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THE ENABLING ENVIRONMENT AND FINANCE OF RESOURCE RECOVERY AND REUSE
Businesses are influenced by policies, plans and regulations, trade agreements, institutional setups 
and strength, access to finance and subsidies, technology, matching partners and availability of land, 
and local infrastructure, which all may facilitate or hinder business sustainability and scalability, also 
in view of resource recovery and reuse (RRR) (IFC, 2013; Otoo et al., 2016). In addition to these more 
formal factors, social norms, business culture, as well as local preferences, expectations, environmental 
awareness, knowledge and perceptions can be powerful aspects of the business enabling environment. 
The creation of an enabling environment by central, provincial, state and local governments, the private 
sector, and civil society organizations thus provides the necessary basis for a business to grow. As this 
goes beyond what the business model canvas does address, it deserves its own chapter.

Common drivers of success for investments in RRR are (i) market demand, driven by resource scarcity, 
like declining water reserves or soil fertility, and (ii) environmental legislations demanding safer and 
more environmentally sound waste management. Examples are waste disposal limitations, recycling 
obligations, and carbon emission reduction targets. Both drivers are important but seldom sufficient 
conditions for RRR success. The first usually creates a market space for the sale of RRR products, 
while the second pushes for waste prevention, less dumping on landfills, and investments in alternative 
practices to safeguard environmental and human health. These elements can be seen as ‘push-and-
pull’ forces for RRR and their relative importance may vary according to the context or the business 
model. However, compared to resources like glass, metal or plastic, the organic waste recycling sector 
is less driven by (in/formal) market mechanisms. Competition from (subsidized) chemical fertilizers and 
fossil fuels is fierce and hinders the development of market opportunities for compost and renewable 
energy (Matter et al., 2015). In the case of water reuse, the commonly subsidized freshwater tariffs 
strongly limit revenue expectations from wastewater sales. All this puts additional weight on the role 
of policy incentives to support the valorization of nutrients, water and biomass for a circular economy.

Table 65 shows how selected enabling conditions for municipal solid waste (MSW) composting 
can differ among countries in South Asia. While data will have changed, the comparison shows the 
importance of country specific information.

Another important factor is that the RRR value chain cuts across various sectors, which include 
sanitation/solid waste management, environmental protection, health, renewable energy, food 
security, and private sector development involving different ministries and levels of governance. Table 
66 shows examples of governmental responsibilities in the domain of organic waste management, 
which however, are seldom organized under a dedicated framework.

In the following sections, four groups of key factors of the enabling environment for RRR will be 
addressed in more detail:

Policies, regulations, and guidelines.
Finance and financial incentives.
Technologies matching resource constraints.
Local capacities and stakeholder acceptance.

19.1 Policies, regulations and guidelines
Over the last few years, Europe is spearheading policies and regulations in direct support for the 
circular economy (Box 17). Although in most low- and middle-income countries the value of water 
reuse is equally recognized in national water policies, for example, they often fail to define related 
standards, guidelines, or national targets. Also, international support is limited, with the exception of 
the World Health Organization’s guidelines (WHO, 2006a, b) and the related Sanitation Safety Planning 
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Manual (WHO, 2015) for the safe reuse of wastewater, greywater and excreta in agriculture and 
aquaculture. This situation is likely to change under the peer pressure of the Sustainable Development 
Goals; in particular targets 6.3 and 12.5 demand more attention to waste reduction, recycling and 
reuse, in support of a circular economy.

As the WHO example shows, policies and regulations are not only important to support the business 
side of RRR but also to maintain operational safety for workers, customers and the environment 
wherever resources are extracted from potentially harmful waste. As many waste-related policies were 
originally designed to protect the public and the environment, they can be very cumbersome in their 
support of RRR. A 2016 report for the European Commission3, identified such regulatory barriers within 
EU directives, legislations, and regulations, such as the lack of (clear) definitions and an overemphasis 
on safety than resource recovery.

When biosolids are, for example, defined as solid waste rather than as a renewable fuel, it will be 
difficult for biosolids-to-energy projects to benefit from renewable energy incentives. In a similar 
way, the European Waste Framework Directive does not recognize the potential fertilizer value of the 
digestate of anaerobic biogas production, while the EU Fertilizer Regulations are so far missing to 
recognize organic fertilizers (a gap which is under revision).

Another example is the encouragement of phosphorus (P) recovery but the slow pace of acceptance 
of recovered P (in the form of struvite) as fertilizer. In fact, what is needed in all RRR cases are clear 
criteria to determine the “End of Waste status” of the recovered resource (see Chapter 13 and Model 
16) that for example, struvite can also be traded across borders as a (new) raw material without the 
need to comply every time again with sanitary regulations.

The International Solid Waste Association (ISWA, 2015) call in this context for a new ‘regulatory 
construct,’ moving from waste as a harmful substance for disposal to the management of ‘materials 

Box 17. Netherlands approves Circular Economy 2050 strategy

On 5th October 2016, the Netherlands national Circular Economy program till 2050 was 
presented to Parliament. The program fixes an interim objective of 50% reduction in raw materials 
use (minerals, metals, fossil fuels) by 2030, and an objective of 100% sustainable, non-polluting 
use of raw materials by 2050. ‘Biomass and food’ is one of the five priority areas identified in the 
program. Actions specified to address this priority area include reducing food waste, sustainable 
agri-food- and biomass value chains, development of alternative protein sources, recycling of 
food industry residues, soil quality and increasing soil carbon, precision farming, and closing the 
loop for nutrients.

But also, other European countries are getting active: Switzerland was in 2016 the first European 
country to make phosphorus recovery and recycling from sewage sludge and slaughterhouse 
waste obligatory. Germany is expected from 2018 on to make phosphorus recovery obligatory for 
larger sewage works, and Austria drafted in 2017 a new legislation on P recovery from municipal 
wastewater (see Chapter 13).

Source: https://www.government.nl/documents/policy-notes/2016/09/14/a-circular-economy-in-the-netherlands-
by-2050 (accessed 4 Nov. 2017)
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TABLE 66. COMMON ROLES AND RESPONSIBILITIES OF SELECTED RELEVANT MINISTRIES 

MINISTRY OR 
ORGANIZATION

COORDINATION 
COMMITTEE

STRATEGY, POLICY, 
RULES, AND 
STANDARDS

PROMOTION 
OF SOURCE 
SEGREGATION 
OF WASTE

FEED-IN TARIFF FOR 
WASTE TO BIOGAS 
OR ELECTRICITY

MOA X X

MOE X X X

MOEF X X X

MOF X

MOI X X

MOUD/MOLG X X X

ULBs X X X

IPNS = Integrated Plant Nutrient System, MOA = Ministry of Agriculture, MOE = Ministry of Energy, MOEF = Ministry of Environment 
and Forests, MOF = Ministry of Finance, MOI = Ministry of Information, MOLG = Ministry of Local Government, MOUD = Ministry of 
Urban Development, PPP = public-private partnership, RDF = refuse-derived fuel, ULB = urban local body.

Source: ADB, 2011; referencing Waste Concern.

TABLE 65. STATUS OF ENABLING ACTIVITIES IN BANGLADESH, INDIA, NEPAL, AND SRI LANKA

COUNTRY COORDINATION 
COMMITTEE

STRATEGY, POLICY, 
RULES, AND 
STANDARDS

PROMOTION 
OF SOURCE 
SEGREGATION

FEED-IN TARIFF FOR 
WASTE TO BIOGAS 
OR ELECTRICITY

Bangladesh Proposed Rules under 
preparation

Pilot Project started No

India Proposed Yes Partial Yes

Nepal No No No No

Sri Lanka Yes Yes No No

IPNS = Integrated Plant Nutrient System, PPP = public-private partnership, RDF = refuse-derived fuel.

Source: ADB, 2011
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IN ORGANIC WASTE MANAGEMENT FOR RRR THROUGHOUT SOUTH ASIA

TIPPING FEE 
FOR ORGANIC 
WASTE-
RECYCLING 
PLANT 
OPERATORS

PROVISION 
OF LAND FOR 
ESTABLISHMENT 
OF ORGANIC 
WASTE-
RECYCLING 
PLANTS

STANDARD 
FOR COMPOST 
AND SLURRY, 
PROMOTION 
OF IPNS, AND 
CO-MARKETING 
OF COMPOST 
WITH CHEMICAL 
FERTILIZERS

PROMOTION 
OF USE 
OF RDF

GUIDELINE 
ON PPP

INCENTIVES 
ON 
COMPOST, 
BIOGAS, 
AND RDF

CAPACITY 
BUILDING 
OF STAKE-
HOLDERS

X X

X X X

X

X X

X

X X X X

X X X X

TIPPING 
FEE PAID TO 
OPERATOR FOR 
ORGANIC WASTE 
RECYCLING

PROVISION 
OF FREE 
GOVERNMENT 
LAND FOR 
ESTABLISHING 
ORGANIC WASTE-
RECYCLING 
PLANTS

STANDARD 
FOR COMPOST 
AND SLURRY, 
PROMOTION 
OF IPNS, AND 
CO-MARKETING 
OF COMPOST 
WITH CHEMICAL 
FERTILIZERS

PROMOTING 
RDF

PPP 
GUIDELINES

CAPACITY 
BUILDING 
INSTITUTES 
ON ORGANIC 
WASTE 
MANAGEMENT

No In some cases Enforced No Yes In some cases

No Yes Yes, not enforced Yes Yes Yes

No No No No No No

No Yes Yes, not enforced No No Yes
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in transition,’ including ‘End-of-Waste’ criteria for recovered raw materials. For these secondary 
products, quality standards and specifications are needed to ensure market confidence, and not only 
standards assessing their potential harm.

While there are also an increasing number of examples of supporting regulations and mechanisms, 
experiences from the RRR private sector on their actual accessibility and performance in low- and 
middle-income countries are largely missing. One of the indicator in the 2017 report of the World Bank 
on ‘Enabling the Business of Agriculture’ is the time, cost, and regulation for fertilizer registration. 
This concerns the import of new fertilizers but is also a key indicator for any enterprise engaged in 
the creation of new fertilizers or composts from resources embedded in waste. As stated by Muspratt 
(2016b) there is a significant gap between the speed successful startups bring to markets and which 
can give them a competitive edge, and the way administrations in many low- and middle-income 
countries work. While, for example, according to the World Bank (2017), the global average to register 
a new fertilizer is below one year, significant variation was found across countries with respect to the 
efficiency and complexity in registering fertilizer products. The time and cost to register a new fertilizer 
product are lowest on average in OECD high-income and upper-middle-income countries, and highest 
in low-income countries (Figure 2774). This harsh difference in time is driven principally by lengthy field 
testing.

