtiecount thesetting 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 recovieeysise 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 thiaeéy would pay for treated water is questionable. In the event
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of a drought or water scarcity, there ithe possibility of increased willingness to pay for treated
wastewater and in the case of Lima which is one of the driest regions in the worldirpami agriculture
could significantly benefit from 365 days of water. Alternatively, the treatment plant could tdrgstle

of treated water to industries. The feadity of supplying treated wastewater also depends on the length
of the canal or pipelineral pumping costs to deliver the water to its customer segment. In the case of
the electricity generatedthe financial assessment shows that about 35% of energy required for the
treatment plant is covered and viability is significant from the sale of carlbbtowever, given the
fluctuation in carborprices (hich is currently less than a dollar for ton of &;@e impact on the viability

of the investment will be significan higher electricity price in Limaill makethe investment viable. A
treatment plant incorporating all these reuse investments yieldgoaitive 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.

Model15¢ Large scale composting for revenue generatimil Model 21 Partiallysubsidized composting
(MSWhbased 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 ahtb?8, 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 ole for a positive NPV especially for theté® and 206ton 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 compplsints 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 comparismmtoes

in Asia and Africa. The price of compost is one the most sensitive parameters that drives viability of the
business.

49



7 Key findings of the Health

Assessment

7.1 Introduction and methodology

For the 4 targeted feasibility cities dfie 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 asdtbciated w

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 nationaind 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 wasideteby

means of a sermjuantitative 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 gn@lgctricity)

Model 3: Energy generation from own agindustrial 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 fPrmal trajectory in wastewater Irrigation: sale/auctioning
wastewater for irrigation

Model 15: Largescale composting for revenue generation

Model 17: High value fertilizer production for profit

Model 21: Partially subsidized compaosting at district level

= =4 =4 =4 -4 -9

= =4 =

7.2 Evidence-base of the HRIA

A broad evidencéase 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 th 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 theg@eewed and grey literature.
The literature review had a focus on (i) soWater and wasterelated diseases; (ii) respiratory tract
diseases; and (iii) vectdmorne 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 levahgf exist
RRR activities by means of participatory data collection methods and direct observations. A total of seven
existing RRR cases were investigated in Lima area:

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

1 Case 2: MSW collection servi@an Luis MunicipalitiRecyclers

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

9 Case 4: High quality branded/certified organic fertilizer form faecal sludge and municipal solid

waste (MSW) & onsite energy generation: ECO®GE | &/ F YAf € oOLIA T Tl NXYO
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1 Case 5: Phyteemediative water treatment and fish production (Tilapia ponds): urban agricultural
family business, Carapongo, Lurigancho

1 Case 6: High Quality Branded/Certified Organic Fertilizer from Faecal Shludgeeks - Dry
toilets- Sanitation Solution in urban Areas

1 Case 7: Phyteemediative 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 stuly cities. An additional important component of the case studies were an assessment of the
use and acceptability of personal protective (PPE) among the workioregldition to the standardised
methodology of the health component around these seven exgsRRR cases, the city of Lima benefited
from a complementary walepth study on the concentration of heavy metals, protozoa and helminth eggs
were carried out in the frame of the pitesting of the Sanitation Safety Planning (SSP) manual in Lima.
For the pe-testing of the SSP manual in Lima, two study sites were selected: the agricultural area in Cono
Este (perurban 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 langenber 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, Vilakhdor 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 add2@loser 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 sanitatiorcfhties, 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 tlcahaexted 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 notrpuising that helminthic infections are not a major health concern in
urban and perurban areas of Lima. Intestinal protozoa infections are of greater public health concern,
particularly in childrenThe burden of chronic respiratory diseases and cardiowiar 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 suatogbeles sppAedes sppandCulex

spp are present in Pertherefore, various vectdrorne diseases are endemic in the country, particularly
in the jungle areas in the north. The most important vedtorne disease in Peru is Dengue, but also
malaria, leishmaniasis and Chagas disease are important public heatteros. 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 addith. The findings of the environmental
sampling at the Cono Este study can be summarised as follows:

1 Water samples: none of the average values for heavy metals exceeded the national threshold.
Protozoa concentrations above the national limit of O pro@zwer 1 L were detected in water
samples from each sampling site. Also helminth eggs were detected in most samples, though the
I SN 3S 02y OSY Nl iGA2Yy RAR y2i SEOSSR GKS yl iGAz

1 Soil samples: concentrations of arsenic aed e&xceeded national limits at two of the three
sampling sites. Cadmium was above the national threshold at one study site.

1 Grass samples at UPeU: helminth eggd.(Mnbricoideand Strongyloidesp.) were detected on
grass surfaces irrigated with wastewgat

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

9 Fish: fish cultivated at the Nieveria 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/qg.

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

1 Water samples: none of the average values for heavy metateeded the national threshold.

The crude water from the waste water treatment plant (WWTP) showed protozoa concentrations
above the national limit of O protozoa per 1 L and also high concentrations in TTC (up to 7x10
TTC/100mL). Also helminth eggs were detected in all crude water samples.

1 Soil samples: concentrations of chrome exceeded national limits in soil of the green areas and
agricultural surfaces of Parque Huascar. Larvadswarisspp. andStrongyloidesspp. were
detected in soil samples of the green areas.

1 Grass samples: as for the soil samples, helminth ladseafisspp. andStrongyloidespp.) were
detected on grass surfaces irrigated with wastewater. No protozoa were found in grass samples.
Interestingy, very high concentrations of TTC were measured on grass samples (up fo 2x10
TTClg).

7.4  Key findings of the HRA

All of the identified occupational health rigksuch as exposure to pathogens, skin cuts or inhalation of
toxic gaseg can be managed by praling appropriate PPE, health and safety education to workers and
appropriate design of the operation and technical elemeBislogical hazards mostly derive from human
and/or animal wastes that serve as inpyisr sefor the proposed BM (e.g. animal mamuor 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. \&fm 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. enviromtad 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 vith 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 shidged soil
conditioner, chemical parameters of receiving soils need to be takeraccount. 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)
endingup in soil conditioner are a risk that has been identified for a nundfeBM. This will require
careful preprocessing of inputs and sieving of Eidducts. 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 prodat. 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 respectethat 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 electc 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 coatsis remain for all the
wastewaterfed 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 ithe 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 assps$ential 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 weptis
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 assumptibat 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-gearititative 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 inTable14. 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 savgs 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 reductiorgosire 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 antgated to only have a minor positive or insignificant impact on community health.

