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EXECUTIVE SUMMARY
Portfolio Review of USAID Decentralized Energy Activities
This document presents and compares five Brazilian case studies that inform a wider portfolio review of
USAID decentralized energy (DE) investments began between 2004 and 2012. DE in this context refers
to interventions supported by USAID that generate limited wattage, serve a small number of customers
per system/installation, are off-grid, and utilize clean energy technologies. USAID DE investments take the
form of sectoral technical assistance, credit guarantees, enterprise support, and direct delivery modalities.
Examples of the technologies supported include solar powered micro-grids, household energy systems,
micro-hydro generators, and biomass installations supported by a range of business models, financing
mechanisms, public policy arrangements, and capacity-building assistance for system operations and
maintenance (O&M).
The range of activities representing the entire USAID DE portfolio includes 31 unique investments in 12
countries, including 2 global credit guarantee facilities. Based on criteria developed collaboratively with
USAID, three countries were selected for in-depth study: Brazil, Tanzania, and India.2 Therefore primary
data was collected for applicable DE investments in these 3 countries, which together represent 13 case
studies.3 In a separate Synthesis Report, these case studies – the 5 Brazil cases of which are summarized
in this document – along with a literature review, summary of related performance evaluations, and
descriptive statistics relating to the entire 31-activity portfolio are used to answer the review’s 3 research
questions:
1. To what extent and under what conditions have USAID-supported decentralized energy systems
been sustainable after USAID assistance ended?
To what extent and under what conditions have USAID-supported decentralized energy systems been
replicated or scaled up after USAID assistance ended?
What decentralized energy implementation models and processes have been most effective at achieving
sustainability, scale, or replication?

USAID DE Investment Modalities
Global USAID DE investments fall into four overarching categories, which are:
Credit Guarantees (CG): Through the Development Credit Authority (DCA), USAID uses partial
credit guarantees to mobilize local financing, by covering 50 percent4 of the principal in loans to projects
that advance the Agency’s development objectives. This risk-sharing mechanism encourages commercial
banks and other lenders and creditors to expand credit to sectors and industries they currently do not
serve, or to lend with less collateral than previously required. The expectation is that during the
guarantee period, the lender will get to know the industries and associated risks so that in the future,
the lender will have the confidence to issue comparable credit without enhancements.

The review team delivered a country selection paper in April 2015, justifying primary data collection in three regions:
Southeast Asia, Sub-Saharan Africa, and India. Because a significant body of research was already available for USAID
investments in the Philippines and Indonesia, Brazil was suggested by USAID for in-depth study due to its relatively older
portfolio of investments than was the case in Tanzania and India. In addition, Brazil represented a starkly different context
compared to the other two countries, which supported the comparative case study design underpinning this review.
3 Five in Brazil. Five in India. Three in Tanzania.
4 The large majority of CG activities cover 50 percent of the loan principle; however, there are exceptions. For example, a loan
portfolio guarantee to a Nigerian financial institution covered up to 80 percent for loans disbursed for renewable energy
promotion.
2
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Direct Delivery (DD): USAID activities or activity component(s) in which USAID or other donors
invest the majority of the capital and other associated costs for repairing, procuring, and/or installing
one or multiple DE systems. In addition to paying for capital costs, these projects may provide training,
capacity building or other technical support for the installation and/or operation of the DE system.
Enterprise Support (ES): USAID grants made directly to clean energy enterprises to support testing
and/or scaling of breakthrough technologies and solutions. This may include complementary technical
assistance and training to the enterprise for such purposes as business acceleration, improved
management, equipment sourcing, and increased access to financing. This category includes
Development Innovation Ventures (DIV) grants and grants under contracts or larger umbrella
mechanisms.
Sectoral Technical Assistance (STA): USAID project or project component(s) that strengthen the
enabling environment for enhancing access to clean energy services in off-grid areas. This may include,
for example, developing new policies, legislation, and/or regulations, strengthening relevant government
agencies and higher education facilities, and training of financial institutions on off-grid clean energy
lending.

DE in Brazil
One of the key contextual factors affecting Brazilian DE investments since the early 2000s is the
government’s drive to achieve universal electrification. Government initiatives, which are described in
more detail beginning on page 8, led to major investments for grid extension throughout the country,
which resulted in more than 19 million new connections between 2000 and 2010 (IBGE 2000 and 2011).
At the time of the 2010 Brazilian census, fewer than one million households lacked grid access. These
remaining households without access reside in remote communities mainly in the north and northeast of
Brazil, where USAID focused a large proportion of its off-grid support.

USAID DE Investments in Brazil
USAID DE investments in Brazil are most commonly found as components to larger support mechanisms
working in the clean energy, energy efficiency, and/or sustainable livelihoods sectors. Two multi-pronged
Brazil-based activities and one global credit guarantee met the parameters for inclusion for the review’s
full 31-activity portfolio inventory. These are:
1. Energia Renovavel e Desenvolvimento (E&D);
2. Clean & Renewable Energy (C&RE); and
3. E+Co, Inc. and ShoreBank Portfolio Credit Guarantee.
Implemented between 2005 and 2008, E&D was designed to support activities that utilize renewables and
efficiency technologies as a means for promoting social and economic development while also addressing
climate change. E&D DE components included direct delivery of five solar powered pumping systems for
hydroponics, a small hydropower system in Pará State, solar driers for produce, solar desalinators for
agriculture production, and a demonstration facility for biofuel manufacturing. STA support took the form
of (1) market research, (2) public policy engagement, (3) developing national and international partnerships
to attract sustained financing, and (4) capacity building for community groups, the banking sector, and
government bodies for the purpose of strengthening the renewable energy sector. The case studies in
Cachoeira do Aruã (Case Study 1) and Ceará State (Case Studies 3 and 4) received partial support from
the E&D activity.
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Implemented between 2009 and 2012, C&RE was designed as a consortium with seven grantees supporting
a wide-array of policy and community interventions to promote sustainable clean and renewable energy
usage. C&RE-DE specific investments included the DD, ES, and STA modalities. The activity directly
provided solar PV to target communities for use in the agro-tourism sector. ES support took the form of
various partnerships with industrial actors to increase their capacity to produce biodigester products for
use in the agriculture sector. And STA support included: (1) instructing students and teachers about the
use, benefits of, and how to access sources of renewable energy; (2) support for a carbon credit scheme
in the form of monitoring greenhouse gas emissions; and (3) various forms of support to policy actors and
public awareness campaigns to incentivize the use of clean energy solutions. E&D and C&RE were both
implemented by Instituto de Desenvolvimento Sustentável e Energias Renováveis (Sustainable Development and
Renewable Energy Institute – IDER).
Since 2007, E+Co and ShoreBank have held a 50 percent loan portfolio guarantee through USAID’s
Development Credit Authority (DCA) which has been utilized to finance activities in Brazil, Cambodia,
Guatemala, Honduras, and Nepal. The guarantee’s coverage ceiling of $1.5 million has already been
reached; however, the guarantee’s coverage window lasts until 2017. It has been used to finance
enterprises concerned with solar PV, small hydro, and biomass gasifiers installations. In Brazil,
E+Co/ShoreBank extended a loan, backed by the CG, to Enalter which is discussed as Case Study 5.

Energia Produtiva (EP)
Of additional note is Energia Produtiva (EP), which was implemented between 2003 and 2005 by Winrock
International. Its start date was prior to 2004, thus its exclusion from the inventory; however, EP provided
support to the case studies in Cachoeira do Aruã (Case Study 1) and the PV irrigation site in Ceará (Case
Study 3). More broadly, EP directly installed various solar PV and biodigestion systems in northeast Brazil
to support the agriculture sector, including but not limited to organic farming. STA support took the form
of NGO and renewable energy stakeholder capacity building. In addition, EP assisted several small-scale
hydro plants to attract private financing. The activity closed two years early due to concerns over the
availability of Mission resources.

Activities Selected as Cases
This report summarizes then compares five case studies from Brazil which were selected through a
collaborative process with USAID. Information regarding selection priorities is provided in the
Methodology section beginning on page 6.
Individual cases represent one to two investment “sites,” which were usually components of a larger
activity, e.g., the E&D activity provided support for Case Studies 1, 3, and 4.
The five in-depth case studies included:
Case Study 1 – PRISMA Hydro Mini-grid in Cachoeira do Aruã (DD): This site represents a
micro hydropower mini-grid serving a community of approximately 120 households along the Aruã River,
roughly 145 km southwest of Santarém in Pará State. The case utilized the implementer’s PRISMA model,
which is a project design paradigm that couples sustainable livelihoods and enterprise development
approaches to (1) confirm community ownership of the power generator and (2) raise beneficiary
incomes.
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Conclusions: USAID support ended in 2008 and the mini-grid was still functioning at the time of the
review’s visit in 2015. The number of households receiving service has doubled from 60 to 120 in
the intervening years, resulting in a degradation of service, according to community members,
because of the wider-base utilizing the system’s relatively consistent output level. Conditions that
contributed to the system’s sustainability included favorable national and state policies, a high degree
of community engagement, and strong partnerships with local NGOs. There was no indication that
the mini-grid investment was replicated elsewhere.
Case Study 2 – Household PV SHS in Maripá and Santí Communities (DD): This DE activity
was a replication of a successful fee-for-service Photovoltaic Solar Home System (PV-SHS) activity
implemented by IDEAAS in Rio Grande do Sul from 2000–2003.5 This activity was implemented in the
geographically isolated communities of Maripá and Santí, Pará State, which will not be able to access gridbased electrification in the foreseeable future. To replicate the fee-for-service PV–SHS model in these
remote communities, IDEAAS partnered with a local NGO, Projeto Saúde e Alegria (PSA), and offered
three PV-SHS options with different levels of capacity. The implementers developed what they considered
to be a viable “fee-for-service” business model, but due to lack of funds, IDEAAS was not able to continue
supporting the business model and stopped providing maintenance services about a year and a half after
installation. From that point on, households stopped paying the monthly fee and assumed responsibility
for maintenance of their own systems.
IDEAAS secured USD $224,000 in funding from the Lemelson Foundation. This was supplemented by
$20,000 from USAID, which constituted less than 10 percent of the total funding received and was used
to provide technical assistance. Multiple informants told the review team that the fee-for-service scheme
was suspended after just 16 months due to cuts in funding, including cuts from USAID.
Conclusions: USAID support ended between 2008 and 2009 and the PV–SHS systems in Maripá and
Santí were marginally sustained. At the end of USAID funding, 48 systems were in operation, but
this number had decreased to 35 at the time of the review team’s visit. Roughly 16 months after
system installation, IDEAAS stopped responding to maintenance requests, citing a lack of funding.
This resulted in households assuming responsibility for maintenance themselves, to mixed results.
The marginal success of the investment can be partly attributed to the relatively low maintenance
needs of the systems; however, the review team speculates that a greater degree of sustainability
could have been achieved if the fee-for-service model had been maintained. The review team
identified no evidence of replication or scaling of this activity during fieldwork.
Case Study 3 – Community PV Irrigation in Bom Jesus and Barra de Corrego (DD, STA):
This case study assessed two PV-irrigation installation sites that supported organic agriculture production
in the communities of Bom Jesus and Barra de Córrego in the semi-arid northeast region of Ceará State.
USAID funds assisted in (1) the installation of the water-pumping and micro-irrigation system, (2) capacity
building for farmers in organic agriculture practices, and (3) commercialization support for marketing the
produce grown using the irrigation systems (e.g., business planning, credit acquisition).