Many countries in particular in Sub-Saharan Africa, only have rudimentary regulatory frameworks 
for registering fertilizer. And even where legal frameworks are strong and elaborate, the registration 
process can be very time-consuming and discouraging, or only allows the public sector to register 
new fertilizer products (Figure 278). In the case of Ghana, where the International Water Management 
Institute (IWMI) registered its fortified waste compost with the Ministry of Food and Agriculture, the 
process, which is similar to the one, described for other countries (Box 18) took 36 months (Nikiema, 
personal communication), i.e., two years longer than one would expect in Ghana (World Bank, 2017). 
Where the public sector is partner of the compost production, ADB (2011) recommends that the public 

588

284
324

184

717%

115%
15%

10%

FIGURE 277. FERTILIZER REGISTRATION TAKES MORE TIME AND MONEY IN LOW INCOME COUNTRIES

Source: EBA Database; World Bank 2017.
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Weaker 
fertilizer 

registration 
regulations 
but efficient 

process

Equally 
strong fertilizer 

registration 
regulations 

and efficient 
process

Stronger 
fertilizer 

registration 
regulations 

but inefficient 
process

FIGURE 278. FEW COUNTRIES HAVE BOTH STRONG FERTILIZER REGISTRATION REGULATIONS AND 

EFFICIENT REGISTRATION PROCESS

Source: EBA Database; World Bank 2017.

Box 18. Waste compost registration in Bangladesh

To market a new compost commercially in Bangladesh, the compost manufacturer must obtain 
licenses for the product and its brand name. Approval for licensing is a two-stage process. First, 
the compost produced by the manufacturer is tested in government laboratories. Subsequent 
to compliance with the national standards, the compost is sent for a field trial on crops for two 
agricultural seasons. If field trial results demonstrate that use of the compost lowers the need for 
chemical fertilizer and increases yields, the compost and its brand name will be approved. After 
this stage, the Department of Agricultural Extension issues a license to the compost manufacturer. 
In Bangladesh, the process for product and manufacturer registration takes approximately 1–2 
years. Although the entire process is lengthy, the final government approval of the product 
indirectly assists in marketing the compost. The Government of Bangladesh is promoting the 
use of compost as part of its Integrated Plant Nutrient System program through field-level 
agricultural extension officers who are encouraging farmers to use registered, government-
approved compost. As a regulatory requirement, the compost producer has to send monthly 
production data and compost quality data to the Department of Agricultural Extension. Moreover, 
the department also randomly undertakes quality control tests on the compost for laboratory 
analysis to ensure compliance. If major deviations from the approved standard are detected, then 
the government may cancel the license to market compost. The Ministry of Agriculture instructs 
fertilizer shops all over the county to market only government-approved compost.

Source: Waste Concern (ADB, 2011)
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sector starts buying the compost for city greening programs in parks, landscaping, and roads, where 
quality requirements are low, while the registration process continues. Without income from the sale 
of compost, the plant’s cash flow will be affected, and the private partner/investor might not even 
engage or jump off.

Particularly helpful can be regulations that combine disincentives, e.g. for environmental pollution 
with policies that encourage RRR. In Rwanda, for example, the government has regulations to reduce 
deforestation while at the same time it provides policies for promoting renewable energy (like waste to 
briquetting enterprises). An often-cited example from Europe is described in Box 19.

Without regulatory support, enterprises might find it easier to grow in the informal sector, which can 
become a significant challenge for society. In urban Ghana, for example, up to 800,000 city dwellers 
eat every day exotic vegetables produced with raw or diluted wastewater (Drechsel and Keraita, 2014). 
Although the informal sector had been acknowledged in Ghana’s latest national irrigation policy, capacity 
development, e.g. in safer irrigation methods, remains an exception. Such support, however, would 
eventually help in reducing the size of the informal sector while promoting growth. A strong lead Ministry 
with a clearly defined role for promoting private sector development would be helpful in this regard.

19.2 Finance and financial incentives
Resource Recovery and Reuse infrastructure financing varies to some extent between the water, 
energy, and nutrient/biomass sectors. Many waste to energy projects are commercially driven, with 
venture financing and bank loans, supported by governmental programs (green growth, renewable 
energy, rural electrification, etc.) and the carbon market. Financing wastewater reuse, on the other 
hand, refers mostly to the provision of treatment infrastructure, which is commonly relying on public 
finance, supported in low-income countries by foreign aid, and with increasing size of the project by 
multiple partners for risk sharing, including the private sector. Nutrient and biomass recovery from 

Box 19. Disincentives as driver

One of the most influential legal drivers of RRR in Europe was the establishment of the Landfill 
Directive (1999/31/EC), which defines landfills as the last option for waste treatment and disposal. 
The directive imposes, for example, staged landfill reduction targets for the biodegradable 
fraction of municipal solid waste. Member states are obliged to devise national strategies to meet 
the targets. Examples of a national strategy are Sweden’s 2002 ban on landfilling of separated 
combustible waste and the 2005 ban on landfilling of organic waste. Because the Landfill 
Directive limits the landfill capacity, it has pushed the market to find alternative waste/material 
management options. To comply with the Landfill Directive, countries have introduced various 
measures to disincentivize landfilling, e.g. by increasing the gate fee, making landfilling not the 
cheaper but the more expensive option. Other regulatory factors that can steer the financial 
viability of RRR are: emissions caps, carbon taxes or carbon trading schemes; incentives related 
to the share of alternative (green) energy (see also Box 22).

California’s policy prohibiting landfilling of untreated sewage sludge drove its beneficial reuse 
as ‘Class A biosolids.’ In Quebec, Canada, plans are under way to stop landfilling of all organic 
wastes, including sewage sludges, sorted municipal food waste, green wastes, paper industry 
sludges, etc. (Hasanbeigi et al., 2012; MDDEP, 2012).
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municipal solid waste, like in composting projects, shows components of both often relying on 2–4 
finance sources (Kaza et al., 2016).

The following text will first address common challenges and options for RRR infrastructure financing, 
looking separately at nutrient, water, and energy recovery, followed by a cross-cutting section on 
financing operations and maintenance.

Infrastructure investment
Organic waste composting: Almost all municipally-run compost systems have benefitted from 
international, national, state, or local funding to some degree, from the most developed models in 
high-income countries to burgeoning and innovative models in low-income countries (Table 67). The 
most common role the private sector plays in composting projects is in operations providing technical, 
managerial, and process know-how. However, private organizations may also provide loans, grants, 
equity, and venture capital, when counterparties are creditworthy and there is a clear mechanism 
to recoup costs and earn a return within an acceptable risk. In countries without developed credit 
rating systems, a mechanism to garner lenders’ trust is through providing key documents such 
as a comprehensive business plan with detailed assumptions, market and feasibility studies, land 
concession/provision, environmental permit to operate, feedstock supply agreements, product offtake 
agreements, and financial forecasts (World Bank, 2013; Oliver, 2016; Kaza et al., 2016).

Water and water reuse: The traditional governance and finance models, especially of public sector 
water utilities, like in Africa, showed a decreasing trend of bankable projects for funding by both the 
private financial institutions and the international finance institutions (Kruger, 2017). While governments 

TABLE 67. SUMMARY OF COMMON FINANCE INSTRUMENTS FOR RRR INFRASTRUCTURE, 
IN PARTICULAR COMPOST PROJECTS

FINANCING 
STRUCTURE

LENDING 
INSTITUTION

LENDER REQUIREMENTS ADDITIONAL DETAILS

Equity Banks, private 
individual investors, 
venture capital, NGOs, 
for-profit companies, 
and business partners

Share of profits proportional to 
ownership in entity (performance- 
based), though principle does 
not need to be repaid
Clear revenue potential (market 
analysis, carbon credit value, 
feedstock supply, offtake 
agreement, diversified revenues), 
such as through a business plan

Venture capital funds 
may require majority 
ownership and major 
involvement in operations
Decision-making 
authority decreases as 
external ownership of 
the company increases

Debt 
Financing

Banks, credit unions, 
savings institutions

Typically require 20–30% owner 
equity (cash, stocks, bonds, 
inventory, land/ equipment, 
angel investor or venture capital 
fund (if project is high capital))
Personal guarantees of debt 
repayment by business officers 
and owners (e.g., pledged assets)
References, credit rating, 
detailed pro-forma and business 
plan, financial statements
Signed feedstock and offtake 
agreements (letters of intent 
or contracts) diversified 
across multiple customers

Lender may require 
borrower to demonstrate 
cash flow to debt 
ratio of 1.5 times the 
value of the loan
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often do not have the financial means required for large scale investments, they also struggle to provide 
the guarantees to mitigate investment risk. Based on low water pricing and inadequate fiscal transfers 
from the central government, their creditworthiness is low, making reforms and credit enhancements 
a high priority. This is a common water sector challenge and not RRR specific. Finance mechanisms 
used today by cities, states, provinces, and countries can range from commercial or non-commercial 
bank lending, to green bonds, taxes, or pooled financing arrangements. Some countries, such as 
Mexico, Brazil, South Africa, India and the Philippines, have used municipal bonds (Platz, 2009; ADB, 
2014). In the example of the Philippines, the Local Government Unit Guarantee Corporation provides 
credit guarantees for municipalities that seek to finance infrastructure projects through debt issuances. 
In Dakar, Senegal, on the other hand, the failed setup of a city-level bond without a central government 
guarantee resulted in important lessons for other African cities (Gorelick, 2017). Innovative models of 
capital cost co-financing through pension funds (see below) or by the benefiting households (Box 20) 
have been reported from South Africa, Latin America and India.

One stimulus to encourage private investments in water infrastructure has come from low-carbon 
and climate-resilient (green) bonds where verifiable standards can guide investors. The process can 
be supported through the setup of Water Financing Facilities or Urban/Municipal National or State 
Financial Intermediaries, which are assisting utilities in preparing bankable project plans (Oliver et al., 
2016). The concept has been proven to be successful also in countries like the Philippines, India, and 
Colombia. The contribution of RRR in view of energy recovery, water reuse, and carbon cycling offers 
options to ensure that, in particular, wastewater treatment plants can show green bond features in 
support of climate change adaptation and mitigation.

The trend towards public-private partnerships (PPPs) in the wastewater sector goes beyond 
operational support but targets private financing initiatives (Mandri-Perrot and Stiggers, 2013). 
Many middle-income countries are committed to the promotion of private sector participation and 
particularly interested in the financial schemes that use public funding to leverage private investment. 
Typically, the private companies involved in delivering the project provide the initial equity, although 

FINANCING 
STRUCTURE

LENDING 
INSTITUTION

LENDER REQUIREMENTS ADDITIONAL DETAILS

International 
Aid

International 
and multilateral 
development banks, 
national development 
agencies, NGOs, 
other humanitarian 
organizations

Promotion of economic 
development and welfare
May require co-investment 
by recipient government
Alignment of objectives with 
recipient policy environment
Clear metrics for success
Political stability

International grants 
should only be used 
to support capital 
costs; operational and 
maintenance costs 
require a clear path to 
financial sustainability

Government 
Financing

Tax credits (equipment 
tax credit or property 
tax credit), grants, 
direct loans through a 
third party intermediary, 
repayment guarantees 
on bank loads, issuing 
bonds (for public
sector projects)

Mission alignment to 
national policy objectives
Proof of long-term financial 
sustainability through business 
plan and contracts
Social and environmental benefits, 
including jobs, carbon emission 
reductions, and cost mitigation

Grants typically 
cover capital costs 
and are not used to 
cover annual O&M
Government guaranteed 
loans can be more 
expensive than 
traditional financing 
and be more onerous 
to obtain and manage

Source: Kaza et al. (2016), modified

TABLE 67 CONTINUED
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they may invite financial investors to participate either in the initial fund raising or subsequently when 
the construction risk has passed and it is possible to sell on the project equity at a higher price (GWI, 
2010).