Tablel4: Summary table of anticipated health impacts and their respective magnitude

Business model

Scale of the BM: applied scenario

Anticipated health impact

Magnitude (score)

Model 2bc Energy service Two plants as proposed by the Impact 1: changes in health Insignificant
companies at scale: MSW to business will be implemented in Lim| status due to access to electricit (0)
energy (electricity)
Model 3¢ Energy generation | TWO plants as proposed by the Impact 1: changes in health Insignificant
from own agreindustrial waste | business will be implemented in Lim| status due to access to eleility 0)
resulting in 500 people that will have |nnact 1: reduction in Minor positive
a reduce exposure to manure respiratory, diarrhoeal and impact
intestinal diseases (15)
Model 4¢ Onsite energy 10 villages in rural and penrban Impact 1: reduction in Moderate positive
generation in enterprises areas ofLima will implement the BM | respiratory, diarrhoeal and impact
providing sanitation services | With a population of 1,000 each intestinal diseases (30)
Impact 2: changes in health Insignificant
status due to access to electricit] 0)

Model 8¢ 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, intestifa
and skin diseases

Model 9¢ On cost savings and
recovery

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

Impact 1: reduction in
respiratory, diarrhoeal, intestinal
andskin diseases

Impact 2: reduction in exposure

Moderate positive

to chemicals and heavy metals impact
(28)
Impact 3: changes in health Insignificant

status due to access to electrici

Model 13¢ Informal to formal
trajectory in wastewater
Irrigation: sale/auctioning

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

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

(0)

wastewater for irrigation Impact 2: reduction in exposure| Moderate positive
to toxic chemicals (e.g. heavy impact
metals) (28)
Model 15¢ Largescale Two centralised ceomposting plants Impact 1: reduction in Minor positive
composting for revenue are installed in Lima& S NJJA y 3 | respiratory, diarrhoeal, intestina impact
generation households each and skin diseases 4)
Model 17¢ High value fertilizer | TWO centralised ceomposting plants Impact 1: reduction in Minor positive
production for profit are installed in Lima, servimgQ n n J respiratory, diarrhoeal, intestina impact
households each and skin diseases 4)
Model 21¢ Partially subsidized | N0 health impacts anticipated Insignificant
composting at district level (0)
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8 Key findirEqwviofontmeeant al Asses

For the Environmental Impact Assessment (EIA), business model flow diagrams are used as a tool to
visualize both impact assessments. The EIA takes into consideratianttt® OKy 2 f 2 38 wHicha Sa avYS$
comprises an extensive literae review on technologies for resource recovery also identifying potential
environmental hazardsand measures of mitigation. Within the scope of this assessment, the
environmental impact of the business models are not assessed in detail, as informatfanility 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 fprashacts and the

respective determination of treatment goals. Such an eu@muawould 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-slane component, the feasibility of

business moded Ol yy2G 06S NIYy{1SRZI 4KAOK A& GKS NBlrazy ¥
FSIFaAOAfAGReED ' fOGAYIGStEeY GKS AYLI SYSylUAy3d odzaAiysS
hazards, which will results in little, or no environmental irtipa

Table15 provides a summary for alhe business models, the respective waste streams,-gmalucts
technologies, processes and potential enviramtal hazards, including proposed mitigation measures.

Detailed information is available the reports on Resource, Recovery and Reuse Project. From Research
to Implementation. Component 4 Technology Assessment. Bangalore, India; Hanoi, Vietnam;
Kammla/Uganda; Lima, Peru. February (2Jt Component 7¢ Health and environmental risk and
impact assessments of wasteuse business models: Lima, Peru.

55



Tablel5: Summary of business models under consideration for Lima

Business

Waste

Potential Environmental

Model stream Endproduct Technologies Process Hazard Mitigation measures
1 Gasification> E S;suf::z::n;echnolog|es 1 Gasification 1 Hazardous air emissions | { Air emission control technologies
Electricity g 9 1 Anaerobic digestion | 1 Residuals (tar, char, oil) | T Collection/Storage/Disposal at
2@ 1 MSW . 1 Multi-stage . " . . : . g
1 Biogas> 1 Biogas to electricity | 1 Solid residue (digestate) appropriate location
o 1 Batch : o o .
Electricity ) . conversion 1 Liquid effluent 1 Solid/liqud residue postreatment
1 Biogas conversion tech
1 Fermentation, Distillation
Technologies .
1 Single stag e T Fermentation, 1 Hazardous air emissions
1 AW i1 Ethanol g_ 9 9 Distillation . . : 1 Air emission control technologies
3 1AM 9 Electricit T Multi-stage 1 Biogas to electricit T Solid residuddigestate) 1 Solid/liquid residue postreatment
y 1 Batch gast Y 9 Liquid effluent q P
. . conversion
9 Biogas conversion
technologies
I Faeces . 1 Single stage 9 Air emissions . -
. . L , . . . M f
4 9 Urine T Efgﬁf fuel 1 Multi-stage 9 Anaerobic digestion | § Solid residue (digestate) g S(jlllig;ﬁnjir(ljcreegi dizaegzz:a?:gss:er
TFS g 1 Batch 1 Liquid effluent q P
1 Heavy metals in effluent | § Upstream monitoring of heauyetal
. and/or sludge from WW concentration
8 Tww E_’;Zl;te 4 WW Eiusz\(’:ﬁ?ﬁre 9 Pond treatment treatment 9 Monitoring of effluent and solids
q 1 Solid residue (sludge from | 1 Solid residue (sludge from WW
WW treatment) treatment) posttreatment
- . 9 Upstream monitoring of heavy metal
J EIeptncny 1 Conventional WW treatmen] § Conventional WW T Heavy metals in effluent concentration
T ww 1 Soil . and/or WW sludge N .
" technologies treatment . . 1 Monitoring of effluent and solids
9 Tww conditioner 1 Biogas conversion 1 Biogas to electricit T Solid residue (sludge from 1 Solid residugsludge from WW
sludge | Water (for 9 9 Y1 ww treatment) 9

reclamation)

technologies

conversion

1 Air emissions

treatment) posttreatment
1 Maintenance of anaerobic digester
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1 Conventional WW treatmen|