Founded by Fabio Rosa in 1997, IDEAAS is a Brazilian nonprofit organization that develops and pilot-tests models for
delivering rural electrification and the use of renewable energy sources to low-income rural populations.
5
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Conclusions: The installations in Bom Jesus and Barra de Córrego were able to operate for two to
three years as a result of beneficiary engagement and sufficient training to maintain the systems for
a period. However, the water-pumping system eventually began to malfunction. The model utilized
Danish parts and was expensive and time-consuming to repair. By the time of the review team’s visit
the operation had ceased entirely. Beneficiaries also cited difficulties in marketing the organic
products produced at the sites. The review team identified no evidence of scaling or replication of
this activity.
Case Study 4 – Biofuel Power Production in Quixeramobim (DD): This case study assessed the
outcomes of a biofuel-based electricity production plant on Fazenda Normal, a demonstration farm
managed by Empresa de Assistência Técnica e Extensão Rural – Ceará (EMATERCE),6 near the town of
Quixeramobim in central Ceará State that provided electricity to Serrinha de Santa Maria, a rural
community. The biofuel plant at Quixeramobim was a proof-of-concept pilot led by a consortium of
companies called “CENP Energia”7 in partnership with the Secretariat of Agriculture and Livestock
(SEAGRI). USAID, through its implementing partner IDER, supported coordination and administration of
the activity. The activity also received financial support from the firms that constituted CENP-Energia, as
well as the state government of Ceará. The biofuel pilot at Quixeramobim was initiated in 2003.
Conclusions: The biofuel plant ceased operation in 2007. No evidence was available to suggest that
the pilot scaled or replicated. Contributing factors to the pilot’s lack of sustainability include: (1)
main-grid extension to the community and (2) the Brazilian government’s prioritization of soybean
based biofuel as opposed to the pilot’s use of castor oil.
Case Study 5 – Enalter Solar Hot Water (CG): Enalter is a Brazilian commercial enterprise that
received a 2007 loan through the E+Co/Shorebank global loan portfolio guarantee scheme described
above. The $26,000 loan was for the purpose of expanding Enalter’s operations budget and its marketing
mechanisms for its solar water heating systems. While these heating systems are not meant for electricity
generation, this case was selected because it represents a contrasting commercial approach relative to the
other cases. At the time of USAID’s investment, Enalter was mainly serving middle-class customers;
however, in the intervening years, Enalter has contracted with multiple state-sponsored programs to
provide solar water heating systems to lower-income clients.
Conclusions: Enalter representatives cited receipt of the USAID-backed loan as a contributing factor
to their success in attracting further sources of financing. The review team concluded that the Enalter
case was the most sustainable in the sense that it is a growing business with a gradually increasing
customer base and strong maintenance and customer service reviews. Contributing to Enalter’s
success is national and state policies that mandate that 0.5 percent of utilities revenue be reinvested
in energy efficiency programs, hence Enalter’s participation with state-sponsored distribution
schemes to lower-income customers.

EMATERCE is the government agency in charge of agricultural extension services in Ceará State.
CENP Energia was itself a partnership of five independent power producers: Ceará Gerador de Energia (CGE), Cummins
Power Generation, Parnamirim Energia, ENGEBRA, and TEP Potiguar.
6
7
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Cross-Case Conclusions
Public Support for DE
Supportive national and/or state policies with respect to DE are necessary but not sufficient for sustained
outcomes. At the time of the 2010 census, fewer than one million households lacked grid access, indicating
a relatively successful push in the 2000s to massively extend the grid for those near population centers.
But for those in remote areas without access, respondents cited national and state polices for creating an
enabling environment for DE. This public support can take the form of a government unit contributing to
the procurement of DE installations and partnering with NGOs and international donors to build
community capacity to maintain and utilize energy access for livelihoods improvements (such was the case
in Cachoeira do Aruã). This can also take the form of the case in Quixeramobim, where grid access was
extended to the community, taking away the underlying need for DE solutions. In essence, contextual
factors relating to public policy investment choices can improve the likelihood of sustained DE outcomes
but can also shift underlying assumptions making previous investments obsolete.

Community Engagement
The circumstances for community engagement varied considerably across the five cases. For the
Cachoeira do Aruã mini-grid, the site’s implementation model was predicated on community engagement.
The entire system is managed by the community and would not have functioned had the community not
been engaged from the start. In Maripá and Santí, the fee-for-service model was designed to meet specific
needs of these communities in terms of energy demand and ability to pay. While the Maripá and Santí
model was only moderately successful due to the failure of a key component (the fee-for-service model),
community engagement at the beginning of support ensured that the systems were well designed and that
the communities had sufficient sense of ownership to take responsibility for the systems after IDEAAS
pulled out. In contrast, Enalter’s commercial model does not require such engagement. The firm’s growth
is subsidized with funds that originate from state utilities, motivated by national-level energy policies, and
facilitated by state-level programs for low-income housing. Thus, the review team concludes that
community engagement is an important contributor to sustainability for community based, mainly DD,
investment types; however, is less vital for commercial investments similar to that of Enalter’s credit
guarantee.

Partnerships
Each of the activities that achieved a degree of sustainability exhibited successful partnerships between
donor, government agencies, businesses, and/or local service providers. For international donors
especially, these partnerships are vital to developing the positive stakeholder networks necessary to
maintain DE systems after the end of support. Such partnerships were largely absent in the two activities
that were not sustained and prominent components of the three that did exhibit sustained outcomes. For
the activities in Pará State (Case Studies 1 and 2), a strong local NGO with vital community ties was the
key element of the partnership. In these cases, the local partner helped beneficiaries overcome obstacles
that might have stunted the sites’ relative sustainability. Especially in the case of Cachoeira do Aruã, the
activity was designed with community ownership as a key component and resulted in full responsibility for
system operations and maintenance to be passed to community members in conjunction with continued
support from local NGOs that remained in the area. While the nature of Enalter’s solar hot water systems
is quite different from the Cachoeira do Aruã case, this report draws a similar conclusion about the
collaboration in that case: multiple agencies came together to create a sustainable DE dissemination
program that Enalter would likely not have accomplished alone.
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Technology Choice
DE solutions are only possible if the technology chosen is an appropriate match for the context in which
it is deployed. For the cases that were not sustained, the technologies that were chosen presented
challenges that could not be surmounted (e.g., failure of costly irrigation pumps in Ceará and low oil yields
and energy inefficient processing at Quixeramobim). In successful cases, parts were manufactured
regionally and could be replaced with ease or be serviced by local technicians. Above all, simple
technologies requiring less costly and less frequent maintenance were more likely to be sustained.
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INTRODUCTION
Portfolio Review of USAID Decentralized Energy Activities
This document presents and compares five Brazilian case studies that inform a wider portfolio review of
USAID decentralized energy (DE) investments began between 2004 and 2012. DE in this context refers
to interventions supported by USAID that generate limited wattage, serve a small number of customers
per system/installation, are off-grid, and utilize clean energy technologies. USAID DE investments take the
form of sectoral technical assistance, credit guarantees, enterprise support, and direct delivery modalities.
Examples of the technologies supported include solar powered micro-grids, household energy systems,
micro-hydro generators, and biomass installations supported by a range of business models, financing
mechanisms, public policy arrangements, and capacity-building assistance for system operations and
maintenance (O&M).
The range of activities representing the entire USAID DE portfolio includes 31 unique investments in 12
countries, including 2 global credit guarantee facilities. Based on criteria developed collaboratively with
USAID, three countries were selected for in-depth study: Brazil, Tanzania, and India.8 Therefore primary
data was collected for applicable DE investments in these three countries, which together represent 13
case studies.9 In a separate Synthesis Report, these case studies – the five Brazil cases of which are
summarized in this document – along with a literature review, summary of related performance
evaluations, and descriptive statistics relating to the entire 31-activity portfolio are used to answer the
review’s three research questions:
1. To what extent and under what conditions have USAID-supported decentralized energy systems
been sustainable after USAID assistance ended?
2. To what extent and under what conditions have USAID-supported decentralized energy systems
been replicated or scaled up after USAID assistance ended?
3. What decentralized energy implementation models and processes have been most effective at
achieving sustainability, scale, or replication?

USAID Decentralized Energy Investment Modalities
The USAID DE portfolio is made up of four main investment modalities. These are:
Credit Guarantees (CG): Through the Development Credit Authority (DCA), USAID uses partial
credit guarantees to mobilize local financing, by covering 50 percent10 of the principal in loans to
projects that advance the Agency’s development objectives. This risk-sharing mechanism encourages
commercial banks and other lenders and creditors to expand credit to sectors and industries they
currently do not serve, or to lend with less collateral than previously required. The expectation is that
during the guarantee period, the lender will get to know the industries and associated risks so that in
the future, the lender will have the confidence to issue comparable credit without enhancements.
The review team delivered a country selection paper in April 2015, justifying primary data collection in three regions:
Southeast Asia, Sub-Saharan Africa, and India. Because a significant body of research was already available for USAID
investments in the Philippines and Indonesia, Brazil was suggested by USAID for in-depth study due to its relatively older
portfolio of investments than was the case in Tanzania and India. In addition, Brazil represented a starkly different context
compared to the other two countries, which supported the comparative case study design underpinning this review.
9 Five in Brazil. Five in India. Three in Tanzania.
10 The large majority of CG activities cover 50 percent of the loan principle; however, there are exceptions. For example, a
loan portfolio guarantee to a Nigerian financial institution covered up to 80 percent for loans disbursed for renewable energy
promotion.
8
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Direct Delivery (DD): USAID activities or activity component(s) in which USAID or other donors
invest the majority of the capital and other associated costs for repairing, procuring, and/or installing
one or multiple DE systems. In addition to paying for capital costs, these projects may provide training,
capacity building or other technical support for the installation and/or operation of the DE system.
Enterprise Support (ES): USAID grants made directly to clean energy enterprises to support testing
and/or scaling of breakthrough technologies and solutions. This may include complementary technical
assistance and training to the enterprise for such purposes as business acceleration, improved
management, equipment sourcing, and increased access to financing. This category includes
Development Innovation Ventures (DIV) grants and grants under contracts or larger umbrella
mechanisms.
Sectoral Technical Assistance (STA): USAID project or project component(s) that strengthen the
enabling environment for enhancing access to clean energy services in off-grid areas. This may include,
for example, developing new policies, legislation, and/or regulations, strengthening relevant Government
agencies and higher education facilities, and training of financial institutions on off-grid clean energy
lending.