Official development assistance (ODA) from international development agencies remains particularly 
strong for solid waste and wastewater management in low-income countries, although for more costly 
wastewater infrastructure, finance can be significantly more complex with multi-partner cost sharing, 
investment guarantees, and related risk management arrangements. For wastewater treatment, public 
financed and owned facilities established by the private partner under a design-build-operate (DBO) or 
build-operate-transfer (BOT) model are often preferred. The operator is taking no or minimal financing 
risk on the capital but remains responsible for smooth operations. Also, other types of arrangements 
are common, including build-own-operate-transfer (BOOT) or build-own-operate (BOO) models where 
the private project development company has or even continues ownership of the facility after the 
contractual period (GWI 2010). In this catalogue, the BOT case of As Samra (Business Model 19) 
has been elaborated in more detail given its importance for many RRR projects which share high 
socioeconomic and environmental benefits, but carry significant political/macro-economic, sector 
specific, or project related risks, in particular uncertain cost recovery. There are many examples, 
especially in the purview of financing, which can add risks and encourage or discourage both the 
public and private sector to invest in RRR (ADB, 2011; Bjornali and Ellingsen, 2014; World Bank, 2016). 
The same applies to the operational site and the only slowly emerging support of cost recovery through 
different forms of direct or indirect (green growth) subsidies in low- and middle-income countries.

International project finance for the water sector is generally available subject to its (minimum) size. 
According to Winpenny (2003) a typical minimum project size is USD 50–100 million. Below that level, 
returns to scale generally tend to make project financing uneconomic, and projects will have to be 
addressed by the corporate or municipal sectors. For project finance to be a viable option, project 
revenues and returns to equity must be acceptable, though this does not preclude the use of aid to 
reduce the debt or equity burden of the project. However, there is a project size (USD 10,000 to USD 
100,000) which is often too small for the corporate sector and too large for micro loans (Winpenny, 
2003).

From the RRR perspective, a common bottleneck in many developing countries is the lack of local 
capital markets that provide long-term financing for small- and middle-scale infrastructure projects 

Box 20. Public deposits levied on households

Using a mix of grants and loans from central, state and local governments, most wastewater 
projects in the Indian state of Tamil Nadu between 2006 and 2014 were implemented through 
either Design Build Operate and Transfer (DBOT) or Design Build Finance Operate and Transfer 
(DBFOT) models as opposed to BOT models. A DBOT model encouraged technology firms 
to participate in project execution, and improve the overall design to minimize the cost of the 
projects. A unique feature was that a portion (14–32%) of the capital expenditure was funded 
through collection of public deposits levied on households, which is the ‘one-time non-refundable 
deposit’ obtained from the users. The advantages of this deposit contribution from the public 
have been: (i) accountability on the part of the local urban body to provide quality services; (ii) 
ensuring that households connect to the network upon completion of the construction; and (ii) as 
the deposit formed the public equity in the project, it reduced debt servicing costs and therefore 
the monthly user charge (WSP, 2016).
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(Muspratt, 2016ab), although there are encouraging example of financial instruments in support of 
local enterprises and business start-ups. In Singapore, for example, the government has initiated 35+ 
funding and incentive schemes related to clean energy, green buildings and construction, water and 
environmental technologies, waste minimization and recycling, environmental initiatives, and so forth. 
This also includes the Clean Development Mechanism (CDM), funding for water recycling, and use of 
alternative sources of water.5 Other finance examples of case studies across the waste and sanitation 
sector are described, e.g. by Ali (2004), ADB (2011, 2014, 2016), Beltramello et al. (2013) and the World 
Bank (2016).

Energy recovery: Aside from wind and solar energy, the recovery of energy from biomass and waste 
constitutes important components of total renewable energy investments, which have been shifting 
towards developing countries for several years (IRENA, 2012). The sector struggled with the failure of 
energy pricing to account for externalities or the environmental and social costs of production, which 
has made renewable energy technologies to look more expensive than they really are, compared to 
fossil fuels. To assess project eligibility with an eye on externalities, the European Investment Bank 
(EIB), like also other larger banks, provides an interesting example of accounting via the net carbon 
footprint. The absolute carbon footprint of a project is compared with the carbon emissions in absence 
of the project. Then a net carbon impact of projects is calculated, using advanced models including 
industry-specific ones (Griffith-Jones et al., 2012). There are many other examples of trust funds, etc. 
which can support projects on renewable energy addressing climate change (see e.g. www.adb.org/
site/funds/funds).

In general, there is no “one size fits all” finance formula for renewable energy (IRENA, 2012). Every 
national market is unique, and effective finance strategy requires a holistic approach that is tailored 
to the local context. That said, governments should generally seek to perform two broad functions: 
first, create overarching regulatory frameworks that shift incentives onto a macro level; and second, 
use targeted public financing to fill or overcome niche gaps and barriers. Regulatory frameworks 
can employ both energy policy (e.g. feed-in tariffs, energy auctions, and self-supply regulation) and 
finance policy (e.g. banking regulation and other measures that incorporate sustainability into financial 
decision-making). The most effective public finance programs will employ a flexible package of 
financing mechanisms rather than relying on any single mechanism or fixed set of mechanisms. These 
packages may employ credit lines to local finance institutions; project debt financing; loan softening 
programs; guarantees to mitigate lending risk; grants and contingent grants for project development 
costs; equity, quasi-equity, and venture capital; or carbon finance facilities (IRENA, 2012). Even more 
than in the water sector, green bonds designed for climate resilient cities are in high demand for the 
production of environmentally friendly energy as well as reduced methane emissions from better waste 
management. Green bonds which had in 2015 a total value of around USD 44 billion are commonly 
issued by larger development banks, but increasingly also by real estate companies, municipalities 
(Johannesburg), international corporations, and commercial banks (Oliver, 2016). Institutional investors 
also include pension funds. While smaller pension funds require pooled investment vehicles, larger 
pension funds have the capacity to invest directly in infrastructure projects (Box 21).

As investment in renewable energy (but also wastewater reuse and composting) can take years, or 
even decades, to yield good returns, ‘patient capital’ is needed. Unfortunately, however, this is the 
type of investment that is most difficult to attract in most developing countries, given typical short-
term horizons of private capital markets. Exceptions can be funds that have long-term liabilities such 
as sovereign wealth funds (SWFs) and pension funds (Griffith-Jones et al., 2012) or e.g., pooled local 
currency bonds with a 15 to 23 years tenor as reported from the water sector (Oliver et al., 2016), aside 
from support from multilateral development banks.
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Facilitating operational cost recovery
Among the different RRR sub-sectors, it is mostly the compost sector’s image that suffered from a 
large array of failed or underperforming projects, which began with high amounts of grant funding but 
ultimately collapsed due to inability to support their operational costs (Kaza et al., 2016). Common 
reasons are the selection of a too complex technology for which repairs and maintenance costs 
become unmanageable, and limited understanding of the compost market. Public-private partnerships 
can offer in this regard not only private capital, but also market know-how and the private sector’s 
technical and managerial expertise. This is crucial as experience shows that compost as well as 
wastewater treatment plants owned or operated by private sector companies are usually functioning 
better than municipally-operated ones (e.g. ADB, 2011; Murray and Drechsel, 2011). A key criterion are 
incentives, and operational cost recovery is a strong one, which can be supported by different forms of 
direct or indirect subsidies. There are many options for RRR related financial instruments to keep the 
private sector engaged (ADB 2011; ADB, 2016; Eyraud et al., 2011):

Tax holidays. Entrepreneurs setting up a compost plant as part of a joint venture or within the private 
sector could be considered for a tax holiday for a number of years, like an exemption on customs 
duty, excise duty, value-added tax, sales tax, or other local taxes on equipment, machinery, etc. Tax 
exemptions could also include the waste derived products, to support sales, while, e.g. tax penalties 
could be used to prevent resource wastage or tax credits to support, e.g. renewable energy (Box 22).

Capital subsidies. Entrepreneurs could be considered for example, for a capital subsidy (or Viability 
Gap Funding) provided to support infrastructure projects that are economically justified but fall short 
of financial viability. In the same way, different types of PPPs could be supported with different shares 
of grant subsidy, equity, and debt from the government or a financial intermediary. Moreover, for any 
project financed by banks, lower interest rates could be supported by the government, along with a 
long loan term.

Tipping fees. A private sector entity operating organic waste-recycling facilities such as compost 
or waste-to-energy plants should not be asked to pay royalties to the city. Alternatively, tipping fees 
should be paid by the city for each ton of waste processed by the entrepreneur because waste 
recycling reduces the landfilling cost. To promote RRR, legislation should however enable the private 
sector to be paid for every ton of quality waste recycled and sold, not only for every ton collected.

Box 21. Pension funds for green infrastructure investments

The South African Government Employees Pension Fund (GEPF) is Africa’s largest pension fund, 
with over USD 138 billion in assets under management. The GEPF is also the single largest 
investor in the Johannesburg Stock Exchange-listed companies. The fund has set aside 5 
percent of its portfolio for investing in developmental projects – mostly infrastructure projects 
supporting positive economic, social, and environmental outcomes for South Africa over the long 
term. During 2010/11, the fund accelerated investments in developmental projects in different 
areas including water infrastructure, alternative energy, and environmental projects. In each area, 
the aim is to maintain a balance between social impact and financial returns. Interesting vehicles 
to assist smaller pension funds to invest in the infrastructure sector have been developed in some 
Latin American countries, such as in Chile via infrastructure bonds with insurance guarantees, 
in Mexico and Peru via investment trusts, and in Brazil via a joint-owed infrastructure company. 
Common investments are in housing, roads, or renewable energy (OECD, 2012).
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Concessionary rates for utilities. RRR companies should be considered like other utilities, and 
be able to access similar concessionary/commercial rates for electricity, fuel, and water supply, if 
available.

Creating parity with chemical fertilizers. Although governments might promote compost use, they 
are usually providing direct or indirect subsidies to chemical fertilizer companies to the detriment of 
organic fertilizer and compost manufacturers. Given the environmental benefits of compost, including 
greenhouse gas emission (GHG) reduction, it is either recommended to include waste compost at par 
into the governmental fertilizer subsidy program, as it was introduced in 2016 for example in Ghana, 
or reduce subsidies to the chemical fertilizer companies, or of fossil fuels which in turn can support 
green investments, also in renewable energy.