9 Conventional WW

1 Heavy metals in effluent
and/or WW sludge

1 Upstream monitoring of heavy metal
concentration

Tww 1 Biogas> mpludmg anaerob|c. treatment 1 Air emissions 1 Monitoring of effluent and solids
12 T WwW o digestion technologies ) - . . . .
Electricity ; . 1 Biogas tcelectricity | Y Solid residue (sludge from | T Solid residue (sludge from WW
sludge 1 Biogas conversion .
technologies conversion WW treatment) treatment) posttreatment
1 Liquid effluent 1 Maintenance of anaerobic digester
1 Conventional WW treatmen| T Groundyvatgr 9 Crop selection
N . contamination (heavy .
with limited nutrient 1 Upstream monitoring of heavy metal
. metals/pathogens) .
1 Water (for removal T Conventional WW 9 Contamination of irrigated concentration
13 T ww reclamation) 1 Slow rate infiltration treatment crons 9 9 Monitoring of effluent and solids
1 Rapid infiltration 9 Landapplication p . 91 2006 WHO guidelines
1 Solid residue (sludge from . .
1 Overland flow WW 1 Solid residue (sludge from WW
. treatment)
1 Wetland application treatment) posttreatment
T @;Zg:mlated inorganic 9 Storage/transport/disposal (sanitary
1 Solid/liquid separation 9 Leachate from compostin landfill
15 1 MSW 1 Soil {1 Dryin qbeds P 9 Cocomposting 1 Insufficient patho eFr)l g 9 Moisture control
TFS Conditioner ying . (MSW + FS) ) neient p 9 1 Leachate treatment
9 Cocomposting Inactivation
o 9 Temperature control (compost heap
9 Liquideffluent (from FS .
1 Posttreatment of liquid effluent
treatment)
T VAvc;cSt:?ulated inorganic 9 Storage/transport/disposal (sanitary
1 Solid/liquid separation 1 Leachate from compostin landfill
17 1 MSW 1 Fertilizer (NPK  Dryin qbeds P 9 Cocomposting 1 Insufficient patho epn g 1 Moisture control
TFS added) ying . (MSW + FS) ) neient p 9 1 Leachate treatment
9 Cocomposting Inactivation
o 9 Temperature control (compost heap
1 Liquid effluent (from FS o
1 Posttreatment of liquid effluent
treatment)
T VAv;(;l:gwulated inorganic 1 Storage/transport/disposal (sanitary
9 Solid/liquid separation 9 Leachate from compostin landfill
21 T MSW 1 Soil {1 Dryin qbeds P 9 Cocomposting  Insufficient patho err)1 9 9 Moisture control
TFS Conditioner ying (MSW + FS) P 9 1 Leachate treatment

9 Cocomposting

inactivation
1 Liquid effluent (from FS
treatment)

1 Temperature control (compost heap
9 Posttreatment of liquid effluent
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9 Key findings-Exfontohs sRocime nt

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 perspectivd. ihcorporates all the costs and benefits of the potential impacts
accruing from theeconomic, socialhealthand environmentakonsiderations. Therefore this primarily
involvesthe derivation of the monetary valuesf the direct and indirect, positive and negative effects

from the implementation of the business model. A comprehensa@oeconomic assessment determines
whether theall thebenefits of a particular busess model outweigh itsosts and thus supporta 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

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

1 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 operatiwn of
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 uscaled based on the waste resourceailable 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 daséma

- Step 2: Scoping of the potential impacts (social, environmental and health) based on the system
boundary. This step leads the definition of the parameters to be used in the socioeconomic
assessment.

- Step 3: Description of the technology fdnet 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 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 ratgeyest rates, inflation, taxannual write off,
insurarce, depreciation and debtquity 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 anthgtisn 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 dwmise for the health related parameters
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after having scoped the potential impact and the targeted population that can be impacted, DALY's
were used to measure the impact in value terms. The economic values of the DALYs were obtained
from secondary data soces 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 ad costs, Benefit to Cost Ratio (BCR) and the Rate of return on Investments (Rol).
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 asedatuatethe
NPV, BCR and Rol. Subsequently, a Monte Carlo risk analysis method was performed for the NPV
calculations using an Excel aitig @Risk.

The Monte Carlo risk analysis involved the following steps:

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

- ldentification of sources of uncertainty and key stochastic variables. Similar sources of
uncertainty as considered in the findat models were also assumed in the
socioeconomic assessment. However, in addition to technical development, change in
A2PSNYYSyil LRtAOEI AYyFilaGA2yS GFENARFGAZ2Y AY
and other various factors, other health and ewvimental 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.

- Runing 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 tisreei(l
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 fahe feasibility study.

Data limitations: As noteth the synopsi®f the financial assessmertince the RRR sector is nascent in
Peru, data access and availability were limited. This was enore critical for the socieconomic
assessment which reliedehvily 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 arfdderee 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 conterf 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 andeniéesl\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.
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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 entirewaste 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 alternatseenario proposes the introduction of the
business. The scale of operation for each of the businesses is based on two gspects

1 The availability of different waststreams in the perspective of Lima as derived from other
reference literature, reports andocuments; 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 finaranalysis of the operation. However, to
achieve the entire consumption of the wasteeams for the respective businesses, a linear
extrapolation of the scale of the business model assumed in financial analysis is utilized.

T

The followingable (Tablel6) indicateshe baseline and alternative scenarios and also describes the scale
of operation for the different business models in Lima.

Tablel6: Baseline and Alteative 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 Servict
Companies at Scale
MSW to Energy

Landfill gas is not
being utilized for
generation of

The alternative scenario assumes
utilization of the entire landfill gas
electricity production. The scale

Generation from own A(
industrial waste

scenario @snot
consider any
generation of
electricity from
livestock wastes

electricity considered for the sagionomic
assessment includes the entire M
generated in Lima.
ModeB: Energy The baseline The alternate situation assumes 1 In absence of the data a

farms with a herd size of 4,000 th
generates electricity from livestoc
waste

the number of pig fa
existing in Lima it is consid
that establishment of 10
farmswould be representa
scale for the city

Mode#l: Onsite Energy
Generation by Sanitatio
Service Providers

Feasibility sty was not undertaken

SystemBoundary for the

Wastewater models

ModeB: On Cost Saving
and Recoverycombined
energy, water and nutri¢
recovery

The WWTPs
existing does not
have electricity
production

9 WWTPs treating wastewater of
than 500MGD is considered for th
analysis

Model 8Beyond Cost
Recovery: the Aquaculti

example

The WWTPs amet
linked with ponds

16 WWTPs which are smaller in
capacity is assumed to be linked
ponds for aquaculture.

There exists 26 WWTPs in
Lima which is not being us
either for aquaculture or
electricity, fertilizer and

irrigation. The socioeconor
study assumes that the
smaller plants with than 50
MGD is used for aquaculty
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Business Models Base case Alternative Remarks

where aquaculture ard the rest plants are use
is practiced for electricity, irrigation ang
fertilizer production (since
plants with capacity less th
5000 MGD is economically
feasible for electricity
generation)

System Boundary for the Nutrient Models

Model 15 argeScale No Largscale The alternate scenario assume 8
Composting for Revenu| composting in Lin scale compost plants which can t
Generation up 600 tons of organic waste to
exhaust the entire organic fraction
MSW of the city.