Overview of USAID Decentralized Energy Portfolio in Brazil
Brazil Investments Included in the Review’s 31-Activity Inventory
USAID DE investments in Brazil are most commonly found as components to larger support mechanisms
working in the clean energy, energy efficiency, and/or sustainable livelihoods sectors. Two multi-pronged
Brazil-based activities and one global credit guarantee met the parameters for inclusion for the 31-activity
portfolio inventory. These are:
1. Energia Renovavel e Desenvolvimento (E&D);
2. Clean & Renewable Energy (C&RE); and
3. E+Co, Inc. and ShoreBank Portfolio Credit Guarantee.
Implemented between 2005 and 2008, E&D was designed to support activities that utilize renewables and
efficiency technologies as a means for promoting social and economic development while also addressing
climate change. E&D DE components included direct delivery of five solar powered pumping systems for
hydroponics, a small hydropower system in Pará State, solar driers for produce, solar desalinators for
agriculture production, and a demonstration facility for biofuel manufacturing. STA support took the form
of (1) market research, (2) public policy engagement, (3) developing national and international partnerships
to attract sustained financing, and (4) capacity building for community groups, the banking sector, and
government bodies for the purpose of strengthening the renewable energy sector. The case studies in
Cachoeira do Aruã (Case Study 1) and Ceará State (Case Studies 3 and 4) received partial support from
the E&D activity.
Implemented between 2009 and 2012, C&RE was designed as a consortium with seven grantees supporting
a wide-array of policy and community interventions to promote sustainable clean and renewable energy
usage. C&RE-DE specific investments included the DD, ES, and STA modalities. The activity directly
provided solar PV to target communities for use in the agro-tourism sector. ES support took the form of
various partnerships with industrial actors to increase their capacity to produce biodigester products for
use in the agriculture sector. And STA support included: (1) instructing students and teachers about the
use, benefits of, and how to access sources of renewable energy; (2) support for a carbon credit scheme
in the form of monitoring greenhouse gas emissions; and (3) various forms of support to policy actors and
public awareness campaigns to incentivize the use of clean energy solutions. E&D and C&RE were both
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implemented by Instituto de Desenvolvimento Sustentável e Energias Renováveis (Sustainable Development and
Renewable Energy Institute – IDER).
Since 2007, E+Co and ShoreBank have held a 50 percent loan portfolio guarantee through USAID’s
Development Credit Authority (DCA) which has been utilized to finance activities in Brazil, Cambodia,
Guatemala, Honduras, and Nepal. The guarantee’s coverage ceiling of $1.5 million has already been
reached; however, the guarantee’s coverage window lasts until 2017. It has been used to finance
enterprises concerned with solar PV, small hydro, and biomass gasifiers installations. In Brazil,
E+Co/ShoreBank extended a loan, backed by the CG, to Enalter which is discussed as Case Study 5.
Energia Produtiva (EP)
Of additional note is Energia Produtiva (EP), which was implemented between 2003 and 2005 by Winrock
International. Its start date was prior to 2004, thus its exclusion from the inventory; however, EP provided
support to the case studies in Cachoeira do Aruã (Case Study 1) and the PV irrigation site in Ceará (Case
Study 3). More broadly, EP directly installed various solar PV and biodigestion systems in northeast Brazil
to support the agriculture sector, including but not limited to organic farming. STA support took the form
of NGO and renewable energy stakeholder capacity building. In addition, EP assisted several small-scale
hydro plants to attract private financing. The activity closed two years early due to concerns over the
availability of Mission resources.

Geographic Coverage
Figure 1 illustrates the approximate location of USAID’s DE activities in Brazil for the four activities
described above. USAID DE activities have broad geographic coverage, with concentration of
electrification activities in the country’s historically marginalized north and northeast regions. Site visits
focused on those states, with one additional visit to the Minas Gerais in the south, which was associated
with the E+Co CG.
FIGURE 1: MAP OF USAID DE SITES IN BRAZIL
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Activities Selected for Case Studies
The reader should note an important organizational point: case studies in this report are not meant to be a review of an entire USAID/Brazil
support activity. Cases included in this report represent an activity-site. For example, Case Study 1, micro-hydro in Cachoeira do Aruã, is not
representative of the entire E&D activity, nor was E&D the only USAID activity to support that site (it was also supported through EP). Further,
cases were selected to inform the larger portfolio review thus selection methods were decided to provide cross-country, cross-context, and
cross-activity comparisons. This is discussed further in the Methodology section. The reader will see that Case Studies 2 and 4 are not assocaited
with the major activities introduced above. This is because they provided useful site-comparisons yet were joined with much smaller USAID
assistance efforts. Table 1 introduces the five case studies which make up the bulk of this report going forward. A discussion of cross-case
comparisons, just for the Brazil cases, begins on page 52.
TABLE 1: DESCRIPTIONS OF SITES VISITED AND REASONS FOR THEIR SELECTION
Activity Name and
Implementing
Organization

Applicable
Investment
Modality for
Visited Site

Period

Technology

PRISMA Micro-hydro
Cachoeira do Aruã –
1) Winrock International
via Energia Produtiva (EP)
2) IDER via Renewable
Energy and Development
(E&D) Program

DD

1) EP 2003-2005
2) E&D 2005-2008

Maripá/Santí PV solar home
system –
IDEAAS and PSA (local
NGOs)

DD

2007-2008
(unconfirmed by PV SHS
respondents)

Micro-hydro
mini-grid
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No. of
Beneficiaries

Location

Selection Considerations

Selected because it is an example of a micro
hydropower (HP) mini-grid. The activity was
End of USAID
supported by both the EP and E&D activities and
Amazon region
funding: fewer
also received support from various government
community:
than 60 HHs;
ministries. It is upheld as an innovative model for
Cachoeira do
During
rural electrification because it has relied on local
Aruã, Pará
fieldwork:120
management since its inception. This locally based
State
HHs
management structure, called the PRISMA model,
was of keen interest in terms of its ability to
maintain installations and sustain outcomes.
End of USAID
USAID’s investment in Maripá and Santí
funding: 48
constituted less than 10 percent of the
HHs;
Amazon region intervention, but represented an analogous case
During
communities:
to others in the wider-portfolio utilizing PV
fieldwork: 35
Maripá and
solutions. Maripá and Santí are remote
SHS units still Santí, Pará
communities but nearby Cachoeira do Aruã with
operational,
State
similar structural considerations. The potential of
but some have
comparing factors contributing to sustainability
changed
between the two Pará-based cases was seen as a
ownership
valuable tool for later analysis.
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Activity Name and
Implementing
Organization

Ceará PV Irrigation –
1) Winrock International
via Energia Produtiva (EP)
2) IDER via Renewable
Energy and Development
(E&D) Program

Applicable
Investment
Modality for
Visited Site

Period

DD, STA

1) EP 2003-2005
2) E&D 2005-2008

Quixeramobim Biofuel
Power –
IDER via Renewable Energy
and Development (E&D)
Program

DD

2005-2008

Enalter - received a DCA
guaranteed loan from
ShoreBank facilitated by
E+Co ($26,000)

CG

2006-2007

Technology

No. of
Beneficiaries

Location

Selection Considerations

The sites were selected because they were part
of a cluster of DE projects in Ceará, which was a
major focus of USAID DE activities through
Two PV
successive funding programs. During the review
irrigation
team’s initial document review, it appeared that
solarthe installation at Barra de Córrego was still
powered
functioning, while the system at Bom Jesus was
pumps
defunct, allowing for a relevant comparison
between sites. However, upon visiting the sites
the review team found that both systems had
ceased operations.
End of USAID
This activity was also part of the Ceará cluster. It
funding: 26
was selected because it was the only USAID DE
HHs, 1 school,
investment known to the review team at that
Biofuel plant
and 1
stage of the review’s design to be utilizing biofuel;
produced
Defunct biofuel
community
hence allowing for a comparison to other cases
electricity to
plant,
center,
that use different generation technologies. The
a rural
Quixeramobim,
Serrinha de
site visit confirmed that the installation had hence
community
Ceará State
Santa Maria;
ceased operations. The review team noted
During
though that the specific site that was visited was
fieldwork:
meant as a demonstration-site for the biofuel
Zero
technology.
Enalter manufactured, sold, and installed SHS in
mainly middle-income households prior to the
loan provided with backing from USAID/DCA.
Solar hot
The majority of its current business is directed
n/a
n/a
water heaters
toward social programs, including energy access
for poor households. The unique (to the Brazil
portfolio) investment modality, CG, was the
driving consideration for this case’s selection.
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End of USAID
funding:
Irrigated fields
supported 24
HHs in 2
communities;
During
Fieldwork:
Zero

Rural
Northeast
region
communities:
Bom Jesus, and
Barra de
Corrego,
Itapipoca,
Ceará State
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METHODOLOGY
The overall portfolio review combines 13 in-depth case studies from three countries with findings from a
literature review, six previously conducted performance evaluations of USAID activities, and descriptive
statistics from the 31-activity inventory of DE investments which began implementation between 2004
and 2012. A full description of the study’s methodology is part of the review’s Synthesis Report. This
section, however, provides pertinent details for the case-study work conducted in Brazil.
As agreed in the Review’s research design, three frames of analysis guide the comparison of cases, both
between countries and, most relevantly for this Brazil-specific report, within countries. These
comparisons are meant to provide best practices and on the ground lessons learned relating to
sustained outcomes, scale, and replicability for USAID DE investments. These frames are:
1. Context factors: The policies, regulations, enabling environment and related institutional context
in which DE investment are being made that can either support or hinder DE implementation.
2. Technical approach-related factors: The investment modality being used to support DE.
3. Implementation factors: The factors specific to each implementation, such as technology,
maintenance systems, fee structures, etc.

Case Selection
The review team was provided a preliminary inventory of USAID DE investments by USAID and
collaboratively refined the list to the final 31-investments which constitute the review’s full-inventory. In
consultation with USAID, the review team was encouraged to expand the potential list of case-sites to
those activities that bordered the 2004 to 2012 timeframe requirement. This flexibility allowed the team
to investigate sites that were (1) unknown to the review team prior to consultations with the USAID/Brazil
Mission and (2) received USAID support from activities with implementation start dates prior to 2004 –
e.g., Cachoeira do Aruã which recieved support from the EP activity that began prior to the review’s
specific period of interest. In essence, this flexibilty made sense because time-frame cutoff concerns were
secondary to collecting relevant ex post findings from a rich set of varied cases.
Through consultation with the Brazil Mission, the review team then assessed the relative likelihood of
sustained or scaled activity for a collaboratively compiled list of approximately 38 Brazil investment-sites,11
from across the array of multi-pronged activities. Priority case-sites were first selected to meet the three
frames of analysis for later cross-case comparison. Cases were further cut to include both likely successes
and failures. Finally, practical considerations such as (1) responsiveness of informants, (2) logistics, (3)
schedule, and (4) budget were weighed to arrive at the five cases presented in this report.

Data Collection
The team used semi-structured guides to orient procedures for in-depth interviews (IDIs) and group
discussions with implementing partners and site-specific beneficiaries. Table 2 shows the number of
interviews conducted, broken down by each case study.

Note: The 38 sites are a separate list than the 31-activities that make up the USAID-DE portfolio. These sites were not
independent activities. For instance, the visited sites in Cachoeira do Aruã, Barra de Córrego, and Bom Jesus are each sites
associated with the E&D activity. E&D makes up one of the 31-activities of the wider portfolio.
11
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TABLE 2: RESPONDENTS BY TYPE FOR EACH ACTIVITY
Type of
Interview

Maripá
and Santí
SHS

Cachoeira
do Aruã

IDI (Local
Context
Providers)
IDI
(Implementer)
Beneficiary IDI
Beneficiary
Group
Discussions
Sites Visits

Ceará PV
Irrigation

Quixeramobim
Biofuel Power

Enalter SHS

Total

1

1

1

5

2
3

3

2

2

1

11

5

5

0

0

0

10

0

0

2 (13
participants)

0

1 (5
participants)

3 (18
participants)

1

1

2

1

1
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Data Analysis
The qualitative responses to the IDI and group discussions noted above were coded according to several
analysis tools developed specifically for this review. These tools included:
1. Sustainability Matrices;
2. Sustainability Factors Tables; and
3. Replication and Scaling Checklists

Sustainability Matrix
The review team developed a systematic tool to assess each site visited and determine the extent to
which activity outcomes were sustained. This qualitative rating tool compared activity outcomes at the
end of USAID funding to outcomes at the time of field data collection for this study. The sustainability
matrix includes five dimensions of sustainability:






System production capacity;
Current system condition;
Maintenance capacity;
Number of end beneficiaries; and
Capacity to meet beneficiary needs.

The matrix uses a scale to rate the effectiveness of each dimension of sustainability:





Total failure (0);
Below expectations (1);
Sustained (2); and
Exceeded expectations (3).