Co-marketing compost with chemical fertilizers. Fertilizer companies can be asked to adopt a 
‘basket approach,’ entailing the co-marketing of compost with chemical fertilizers as is now the law 
in India, supported by a governmental subsidy. The regulation helps, in particular, compost stations 
that fail to penetrate existing marketing chains. For larger-scale compost plants, the use of fertilizer 
marketing companies for distribution and sale of compost provides a great advantage. A possible 
marketing ratio of chemical fertilizer bags versus bags of certified registered compost was also 
discussed in India (Box 23) and has also been implemented in parts of Sri Lanka.

Power purchasing agreements. In most developing countries electricity is regulated by the government 
and utilities are typically owned by the government especially infrastructure for transmission and 

Box 22. Green taxations for a Circular Economy

Green taxation is being increasingly used to push the circular economy. KPMG identified in a 
21-country survey 200 green tax incentives and penalties of which 30 appeared just in the last two 
years before the survey in 2013. These include landfill taxes, incineration gate fees, accelerated 
asset depreciation, tax credits, VAT refunds linked to secondary materials purchase, reduced VAT, 
or VAT refunds on recycled goods (e.g. in China and South Korea).

Taxation can be applied at different levels: resource recovery, first industrial use (e.g. fertilizer 
production) or final consumption (e.g. fertilizer use). A possible taxation package in support of 
phosphorus recovery and reuse could have different entry points for tax support or penalties:

To secure long-term availability and reduce import dependency.
To reduce phosphorus losses/disposal into surface waters and ultimately the oceans.
To close the phosphorus cycle as far as possible, reducing inputs and outputs and developing 
recycling.

An example of a penalty taxation is the one on nutrient surpluses (over-fertilization) in the Netherlands. 
Tax penalties to support renewable energy concern, e.g. the use of conventional fossil fuels. Such 
taxes only exist so far in developed countries. Developing or emerging economies appear to avoid 
taxing conventional fuel, presumably on the basis that such penalties could damage development 
and growth prospects. Other options are disposal taxes which are typically imposed per ton of 
waste resource landfilled or incinerated to catalyze firms’ investments in waste reduction and 
recycling.

Sources: KPMG, 2013, Dubois et al., 2015
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distribution of electricity. However, in many countries, such as Vietnam, Sri Lanka, and Uganda, the 
private sector is encouraged to generate (non-conventional) renewable electricity, including municipal 
waste energy by providing an attractive feed-in-tariff (FIT) and a long-term power purchasing agreement. 
Supportive agreements accept alternative energy throughout the year and not only in times of peak 
demand. According to KPMG6, the total number of countries with feed-in tariffs globally is over 50. While 
the goals of FITs are the same in developed and developing countries, there are particular features of 
the latter that require consideration. For example, FITs in developed countries are generally funded by 
a premium placed on all energy bills, while in low-income countries external finance might be needed 
(Griffith-Jones et al., 2012).

Carbon market. Energy recovery from MSW or wastewater opens options for earning carbon credits 
through the CDM, while nutrient-rich wastewater can help to sequester carbon in fast-growing 
trees. However, the process of CDM registration and certification can take time and have significant 
transaction costs (Michaelowa and Jotzo, 2005). Examples of additional revenues from carbon credits 
are the Kinoya Sewerage Treatment Plant in Fiji and the National Biodigester Program in Cambodia 
(ADB, 2016). Due to the weakening of the carbon market, new initiatives for carbon finance were 
established (Box 24). Other alternatives could be watershed protection schemes or payments for 
ecosystem services.

Government promotion and awareness raising. Within the market purview, a campaign is needed 
to generate awareness of the new products and encourage the use of compost and organic fertilizer 
on its own and as a supplement to chemical fertilizers. This can also be incorporated in the extension 
activity of the ministry of agriculture and agricultural departments. Where applicable, a media campaign 
has to be undertaken to encourage source segregation of waste, as a key activity for successful 
organic waste management. Moreover, the ministry of energy can encourage the use of briquettes, 
for example, for certain types of industries, promote generation of electricity from biogas, and provide 
special rates for such electricity.

Results-based financing (RBF). Performance-based subsidies are disbursed based on the delivery of 
pre-agreed outputs and after independent verification (Trémolet, 2011). This ensures that facilities are 
constructed according to specifications and based on the desired quality. An application for carbon 
finance is presented in Box 24. Output-based Aid (OBA) is a form of RBF designed to enhance access 
to and delivery of infrastructure and social services for the poor through the use of performance-

Box 23. Co-marketing directive

To promote the acceptance of city compost, in early 2016 the Indian Cabinet approved a policy 
on Promotion of City Compost. The Ministry of Urban Development in consultation with the 
Ministry of Chemicals and Fertilizers agreed to subsidize compost sale at Indian Rupee (INR) 
1,500 (USD 22.5) per ton of city compost. This market development assistance will be paid to 
fertilizer companies with the expectation of co-marketing city compost with chemical fertilizers. 
The co-marketing details will be decided by the Department of Fertilizers depending on supply 
and demand (Government of India, 2016). Earlier suggestions for co-marketing were, for example, 
to sell one bag of municipal compost with every two bags of chemical fertilizer, or that only a co-
marketing arrangement gives access to the subsidy on chemical fertilizer. Such a directive would 
urge fertilizer companies to seek compost from compost stations; turning the common situation 
around where compost plants have to seek customers.
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based incentives, rewards or subsidies. OBA was applied for sanitation investments in Nepal and in 
increasing household access to domestic sanitation in Sri Lanka (ADB, 2016).

Relevant information and statistics provide the foundation for monitoring returns on investments. 
Measuring progress towards green growth in low- and middle-income countries requires some special 
considerations as these countries face different challenges than other countries, such as a much 
lower statistical capacity. The OECD has therefore developed a measurement framework for green 
growth that provides countries around the globe with a robust tool that can be adapted to different 
national circumstances and priorities. The measurement framework combines the main features of 
green growth with the basic principles of accounting and the pressure-state-response model. It gives 
countries the flexibility to focus on the indicators that reflect their own green growth objectives, such 
as building economic and environmental resilience and ensuring that growth is inclusive (OECD,  
2011).

Box 24. New carbon financing initiatives (Kaza et al., 2016)

Since the 1990s and early 2000s, carbon markets have been a supplementary source of income 
for those RRR projects that reduce greenhouse gas emissions. Carbon markets generate funding 
through sales of carbon offsets or credits (e.g. tons of CO2 reductions) in open markets. However, 
obtaining carbon credits is time and resource intensive, with a registration process taking between 
200 and 800 days. Not only is it costly to register within the carbon market, but the process 
of calculating and validating greenhouse gas emissions reductions requires consultation and 
validation with a third party. Therefore, using the carbon markets to fund, for example composting 
projects, may only be feasible when done on a large scale and may generally be more appropriate 
for middle- than low-income countries.

As of 2017, more than 700 CDM projects converting biomass to energy were listed by UNEP, 
compared to 281 engaged in wastewater treatment and 46 in composting, both reducing methane 
production (UNEP, 2017). A challenge, aside from the registration process, is that carbon markets 
fluctuate over time, with prices peaking at €30 per ton in 2006 and 2008, but dramatically 
lowering to about €5 per ton between 2012–2016, although there can be significant differences 
between countries and carbon pricing initiatives (World Bank et al., 2016). Composting projects 
that have received funding through the CDM include Waste Concern in Bangladesh, earning 
USD 1.5 million in carbon credits, and the Temesi integrated resource recovery center in Bali. 
For the latter, while a USD 1.5 million revenue in credit sales was expected, USD 70,000 was 
required upfront for financing quantification, certification, and registration in the CDM program 
which makes the CDM not well suited for small scale, community-based composting (Mitchell 
and Kusumowati, 2013).

In response to the weakening carbon credit market, a range of new results-based climate 
finance (RBCF) initiatives emerged including the World Bank’s Pilot Auction Facility (World Bank 
et al., 2016). RBCF is particularly adept at helping to build an international carbon market. It 
is an approach where funding is conditional upon the verified achievement of, e.g. predefined 
emission reductions. This provides assurance to the funder and a continued financing flow for the 
recipient. The auction facility is a payment mechanism that sets a floor price on the future price 
of carbon through a public auction. The agreement is facilitated through a tradeable put option, 
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19.3 Technologies matching resource constraints
Infrastructure and technologies which acknowledge local opportunities and constraints are very 
important for any investments in low and middle-income countries if an innovation is to survive and 
succeed. One of the major drawbacks of composting but also wastewater treatment, as mentioned 
above, was reliance on technology not matching local capacities. Another typical barrier for the 
implementation of, e.g. organic waste processing is the lack of available land in urban vicinity, ideally 
free of cost given the social and environmental services RRR provides. Peri-urban land is a precious 
asset, also for the public sector, and not easily available for various reasons including negative public 
perceptions of waste management facilities. A secured long-term lease is however important as 
most RRR investments have a long payback period of, for example, at least seven years for organic 
waste recycling (ADB, 2011), and for wastewater treatment even longer. Only investments in energy 
efficiency, like in wastewater treatment facilities, can have much shorter payback periods of less than 
one to a maximal three years (Barry, 2007). The required land area for a RRR facility will depend on 
the size of the urban community to be served (i.e. the quantity of possibly available waste), the type of 
the waste volume matching technology (i.e. gravity thickening or drying beds for liquid fecal sludge), 
as well as the required peri-urban farm area to ‘absorb’ the recovered resources, based on a carefully 
stratified demand analysis (Otoo et al., 2016).

Different recovered resources have in this regard very different requirements, even if derived from the 
same number of households. Figure 279 shows, as an example, a two order of magnitude difference in 
the basic land requirement for the reuse of wastewater, urine, and fecal sludge (FS) for food production. 
Urine application requires the most land area given its high nitrogen concentration and alkalinity, which 
can easily be harmful to plants and limits the application rates. To support for example 100 ha of urban 
agriculture city-wide, the amounts generated daily in some public toilets might already be sufficient. 
On the other hand, wastewater-fed aquaculture and wastewater irrigation require the least land for 
making use of the volume of waste generated by 100,000 person equivalents (pe) of waste producers 
(Murray et al., 2011).

As compost is first of all a soil ameliorant with an impact on the soil lasting longer than any inorganic 
fertilizer, its application is often limited to once per year. In a comparative analysis, the low frequency 
makes compost reuse land-intensive with 400–500 ha required, assuming one application of 14 tonnes 
ha-1 yr-1. Biogas production, for comparison, might require for the same waste input 200–300 ha, with 
less than 1 ha for the gas generation and storage, and the majority for farm land if the digestate is 
returned as soil conditioner. Similar to biogas itself, the reuse ‘area’ of briquettes is decentralized over 
many households and comparatively insignificant (Murray et al., 2011).