Model LMHigh value Feasibilitstudy was not undertaken
Fertilizer Production for
Profit

Model 21Partially Feasibility study was not undertaken
subsidized composting i
district level

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 presentetlfisequent 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. Thalnanci

for the RRR business models are classified according to Energy, Wastewater and Nutrient models.

9.4.1 Energy Business Models

Tablel7 provideskey highights 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 Beneffost ratio (BCR) greater than 1. However, the chanm 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 gsibilities of losses based on the financial assessment of the model.
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Tablel7: Energy Business Models

Model 2: Energy Service Companies|
at Scale¢ MSW to Energy

Model 3 Energy Generation from own
Agro-industrial waste

Scaleof operation

NPV Financial (in USD)

NPV" Financial &
Environmental (in USD)

NPV Financial,
Environmental & Social (in
USD)

B:C Ratio

ROI

Power generation from the landfills
at the city level

3,761,904

15,297,902

50,646,571

9.28
321%

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

3,147,990

18,718,720

48,795,286

6.87
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 considerdg Treated wastewater for irrigation,
fertilizer and eergy, and (ii) Wastewater for irrigation and ground water rechaighlel18provides key

highlights of wastewater reuse business models. The scatebased 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.

Tablel8: Wastewater Reuse Business Models

Model 8:Wastewaterfed aquaculture

Model 9: Treated wastewater for
irrigation/fertilizer/energy ¢ cost
recovery

Scale of operation

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

B:C Ratio

ROI

17 small scale ponds are considered f 9 WWTPs which have a treatment

aquaculture. These ponds are linked t capacity of more than 5000 MGD per
day is being considered for the soeio

the WWTPs from which there is no
electricity generation

152,490

311,988

2,700,704

14.18
122%

economic assessment
(1,437,849)
83,747,518

110,880,671

7.33
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 comparedable19. This takte provides key highlights of
Nutrient business models in terms of the NPVs for the financial, environmental and societal netdbhenefi

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 saation 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.

Tablel9: Nutrient Business Models

Model 15: LargeScale Composting for Revenue Generatén
Model 21: Partially subsidized composting at the district leve

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

NPV Financial (in USD) 25,258,365

NPV" Financial & 143,483,439

Environmental (in USD)

NPV" Financial, 238,801,928

Environmental & Social (in

USD)

B:C Ratio 11.62

ROI 104%

** Calculated for life cycle term using Discount Rat& 2%

K =1,000

9.5 Summary assessment of financial feasibility of RRR Business
Models

Table20 provides a summary overview of the criteria used for feasibility of RRR business models for Lima
based on tle socioeconomic assessment. Three main criteria were used to assess the feasibikty
business model (i) BenefitCost 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 monetarterms. 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.t&lod Raestment (Rol)

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 oflifferent 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
modek. 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 performecdhtain 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 obtameddr

63



probability distribution of the NPV was taken as a benchmark for determining the feasibitigy.
probability distribution thus generated was utilized to find out the probability of the NPV value below the
benchmark (mean). The methodology used &fide the feasibility is as describedTiable20below.

Table20: Feasibility Ranking Methodology

P (NPV <NRVan B:C Ratig Rate of Investment (Ro| Feasibility
0 <P (NPV <NRM) < 30% >1 > 100%

30% < P (NPV <NRMW) < 50% >1 > 100% Medium
50% and above >1 > 100%
0 <P (NPV <NRM» < 30% <1 > 100% Low
30% <P (NPV <NRW) < 50% <1 > 100%
50% andabove <1 > 100%
0 <P (NPV <NRM» < 30% >1 < 100%
30% <P (NPV <NRM) < 50% >1 < 100%
50% and above >1 < 100%
0 <P (NPV <NRMn < 30% <1 < 100%
30% <P (NPV <NRM) < 50% <1 < 100%
50% and above <1 < 100%

Using the methodology defineid Table20, the RRR business models were assessed for their viability in
the context of the Lima city (shown Trable21). Basedn the criteria of assessment, it is found that the
energy models have a lower feasibility compared to that of the wastewater and theenutriodels. 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 thebability 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 thanRbbafi

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 ungdirly 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 Sxowipanies)

differ in the results.
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Table21: Synopsis of Socioeconomic Feasibility RRR Business Models

RRR Business Models P (NPVNPVhean B:C Ratio Rate of Feasibility
Investment
(RQOI)
ENERGY
Model 2: Energy Service Companies at 50.5% 9.2 321.6% Medium

Scale- AgroWaste to EnergyElectricity)q
8MW Profit Maximization Model

Model 3 Energy Generation from own 50.2% 6.87 126% Medium
Agroindustrial waste

Model 8: Phyteremediate wastewater 49% 14.18 122%

treatment and fish production

Model 9: OnCost Savings and Recovery 49.3% 7.33 146%

combined energy, water and nutrient

recovery

Model 15:LargeScale Composting for 50.6% 8.18 104% Medium

Revenue Generation 600 tons
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 ¢ Energy Service Companies: This business model has a lot of potential when we consider
electricity generatiorfor rural Peruwhere electricity is basic needAssociated 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 avoidedfom the MSW which is practically untappedhile the highest emissionsadim

the business model is from tHeakages frongasifier. In the present situation most thfe MSWfinds its

way to the landfills and open dumpsites. However, as the financial analysis indicates that larger scale
plants are very sensitive to price of elgcity for feedin-tariffs whichwhen coupled with the societal

benefits provides impetus for the feasibility of the model.

Model 3 ¢ Energy generation from own agindustrial wasteg Livestock waste to energy: This business
model has a medium feasibifitbased on the socieconomic assessment of the model. The societal
benefits are particularly high for the model boosting the benefist ratio for the business. The primary
benefits accruing to the business arises framifsufficiency in electricityand also reduction in the
wastewater ruroff with a high BOD content from the farms.

Model 8 ¢ Wastewaterfed aquaculture (astewater treatment and fish productignin the plyto-
remediative process it is assumed that the wastewater treatment plantsa@yreaists 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 rearish in these ponds. At the same time, the potential undesirable outputs from
wastewater can be flushed off during natural treatment.

Model 9¢ On Cost savings and recovery: It is being assumed that the wastewater treatment plant exists

and additional inestments 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 costhile the benefits like irrigation and
groundwater recharge are more favable. 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 issubstantial amount of reduction in surface and groundwater which has indirect costs
associated intetemporally. In addition there is also a potential of earning benefits due to reduced GHG
emissions and savings incurred in using compost as a soil aamtehich 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 tdhe research on health effects both on consumers and farmers consuming food irrigated
by wastewater and producing food irrigated by wastewater respectively.