The team based these rankings on a combination of data, including activity implementers’ assessments of
activity sustainability, triangulated with reported numbers of systems installed and information from site
observations and interviews with end-user beneficiaries. The team compiled relevant data for each
dimension of sustainability, then synthesized and summarized findings on each dimension of sustainability.
The findings are based on the review team’s observations, which may not be representative of the entire
activity; instead, the matrix provides a snapshot of the sustainability of activities at visited sites. Where
the review team visited more than one site per case (e.g., Case Study 2), the findings for each dimension
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of sustainability were combined into an overall sustainability ranking for the case study. Each case study
write-up includes this matrix as part of the report.

Sustainability Factors Table
The sustainability factors table is based on coded passages related to the contextual factors and activityspecific factors that affect sustainability, as identified in the review’s literature review and confirmed in
collaboration with USAID. If an activity was found to exhibit sustainability, this table is presented in the
applicable case study write-up.

Replication and Scaling-Up Checklist
The review team adapted MSI’s “Scaling-Up Typology” to identify factors commonly associated with
replication and scaling. If a case exhibited signs of replication or scale, this checklist is provided in the
applicable case study write-up.

Limitations
An ex-post review such as this poses challenges in identifying and contacting relevant key informants for
IDIs. Informant identification was a particular challenge for the Brazil set of cases because of their relative
age, respective to the cases selected in Tanzania and India. Intuitively, cases representing less successful
sustainability or scale were the most likely to have difficulty in key-informant identification. Further,
interviewees’ specific knowledge varied greatly. This was especially evident, and indeed understandable,
where USAID was not the dominant actor in a specific investment site (e.g., Case Study 2 where USAID
provided less than 10 percent of the investment). Finally, activity documentation was a vital tool for each
of the case studies presented in this report; however, these background documents were not equally
available for each case. For some cases, (e.g., Case Study 4) the exact USAID investment amount remained
unknown to the review team, as well as unknown to the key-informants who were interviewed, including
USAID. This naturally posed challenges in reviewing how USAID funds were used to achieve development
outcomes and these outcomes’ sustainability.

COUNTRY OVERVIEW
Electric Sector Overview
Brazil has a relatively well-developed, highly centralized power sector. During a wave of power sector
deregulation that affected many national utilities in the 1990s, some of Brazil’s utilities were privatized,
and independent power producers were permitted. This era also saw the creation of the Agência Nacional
de Energia Elétrica (National Electrical Energy Association – ANEEL), an independent regulator charged
with overseeing a system of monopolistic service concessions that are granted exclusive rights within
particular service territories and have obligations such as universal service and regulated tariffs.
The country’s installed capacity is dominated by hydroelectric facilities, although recent capacity additions
are divided equally between hydro, thermal, and renewable/nuclear resources (EPE 2014). Over half of
the country’s capacity is situated in the South and Southeast regions, which are historically more
developed and host the bulk of the country’s industry and mining operations.
Brazil’s transmission grid is well developed in the South, Center-West, and Southeast, but less so in the
North and Northeast. Prior to 1999, the grid serving the North and Northeast was separate from the
rest of the country. It has since been interlinked, but coverage remains sparse in many areas. Brazil’s grid
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also has international connections with several neighboring countries, including Venezuela, Argentina,
Uruguay, and Paraguay, but none of these serve the North or Northeast.

Residential Energy Access
In 1970, less than half the Brazilian population had access to electricity. By 2010, nearly 99 percent had
access. This massive expansion of coverage occurred as a result of a specific set of policies implemented
since the late 1980s promoting social inclusion and state provision of public services to meet the basic
needs of the rural poor. Although coverage is nearly universal, hundreds of thousands of households still
lack electricity. The majority of those lacking access live in rural areas of Brazil’s North and Northeastern
regions. Figure 2 depicts the geographic spread of households lacking energy access.

FIGURE 2: NUMBER OF HOUSEHOLDS
LACKING ELECTRICITY BY REGION IN
2000 AND 2010 (IBGE 2000, 2011)

FIGURE 3: CUMULATIVE PERCENTAGE
INCREASE IN RESIDENTIAL ELECTRICITY
PRICE COMPARED TO CONSUMER PRICE
INDEX FROM 2000-2015 (IBGE 2015B)
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While the country has made significant progress extending access to electricity to previously underserved
regions, during the years that USAID’s projects were implemented, the residential price of electricity
continually increased at a rate exceeding the background rate of inflation, as Figure 3 illustrates. The
increase was particularly sharp between 2000 and 2005, which encompasses the EP activity’s period of
performance. Representatives from Enalter (Case Study 5) described that this period was pivotal to the
growth of their enterprise, which, at the time, was targeting middle class consumers who already had
access to electricity and were looking to cut costs.
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Policy Approaches
A number of national policies have been implemented to provide coverage for Brazil’s underserved
population. The most relevant policy for this evaluation is Luz para Todos (Light for All – LpT). The program
provides incentives for utilities to increase access with federally subsidized connections provided freely to
customers (Zerriffi 2010). LpT was first implemented in 2003 and intended to reach 10 million people by
2008. The program has been extended numerous times, most recently through 2018 (Portal Brasil 2015).
By 2015, LpT had reached over 3.2 million households (15.5 million individuals) at a cost of R$16.8 billion
to the federal government (MME 2015).
LpT has successfully provided service to millions of households that previously lacked access to reliable
power, with the vast majority of new customers linked to the main grid. LpT also includes provisions for
reaching isolated communities that would be extremely costly or impossible to reach through grid
extension, including various DE options, such as isolated micro- or mini-grids powered by conventional
and/or renewable energy, as well as individual household systems (MME 2015). However, these
approaches have not received as much attention from utilities, which left the most isolated communities
behind. This created space for independent DE projects, such as those supported by USAID, to operate
even as Brazil made large strides toward universal access.

CASE STUDY SUMMARY 1 – PRISMA HYDRO MINI-GRID IN
CACHOEIRA DO ARUÃ (DD)
Activity Overview
USAID’s support to Cachoeira do Aruã was a direct delivery investment, part of the larger support
vehicles Energia Produtiva (EP)12 and Energia Renovável e Desenvolvimento (Renewable Energy and
Development Program – E&D).13 USAID’s investment contributed to the establishment of a micro
hydropower (HP) mini-grid serving a community of roughly 120 households along the Aruã River, roughly
145 km southwest of Santarém in Pará state, northern Brazil. The investment-site was known as
“PRISMA”, referring to the implementer’s community engagement model whereby an infrastructure
investment is coupled with sustainable livelihoods/enterprise development to (1) confirm community
ownership of the power generator and (2) raise incomes. Specific to the Aruã river investment, EP assisted
residents in setting up simplified contracts between the community and the electric utility, whereby the
community maintains ownership; however, the utility may purchase excess power and is obliged to
provide technical support when required.

Implemented by Winrock International
Implemented by Instituto de Desenvolvimento Sustentável e Energias Renováveis (Sustainable Development and Renewable Energy
Institute – IDER)
12
13
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Photo 1: Water intake of the hydro turbine in
Cachoeira do Aruã. Photo by: Andreia Marques, MSI

At the time of review team’s visit, the system had been in place for nearly 10 years.
TABLE 3: PRISMA HYDRO MINI-GRID TIMELINE OF OPERATIONS
Date
1960s
1990s
2004
2005

20062007

2011
2015

Activity
A waterwheel-driven turbine was installed to power sawmill run by Portuguese settlers.
Community began to seek support to install larger turbine that could serve entire community.14
Ministry of Mines and Energy (MME) signed a memorandum of understanding with USAID and the
UNDP for the development of a multi-sectoral action plan to reduce poverty and hunger using energy
as a “vector of development” (Winrock International 2007a).
Turbine mounted in November.
 Trainings were carried out in several aspects of system management. Institutional
arrangements were finalized.
 Centrais Elétricas do Pará (Electrical Power Plants of Pará – CELPA) decided not to take
control of power distribution and sales, and Associação de Moradores e Produtores de Energia de
Cachoeira do Aruã (Residents’ and Energy Producers’ Association of Cachoeira do Aruã –
AMOPE) took over.
 The original grid, which had been used to distribute power from a diesel generator, was
replaced with an upgraded distribution network. Meters were installed and a billing system
was established to collect revenue.
 Woodworking shop began operating, but stopped working after several years. AMOPE and
PSA cited excessive energy use and concerns about safety and liability, as well as difficulties
maintaining equipment.
Using its own revenue and some funds from the municipality, AMOPE invested R$30,000 in a new
turbine, but this did not function correctly so they continued to use the original turbine.
 Main turbine was sent to workshop in Santarem for repairs (first time in 10 years).
 Community receives promise from municipal government to upgrade system at a cost of
R$200,000.

Overview of USAID Funding
USAID funding was for technical assistance and was obtained through the EP activity. The project also
received financial support from Brazil’s Ministério de Minas e Energia (MME), which covered the cost of the
infrastructure. Information about the magnitude of funding was difficult to obtain. One report noted that
the implementation cost R$270,000 (approximately US$124,000) (Winrock International 2007b), while a

14

Focus group discussion with members of AMOPE (July 22, 2015)
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2008 Winrock report noted that Cachoeira do Aruã leveraged US$447,000 from a consortium consisting
of:
1. MME,
2. Ministério da Ciência e Tecnologia (MCT – Ministry of Science and Technology),
3. Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq – Brazilian National Council
for Scientific and Technological Development),
4. Universidade Federal de Itajubá (UNIFEI), and
5. Centrais Elétricas do Pará (Electrical Power Plants of Pará – CELPA) (Winrock International
2008).15

Site Description
The community of Cachoeira do Aruã is not linked to Santarém by roads and can only be reached by boat
(6 hours in a speedboat). The community had 45 families at the time of implementation planning (Winrock
International 2008). Before the project, a small diesel-powered generator was used on the weekends to
provide power to 30 of the 45 families for two to three hours. Another five families obtained electricity
from the old waterwheel. Since the project has been in place, the community has grown to over 120
families, with informants citing access to electricity as a major draw for the growth in population. In
addition, local economic activity has transformed from basic agriculture and livestock to service provision.
This too is attributed by informants to the availability of reliable electric power, but has been reinforced
by the presence of nearby forest concessions to private companies. Laborers from logging camps come
to the community every weekend to purchase personal supplies, cold drinks, alcohol, etc. This adds an
economic boost to the local economy, which also draws people from more remote communities.

Implementation-Specific Factors
Factors specific to the PRISMA hydro installation in Cachoeira do Aruã are:






Technology: This site uses a micro-hydro power installation to provide electricity to the
community. The facility diverts a small fraction of the flow of the Aruã river into a 1m-diamater
pipe, which directs water to a horizontal-axis “Francis” turbine that was designed and built by a
technician and entrepreneur based in Santarém (Tiago Filho et al. 2008). The turbine was designed
to accommodate a flow rate of 1.1 m3/s with a head of 7.3m. The generator is rated 60 kVA,
resulting in a nominal power output of approximately 48 kW (assuming a power factor of 0.8).
Target beneficiaries: The installation was designed to accommodate the entire community and has
successfully served the full population as it grew to more than double 2006 levels. The initial
energy consumers included households, a school, a health center, a water pumping system, and
later a community IT center (funded by USAID, Telemar Institute, and Projeto Saude e Alegria
[PSA]). In the first six months, energy consumption increased from zero to over 2000 kWh.
Payment methods: Soon after implementation, AMOPE installed household (HH) meters and
established a system to bill individual HHs. Bills are delivered monthly and beneficiaries come to
the office to pay in cash. Initially they charged R$0.20/kWh.16 They now charge R$0.30 per kWh.
The average monthly revenue for AMOPE is about R$3,000.