Land and energy demands can be negatively correlated as known from wastewater treatment where, 
e.g. Waste Stabilization Ponds (WSP) take in India about ten times the area than other treatment 
systems, while only using about 1–2 percent of their energy needs for the same amount of wastewater. 
Apart from the land-demanding WSP systems, Upflow Anaerobic Sludge Blanket (UASB) treatment 
requires relatively more land but the least amount of energy compared with other treatment systems 

which provides buyers the right, but not obligation, to sell carbon at the agreed-upon price at a 
future date. The auction encourages private sector investment in particular in methane reduction 
projects while efficiently disbursing limited public funds. Three successful auctions took place 
between 2015 and early 2017 (www.pilotauctionfacility.org; World Bank, 2015).
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common in India, opposite, e.g. to membrane based systems. Closely related are the O&M costs 
which are to 40–45% reflecting energy needs (CPCB, 2013), and can be strongly steered by choice of 
technology (Libhaber and Orozco-Jaramillo, 2013). A key criterion for O&M of wastewater treatment 
is uninterrupted energy supply, which the infrastructure especially in many low-income countries does 
not provide, resulting in a trajectory to failure for many treatment systems (Murray and Drechsel,  
2011). 

Thus, the availability of land and technologies with low energy demands or ideally in-house energy 
recovery constitute important components in support of an enabling environment for technology 
choice. An example is the different energy requirement for phosphorus (P) recovery, which drive 
the costs of P removal/recovery. However, as Figure 280 shows, there are also high recovery rates 
possible at lower costs.

In-house energy recovery is most appropriate for countries which can not provide uninterrupted power 
supply. Moreover, it has the highest potential for cost savings as verified in an increasing number of 
wastewater treatment plants worldwide (Lazarova et al., 2012).
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FIGURE 279. LAND AREA REQUIRED FOR AGRICULTURAL REUSE OF DIFFERENT WASTE STREAMS 

GENERATED BY 100,000 PE YR-1. 

Note: Land area for wastewater (WW) assumes three crop cycles ha-1 yr-1; urine assumes two crop cycles ha-1 yr-1; raw FS, dewatered 
FS and co-compost assume one application ha-1 yr-1. Circle sizes reemphasize land area (Murray et al., 2011, modified). 
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19.4 Local capacities and stakeholder acceptance
Depending on the nature and size of the RRR project, private partners can range from local enterprises 
to international companies. Smaller enterprises are more common in the bio-energy and waste-to-
compost sectors than in wastewater treatment and often struggle with low credit history, limited 
capacity to present a bankable project and to realize the right mix of debt and equity investment. In 
fact, in many low- and middle-income countries, private partners with innovation experience in green 
technology and knowledge about business development, finance access, and reuse markets are still 
an exception, in particular at the local government level. The reason for the generally underdeveloped 
business capacity is that, especially in the municipal waste and sanitation sectors, only one business 
model determines so far, the game: the public partner pays. As a result, innovation capacity remains 
low and many tenders only attract the usual sanitation- or waste management-based enterprises 
with very limited experience, e.g. with the agricultural reuse market, carbon financing, etc. PPP 

2. EXTRACTION 
FROM SLUDGE ASH

1. EXTRACTION 
FROM LIQUID PHASE

3. EXTRACTION FROM 
DEWATERED SLUDGE

FIGURE 280. PHOSPHORUS RECOVERY OPTIONS DURING WASTEWATER TREATMENT AND RELATED 

ENERGY REQUIREMENT CALCULATED FOR SWITZERLAND. 

Note: The energy requirements consider also the energy needed to produce the required raw materials (graphic adapted from Morf 
and Koch (2009); USD 1 = CHF 1.1). 
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matchmaking remains a significant challenge and private sector participation is not a guarantee for a 
viable business, in particular in Africa but also large parts of Asia.

Capacity related limitations do not only concern possible business partners, or their capacity to 
maintain more advanced technology, but also other stakeholders along the value chain, especially 
where the business requires environmental awareness as the adoption of eco-innovations is heavily 
dependent on consumers’ education and attitudes (Beltramello et al., 2013). Source separation, for 
example, remains a significant challenge for supplying compost station with quality waste, and where 
recycled waste products enter the market, social perceptions can function both as a promoter and 
as a barrier for resource recovery and market access, for example where customers have a non-
waste derived alternative. Results-based-financing can support in this respect RRR by catalyzing the 
design of projects that go beyond resource recovery but provide incentives to households for behavior 
change, for example, towards waste separation and recycling (Banna et al., 2014). Comparing common 
experience with the acceptance of waste-derived resources across the presented case studies in 
sections II to IV, biogas and electricity have the best reception, followed by dry fuel, waste compost, 
and finally treated wastewater which is often facing the largest acceptance challenges. These 
challenges might not only relate to possible health risks but also the basic reuse suitability, for example 
in farming. In the case of Pakistan, treated wastewater got rejected due to its higher salinity than raw 
wastewater. In the case of compost, farmers might expect more a fertilizer than a soil ameliorant, 
and struvite crystals are (only) a slow-release fertilizer. Therefore, it is important to understand market 
expectations, adjust as far as possible the recovered resource to users’ preferences, and accompany 
the introduction of recovered resources with information and training in their use.

In view of reclaimed water, public acceptance depends on the kind of reuse, with more distant uses, 
such as landscape irrigation, being the most preferred option, while potable reuse receives most 
hesitation (Drechsel et al., 2015). Different factors come into play when promoting social acceptance 
and behavior change, such as household and gender specific knowledge, trust, attitudes toward the 
environment, as well as the availability of (perceived safer) alternatives. These social aspects can 
include religious, cultural, and aesthetic values. As any waste-related facility can generate public 
questions and opposition, a high level of transparency and public disclosure of information is required. 
Stakeholder participation in re-use planning, awareness and capacity development programs including 
market surveys are therefore crucial to address any possible adoption challenges (ADB, 2011; Dolnicar 
and Saunders, 2006; Holmgren et al., 2015).
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Notes
1  The authors acknowledge the input of Chris Zurbrügg (SANDEC/EAWAG) and Ashley (Murray) Muspratt (Pivot 

Ltd.) in an earlier version of the chapter.
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policies of the Asian Development Bank (ADB), its Board of Directors, or the Governments they represent.
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4  Figure 277 and 278 are adaptations of an original work by the World Bank. Views and opinions expressed in the 

adaptation are the sole responsibility of the authors of the adaptation and are not endorsed by the World Bank.
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802 CHAPTER 20. FRUGAL INNOVATIONS FOR THE CIRCULAR ECONOMY

FRUGAL INNOVATIONS FOR THE CIRCULAR ECONOMY: AN EPILOGUE
Planet Earth is at a crossroads. On the one hand, over 4 billion people, many of whom live in developing 
countries, face unmet needs in core areas such as food, energy, housing and transport. On the other 
hand, meeting the needs of these large populations (while continuing to satisfy the needs of the other 
3 billion who live in developed economies) poses a threat to the finite resources available on the  
planet.

Can we sustain the growing economic, social and environmental pressures caused by increases in 
global population, urbanization, food consumption and waste generation? If so, how?

One thing is clear: the 20th century linear model of urban metabolism is no longer sustainable. That 
model has already created many environmental and health problems in hungry and thirsty cities. So, 
policies and investments will be needed to transform this linear model into a circular one. Indeed, 
the UN’s Sustainable Development Goals (SDGs) recognise this and focus on ensuring sustainable 
consumption and production patterns, and promoting greater recycling, recovery and reuse of 
resources. Moving to a circular economy model will not only help mend broken geochemical and 
hydrologic cycles, but it will also determine how society and economies cope with increasingly 
important rural-urban interdependencies.

The transition to a more balanced interplay of environmental and economic systems can be achieved 
through closing-the-loop of production patterns within an economic system. This will also help increase 
the efficiency of limited resources. But such a transition will require innovation, and moreover an 
approach to innovation that is itself frugal, flexible and inclusive. Such frugal and inclusive technical, 
social or economic innovations will be more responsive to limits on resources and sensitive to their 
management, whether financial, material or institutional. They will also require the use of a range 
of methods designed to turn constraints into opportunities. For instance, by minimising the use of 
resources in development, production and delivery, and by supporting resource recovery and reuse, 
such a frugal approach to innovation can result in significantly lower cost products and services. 
Successful frugal innovations will be able to outperform their alternatives, and can be made available 
at large scale, as the many cases and models presented in this catalogue show. Often, but not 
always, frugal innovations also have an explicitly social mission – increasing the number of customers/
members and expanding the service for greater social impact. This is of particular relevance to the 
sanitation and waste sectors.

Thus, there are obvious and strong links between frugal innovation and the circular economy. This 
begins with learning how to create value out of what others consider “waste”. Thus, entrepreneurs as 
well as urban utilities can lead the transition towards a circular economy and become resource stewards 
by employing frugal innovation techniques and mindsets. The rise of the circular economy can, for 
instance, help with the adoption of nutrient, water and energy recovery models in support of agriculture 
and other sectors that the urban metabolism depends on. Cost competitive and successful business 
entities are very likely to lead the adoption of integrative approaches for multi resource recovery, while 
capitalizing on pathway drivers, enablers and boosters. Yet, they typically continue to face roadblocks 
in the shape of draconian regulatory environments and opaque market conditions. Even in highly 
developed regulatory environments such as in Europe, it is only now that concerted efforts are being 
made to create regulatory frameworks which see waste as a resource and not only a hazard.

Meanwhile, in particular in middle-income countries, resource recovery and reuse initiatives abound. 
However, sustainable programs at scale are rare. In particular, financial and institutional sustainability 
is rare and remains a critical challenge. In these countries, an enabling environment is only slowly 
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emerging, especially with respect to financial incentives for green businesses; however, these initiatives 
are likely to gain pace in the future.

This catalogue is intended to serve as a vital input for decision-making in resource recovery and 
reuse businesses in the urban sanitation-agriculture interface. It presents business models and cases 
developed from new thinking in different geographical settings in Asia, Africa and Latin America. In these 
settings, an enabling environment for frugal innovation in the circular economy is only now emerging. 
Typically, the trajectory from informal to formal, unplanned to planned and unsafe to safe use remains 
unclear with an often under-tapped potential for frugal innovation. The challenge in many of these cases 
is to balance success with safeguarding public health, and how best to support these emerging leaders 
of a circular economy in their capacity-building needs. To that end, this catalogue is designed to be 
adopted as a handbook at universities for graduate training in applied economics, business schools, 
resource economics, marketing, environmental studies, civil engineering, international development 
and public policy. The catalogue is also a compendium of business cases to support departments at 
universities in Europe and elsewhere that have recently launched Masters programs on the SDGs, to 
train the next generation of experts for the implementation of SDGs where most efforts are needed, i.e., 
in low- and middle-income countries, for greater success.