Model 15¢ Large scale composting for revenue generation: The financial analysis shows that large sized
compost plants of 600 tons/ddg highly feasibleThe socioeconomic assessment consideredthiaints

of same scale for absorbing the waste of theg/.cithe economic feasibility of the model is similduityh

mainly due to the facthat there are savings in terms of GHG emissiditds model also has societal
impacts through soil amelioration and increasing the farm income in future years with highes wihen

used in conjunction with chemical fertilizers and ultimately also reduces the use of the fertilizers helping
the solil to retain nutrients for a longer period of time.
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10 Synthesis of Feasibility Stu

This section presents the overall synthesis and ranking of the potential feasibility of the selected business
models forLima The notion behind the ranking of the RRR business models pisotéde different
stakeholders, in particular, investors with aneoview of the potential feasibility for implementation of

the business models. In particular, it provédasights onthe constraints if any, possibly related to key
resource factors such as land, investment, finance, etc., and the level of risk ssdedgtattheirpotential
investments It is important to note that this is an overview assessment and any actual implementation
will require a detailed eante assessmentparticularly related to the environmental impact given
information on site specifict 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 assellesd¢ targets are:a)
profitability/cost recovery, b) social impact, ¢) 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 tRRRusiness models was based on a ratitéria
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 eah RRR busingesnodel. The criteria were:aste supply and availability, institutional,
market, technical, financial, health & environmental, and s@gonomic assessment. It is to be noted
that the results from the different components are embedded asddito develop and conduct the so€io
economic assessment, in particular, the financial and health & environment assessment which form the
basis for the soci@conomic analysed€£ach business model was assessed based on the seven criteria
listed in the MCAramework and subsequently evaluated for its overall potential feasiltifised on a 4

level ranking systemi.e. whether it hag potential of

B No feasibility [ | Lowfeasibility [ Medium feasibility [ High feasibility

The methodologydeveloped uses a stepise screening hierarchy and screening criteria to assess how
the feasibility of the different business models rank in comparison to each other based orldhel 4
system outlined above.
9 Screening hierarchyhe 7 criteria each hawedifferent 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:
0 Waste Supply & Availability Imstitutional > Market > Technical > Financial > He&lth
Environment > Socieconomic assessment

1 Assessing the 'No' and 'Lawéasibility ranksAs noted in the screening hierarchy, of the 7 criteria,
the 'Waste Sipply &Availability and 'Institutional’ assessment have the highest weightage and
related impat 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 thallaws 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 Sipply &Availability' OR 'Institutionalassessment
indicatethat abusiness model (BMisa b 2 G ¥ S| Arfegpéctvé othie beslilis of
the other criteria, the implementation of the RRR business modeioissiderednot
feaside. If not, then we subsequently checkfor] 26 TSI &A0Af A(G&¢ o[ COU
A If either results from the WasteuBply & Availability OR hstitutional analyss
indicatethat a business model has; thenirrespective othe results ofthe other
criteria, the implementatia of the RRR business modeatamsidered to havéow
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 hidp 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 eria to have medium or high
feasibility:
o If MarketisNFirrespective of results of subsequent lower hierarchy criterion,
then BM = NFelse move to next criterion in hierarchy
o If Technicals NFirrespective of results of subsequent lower hierarchy ciitey
then BM = NFelse move to next criterion in hierarchy
o If Financialis NFirrespective of results of subsequent lower hierarchy criterion,
then BM = NFelse move to next criterion in hierarchy
If Health & EnvironmenisNF, thenBM = NFelse move tanext criterion in hierarchy
o If Socieeconomicis NF, thenBM =NFelse check to assess LF

0 Assessing LF from Market, Technical, Financial, HeBlvif®onmentind Socieeconomic
components, the following rules were applied:

A If Market is LFirrespective of results of subsequent lower hierarchy criterion,
then BM = LFelse move to next criterion in hierarchy

A If Technicalis LFirrespective of results of subsequent lower hierarchy criterion,
then BM = LFelse move to next criterion in hierarchy

A If Financialis LFirrespective of results of subsequent lower hierarchy criterion,
then BM = LFelse move to next criterion in hierarchy

A If Health & EnvironmenisLF, move to assessment of medium of high feasibility

Assessing medium feasibility and hifipasibility: The RRR business model will be assessed for
medium or high feasibility, once the business model has gone through a cyaolefeasibility'
and 'low feasibility for all the criteria along the mentioned screening hierarchy and as per the
rules described for assessimyp feasibility'and low feasibilityTo asseskledium feasibility (MF)
andHigh feasibility (HFdf RRR business modedlse Waste SupplgAvailability and Institutional
criteria has to bef either medium or high feasibilitgnd thenthe following rules are applied:

o If Market is MF, irrespective of whethefTechnical Financialand Socieeconomicis

either MF or HFthenBM = MF
o If Market isHF, Technicals MF, Financialis MF, Socieeconomicis eitherLFMF or HE

BM = MF
o If Market isHF Technicalis HF, Financialis MF, Socieeconomicis eitherLF,MF or HF,
BM = HF

o If Market isHF Technicalis MF, Financialis HF, Socieeconomicis eitherLF,MF or HF,
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BM = HF
o If Market isHF, Technicals HF, Financialis HF, Sociececonomicis eitherLF,MF or HF,
BM = HF

It is assumed that for the Health & Environmental assessmoterion, irrespective of its results

as LF, MF and HF, it will not dictate the final RRR business model viability for implementation as
risksand associated mitigation measurage incorporated/ captured itboth the technical and
financial feasibility; as is for the soggonomic assessment. The methodology rules described
above is captured as a snapshofliable22 below.

Table22: Methodology for the Ranking of the Feasibility of the Business Models

Waste Institutional | Market Technical Financial Health & Socio- Feasibility
supply& assessment |assessment |assessment |assessment | Environmental Economic | Ranking
availability assessment assessment

Irrespective of feasibility for these components

Irrespective

Irrespective of feasibility for these components
Irrespective of feasibility for these components

Medium and/or High Irrespective of feasibility for these components

feasibility

Medium and/or High L, M, H Irrespective of feasibility for these components

feasibility

Medium and/or High L, M, H L, M, H Irrespective of feasibility for these

feasibility components

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

feasibility of feasibility

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

feasibility

Low Irrespective of the feasibility for these components

Irrespective | Low Irrespective of the feasibility for these components

Low Low Irrespective of the feasibility for these components Low
Medium and/or High Low Irrespective of the feasibility for these components feasibility
feasibility

Medium and/or High L, M, H Low Irrespective of the feasibility for these components
feasibility

Medium and/or High L, M, H L,M, H Low Irrespective

feasibility

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

feasibility

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

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

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

feasibility

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

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

10.2 Synthesis of feasibility ranking of business models

The overall feasibility of the selected business models are presentédhie23 below. It is noted that

the 'wastewateruse for irrigation, energy and nutrient recovdrysiness model has the highest feasibility

for Lima'; thenutrient business modefMSWbased compostand energy business model (MSW for
electricity generation) hava medium level ofeasibility. 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 streaarsd institutionof supportive policies).