One expert the review team consulted interpreted the lower value of R$270,000 as the amount spent on the construction of
the physical works. The larger value represents the total amount leveraged from MME and MCT funds, which covered the costs
of technical assistance, travel, and overhead, in addition to physical infrastructure. Winrock led the proposal submitted for
these funds (Pers. Comm., Aurelio Souza, August 27, 2015).
16 The AMOPE focus group claimed that they charged R$0.15/kWh, but the WINROCK report shows an image of account
sheets from early 2007 clearly showing R$0.20/kWh.
15
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Maintenance: The system shuts down weekly for approximately 30 minutes for routine
maintenance. In addition, the main generator is periodically sent to Santarém for repairs. During
the review team’s visit, the main turbine was also offline for repairs, though interviewees informed
the review team that this was the first time this had happened.
Planning: During the implementation stage there was extensive training for community members,
including (translated from Winrock International 2007b, 73-75):
o Training in basic O&M of the HP system and grid was conducted by the Brazilian National
Reference Center of Small Hydro Power Plants (CERPCH) and Rock Engineering Tapajós
Ltda., the company that constructed the grid.
o Formal training in O&M was to be held soon after the drafting of that report (CELPA), but it
is not clear if this ever occurred.17
o In May 2007, a course on safe and efficient use of energy was held for community members.
o Training in Entrepreneurship (eighteen attendees);
o Training in Community Management;
o Training in the operation of the woodworking equipment (seven participants);
o Training carpentry management (six participants);
o Training Furniture production (six participants); and
o Training in basic computing and accessing the internet (16 participants).
Local community involvement: Community members were extensively involved in planning. They
have managed the system since it was brought online. This is the core element of the PRISMA
model that Winrock introduced. The core of the PRISMA model is a local community organization
(in this case, AMOPE), which is responsible for managing the micro-power plant and promoting
productive uses of electricity (Winrock International 2007b).
Initial challenges: Challenges that arose at the time of implementation include:
o
o
o

o

Reluctance of CELPA to assume management of power distribution and sales;
Lack of local capacity to manage the system both technically and financially;
The 2007 Winrock Final Report notes in particular that the Accounting Management
“aspect of the PRISMA operation was the most difficult to be implemented…The first
treasurer did not have basics of accounting principles and had not participated in the
entrepreneurship and community management training.” (Winrock International 2007a,
102).
Difficulty acquiring the proper licenses and authorizations to operate (licenses were
eventually issued later in 2007: ANEEL dispatch number 2.873/2007).

Implementation Changes Over Time
The review team noted the following implementation changes over time:




17

Technology: The technology has not changed significantly. Notably a small back-up turbine and a
30 kVA generator were installed to allow for continuous energy production when the main
equipment is offline for maintenance. In addition, the extent of the distribution grid was expanded
by approximately 20 percent. The community has also received a pledge from the municipality to
do a substantial upgrade of the system, placing both turbines on a single axis and driving a larger
100 kVA generator.
Target beneficiaries: Target beneficiaries have not changed in character; however, during its nine
years of operation, new arrivals to the community have been connected to the system, doubling

The review team made multiple attempts to interview CELPA officials associated with this installation, but were unsuccessful.
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beneficiary HHs between 2006 and 2015. AMOPE’s policy had been to provide service to all
newcomers, but it recently suspended this policy due to insufficient supply.
Payment methods: Payment methods have not changed since the project was implemented;
however, the unit price of power was increased from R$0.20/kWh to R$0.30/kWh. In addition,
AMOPE has added an R$10 change for water service to the same bill.
Maintenance: Maintenance has not changed considerably since implementation. According to the
technician interviewed who designed and built the turbine, the community does not maintain the
system well enough to avoid costly repairs such as the major overhaul that took place during the
review team’s visit.
Local community involvement: The system remains under full community management.
Current challenges include:
o Excessive demand: Since the system was initially installed, the population it serves has more
than doubled. In that time, the equipment has not been upgraded, and physical conditions have
degraded (small loss of head due to frequent flooding) leading to decreased supply. Thus, the
system suffers frequent voltage drops and occasional outages.
o Finding capital to upgrade the system is challenging: The community has a pledge from the
municipality to donate R$200,000 to upgrade the system, but according to another informant,
such pledges are common and do not always result in action. Nevertheless, in this case
interviewees seem confident that it will come through, and the review team confirmed this
pledge with the municipal secretary for environmental affairs.
o Population growth has also led to some changes in the character of the population. This was
not raised as a major problem, but during the focus group discussion with AMOPE, one
member noted that some newcomers bring cultural values that do not fit in.

Status at End of USAID Investment
Key outcomes at the end of USAID funding included:






Installation of the HP generation equipment and distribution system in the community;
Electricity service provision to all HHs, a school, two churches, a water pumping station, a social
club, and the local community center;
Community management training of all aspects of the system;
Installation of a community tele-center and carpentry workshop; and
Micro hydropower officially registered at ANEEL on September 12, 2007 (dispatch number 2.873).

Status at the Time of Data Collection
Observed outcomes at the time of the review team’s visit included:







Since the end of USAID support, there has been a large increase in the number of beneficiary
households.
Beneficiaries reported a degraded quality of service provision due to insufficient maintenance and
increase in demand.
The community still manages all aspects of the system.
The tele-center is still operating, providing internet service to the community, but the carpentry
shop is no longer in operation. Reasons given for the closure of the carpentry workshop included
difficulty maintaining the equipment, danger and liability in operating the equipment, and high
power demand of the equipment.
More businesses are in operation, using electricity for refrigeration, meat cutting, dancing, bakery
operations, etc.
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Conclusions
Question 1: To what extent and under what conditions have USAID-supported
decentralized energy systems been sustainable after USAID assistance ended?
Component 1a: To what extent were USAID-supported DE activity outcomes sustained
after USAID assistance ended?
To answer this question for the PRISMA installation at Cachoeira do Aruã, the review team examined five
dimensions of DE system sustainability: (1) system production capacity; (2) system condition; (3)
maintenance capacity; (4) number of end beneficiaries; and (5) the system’s capacity to meet beneficiary
needs, as seen in Table 4. Conclusions relating to production capacity were generated from discussions
with AMOPE, but could not be quantified because a meter that was installed when the system was built
no longer functions and has not been replaced. System condition sources included discussions with
AMOPE, beneficiaries, and the technician who designed and built the main components. All informants
assured the review team that the system is robust and continues to perform well. The review team
assessed the system’s maintenance capacity based on discussions about the tariff structure with AMOPE
and a brief review of accounting documents that showed the organization’s revenues roughly matching
expenditure on routine maintenance and occasional large repairs. The number of end beneficiaries was
assessed through interviews with AMOPE and community members. Finally, the system’s capacity to meet
beneficiaries’ needs was ascertained through beneficiary discussion groups. Community members
expressed satisfaction with the system, although two small business owners noted that they would like
expanded service in order to offer more goods and services to their customers.
TABLE 4: SUSTAINABILITY MATRIX FOR CASE STUDY 1
Score
Dimension of
Sustainability

System Production
Capacity
Current System
Condition
Maintenance
Capacity
Number of End
Beneficiaries

Capacity to Meet
Beneficiary Needs

Findings

Production capacity has declined somewhat due to loss of head and poor
maintenance. However, exact output is unknown because the meter that
was in place at the beginning is no longer functioning.
The system is robust. It continues to operate despite excessive demand. In
addition, there is a small backup system in place that can provide power
when the main system is offline. Also, the distribution network is robust
and operating well.
Tariff structure is sufficient to cover the costs of maintenance, including
occasional major repairs of the turbine and/or generators.
The number of beneficiaries more than doubled. The system grew from
serving fewer than 60 HHs to serving over 120 HHs. In addition, the
distribution grid was lengthened by roughly 20 percent. However, this
contributes to lower quality of service for all, so whether this qualifies for
the +3 score as suggested in the rubric may be subjective.
Beneficiaries are generally happy with the service. One informant noted the
expansion of adult education because light allows classes to be held in the
evening (Interview with a beneficiary, July 22, 2015). However, some small
business owners expressed that they would like access to more power so
they can use additional appliances (Interviews with three beneficiaries, July
22, 2015).
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expectations;
2 = sustained;
3 = exceeded
expectations

1

2
2
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The PRISMA installation is sustainable in most categories. While overall energy output has declined slightly,
in other categories it can be considered fully sustained. Nevertheless, there is some ambiguity around the
issue of increasing beneficiaries. The larger number of beneficiaries at the time of data collection is noted
by a score of “3” (exceeded expectations). However, the increase in beneficiaries has come with no
increase in output, resulting in frequent overloading and lowered quality of service for community, which
may be unsustainable in the long run.
Component 1b: Under what conditions were USAID-supported DE activity outcomes
sustained or not sustained after USAID assistance ended?
The conditions supporting sustainability of Cachoeira do Aruã emerged from reviews of secondary
documents and discussions with context providers, implementers, and beneficiaries. Implementation
document review made it clear that the national policy landscape created an enabling environment for the
actors to come together. Similarly, a high degree of community engagement and deep commitment from
a local NGO played pivotal roles, particularly when it became apparent that the state utility was not going
to take responsibility for the distribution and sale of power as was originally intended.
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TABLE 5: SUSTAINABILITY FACTORS
Independent
Variable
Impacts on whether outcome was sustained
e
Exogenous variables
National policies were an important catalyst in
bringing donors together and enabling the project
to go forward. The policies include Luz Para
National
Todos (LpT), which mandates utilities to provide
policies
service to rural communities, as well as
regulations allowing small entities to produce
power in areas where utilities have not provided
service.18
Macroeconomic
conditions

It is not clear whether macroeconomic conditions
played a role in the sustainability of the project.

Socioeconomic
conditions

Power provision appears to have played a role in
transforming the local economy, which is more
service-oriented than before the project was
implemented. This would contribute to
sustainability in that increased income, made
possible by access to electricity, makes it easier
for people to pay their bills and generate revenue
so that the system can maintained.

Project-specific variables
This is an essential component of the PRISMA
approach that Winrock introduced (Winrock
International 2007b). Engagement was integral
Community
from the start of the project and continues to play
engagement
a critical role. Community members manage the
entire system: generation, distribution, sales, and
future expansion.
Anchor
Not present
institutions
Fee collection
Once in place, they ensured that sufficient
systems
revenue was collected to cover O&M costs
Play an important role in keeping the system
Maintenance
operating, although the engineer who designed
systems
the system and is responsible for major repairs
noted that the maintenance could be improved.
Other:
Increasing
Does not play a role
affordability for
end users

Implications for future sustainability

It is not clear how policies will impact the
future viability of the project. If AMOPE can
leverage the recent amendment to LpT that
made additional dispensation for isolated
systems such as Cachoeira do Aruã, then it
may facilitate the system expansion.19
It is not clear whether macroeconomic
conditions will play a role in future
sustainability.
Going forward, this economic transformation
may have a different impact. It fuels increasing
consumption, and if demand continues to grow
without system expansion, then the quality of
service will decline. However, if there is
sufficient wealth in the community to pay for
upgrades, or if upgrades are paid for by
outside donors, then the local economic
transformation will help sustain the system.

Community engagement will continue to be
essential, unless the utility takes over
management of the system.

Still not present
Will continue to be essential
Will continue to be essential

Does not play a role

The Portuguese term for these entities is permissionárias, translated here as “permit holders.”
The amendment to LpT was passed on July 15, 2015, just days before the review team’s field visit. The full text, in
Portuguese, is available at http://www.planalto.gov.br/ccivil_03/_Ato2015-2018/2015/Decreto/D8493.htm.
18
19
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Independent
Variable
e
Other
partnerships
(NGOs or
government
agencies)

Impacts on whether outcome was sustained

Implications for future sustainability

The presence of PSA was pivotal in linking donors,
providers of technical assistance, and government
agencies to the community. PSA had a particularly
important role to play when it became apparent
that the community itself would have to take over
management of the system.