It is my strong belief that this handbook is a vital resource for all those seeking to help the world grow 
sustainably and equitably through the 21st century and beyond. I am confident that it will soon become 
the standard reference for all those who study and practice these important issues, in developed and 
developing countries alike.
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Central Electricity Authority (CEA) 205
Centre for Innovations and Technology 

Transfer (CITT) 98
certification 87, 337, 376, 443, 468, 

476, 502, 600, 731, 791
 branding 356
 Fair Trade 451, 452, 456, 457
 guidelines for 444, 473, 482
 KEBS 364, 366, 370, 455
 process of 169
 of product, third-party 322, 328, 373, 

375, 444, 448, 470, 473, 480, 482
 standards 349
Certified Emission Reductions (CERs) 

172–173, 175, 193, 194, 195, 
200, 242, 393, 398, 433n1

charcoal 40, 41–50, 62–70, 72–80
Chemical Oxygen Demand (COD) 109
circular economy 4–12, 802–803
 biocycle economy 5, 6
 business cases, opportunities, and 

business models 10–12
 corporate social and environmental 

responsibility 8–10
 cost savings 5, 7, 8, 11

 externalities 11–12
 food chain 10
 food sector 9
 organic waste, potential 6, 7
 probability of replication 10–11
 World Health Organization 

(WHO) 12, 778–779
 see also waste management and sanitation
civil society organization (CSO) 114
Class A biosolids 784
Clean Development Mechanism (CDM) 56, 

85, 127, 145, 162, 172–173, 182, 235
co-composting 347–348, 506, 525, 584, 589
co-marketing 781, 790, 791
combined heat and power (CHP) units 177–178
Comercial Industrial Delta SA (CIDELSA) 153
Commissariat Régional de Développement 

Agricole (CRDA) 569, 571, 
572–575, 576, 577–578

commodity driving change, 
wastewater 20, 745–759

Communal Energy Services Unit 
(USEC) 155–156

community-based organizations 
(CBOs) 362–370

 sanitation services 124, 127
 TOSHA 1 114–115, 116, 120, 121, 122
 see also under specific case studies
composting
 large-scale for revenue generation 

see composting, large-scale 
for revenue generation 

 fecal sludge from public toilets see 
Rwanda Environment Care (REC)

 municipal solid waste (MSW) see under 
municipal solid waste (MSW)

composting, partially subsidized 
(district level) 351–358

 carbon credits 356
 large-scale operation as public-

private partnership 355
composting, large-scale for revenue 

generation 379–380, 434–446
 consultancy services and franchising 

438–439, 440–441
 energy generation and carbon credit 

sales 439–443, 442–443
 see also A2Z Infrastructure 

Private Limited (A2Z-PL) 
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composting, subsidy-free community-
based see subsidy-free 
community-based composting 

compost production for sustainable 
sanitation service delivery 496–503

 franchise model 498–500, 500–501
 see also ProBio Humibac (ProBio)
Concordia, Brazil 162
 see also 3S Program (Brazil)
Confined Animal Feeding Operations 

(CAFOs) 174–175
Coopérative Pour La Conservation De 

L’Environement (COOCEN) 61–71
 Kigali 62, 63, 65, 66, 68, 69
 public-private partnership (PPP) 61, 62, 63
 Rwanda development strategy 62–63
Corporate Social Responsibility (CSR) 

8–9, 10, 134–135, 136–137, 141
Corporate Social Responsibility (CSR), 

business model for 733 –744
 behavior change, triggering 739–740
 Business Environmental Performance 

Initiative (BEPI) 737
 farm-based interventions 737
 Foreign Trade Association (FTA) 737
 Global Social Compliance 

Programme (GSCP) 737
 informal wastewater use, challenge of 734
 post-harvest interventions 737–740
 responsibility and business interests 736
 risk barriers 735
 triggers 739–740
 wastewater treatment, support 736
cost recovery (wastewater) 7, 11, 20, 319, 

341, 605, 637, 640, 641, 651, 677, 686, 
710, 716, 717, 752, 753, 787, 789

 agriculture, forestry and aquaculture 
549, 550, 551, 554–555

 and biosolids, for fruit trees 569, 
572, 574, 578, 580–581

 design for reuse and replication 
586, 589, 592

 for fruit and wood production 556–557, 
558, 559, 561, 563, 565, 566

 fruit and wood production (Egypt) 558, 
559, 561, 565, 566   for greening 
the desert 596, 599, 602

 inter-sectoral water exchange 691, 695, 697
 private sector investment at scale 659, 661

 for production of fish feed 612, 614
 suburban wastewater treatment for 

reuse 584, 586, 590, 592, 593
cost sharing and risk minimization 640–641
 private sector investment 656–663
 viability gap funding 642–653
Covered Lagoon Bio-Reactor 

(CLBR) technology 274
Culiacan, Mexico see ProBio Humibac (ProBio); 

SuKarne methane recovery project

Dagorretti, Kenya see Nyongara 
Slaughter House

Design Build Finance Operate and 
Transfer (DBFOT) 787

Design Build Operate and Transfer (DBOT) 787
Deutsche Gesellschaft für Internationale 

Zusammenarbeit
 see Gesellschaft für Internationale 

Zusammenarbeit (GiZ)
Dhaka, Bangladesh 607, 611
 see also Waste Concern Group (Bangladesh)
Dhaka City Corporation (DCC) 423
Drarga, Morocco see Drarga 

wastewater treatment plant
Drarga wastewater treatment 

plant 584–594, 599
 facilitators/dealmakers 589
 National Electricity and Water 

Company (ONEE) 584, 589
 Souss-Massa River Basin (SRB) 585
 Water Resources Sustainability 

(WRS) project 585
driver of change, wastewater 20, 

733–744, 745–759, 760–774
dry fuel 69, 796
duckweed 605, 606–614, 631, 634–637
 see also Agriquatics (Bangladesh)
duckweed-based wastewater treatment 

607, 608, 610–611, 612, 613, 614
DuduTech 450–458
 Integrated Pest Management (IPM) 450
 Kenya Bureau of Standards (KEBS) 455

Eco Biosis S.A (Eco Biosis) 296–306
 BioDisperSis VC® 296, 298, 

299, 302–303, 304
 Tembec 298
 WestRock 298
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Eco-Fuel Africa (EFA) 35, 43, 72–81
 eco-fuel press machine 72, 74
 prices of briquettes 73
ecological sanitation 7
ecological sanitation (EcoSan) system 528
Economic Development and Poverty 

Reduction Strategy (EDPRS) 95
ECOSAN-EU project 527–537
 community-based organization (CBO) 528, 

529, 530–531, 532, 533–534, 535–536
 German Corporation for International 

Cooperation (GIZ) 527, 528
 National Water and Sanitation 

Authority (ONEA) 527, 528
 urine diversion dehydrating toilet (UDDT) 

528, 529, 531, 532–534, 535
 Water and Sanitation for Africa (WSA) 528
Egypt 554, 570, 580, 600 
 see also Cairo, Egypt
El Berka wastewater and agroforestry 

system (Egypt) 556–568
 Egyptian Environmental Affairs 

Agency (EEAA) 563, 565
 Greater Cairo Sewage Water 

Company (GCSWC) 557, 561
 Holding Company for Water and Wastewater 

(HCWW) 557, 558–559, 561, 562, 566
 Ministry of Health and Population (MHP)  

563
 Ministry of State for Environmental 

Affairs (MSEA) 563
 sewage sludge 565, 597
 wastewater, supply of 564–565
enabling environment 778–796, 802–803
end-of-waste 543, 781–782
energy recovery 92 (subject of whole Section II)
 overview of business models 34-37
 see also briquettes from agro-waste; 

waste, recovering energy
Energy Regulatory Commission (ERC) 252
Energy Service Companies (ESCOs) 208
enriched compost production, from sugar 

industry waste see Pondicherry 
Agro Service and Industries 
Corporation Limited (PASIC)

environmental and health risk 
assessment 8–9, 24–26

 see within every Business Model under 
Safety, Environmental and Health Risks

environmental impact assessment 
(EIA) 119, 710–711

Environmental Protection Agency (EPA) 
 see under Ghana Environmental Protection 

Agency and United States Environmental 
Protection Agency US EPA

ETAVEN C.A. (ETAVEN) 286–295
 Andean Community of Nations 

(CAN) 289–291
 Petroleos de Venezuela S.A. (PDVSA) 288
 Yaretanol 286, 287, 288, 289, 294
excreta 93, 104–110, 319, 502–503, 

524–525, 528–535

Faisalabad, Pakistan 745–757, 746, 752
 see also driver of change, wastewater
farmers as drivers of change 760–774
fecal sludge (FS) 343
 see also biogas from; biogas from fecal 

sludge (community level); TOSHA 1
 to compost, from public toilets see 

Rwanda Environment Care (REC)
 see also Bangalore Honey Suckers; 

composting, partially subsidized  
(district level); Rwanda 
Environment Care (REC)

 see septage
fecal sludge treatment, outsourcing 

505, 506, 516–522
 see also fecal sludge (FS)
feed-in-tariff 265, 791
financial instruments 24, 788, 789
firewood 40, 41–49, 52, 56, 73–77, 88, 94–100
Flush Compost toilet (FCT) 104
forestry, wastewater 548–551
Friends of Ramsar Site (FORS) 761–762, 

763, 766–768, 769, 774n10
Frugal innovation 802–803
Fuel from Wastes Research Centre (FWRC)  

41
fuelwood see firewood

gasifiers 54, 83, 199, 203–211
gender 24, 27, 28, 796
 see within every  Business Model 

under Key Characteristics and 
Social Equity Related Risks 

Gesellschaft für Internationale Zusammenarbeit  
(GIZ)  41, 98, 119, 527-528, 533, 563
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Ghana 111, 505, 506, 737, 740, 782, 784, 790
 farmers as drivers of change 760–774
 see also Kumasi, Ghana
Global Environmental Facility’s Small 

Grants Programme (GEF-SGP) 62
Ghana Environmental Protection Agency 

622, 626, 764, 768, 774n
Global Water Intelligence (GWI) 549, 605
Government Employees Pension 

Fund (GEPF) 789
Greater Cairo Sewage Water Company 

(GCSWC) 557, 561
Greenfield Crops (GC) 333–340
 “Pillisaru” project 334, 338
 public-private partnership (PPP) 

333, 334, 335, 339
 Sri Lanka Standards Institution (SLS) 337
greenhouse gas (GHG) 4, 173–174, 324
green taxation 790
Groupement de Développement 

Agricole (GDA) 572–575
Grupo Viz (GV) 172–173
Gulburga Electricity Supply 

Company (GESCOM) 194

Health risks
 see within every Business Model under 

Safety, Environmental and Health Risks
high-performance temperature-

controlled (HPTC) 253
Holding Company for Water and Wastewater 

(HCWW) 557, 558–559, 561, 562, 566
Husk Power Systems Inc. (HPS) 203–214
 biomass gasification 205–206, 208–209
 Rajiv Gandhi Grameen Vidyutikaran Yojana 

(RGGVY) Programme 205, 208–209
hydraulic retention time (HRT) 99, 119

Improved Cook Stove (ICS) 66
independent power producers 

(IPPs) 151, 205, 208, 250
India 505, 541, 550, 610, 780, 786–787
 bagasse-based cogeneration 151
 co-marketing compost 790–791
 Companies Act 2013 8–9
 growth of urban population 667
 Sulabh International Social 

Service Organisation 119
 wastewater 550–551, 610, 667, 

710–719, 736, 745–746, 753, 
754, 786, 787, 793–794 

 see also Bangalore, India; Bihar, 
India; Infrastructure Leasing and 
Financial Service Okhla composting 
plant (IL&FS Okhla); Koppal, India; 
Ludhiana, India; Pondicherry Agro 
Service and Industries Corporation 
Limited (PASIC); Pune Municipal 
Corporation (PMC); Shri Someshwar 
Sahakari Sakhar Karkhana (SSSSK)