Model 2a- Enegy Service Companies at ScaM3Wto electricity):

The resultshowedthat the proposed business modeahs potential for implementation in Lima aoduld
work in the contek of the energy market of Perwhere hydroelectric and #rmoelectric plants
predominate. From the market perspective, it is important to note that wastenergy entitiewill have

to compete in the market of noonventional reewable energies (relevant market), where wind and
solar energy are prevaleriVhilst these are critical factors to be considered, Lima has separatular
advantages in place such as the availability of inputs to pm@duergy, lowcost technologiesa high
potential to produce technological change aadigh probability of replacement when energy sources
such as diesel, wood, batteries (usually more expensive) are prevlléntlso important to note that
whilst onlya small percentage of the poptilen in Lima still lacks power or still live in remote rural areas,
their sources foelectricityare based on noonventional sources, in tharder of: 1)solar,2) mini-hydro

or 3) biogas at a domestic scal€his thus represents an opportunity that wago-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
(mainlyhydropower). 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 coalThePeruvian government is makiag effort to promoterenewable energyechnologies
through an auction mechanism that ensures competition between several alternatives. Thus, it is not
Sy3aFr3aSR Ay LINBY2GAYy3 | LI NIGAOdzZ I NJ TAYR 2F Ff G4SNy
to innovate and produce technological changes between each auction. The goal is that, by 2021, Peru will
be producing 5% of its energy from roanventional sources it is currentlyat 2.5%. It is here where the

main chances of financing theisiness modeés. 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 Nationajriaiied Electricity
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System (SEIN) may be prohibitive for small projects, the stability of the regime (a third auction will happen
in 2015:11l) allows lonterm investors to compete and reduce costs, while promoting technological
change and innovation in oed to help making these technologies more profitabfgom a financial
perspective the analyses indicated that largscale plantsare feasible but highly sensitive to the sale
price of electricity.Additionally,the businessanodel showedincreasing viallity with increases in the
equity component of the investment.

Model 3- Energy Generation from own Agrimdustrial Waste (agrewaste to electricity):

From a financial perspectivehis is the only business model with complete private ownership. The model

is based on energy savings aady excess energgeneratedis sold to neighboring households and
businesses. The agwaste generated from any medium or large agmdustry istypicdly sufficientto
coveranyinternal energy requiremeist The analysishowsthe business to hava 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 siness hardly has any variables that dictate its viability, however plant operation
days and electricity pricenaydictate the extent of profitability.

Althoughthere issignificant availability and easy access to inputs (@gste, in particular jg marure),
and the model shows a high financial viabilitye results show that this business model as a low level of
feasibility for implementation. This is mainly drivensbweak legal framewonkhich islimited to energy
generation from agrewaste, in gengal andbio-fuels without a focus on animal wast@hereis thus no
direct policy frameworkand standards or technical regulations in plat&t support theimplementation
of thismodel This may be due to the novelty of waste reuse (gap in legislatiahjhe city's priorities as
on the other handthere are nolaws/regulations thatwvould represent a threato the business either
There is currently mknownbudget or financial support from public entities aalllexisting initiatives are
covered by priate investment (on a very small scale and generally forcegléumption).There is a
general notion that publimistitutionsmay not beinterested to promote the moddbut there is a general
interest from manure generators for osite reuse.Thus, an impved enabling environment from an
institutional perspective will generally improve the feasibility of this médel

Model 4- Onsite Energy Generation yanitation Service Providersgé@cal sludge to energy

The infeasibility of this business model iainty driven by the fact thatima is predominately covered
with sewer systems (90&bveragg¢andhas verjimited onsite sanitation coverage (6%). The public toilets
in Lima are mostly connected tbe centralsewer system. The onsite energy generationshyitation
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 connectedilte sewers, thus limiting the
availability of the sludgeThere arehowever very few experiences covered by ECOSAN toilets and FS
generation and collection is generally 18w Additionally, here are no regulations, laws or any
governmental policies that directly or indirectly promote and/or support this model. Mm@ limiting
factoris that the law establishes that sludge from WWTPs is considered a hazardousThastbey law,
sanitation service providers are required to stabilize the sludgsinand then, transport it to the
sanitary landfills for proper disposdhiven these institutional constraints atichited onsite sanitation
systens, this business mode$ not weltsuited for thecontextof Lima

9From a market perspective, given that the emaduct is electricity the conclusions elaborated under Modai€2also applicable

to model 4.

1%However, access to toilets services may be required particularly in the slum areas. There are some businessefRsunteas X
that have implemented this business model.
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Model 8- Beyond Cost Recovery: WastewatBrd Aquaculture

Wastewaterfed aquaculture is becoming a major lixelod strategy for many municipalities looking for
wastewater treatment and costavings options in Lima, Pefithe results show that generally consumers
are willing to pay for wastewatefed fish howeverit is important for new wastewatefed fish busineses

to consider the provision of a fish product with clear Idipg on source and additive informatiomhe
concern of market acceptability is minimal as consumers are rarely aware of the source of water used for
aquaculturelt is noted thatwhilstentryinto 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 follolwgd 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 treatemt pond. From a financial perspectivehé businessof
wastewaterfed fishis 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 unviableAlthough the market and financiatdicators suggest potential feasibility of

this model, the overall feasibility of the model is limited by the institutional environm&here are
existingregulations for providing authorizations for reusing treated wastewater for irrigation but not for
aquaculture.Additionally, here are ncexistingtechnical rules or standardsor policies or incentives that
supportthiswastewaterfed aquaculture Given the importance of thimstitutional and legal environment

for the implementation of this model, therwill be the need for a revision of the policies and regulations

to incentive the implementatiorin such initiatives, especially givémat this model has the greatest
potential for having a positive impact from a reduction in exposure to pathogens ancoity levet.

Model 9, 12 and 13 On Cost Savings and RecovéWgstewater use for irrigation, nutrient recovery

and electricity generatioi'?

The high feasibility for implementation of this business model is driven key factors related to: a) high
financial viability b) supportive institutional environmersnd c)wastewater availability and acce3here

is significant wastewater generated and treated in Lima (at ap@08.Million Litres per Day (MLD) of
treated WW) that can be reused at some levAlthough treatedwastewateris alreadyin usein the city

(in almost 12 of the 26 WWTPs, concentrated in the southern part of the city), the majority of the treated
wastewateris discharged into the sedhis is similar fotreated agreindustrial wastewagr (~12 MLD
mainly from dairy and beer production), whidk discharged into the city rivers (Huaycloro and Rimac)
and couldbe divertedfor reuse.