PSA is still present in the community for other
programs, but it takes a minimal role in this
project. Its future role should be minimal.

The review team’s assessment shows that the factors contributing to the sustainability of
PRISMA/Cachoeira do Aruã include:





National policies, which created an enabling environment for the actors to come together and for
the project to go forward. Moreover, without public funding from MME and MCT, this project
would not have been implemented. The private sector would not generally invest in risky, low
return investments like this, even though they are mandated to do so through LpT. The PRISMA
model is based on public sector support to cover the initial capital costs. The private sector or
NGOs can then operate and maintain the system.
Community engagement, which was integral to the PRISMA approach that Winrock utilized to
establish the project and remains a key element of this community-managed system.
Civil society engagement, largely PSA, which helped build local capacity so that the community
association, AMOPE, could organize itself and develop the skills and knowledge to manage the
entire system, particularly after CELPA decided not to take over power distribution and sales.

Question 1 Summary
The HP system at Cachoeira do Aruã is sustainable by most criteria. However, the review team identified
two points that may impact continued sustainability: (1) a small decline in power output due to loss of
head and insufficient maintenance, and (2) excessive demand due to rapid growth in the consumer base.
The conditions that contribute to the system’s sustainability include favorable national policies, a high
degree of community engagement, and a deep commitment from a well-established and trusted NGO.

Question 2: To what extent and under what conditions have USAID-supported
decentralized energy systems been replicated or scaled up after USAID assistance
ended?
Component 2a.1: Is there a secondary activity?
One of the implementing NGOs, PSA, is currently planning another HP project in a nearby community.
The system will be installed on a small stream and will be smaller than the system at Cachoeira do Aruã.
Like Cachoeira do Aruã, it will be managed by a community association. In addition, interviewees
mentioned anecdotally that CELPA, the Pará state utility company, expressed an interest in using the
PRISMA model in other community electrification efforts. However, the review team was unable to verify
this claim and cannot say whether any actual projects have been initiated.
The review team collected evidence that there are three likely, although not yet implemented, secondary
activities related to the PRISMA installation at Cachoeira do Aruã:
1. PSA’s HP project;
2. CELPA’s interest in PRISMA-type management of community mini-grids; and
3. Expansion of the system at Cachoeira do Aruã.
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Component 2a.2: How similar is the secondary activity to the original?
Table 6 compares the original activity to three secondary activities that were mentioned during interviews.
However, the review team understands that none of the secondary activities has been implemented yet.
In addition, the CELPA projects were mentioned anecdotally, and few details were available, so this analysis
is speculative.
TABLE 6: ORIGINAL AND SECONDARY ACTIVITY COMPARISON TABLE
Component

Cachoeira do
Aruã

Comparison
CELPA’s
PSA’s new HP
community
project
mini-grids
HP (much smaller
PV-diesel hybrids
than Aruã)

Retrofit/expansion
of Cachoeira do
Aruã

Technology

HP

Fee
structure/payment
method

Monthly bills based
on HH meters

Fixed payment into a
maintenance fund

Unknown

Monthly bills based
on HH meters

Maintenance

Carried out
regularly by
AMOPE

Not yet decided

Unknown

Carried out regularly
by AMOPE

Intended use

HH/SME

HH/SME

HH/SME

PRISMA model

PRISMA model

Unknown

No

Community
engagement
strategy
Use of an anchor
institution (or not)

PRISMA model
No

HH and community
use (e.g., water
pumping, school)
Unknown (most likely
there was an elected
operator)
No

HP

Component 2a.3: To what extent and how was the DE activity replicated or scaled up after
assistance ended?
TABLE 7: REPLICATION AND SCALING-UP CHECKLIST
Type of scaling
up

Replication

Description of observed approach(es)
PSA is currently implementing another HP project
in a nearby community.
CELPA expressed an interest replicating the model
in other communities. However, there is no
evidence this has happened.

Implications for sustained or
continued replication
Not clear – little information is
available
Not clear – little information is
available

Expansion

AMOPE is in discussions with the Santarém
municipal government to substantially upgrade the
existing installation.

Should improve the sustainability of
the original system by addressing
chronic supply shortages, which are
currently the system’s weakest
aspect. Note that at the time of the
review team’s visit, the tariff
structure was not in place to
support large scale expansion.

Collaboration

There was extensive collaboration from the start
with multiple institutions.

Not clear
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Expansion: The system at Cachoeira do Aruã grew from serving fewer than 60 HHs to serving over 120.
In addition, the distribution grid was lengthened by roughly 20 percent. However, AMOPE’s revenue is
only sufficient for basic maintenance and occasional replacement of major components; it is not sufficient
for major upgrades. Thus, AMOPE is looking for outside support to expand the system capacity.
Component 2b: Conditions for replication/scaling up
TABLE 8: SCALING-UP FACTORS TABLE
Independent Variable

Impacts on secondary activity
(if any)

Implications for future
replication

Exogenous variables
National policies
Macroeconomic conditions
Socioeconomic conditions

Policies are supportive of replication.
It is not clear whether
macroeconomic conditions played a
role in replication and scale-up.
Conditions of communities at
replication sites are unknown

It remains to be seen whether the
recent changes to LpT will result in
greater attention to DE projects.
Same
Unknown

Project-specific variables

Community engagement

Anchor institutions
Fee collection systems
Maintenance systems
Other: Access to capital

Community engagement is an
essential element in replication. Both
examples emulate the PRISMA
approach, one implicitly with PSA
driving the activity, and the other
explicitly.
Unknown
Unknown
Unknown
Unknown

Will likely continue to be a critical
component
Unknown
Unknown
Unknown
Unknown

Question 2 Summary
Despite being nearly a decade old and still sustainably producing community-managed power, Cachoeira
do Aruã has seen limited replication and scaling. Other HP installations have been proposed and
implemented in remote Amazonian communities, but these are not necessarily replications of this
installation. The two cases that appeared most likely to be replications were not well documented. One
project proposed by PSA could be considered replication, but this is still in the planning stage. One
informant mentioned anecdotally that CELPA planned to replicate the PRISMA model of community
engagement and service delivery used at Cachoeira do Aruã. However, it is unclear whether these projects
were ever planned or implemented.
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CASE STUDY SUMMARY 2: HOUSEHOLD PV IN MARIPÁ
AND SANTÍ COMMUNITIES, PARÁ STATE (DD)
Activity Overview
This case study examines a DE investment replicated from a successful fee-for-service PV solar home
system (SHS) that IDEAAS20 implemented in Rio Grande do Sul from 2000 to 2003. To replicate this
model in the communities of Maripá and Santí in Pará State, IDEAAS partnered with a local NGO, PSA,
which was also the local implementer of Case Study 1. IDEAAS secured US$224,000 in funding from the
Lemelson Foundation, which USAID supplemented with US$20,000.
TABLE 9: MARIPÁ AND SANTÍ COMMUNITIES HOUSEHOLD PV
TIMELINE OF OPERATIONS
Date
1980s
1997
2000 2003
2004 2005
2007
2008 2009
20112012
2015

Activity
Fabio Rosa starts working on rural electrification using solar photovoltaic (PV) panels to power solar
home systems (SHS) in southern Brazil.
Rosa founds IDEAAS, based in Porto Alegre, Rio Grande do Sul.
IDEAAS builds links to USAID and several large foundations interested in funding DE projects
(Schwab, Ashoka, Canopus). Installs PV systems in southern Brazil, developing a fee-for-service model
in which customers pay a monthly fee for PV-based electricity service.
Rosa is introduced to the directors of Projeto Saude e Alegria (PSA). Planning starts to develop the
IDEAAS’s Amazon Pilot Project in the Tapajós region where PSA is active. The project was conceived
as a replication of IDEAAS’ fee-for-service model.
Panels are installed in 48 HHs in Maripá and Santí and a fee-for-service system is established.
Fee-for-service system breaks down due to a cut in USAID funding.21 Households stop paying monthly
fee and take individual ownership of their PV-SHS.
Batteries start to degrade; many HHs replace them.
MSI team visits to evaluate project and finds 35 of 48 systems still operational. Many households have
replaced the batteries of the SHS using either deep-cycle batteries or standard lead-acid car batteries.
Several diesel mini-grids are found operating in parallel with PV-SHS; these operate intermittently and
provide supplemental power to families, small enterprises, and local institutions.

Purpose of USAID Funding
USAID assistance to the project at Maripá and Santí constituted less than 10 percent of the total funding.
It provided technical assistance and capacity building. Multiple informants told the review team that cuts
in USAID funding resulted in the fee-for-service scheme being suspended after just 16 months. However,
the amount of USAID funding was small compared to the overall project budget; therefore, it seems
unlikely that the partial loss of USAID funds was the single cause of the scheme’s challenges. One source
described other necessary conditions for the activity to be economically sustainable, including:


IDEAAS planned to equip 128 households within the three communities in the Rio Tapajós area.

Founded by Fabio Rosa in 1997, IDEAAS is a Brazilian nonprofit organization that develops and pilot-tests models for
delivering rural electrification and the use of renewable energy sources to low-income rural populations.
21 The review team received this account from local informants and representatives of PSA. Fabio Rosa, IDEAAS director,
corroborated this account via email, noting: “The project was impacted by the USAID’s [cut] funds.” Alexandre Mancuso, the
USAID program officer at the time, added detail, noting that USAID did not cut funds completely. By his account, IDEAAS had
requested three years of funding but received only the first and third years. Thus, they were forced to reallocate their
resources and could not maintain the level of service that they originally intended.
20
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To be implemented, IDEAAS’s Amazon Pilot Project would require 10 full-time employees and
$230,000 in funding. That was expected to allow it to operate for one year and to develop yet
another business plan – this one including a “proof of concept” component within the Amazon
region.
IDEAAS calculated its operational break-even point to be 6,000 households, which would make it
necessary to raise at least one additional round of funding, in order to make the business grow
and become self-sustainable (Arippol 2007, 13)

IDEAAS received approximately US$224,000 from the Lemelson Foundation, but only disseminated 48
PV-SHS systems. Fabio Rosa indicated that after USAID funds were cut, “we looked for investors and
social investors and we did not find them, unfortunately.”
TABLE 10: FUNDING RECEIVED FOR THE PV-SHS AMAZON PILOT PROJECT
Source

Date

Amount

Lemelson
Foundation

9/15/2005

USD $43,532

Lemelson
Foundation

2/8/2007

USD $12,300

5/14/2007

USD $168,440

2007
9/2005–5/2007

USD $20,000
USD $244,272

Lemelson
Foundation
USAID
Total

Purpose
To support the development of a business model and the
appropriate technology to bring sustainable solar power to
isolated, low-income populations in the Brazilian Amazon.22
To support a case study focused on the first phase of a
“leapfrog” initiative to transfer a successful sustainable
energy business model developed in Rio Grande do Sul by
Fabio Rosa to three isolated communities alongside the
Tapajos River basin in the Brazilian Amazon.23
To support testing the feasibility of solar energy distribution
in three communities of the lower Amazon basin.24
Technical assistance25

Site Description
Maripá and Santí are in the state of Pará, 40 km west of Santarém (Figure 4). They sit on the western bank
of the Tapajós River and are not linked to Santarém by roads. The river presents a barrier to grid-based
electrification. When the project was implemented from 2005 to 2007, the communities consisted of
roughly 100 households (combined). At that time, several diesel-based micro-grids were functioning and
many families had access to electricity several days a week; however, the majority used kerosene lamps
for lighting and few had access to television in their homes (Arippol 2007).