Indian Renewable Energy Development 
Agency (IREDA) 151

indoor air pollution 34, 56, 79, 87, 93, 211
informal sector 20, 78, 402, 437, 485, 

508, 515, 558, 721, 737, 784 
informal wastewater irrigation 551, 712, 721
 Sakumo wastewater treatment 760–774
 Water and Sanitation Agency 

(WASA) 745–759
 see also Corporate Social 

Responsibility (CSR)
infrastructure investment 785–789
Infrastructure Leasing and Financial 

Service Okhla composting plant 
(IL&FS Okhla) 435, 391–399

 Fertilizer Control Order (FCO) 391, 392, 393
 GHG emissions 391, 397–398
 Municipal Corporation of Delhi (MCD) 

391, 392, 392, 396, 398
in-house biogas production 92
innovation capacity 20, 731, 760–774, 795
integrated resource recovery 

facilities (IRRF) 381–382
integrated waste management 

facility (ISWM) 412
Intended Nationally Determined 

Contribution (INDC) 242–243
internal combustion (IC) 105
International Committee of Red 

Cross (ICRC) 93–102
 fixed dorm digester 99
 Kigali Institute of Science Technology and 

Management (KIST) 94, 96, 98, 101
 SNV Netherlands Development 

Organisation (SNV) 97–98
International Solid Waste Association 

(ISWA) 779–782
inter-sectoral water exchange 691–697
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Iran 666, 667, 693, 695, 754
 see also Mashhad Plain, Iran
irrigation 22, 100, 118, 166, 203, 254, 257, 

265, 282, 292, 452–454, 456, 473, 549, 
551, 554, 605, 613, 631, 665, 667–668, 
721, 729, 730, 731, 782, 793, 796  

 Amani Doddakere Tank 710–719
 As Samra wastewater treatment 

plant 642, 643, 644, 647–650
 CSR as driver of change 

733–737, 740, 741, 742
 farmers’ innovation as driver of 

change 760–763, 766, 768–772
 fixed wastewater-freshwater 

swap 672, 674, 675, 677
 flexible wastewater-freshwater 

swap 680–688
 forest carbon offset 599
 inter-sectoral water exchange 693, 695, 
 suburban wastewater treatment for 

reuse 584, 586–587, 589, 591, 592
 Tula aquifer 698–707
 wastewater and biosolids for 

fruit trees 569–583
 wastewater as a commodity 746, 

746–750, 752, 753, 754–755, 757
 wastewater for fruit and wood production 

556–557, 558, 563, 564–565, 566
 wastewater for greening the desert 599, 601

Japan Carbon Finance Ltd (JCF) 239
Jordan 550, 580, 659, 733
 see also As Samra wastewater 

treatment plant (WWTP)

Kampala, Uganda 82, 328 
 see also Kampala Jellitone 

Suppliers (KJS); Uganda 
Kampala Jellitone Suppliers (KJS) 41–51
Karnataka Compost Development 

Corporation Limited (KCDC) 400–410
 compost products 405–406
 Terra-Firma Biotechnologies Limited 403
Karnataka Renewable Energy Development 

Ltd (KREDL) 197, 199
Karnataka State Cooperative Marketing 

Federation (KSCMF) 401
Karnataka State Pollution Control 

Board (KSPCB) 197, 199

Kenya 111, 150–151
 see also Mumias Sugar Company Ltd (MSC); 

Nairobi, Kenya; Naivasha, Kenya; Kakuru, 
Kenya; Nyongara Slaughter House

Kenya Bureau Standard Board (KEBS) 
certification 364, 366, 367

Kenya Electricity Generating 
Company (KENGEN) 239

Kigali, Rwanda 82, 94, 98, 496
 see also Coopérative Pour La Conservation 

De L’Environement (COOCEN); 
Rwanda Environment Care (REC)

Kigali Institute of Science Technology and 
Management (KIST) 94, 96, 98, 101

Koppal, India 193–199
Kumasi, Ghana 769 
 see also Waste Enterprisers Ltd. (WE)

landfill directive 784
large scale wastewater treatment 

20, 550, 656–663, 
leapfrogging, wastewater 20, 550, 

555, 605, 631–638
Liquefied Petroleum Gas (LPG) 

42, 88, 130, 133, 146
livestock waste, for compost production 

see ProBio Humibac (ProBio)
Llobregat delta, Spain 666, 676, 679–690, 693 
Ludhiana, India 435
 see also A2Z Infrastructure 

Private Limited (A2Z-PL)
Ludhiana Municipal Corporation (LMC) see A2Z 

Infrastructure Private Limited (A2Z-PL)
Lugazi Town, Uganda 72, 77
 see also Eco-Fuel Africa (EFA)

Maharashtra Electricity Regulatory 
Commission (MERC) 227

Maharashtra Energy Development 
Agency (MEDA) 259

Maharashtra, India see Pune Municipal 
Corporation (PMC); Shri Someshwar 
Sahakari Sakhar Karkhana (SSSSK)

Mailhem Wipro see Wipro Employees Canteen
managed aquifer recharge 720–727
manure, power from 182–192
 BOT model 186
 carbon credit 183, 183, 184–185, 185–186 
 centralized biogas systems 186, 187, 188
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 rural electrification 183–184, 
184, 185–186, 187

Mashhad Plain, Iran 666, 670–678
Matara, Sri Lanka see Greenfield Crops (GC)
Mbale, Uganda 351
 see also Mbale Municipal 

Composting Plant (MCP)
Mbale Municipal Composting 

Plant (MCP) 324–332
 cost-recovery 324–331
methane (CH4) 110–111, 139, 

174–175, 174, 448
 see also municipal solid waste (MSW), 

power from; Nyongara Slaughter House; 
Pune Municipal Corporation (PMC); 
SuKarne methane recovery project 

Mexico 150, 667, 786, 789
 see also Eco Biosis S.A (Eco Biosis); 

Mexico City, Mexico; Mezquital 
Valley, Mexico; ProBio Humibac 
(ProBio); SuKarne methane recovery 
project; Tula aquifer (Mexico)

Mexico City, Mexico 667, 698–709
 see also Tula aquifer (Mexico)
Mezquital Valley, Mexico 667, 698, 703, 

704, 705, 707, 708, 709n1
Middle East and Northern Africa 

(MENA) 21, 554, 558, 559
Millennium Development Goals 

(MDGs) 116, 119
Ministry of New and Renewable Energy 

(MNRE), Indian 137, 208
Ministry of Non-Conventional Energy 

Sources (MNES) 151, 259, 263
Ministry of Water and Irrigation 

(MWI), Kenyan 118
Mirzapur, Bangladesh 605, 382
 see also Agriquatics (Bangladesh) 
Morocco 270, 554, 599
 see also Drarga wastewater treatment plant
Multilateral Investment Guarantee 

Agency (MIGA) 640
Mumias District, Kenya see Mumias 

Sugar Company Ltd (MSC)
Mumias Sugar Company Ltd 

(MSC) 151, 238–247
municipal solid waste (MSW) 36, 150, 778
 briquettes from see briquettes from 

municipal solid waste (MSW) 

 compost and carbon credits for 
profit see Infrastructure Leasing 
and Financial Service Okhla 
composting plant (IL&FS Okhla)

 composting, cooperative model 
see Nakuru Waste Collectors 
and Recyclers Management 
Cooperative Society (NAWACOM)

 composting, and fecal sludge for 
cost recovery see Balangoda 
Compost Plant (BCP)

 composting, for cost recovery see Mbale 
Municipal Composting Plant (MCP)

 composting for profit, franchising 
approach to see Terra Firma 
Biotechnologies Limited (Terra Firma)

 composting for profit, inclusive,  
public-private partnership-based see A2Z 
Infrastructure Private Limited (A2Z-PL)

 composting for profit, socially-driven model 
see Waste Concern Group (Bangladesh)

 composting, partnership-driven see 
Karnataka Compost Development 
Corporation Limited (KCDC)

 composting, public-private partnership-
based see Greenfield Crops (GC)

 power from see Pune Municipal 
Corporation (PMC) 

 see also composting, partially 
subsidized (district level); municipal 
solid waste (MSW), power from

municipal solid waste (MSW), 
power from 232–237

Nairobi, Kenya 105, 111, 114–123, 
248–249, 254, 451

Naivasha, Kenya 451
 see also DuduTech
Nakuru, Kenya 451
 see also Nakuru Waste Collectors 

and Recyclers Management 
Cooperative Society (NAWACOM)

Nakuru Waste Collectors and Recyclers 
Management Cooperative Society 
(NAWACOM) 362–370

 community-based organizations (CBOs) 
362–364, 366, 367, 369–370

National Centre of Organic Farming (NCOF)  
383
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National Domestic Biogas Program (NDBP) 98
National Environment Management 

Authority (NEMA), Kenyan 118, 119
National Sanitation Utility (ONAS) 569–583
 Commissariat Régional de Développement 

Agricole (CRDA) 569, 571, 572, 574–578
 government bodies and institutions 576
 Groupement de Développement 

Agricole (GDA) 569, 572–575
nutrient and organic matter recovery 322–323, 

379–380 (subject of whole section III)
 overview of business models 316–320
nutrient recovery, from own agro-

industrial waste 448, 478–483
Nyongara Slaughter House 248–256
 Dagorretti 248, 249, 254

Ouardanine, Tunisia 569–582
Okhla, India see Infrastructure Leasing 

and Financial Service Okhla 
composting plant (IL&FS Okhla)

organic matter recovery see nutrient 
and organic matter recovery

Ostara 319, 525, 538–546, 549
Ouagadougou, Burkina Faso see 

ECOSAN-EU project
Ouardanine tree crop system (Tunisia) see 

National Sanitation Utility (ONAS)
outsourcing, of fecal sludge treatment see 

fecal sludge treatment, outsourcing

partial guarantees 640 
palm oil mill effluent (POME) 270, 272
participatory urban appraisal (PUA) 117
pay-and-use toilets 103, 104
pension funds 640, 786, 788–789
Peru 289, 789
 see also Santa Rosillo, Peru, 

rural electrification
Petroleos de Venezuela S.A. (PDVSA) 288
phosphorous 316, 347, 524, 549, 

661, 747, 779, 790
 see also phosphorous recovery 

from wastewater
phosphorous recovery from 

wastewater 538–546
regulations and obstacles in Europe 543
 see also wastewater treatment 

plants (WWTP)

Pondicherry, India see Pondicherry 
Agro Service and Industries 
Corporation Limited (PASIC)

Pondicherry Agro Service and Industries 
Corporation Limited (PASIC) 459–467

Pondicherry Cooperative Sugar Mill (PCSM) 
459, 460, 461, 463, 465, 466

power from manure see manure, power from 
power from livestock and agro-waste see 