Business model 9 is noted to be the most feasible, particularly for projects of medium and small scale
as®ciated to irrigation in the districts of Lima. However, depending on who demandgréhted
wastewater one must take into account the aims and objectives of the projetative, some ofwhich
arejustifiable in the grounds of public interest.

1t has, however, to be noted that this only appliethe wastewater (untreated or treated) used is compliant with national and
international quality requirements regarding toxic chemicals.

12Bysiness models 9, 12 and 13 were initially considered as separate models. However based on the concept behind the business
models and the mulicriteria framework used for the analyses, they were combined into one business model with different
scenarios. The concept underlying thedsusiness modaslis 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 energyrfal int
purposes rsulting 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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- SEDAPAhas clearly signaled its priority of reducing pollution and damage to health through
treatment of wastewatert a public good component. While the price structure suggests a bias
towards offering cheaper rates for agricultural purposes, it is possibletease 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, kkbpromote investments iwastewater 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 firigate the parks they administer in the city. However, these plans must be aligned
GAGK GKS yS¢ IRYAYAAUNIGA2YQ LINAZ2NARAGASEaD LG aK2
since previous commitments with the previous administration hlagen 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 investmertie country clubs, schools and other
private entities with large green eas are also potential users of treated wastewater for irrigation,
although with similar cautiotéHowever, the feasibility of supplying treated wastewateill
dependon the length of the canal or pipeline and pumping costs to deliver the water to itsroas
segment.

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

The financial analysis of this model focused on the reuse componentidmbdtake 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 reovery is the sale of treated wastewater for irrigation (or industry) or sale of
sludge as soil condition¥r In the event of a drought or water scarcity, there is the possibility of increased
willingness to pay for treated wastewater and in the casemflwhich is one of the driest regions in the
world, perturban agriculture could significantly benefit from 365 days of water. Alternatively, the
treatment plantcantarget 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 gCthe 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 reamponent of the
investment is paid back, it will help significantly improve the operation cost recovery of wastewater
treatment plant.

Model 15- Large scale compoistg for revenue generation antodel 21- Partially subsidized
Composting at District&vel (MSWbased compostp

Bt is important to note that anfealth risks assiated withthis business modelan be mitigated with a reasonable set of

control measures

14We acknowledge that these assumptions désa the riskiest aspect of this business model as farmers rarely pay for freshwater

in developing countries and to sisme 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 mulicriteria framework used for the analyses, they wemmbined into one business model with different
scenarios.BM 15 and 21 are similar in concept in terms of the-pnaduct (MSWbased compostand waste streanfMSW) In

that regard, the waste supply and market assessma&as conducted forone waste stream (MSW) andne end-product
(compost). Similarly, the technology used is the same for both models given the same waste stream-prabantd For the
institutional analysis, the results for the moesdecific assessment resulted in the samaifigs 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 contexfhe feasibility is driven mainly by:laph financial viability, b) supportive
institutional and legslative environment, c) significant market demand andadilable technologies.
There is a significant quantity of waste generated however this is collected in an unsorted form from
households and market§ood market waste may be an alternative sulste 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 defoahtE\Wbased compost in Limé.is
expected that44% of allhouseholds with planfgreen areaswill be willing to pay ér compost (126,236
households); with a willingp-pay between 22.5 Sol/Kg. The estimated demand from households for
compost is25,163 tons/yearOn the other handabout 14% of farmes are alreag using compost as a

soil input and hence a conservativdemandestimate 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 igglvantages the remaining 86% of tfa@mers 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 yeailhe market structure assessment revealed thia¢ rganic 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 iganic food demand (currently mostly related tloe external market
demand).A premium for organic fertilizes is found in some niche markets, but the fertilizer market is
generallya price-taker and also very volatild.ima asa main potential market fororganic fertilizes is
moderatelyvalid, 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, mainlyfor organt agriculture for exports, and they are expecting futgrewth 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 othe waste processed ineases, the feasibility of the compost production plant
improves.Thedebt to equity ratio plays a significant ralethe viability of the busineds.is important to

note however that the decision of a business to operate at a certain scale will be die¢erfoy several
factors: a) demand, b) price of the compost, ¢) economies of scale, among dtfieitst the current
production levels of compost is unknown, it is clear that the compost sector is a burgeoning industry with
some entry barriers but suppovi and existing policies encouraging business development.

Model 17- High value fertilizer production for profit (faecal sludgeased compost)

Similar to business model 4d infeasibility of this business model is mainly driven by the factltimaa
is predominately covered with sewer systems (9@®&veragé and has verylimited onsite sanitation
coverage (6%). The public toilets in Lima are mostly connectétetoentralsewer system. The onsite
energy generation by sanitation service provider busimaesgel can be initiated by either an enterprise
running a toilet complex or residential institution. In both cases the toilets are not connectéteto
sewers, thus limiting the availability of the sluddéere arehoweververy few experiences covered by
ECOSAN toilets and F&hgration and collection is generally I[8wAdditionally, here are no regulations,
laws or any governmental policies that directly or indirectly promote and/or support this modenaime

conducted for 1 model (MSWcompost) with different scale&0 and 200 tons for model 21 & 70, 20@da600 tons for model
15). Given the ab®y the overall feasibility wasombined for both model45 and 21

16However, access to toilets services may be required particularly in the slum areas. There are some businessefRsunteas X
that haveimplemented this business model.
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limiting factoris that the law establishes that sludge from WWTPSs is considered a hazardousaste.
by law, sanitation service providers are required to stabilize the sludeg@terand then, transport it to
the sanitary landfills for proper dispos@iven theseristitutional constraints antimited onsite sanitation
systens, this business mode$ not weltsuited for thecontextof Lima

Table23: Overall feasibility ranking of the business models

Level of feasibility of the businesmnodels

Ranking
criteria

Outputs

ENERGY

WASTEWATER NUTRIENT

BM2a | BM3

Waste supply and availability

Market assessment

BM9, 12,
BM4 | BM8 13" BM15& 21

Institutional analysis

BM17

Technical assessment

AW RFLINPF

Financiahssessment

Health risl& impact
assessment

Environmental risk and impac
assessment

Socieeconomic assessment

Overall ranking of BM

b
> >>>>>>>>>E
Q.

sludge to organic fertilizer)

N/C

BM 2a:Energy Service Companies at Sdsl8\(Vto energy)