http://pdfs.citizenaudit.org/2007_11_PF/88-0391959_990PF_200612.pdf
http://990s.foundationcenter.org/990pf_pdf_archive/880/880391959/880391959_200712_990PF.pdf
24 http://pdfs.citizenaudit.org/2008_11_PF/88-0391959_990PF_200712.pdf
25 The team verified the quantity of the grant in an email communication with Fabio Rosa and verified the purpose of the grant
in an interview with staff from PSA.
22
23
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FIGURE 2: IDEAAS LOCATIONS IN SOUTHERN BRAZIL AND AMAZONIAN
COMMUNITIES WHERE PSA IS ACTIVE
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Maripá is the white circle in the inset map near the northeast tip of the inset. Source: arippol 2007

Implementation-Specific Factors
Technology: The project introduced several PV-SHS options to the communities (shown in Table 11).
TABLE 11: PV-SHS OPTIONS OFFERED IN MARIPÁ AND SANTÍ
(BASED ON ARIPPOL, 2007, ACTUAL USES AND COSTS DIFFERED SLIGHTLY)
Panel
Capacity
46W
60W
90W

Potential Use
Lighting 8 hrs, Radio 8 hrs, B&W TV 4 hrs, Cell phone
Lighting 10 hrs, Radio 8 hrs, Color TV 2 hrs, Cell
phone, Water pump 400L/day
Kit 3 + Satellite dish

Battery
Capacity
100 Amp-hr

Upfront
Cost
USD $64

Monthly
Payments
USD $14

150 Amp-hr

USD $107

USD $17

unknown

USD $129

USD $21
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Target beneficiaries: The systems were marketed to the populations of both communities. Roughly half of
households (27 of 64 in Maripá and 21 of 35 in Santí) signed up for the service.
Payment methods: Beneficiaries paid an upfront cost and a monthly service fee through a local bank. The
initial and recurring costs varied with the size of the system (see Table 11).
PHOTO 2: 90W SYSTEM INSTALLED ON A MIDDLE CLASS RESIDENT’S HOME IN
MARIPÁ (LEFT) AND UNDERSIDE OF PV PANEL WITH IDEAAS-PSA LABEL (RIGHT)

Maintenance: IDEAAS trained three community members as technicians responsible for system
maintenance. Beneficiaries would notify these technicians about any problems. Depending on the severity,
the technicians would either make repairs or notify IDEAAS. For example, in the early months of the
project, some of the charge controllers had problems. The technicians were unable to make the repairs,
so IDEAAS replaced the faulty components.
Community engagement and planning: The community had extensive involvement in planning the activity.
During the feasibility stage, IDEAAS and PSA conducted considerable research on community
demographics, energy needs, technical understanding, and other characteristics, such as access to banking
facilities. Using this information, they developed what they considered to be a viable “fee-for-service”
business model based on the three systems described in Table 11.
Initial challenges: Recruiting households to adopt the service and educating users about the limits of the
systems. The activity also found it difficult to build local capacity to maintain the systems and malfunctioning
charge controllers during implementations

Implementation Changes Over Time
Technology: The technology has not changed; however, many families have demands for power that the
SHS alone cannot meet. They utilize small generators, either on their own or in partnership with other
households. The review team observed several makeshift mini-grids in Maripá. These systems provide a
few hours of complementary power several evenings each week.
Target beneficiaries: Target beneficiaries have not changed.
Payment methods: Payments ended when IDEAAS suspended the fee-for-service model.
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Maintenance: Roughly 16 months after system installation, IDEAAS stopped responding to maintenance
requests. Their funding had been cut and they were no longer able to support the fee-for-service model.
From that point on, households stopped paying the monthly fee and assumed responsibility for the
maintenance of their own systems.
The review team interviewed beneficiaries from four households, three of which had a PV-SHS one that
did not. The interviewees with the PV-SHS noted that their systems require minimal maintenance.
However, the review team’s discussion with the local technician indicated that he thinks many people do
not properly maintain their systems. The loads they use are too high for the system and they discharge
their batteries too much. In addition, one of the four beneficiaries the review team interviewed had
replaced his deep-cycle battery with a standard lead-acid battery, which is not designed for frequent
discharge (Photo 3, left). This could require more frequent replacement and result in higher operating
costs for the beneficiary. Despite these challenges, nearly 73 percent of the original systems are still
operational (Photo 3, center and right).
PHOTO 3: PHOTOS FROM MARIPÁ SHOWING ONE BENEFICIARY WHO REPLACED
HIS DEEP-CYCLE BATTERY WITH A STANDARD LEAD-ACID BATTERY (LEFT) AND
A SECOND BENEFICIARY WITH A COMPACT FLUORESCENT LIGHT (CENTER)
AND SMALL LCD TELEVISION WITH DVD PLAYER (RIGHT).

Local community involvement: Systems are individually owned, so local community interaction
specifically about this activity has dropped off since the implementation stage.
Current challenges: Households have low capacity to maintain their systems without the support of the
IDEAAS fee-for-payment scheme, which retained the trained technicians. Households that are still
operating their PV SHS also find it difficult to replace batteries as they age and find that the PV-SHS is
unable to meet growing demand for energy services.

Status at the End of USAID Investment
At the end of USAID funding, the review team collected evidence on some key outcomes to compare
with the current status of the systems. First, 48 households had signed up for a PV-SHS with IDEAAS and
received information about the uses and limits of their PV SHS. Also, the activity established a fee-forservice payment system and trained three local technicians, who provided routine maintenance.

Status at the Time of Data Collection
At the time of data collection, the review team noted the following pursuant to sustainability:
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1. The fee-for-service system stopped operating between 2009 and 2010, and each household has
been responsible for maintaining its own system for the past four to five years.
2. Of the 48 original SHS, 35 are still operational, but some have changed hands within the
community.
3. The remaining 13 systems had been returned to PSA, mostly due to beneficiary inability to pay
the monthly fee, before the system stopped operating during 2009–2010.

Conclusions
Question 1: To what extent and under what conditions have USAID-supported
decentralized energy systems been sustainable after USAID assistance ended?
Component 1a: To what extent were USAID-supported DE activity outcomes sustained
after USAID assistance ended?
Table 12 provides findings relevant to the five dimensions of sustainability introduced previously. The
review team examined a sample of systems in Maripá and observed them functioning well. The review
team determined maintenance capacity and the capacity of the systems to meet beneficiary needs through
discussions with beneficiaries and a former technician who carried out maintenance when the fee-forservice scheme was still operational. The same technician explained how the number of beneficiaries had
declined.
TABLE 12: SUSTAINABILITY MATRIX FOR CASE STUDY 2
Score
Dimension of
Sustainability

System Production Capacity
Current System Condition
Maintenance Capacity

Findings
Some systems’ performance probably degraded due to aging
batteries, but the interviewees did not raise this as a problem and
the team could not verify it.
The systems that were still in place seemed to function well.
With the fee-for-service scheme no longer in place, and individual
HHs responsible for maintaining their systems, overall
“Maintenance Capacity” is hard to gauge.

1 = below
expectations;
2 = sustained;
3 = exceeded
expectations

2
2
1

Number of End
Beneficiaries

13 of 48 HHs gave up their system.

1

Capacity to Meet
Beneficiary Needs

Beneficiaries are generally happy with their systems. Several said
access to PV-based lighting allowed them to stop using kerosene
lamps, which they disliked due to the smoke and noxious smell
(interviews with Márcia Assunção and Elizabeth Assunção, July 23,
2015). Beneficiaries also said they would like larger-capacity
systems and the technician noted that overloading remains a major
challenge.

2

Based on the rubric that the review team developed, this project met expectations in several categories,
but performed marginally below expectations in others. The total number of end beneficiaries has declined
and the failure of the fee-for-service scheme has compromised the maintenance capacity of the entire
project, with lower scores in those categories. Lastly, while all beneficiaries seemed satisfied with the
performance of their system despite the breakdown of the fee-for-service scheme, many mentioned a
desire for systems with higher capacity, resulting in an ambiguous score of 1 or 2 for that category.

Decentralized Energy Portfolio Review – Brazil Country Report and Case Study Summaries

26

Component 1b: Under what conditions were USAID-supported DE activity outcomes
sustained or not sustained after USAID assistance ended?
TABLE 13: SUSTAINABILITY FACTORS TABLE FOR CASE STUDY 2
Independent
Variable

Impacts on Whether Outcome Was
Sustained

Implications for Future Sustainability

National
policies

National policies were an important catalyst in
bringing donors together and enabling the project
to go forward. However, a policy like Luz Para
Todos, which mandates that utilities extend free
service connections into rural areas, could reduce
HHs’ willingness to pay upfront costs of a fee-forservice model. In this community, several
respondents stated that the utility will not extend
the grid to them, so PV-SHS is a viable alternative.

It is not clear whether policy changes will
impact future sustainability of the activity.
Since the fee-for-service scheme is no
longer active and systems are individually
owned, there are no obvious links to the
policy arena. However, a recent
amendment to LpT authorizes power
companies to seek alternative technologies
to reach out to “100,000 people still
without access,” creating more favorable
conditions for SHS expansion. In this case,
utilities may use a similar model to finance
SHS maintenance costs.26

Macroeconomic
conditions

It is not clear whether macroeconomic conditions
played a role in the sustainability of the project.

Same

Socioeconomic
conditions

The communities were relatively poor. At the
time the project was implemented, the majority
had mud floors and straw or thatch roofs. They
collected water manually and used kerosene
lamps for lighting. The pricing scheme that
IDEAAS developed roughly matched the HHs’
mean monthly energy expenditures.

Most beneficiaries were able to keep up
with monthly payments while the fee-forservice scheme was in place. However,
with HHs responsible for their own
maintenance, future sustainability will
depend on socioeconomic conditions in
the community and their willingness to pay
for necessary upkeep.

Project-specific variables

Community
engagement

Community engagement was an important
component in helping IDEAAS and PSA
understand the energy needs of the community
and their ability to pay for the energy service.

Community engagement no longer exists,
and the sustainability of these systems is
not guaranteed. Community engagement in
some form – such as pooling resources to
reduce maintenance costs, buy
replacement parts in bulk, or even expand
their systems – could lead to longer
system lifespans and improved service.

Anchor
institutions

Not present

Not present

Fee collection
systems

Broke down, but most systems continued to
operate.

Not likely to return, but if it did, it could
lead to more sustainable outcomes.
Moreover, the amendment to LpT might
incentivize CELPA or another service
provider to introduce a similar model.

Maintenance
systems

The systems require relatively little maintenance.
The original fee-for-service scheme included
routine maintenance and periodic (five-year)
battery replacement, which would have led to a
sustainable outcome.

Beneficiaries will continue to be on their
own, which raises questions about the
sustainability of the model.

This was promulgated on July 15, 2015, just days before the review team’s field visit. The full text, in Portuguese, is available
at http://www.planalto.gov.br/ccivil_03/_Ato2015-2018/2015/Decreto/D8493.htm.
26
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Independent
Variable
Other:
Increasing
affordability for
end-users
Other
partnerships
(NGOs or
government
agencies)

Impacts on Whether Outcome Was
Sustained

Implications for Future Sustainability

Does not play a role

Does not play a role

PSA was pivotal in adapting the IDEAAS model to
the region. It was also instrumental in helping
beneficiaries transition to individual ownership
after IDEAAS discontinued its service.

PSA is still present in the community for
other programs, but it takes a minimal role
in this project. Its future role will also be
minimal.