Santa Rosillo, Peru, rural electrification
power purchase agreements (PPAs) 238, 252
private sector investment, in large 

scale wastewater treatment see 
wastewater treatment, enabling 
private sector investment

ProBio Humibac (ProBio) 468–477
 see also SuKarne methane recovery project
Programmable Logical Controller (PLC) 167
Provincial Electricity Authority 

(PEA) 270, 272, 274
public-private partnerships (PPPs) 17, 35, 

61, 82, 116, 232–223, 355, 659
 see also A2Z Infrastructure Private 

Limited (A2Z-PL); Greenfield 
Crops (GC); Infrastructure Leasing 
and Financial Service Okhla 
composting plant (IL&FS Okhla)

public toilets, composting fecal sludge from 
see Rwanda Environment Care (REC)

Pune Municipal Corporation (PMC) 222–231 
 Solid Waste Collection and Handling 

(SWaCH) 222, 223, 225, 226, 228–229
pyrolysis 57, 78, 88

Rajiv Gandhi Grameen Vidyutikaran 
Yojana (RGGVY) 205, 208–209

Ravikiran Power project 193–202
 Certified Emission Reductions (CERs) 195
 Greenko Group 193, 194, 197, 199
 Gulburga Electricity Supply 

Company (GESCOM) 194
reclaimed water 549, 558, 565, 566, 

569, 600–601, 605, 634, 635, 636, 
644, 646, 647, 649–650, 661, 
665, 666, 700, 724, 769, 796

 fixed wastewater-freshwater swap 670–677
 flexible wastewater-freshwater 

swap 681, 681–689
 inter-sectoral water exchange 691–697

Copyright Material – Provided by Taylor & Francis 



INDEX 813

 wastewater and biosolids for 
fruit trees 570–582

recovery 
 of nutrients and organic matter see  

nutrient and organic matter 
recovery (section III)

 of energy from waste see waste, 
recovering energy (section II)

 of water from wastewater see (section IV)
refuse-derived fuel (RDF) 382, 388, 

393, 398, 437, 780–781
resource recovery and reuse (RRR) 6, 

7–8, 17, 29, 36–37, 549, 554
 see also business cases and models, 

defining and analyzing
resource recovery and reuse (RRR), 

environment and finance 778–796
 finance and financial incentives 784–793
 local capacities and stakeholder 

acceptance 795–796
 operational cost recovery, 

facilitation 789–792
 policies, regulations, and guidelines  

778–784
 technologies matching resource 

constraints 793–794
results-based financing (RBF) 791–792
risk mitigation and business risks, RRR 

see under business cases and 
models, defining and analyzing

rural electrification see Santa Rosillo, 
Peru, rural electrification

rural–urban linkages, wastewater 703
rural-urban water trading 665–669
 see also Amani Doddakere tank 

(ADT), revival; inter-sectoral water 
exchange; managed aquifer 
recharge; Tula aquifer (Mexico); 
wastewater-freshwater swap, fixed; 
wastewater-freshwater swap, flexible

Rwanda 35–36, 92, 93–101, 111, 784
 see also Kigali, Rwanda
Rwanda Correctional Services (RCS) 96
Rwanda Development Board (RDB) 66
Rwanda Environment Care (REC) 487–495
Rwanda Environment Management 

Authority (REMA) 66
Rwanda Utilities Regulatory Agency (RURA)  

66

Safety
 see within every Business Model under 

Safety, Environmental and Health Risks
Sanitation Development Fund (SANDEF) 122
Sanitation Safety Planning (SSP) 12
 see also under World Health Organization 

(WHO); Sanitation Safety Planning (SSP)
Santa Rosillo, Peru, rural electrification 152–161
 Communal Energy Services 

Unit (USEC) 155–156
septage 318, 319, 485, 497, 505, 506, 

516, 517, 524, 525, 771
 see also fecal sludge
sewage treatment plant (STP) 111, 717
 see also Wastewater; Wastewater Treatment 

Plant, Waste Stabilization Ponds
Shri Someshwar Sahakari Sakhar 

Karkhana (SSSSK) 257–267 
 bagasse co-generation 259–260
 ethanol from molasses 260
slaughterhouse waste see Nyongara 

Slaughter House
small and medium enterprises (SMEs) 140
social business model 7, 676, 

710, 712, 723–724
social capital 317, 361
Solid Waste Collection and Handling (SWaCH) 

222, 223, 225, 226, 228–229
Spain 691, 693
 see also Llobregat delta, Spain 
Sri Lanka 356, 451, 506, 780, 790–792
 see also Greenfield Crops (GC); 

Balangoda Compost Plant (BCP)
Sri Lanka Standards Institution 

(SLS) 337–338, 346
 see also Balangoda Compost Plant 

(BCP); Greenfield Crops (GC) 
subsidy-free community-based 

composting 360–361, 371–377
 see also Nakuru Waste Collectors 

and Recyclers Management 
Cooperative Society (NAWACOM) 

sugar industry waste 
 combined heat, power and ethanol 

see Shri Someshwar Sahakari 
Sakhar Karkhana (SSSSK)

 enriched compost production see 
Pondicherry Agro Service and Industries 
Corporation Limited (PASIC)
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SuKarne methane recovery project 172–181
 Grupo Viz (GV) 172–173
Sulabh Effluent Treatment (SET) 109
Sulabh, India 103–112, 119
Sulabh International Social Service 

Organization 103–113 
 public toilets 103–106, 108, 109, 110–111
sustainable and renewable power 

generation 150
 see also Santa Rosillo, Peru, 

rural electrification
Sustainable Development Goals 

(SDG) 5, 34, 640
Sustainable Environment Management 

Programme (SEMP) 429
sustainable sanitation service delivery 485
 see also compost production for 

sustainable sanitation service delivery
sustainable sourcing 9

tax holidays 151, 195, 252, 259, 355, 789
technologies matching resource 

constraints 793–794
tender 559, 659, 661, 795
Terra Firma Biotechnologies Limited 

(Terra Firma) 403, 411–421
textile industry, wastewater 736
Thai Biogas Energy Company (TBEC) 268–277 
 palm oil mill effluent (POME) 270, 272
 Private Energy Market Fund (PEMF) 270
 Provincial Electricity Authority 

(PEA) 270, 272, 274
 Very Small Power Producer 

Program (VSPP) 272
Thailand 295
 see also Thai Biogas Energy 

Company (TBEC)
3S Program (Brazil) 162–171
 Sadia Institute (SI) 36, 164–169
tipping fees 335, 339, 355, 398, 407, 418, 789
TOSHA 1 114–123
 community-based organization (CBO) 114
 Umande Trust 114, 115, 116–117, 

119–120, 121–122
treatment fee model 540
Tula aquifer (Mexico) 698–709 
 Atotonilco wastewater treatment 

plant 703, 705
 CONAGUA 701–702, 704–705

Tunisia 549, 554–555, 596
 see also Ouardanine, Tunisia

Uganda 111, 239, 246, 451, 791
 see also Kampala, Uganda; Lugazi 

Town, Uganda; Mbale, Uganda
Uganda National Bureau of 

Standards (UNBS) 78
UNFCCC Annex I countries 379, 441
United Nations Development 

Programme (UNDP) 62, 488
United States Agency for International 

Development (USAID) 259, 335, 561, 
563, 585, 593, 642, 645, 652

United States Environmental Protection 
Agency (US EPA) 173, 593

upflow anaerobic sludge blanket (UASB) 
137, 227, 652, 793–794

urine diverting dry toilets (UDDTs) 485, 
497, 498, 502, 503, 524–525, 
528–529, 531–535, 542

urine and fecal matter collection 
see ECOSAN-EU project

value-driven business model 44
Venezuela see ETAVEN C.A. (ETAVEN)
Veracruz, Mexico see Eco Biosis 

S.A (Eco Biosis) 
Viability Gap Funding (VGF) see As Samra 

wastewater treatment plant (WWTP)
Voluntary Emission Reductions (VERs) 

56, 85, 127, 145, 193, 195

Waste Concern Group (Bangladesh) 422–432
 CDM/carbon trading model 428–429
 partnership model 426–428 
Waste Enterprisers Ltd. (WE) 617–630 
 Kumasi Metropolitan Assembly (KMA) 

617, 618, 620–621, 622, 630n1 
waste management and sanitation 

4–8, 10–12, 322
 see also Corporate Social 

Responsibility (CSR)
waste, recovering energy 34–37
Waste Stabilization Ponds (WSP) 750, 793
wastewater 
 agro-industrial, combined heat and 

power from see Thai Biogas 
Energy Company (TBEC)
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 biosolids for fruit trees see National 
Sanitation Utility (ONAS)

 fish feed production see 
Agriquatics (Bangladesh)

 fruit and wood production see 
El Berka wastewater and 
agroforestry system (Egypt)

 phosphorous recovery see phosphorous 
recovery from wastewater 

 treatment, designed for reuse and replication 
see Drarga wastewater treatment plant

wastewater as change-driving 
commodity 745–759 

wastewater auctioning 748, 754 
wastewater for greening desert 595–603
 cost recovery through accounting 599
 forest carbon offset 599–600
wastewater-freshwater swap, fixed 670–678
wastewater-freshwater swap, flexible 679–690
 Catalonian Water Agency (ACA) 679, 683
 integrated water resources management 

(IWRM) 679, 681, 682, 687
 treatment for nature 685
wastewater treatment, enabling private 

sector investment 656–663 
 public-private partnership (PPP) 

agreement 657, 659, 661
 Viability Gap Funding (VGF) 658
wastewater treatment plant 

(WWTP) 549, 550, 644
 see also sewage treatment plant, 

waste stabilization ponds, cost 
recovery (wastewater); phosphorous 
recovery from wastewater

water exchange, wastewater 20

 fixed wastewater-freshwater swap 
671, 673, 674, 675, 676, 677

 flexible wastewater-freshwater swap 
679, 681–682, 687, 689

 inter-sectoral 665–667, 666, 687, 691–697
 rural–urban 667, 724
water recovery 548, 652, 748 (subject 

of whole Section IV)
 overview of business models 548-552
Water Services Trust Fund (WSTF) 119
welfare/profit maximization 20
 profit maximization 17, 218, 352, 379, 435
win-win situation 6, 605, 614, 

632, 674, 705, 707
Wipro Employees Canteen 133–141
 Corporate Social Responsibility 

(CSR) 134–135, 136–137, 141
wood production, wastewater 

556–568, 597, 602
word of mouth 204, 362, 364, 368, 377
World Health Organization (WHO) 26, 40, 66, 

104, 579, 581, 584, 613, 650, 762, 768
 guidelines 558, 566, 627, 631, 636, 

644, 695, 734, 757, 763, 766, 770
 multiple barrier approach 601, 

730, 730, 731, 741
 recommendations 551, 576, 626, 

741, 755, 756–757, 771, 774n4
 Sanitation Safety Planning (SSP) 

12, 566, 601, 676, 695, 725, 
731, 736, 739, 769, 778–779

 standards 589, 613, 644

Yelemallappa Shetty tank (YMST) see Amani 
Doddakere tank (ADT), revival
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