BM 3: Energy Generation from own Agnaedustrial waste (agrevaste to energy)
BM 4:0nsite Energy Generation by Sanitation Service Providers (faecal sludge to electricity)
BM 8:Beyond cost recovery: wastewatéad aquaculture
BM 9:0n Cost Savings and Recovgvgistewater use for irrigation, energy and nutrient recovery)
BM 12:Wastewater treatment for carbon emissions reduction
BM 13:Wastewater treatment for irrigation
BM 15:LargeScale Composting for Revenue Generation (municipal solid waste to compost)
BM17: High value Fertilizer Production for Profit (combination of municipal solid waste and faecal

BM 21.: Partially subsidized Composting at District Level

N/C

1’Based 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 waste which are farmers and

directly estimate their willingnesw-pay and thus the notion of a low willingnegspay was based on the fact that some farmers
I 00Saa oL GSNIFG I €26 GFNRTFTF

regulators have not placed a reference value of reutilizing wastewater. Given the data limitations with the market asséssment

F'yR (KSNB idévelopetkNibrkeyand carrent 2

was important not to limit the final feasibility assessment based on a possibly biased maskesment, especially given the
growing demand for wastewater for irrigation of green areas in Livhaicipalities and private clubs need water to irrigate their
landscaping and save money after legislations changedulting in them now paying commerciedtes for water. Their

willingness to pay is expected to increase if accessing treated wastewater implies savings in the long term. In this gituatio

would also be key to analyze the case of SERPAR which is responsible for zonal parks. Anotheiitpppastsnwith the
implementation of the Urban Development Plan for Lima and Callao 2035 (PLAkpared in the previous municipal
administration.
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Legend

Medium feasibility
Low feasibility

N/C = Assessment not conducted
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11 AnnexLilnki ng Research and Bu

Devel opment

An online platform called Specific Topic Entry Page (STEP) for Business Development in Resource Recovery
FYR {FFTS wSdzaS 6a{ ¢ 9t hitpa/www.sslzé nip/Sadedory/Sté@ Dhsddsdy Sy i ¢ >
development/rr-businessdevelopmen) was developed. It reflects, combines and makes available in a
concise ad comprehensible way scientific insights andtaglate research results obtained from the
feasibility studies and providesntrepreneurs the needed technical and business strategy tools to support

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

or resource management sectdro help empower the private and public sectotima a 6day 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 30"Octoberto 6™ November 204. The BMDT was completed &y 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

INSUMOS PROTEICOS DE CALIDAD PARA
LA ADECUADA NUTRICION ANIMAL

®* A proteinPLUS
E

Production @ flour PROTEIN PLUS for animal food from hatchery waste
a high content of protein, Ca and P and high digestibility.

VilmaVilca, Fertipez

o\
T

Production of organic fertilizer from fish waste FERTIPEZ, rich in nut
for agricultural productiorfavocados and olives)
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Jesusa Palomino, Agua Ecosan Peru

Flor..

Fertilizante Liquido Organico

Production of liquid fertilizer FLOR PNK, which is rich in NPK
micronutrients, that ensures organic certification and the wellbeing of
coffee ecosystem

Cecilia Vasquez,-Runner

Xerunner

Programs for the recovery of impoverished soils by the applicatiol
BIOGREEN, an organic soil conditioner with high nutrient availability
water retention.

Paul Pucuhuaranga, Selvandina

- Selvanding

Qlimentos Orgdnicos

Production of Fertiliz&, a biological fertilizer fronbio-digestion of sheef

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

Gustavo Huamani, Green Garden

GREEN GARDEN

E

ME fortified compost production from organic waste generated in
markets located in Lima.
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i RECICLAJE ARSEMIM

L Integral solid waste management service, with an emphasis on collec
segregation, processing and marketing of 10 kinds pép#or export.

Collecting solid waste and transforming into souvenirs and decor:
articles for Corporate Events.

Hugo Gurrionero, CER

Consulting company in RRR, specialized in the desidrimplementation
of matchhmaking communityindustry development projects.
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12 Ann&x MCA Fr amewor k

The MCA framework used consists 7-component criteriawith 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:

Waste supply and availability

Market assessment (demand quantification and product market assessment)

Technological aspects (waste transport, storage, valorization, process and product safety)
Institutional and legal settings and pubdicpport

Financial feasibility/viability assessment

Health and environmental risk assessment

Socieeconomic impact assessment (valuation of economic benefits and assessment of
additional externalities)

NogahswbdpE

The MCA builds on the assessment of a set of caiterd 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 supphand availability(access): There is a perception that waste is abundant in urban
cities and supply limitations are uncommon. However preliminary observations indicate that different
A2PSNYFyOS aeadSvya RAOGLHE GS,whighh&mMidatond foNdccadsibildy, 2 F G K
@ AflroAfAGe YR K2g STFAOASY(H GKS o0dzaAySaaQa LINE
SELX FAYAY3 | FANYQE odaAaAyS&aa Y2RSt a | 0O0Saa (2
production. Alequate 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 ovineswaste 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)
¢CKA&E ONAGSNR2Y A& LI NLGAOdzZE F NI & AYLRNIIYyG Ay SELX |,
may be the key driving force of busindagure. The market assessment provides pertinent information
on key elements of thbusiness model: value proposition, key resources, cost structure, revenue model,
customer relations and customer segmenibe estimation ofarket demand implicitly prodes 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 id@pting 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 businesseirisctructured).

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 techalioptions for its energy requirement, related costs, repair sensitivity,
supply chain, level of expertise available/needed, etc. This criterion is particularly important in explaining
I FANNQA o0dzaAAYySaa Y2RSt | & K SesduBedfet yha lidsirfess.ITNE OS & &
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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 criteyn 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, et

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 resdheeiuccess or fare 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 m&j constraints to business stamp. Key questions addressed include: ownership
of operations, acceptance by local community, the institutional-uggt linkages, dependencies,
agreements and decision pathways.

5. Financial feasibility/viabilityassessment
This criterion assesses the financial viability of the business model. Given a myriad of factors including but
not limited to cemand, cost structure, macroeconomic factors, etc., is the business model financially
viable?This assessment evaluatéhe investment and production costsgraings, 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 businessdilyavieible (brealeven;
profit-generating)? Can the product be produced eefectively with positive profits and under what
conditions? Is the business financially viable and under what conditions? Is the firm operating at an
optimal production capacitpased 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
valueadded product. Risks (i.e. occupational and consumer) and risk mitigation processes should be
assessed across the waste chain (sanitation and s@bste 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 pgpvidin
services along the waste chain? What are the health risks associated with the handling and processing of
the particular waste input used?

7. Socieeconomic impact assessment
This criterion provides an assessment of the societal and environmentalitsegned costs resulting from
the RR&R activityl his criterion assesses the seeimonomic impact of the business model based on the
valuation of socieeconomic, environmental and health benefits and costs associated with the model and
anyadditional extenalities.
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