The review team’s assessment shows that the factors contributing to the marginal sustainability of the PVSHS project in Maripá and Santí include:






The presence of strong civil society engagement when the project was being planned. PSA was
pivotal in helping IDEAAS adapt its fee-for-service model to these communities and played a
critical role to help the beneficiaries take individual ownership of their SHS after IDEAAS
discontinued the service.
Through extensive community engagement during the planning process, IDEAAS and PSA
developed a fee-for-service model that met beneficiaries’ needs at a cost that most community
members were able to afford. This led to uptake in 48 percent of all HHs in the two communities.
Regardless of what occurred later with the fee-for-service scheme, this adoption was an essential
first step.
The relatively low maintenance needs also contribute to the systems’ sustainability. This is
supported by the fact that 35 of 48 systems installed in 2007–2008 are still operational despite
the suspension of the fee-for-service scheme in 2009–2010.

Question 1 Summary
The PV-SHS systems in Maripá and Santí are marginally unsustainable by the review team’s assessment
criteria. The team identified several weak points, including:
1. The low capacity of individual HHs to maintain their systems;
2. The loss of 13 out of 48 beneficiaries; and
3. All interviewees expressed a desire for higher-capacity systems to meet their needs.
The conditions that contribute to the system’s sustainability include:
1. A high degree of community engagement during the planning process;
2. The presence of a well-established and trusted NGO in PSA; and
3. The relatively low maintenance needs of the systems, which allow them to continue to function
despite the low capacity of users to maintain them.

Question 2: To what extent and under what conditions have USAID-supported
decentralized energy systems been replicated or scaled up after USAID assistance
ended?
This question is interesting to consider in the context of the “Amazon Pilot Project” because this project
was a replication of a model that IDEAAS implemented in southern Brazil. Based on the review team’s
assessment, as well as information from IDEAAS founder and director Fabio Rosa, implementation in
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Maripá and Santí was not as successful as in the South. Nevertheless, most of the systems installed in
2007–2008 are still operating.
Component 2a.1: Is there a secondary activity?
This activity is secondary to a prior IDEAAS investment. There are no known additional secondary
activities to this case.
Component 2a.2: How similar is the secondary activity to the original?
The two activities were similar in design and implementation with several key differences. One is that the
communities in the replication project are poorer and more isolated than the original communities. The
second, perhaps more critical, difference is that funding was insufficient to continue the fee-for-service
scheme and build the project to the size that project designers considered necessary for it to sustain itself.
TABLE 14: ORIGINAL AND SECONDARY ACTIVITY COMPARISON TABLE
Comparison

Component
Technology
Fee
structure/payment
method
Maintenance
Intended use
Community
engagement
strategy
Use of an anchor
institution (or not)

Original Activity
Several sizes of PV SHS
Upfront fee followed by lower monthly fees
in return for routine maintenance and
period battery replacement
Included in fee-for-service plan
Household lighting, TV, etc.

Secondary Activity
Similar (different sizes)
Similar until the service was suspended
Similar until the service was suspended
Similar

Unknown

Extensive, carried out with local NGO
partner

None

None

Component 2a.3: To what extent and how was the DE activity replicated or scaled up after
assistance ended?
TABLE 15: REPLICATION AND SCALING-UP CHECKLIST
Type of Scaling Up
Replication
Expansion
Collaboration

Description of Observed
Approach(es)
This project replicated an earlier
success.
No expansion.
No collaboration.

Implications for Sustained or
Continued Replication
Marginal success in this case makes
sustained or continued replication unlikely.
N/A
N/A

Replication: As noted, the Amazon Pilot Project was an attempt to replicate an earlier fee-for-service
model that IDEAAS implemented successfully in southern Brazil. The replication was fully reliant on
additional funding and its diminished success largely resulted from insufficient funding. No additional
attempts to replicate this model have taken place in the Amazon region or elsewhere in Brazil (personal
communication with Fabio Rosa, August 27, 2015).
Expansion: The project did not experience expansion in the form of growth, franchising or spin-offs.
Component 2b: Conditions for replication/scaling up
No additional scale-up or replication took place after the Amazon Pilot Project.
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Question 2 Summary
The Amazon Pilot Project, which was an attempt to replicate a successful fee-for-service PV-SHS
dissemination effort from southern Brazil, was marginally sustained in two communities in rural Pará.
Multiple informants told the review team that the fee-for-service scheme was suspended after just 16
months due to cuts in USAID funding. However, the magnitude of USAID funding was relatively small
compared to the overall project budget. Thus, it seems unlikely that the failure of the scheme resulted
from the partial loss of USAID funds. It seems more likely that the fee-for-service scheme stalled and the
scale-up that IDEAAS projected did not occur because IDEAAS could not secure additional funds.
Despite this mixed outcome, project documents and community interviews indicate that the majority of
beneficiaries were able to pay the cost of the system as long as the fee-for-service scheme operated and
that local technicians succeeded in maintaining the systems for that time. In addition, the review team
notes the relatively high return rate of SHS systems (13 of 48 systems, 27 percent) during the 2009-2010
cessation of service. Further, 73 percent of the systems installed in 2007–2008 were still operational when
the team visited in July 2015. This demonstrates that the technology functioned well for the context.
Moreover, by the time the review team visited, most beneficiaries had replaced their batteries at some
point, indicating that they value the systems and are willing to make considerable investments to maintain
them.
Thus, the review team concludes that the investment meets some of the criteria for sustainability despite
encountering substantial obstacles. Some of the underlying factors contributing to this sustainability are
the presence of a strong civil society organization, extensive community engagement during the planning
stage, and the installation of well-designed systems with relatively low maintenance needs.

CASE STUDY SUMMARY 3: COMMUNITY PV IRRIGATION
IN BOM JESUS AND BARRA DE CORREGO, CEARÁ STATE
(DD, STA)
Activity Overview
This case study assessed two PV-irrigation installation sites that supported organic agriculture production
in the communities of Bom Jesus and Barra de Córrego in the semi-arid northeast region of Ceará state.
These sites were supported by two USAID funding sources: the Energia Produtiva (EP) program from 2003
to 2005 and the Energy and Development (E&D) program from 2005 to 2008.27 A basic timeline of major
events is provided as Table 16.

IDER implemented the E&D in partnership with Winrock International, as well as Instituto Eco-Engenho, Sociedade Civil
Mamirauá, and Rede Nacional de Organizações da Sociedade Civil para as Energias Renováveis (RENOVE). EP was implemented
by Winrock International.
27
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TABLE 16: PV IRRIGATION IN BOM JESUS AND BARRA DE CÓRREGO
TIMELINE OF OPERATIONS28
Date
1997
2000
o/a
2003

Activity
Community of Bom Jesus receives a PV electrification project
Electrical grid reaches the communities, but penetration is gradual.
PV-based irrigation systems were installed

2004
2007
2008
2010 –
2011
2010 –
2014
2015

Associação Comunitária de Imóvel do Maceió (ASCIMA) a community association of Maceió Settlement
that worked with IDER to implement the project, support from the USAID-funded FENERCA
program, which predated the E&D program implemented by IDER.
10 panels stolen from the Bom Jesus PV irrigation installation
E&D ended on November 30.
Participants at Bom Jesus stop producing as a collective and divide ownership of the installation
components of the system. The pump failed at Barra de Córrego and was too costly to replace.
An extended drought affects both communities; water source at Bom Jesus dries completely.
Review team visits to evaluate project (July 27) and finds that neither system is operational, but some
materials are still being utilized.

Overview of USAID Funding
According to the final report for EP, the objectives of the work at Bom Jesus and Barra de Córrego
included:





Installation of a water-pumping and micro-irrigation system powered with renewable energy
technology.
Capacity building provided for farmers in organic agriculture.
Support in commercialization through a contract farming mechanism.
Assistance in business planning, entrepreneurship, and credit acquisition provided for the
association (Winrock International 2008, p. 46).

The funds were utilized to provide “technical assistance and training in organic cultivation, planning,
management, and marketing” (Winrock International 2008, p. 47). IDER also helped community members
obtain credit for marketing and distribution of produce.
However, the review team had difficulty collecting information about the amount of funding received
through EP and E&D. The team spoke with beneficiaries, local implementers (ASCIMA), and intermediate
funders (IDER), as well as a representative from USAID; none knew how much funding the two
communities received.
The review team was unable to verify if the community association ASCIMA received a loan for PV-based
irrigation from a USAID program administered by E+Co in 2004, the same time that the Winrock EP
project was underway. However, conflicting information exists about the size of the loan and status of the
project at the time that FENERCA closed in 2005. One source stated the loan was for US$47,500 and the
activity site was “operating” (E+Co 2005b, p. 31). Another stated that the loan was for US$50,350 and
the money was repaid, but the activity site was “inoperative” (E+Co 2005a, p. 8). The latter source
provides additional information about the activity:

This is based on information from group discussions with beneficiaries in the two communities on July 27, 2015, as well as
three USAID reports (E+Co 2005b; IDER 2008; Winrock International 2008).
28
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“Despite installation of the technology and provision of technical assistance, the organic
farming operation was never successfully implemented. Follow-up analysis points to
difficulties in addressing the human factor (local small farmers never adapted to the work
dynamic required by the organic farming process).” (E+Co 2005a, p. 8).
Interestingly, beneficiaries who spoke with the review team, including an individual who had served several
times as president of ASCIMA, had no recollection of the E+Co loan and had never heard of FENERCA.
In addition, the focus groups explained that the projects were operational at least through 2009, which
conflicts with one of the E+Co FENERCA reports.

Site Description
The communities of Bom Jesus and Barra de Córrego are in the Imóvel do Maceió Settlement of Itapipoca
municipality, Ceará state, 160 km northwest of Fortaleza. Like much of northeast of Brazil, this region is
semi-arid. Mean annual rainfall varies from more than 1,000 mm/year along the coast to less than 600
mm/year in the interior of the state (Moncunill 2006). In most years, the majority of precipitation occurs
between January and June, with little rain falling from July to December. In addition, drought occurs
frequently, so that even moister regions of the state suffer periodically from acute periodic water scarcity,
leading to low agricultural yields and crop failures. As a result, opportunities exist for irrigated agriculture
to improve household income and food security. This was the motivation behind EP and E&D to invest in
water supply projects in northeast Brazil.
The region experienced two severe droughts in the last decade (NOAA 2012). The 2010 drought resulted
in the loss of the water supply at Bom Jesus, which contributed to serious challenge to outcome
sustainability (focus group, July 27, 2015).

Implementation-Specific Factors
Technology: In terms of technology, the systems utilized 36 45Wp BP-Solarex solar panels to power a
Grundfos direct current (DC) pump, which delivered surface water into two 5,000 liter tanks; no batteries
were used. Water was then distributed via PVC pipes to a micro-irrigation system covering a plot
measuring approximately 1 hectare. While it is not “technology” in the conventional sense, the project
introduced organic farming, which was a substantial departure from the communities’ previous farming
practices. In Bom Jesus, informants said they planted beets, carrots, coriander, tomatoes, lettuces, arugula,
cauliflower, broccoli, spinach, and papaya, among other produce.
Target beneficiaries: Participation in the activity was open to all community members. In each community,
12 households participated at the start of the activity.
Payment methods: The equipment was donated with no cash fees assessed for use; however, beneficiaries
were expected to contribute labor.
Maintenance: Initially, the families’ responsibilities rotated daily. They included cleaning and turning on the
irrigation system, checking for anything out of place, ensuring each section received water, etc.
Planning: Extensive planning took place prior to the implementation of the system. As one community
member in Bom Jesus noted during a group discussion:
“The team that worked with Sulamita had a good way and was very interested in the group,
wishing the group would work well. They contributed so much. They brought technical
people that had a lot of experience.”
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Community engagement: Both communities had substantial involvement during the planning stage.
However, interest decreased when people realized the amount of work involved. Nevertheless, a core
group of beneficiary HHs remained fully engaged through the implementation of the project.
Initial challenges included generating interest among a core group of families to participate in the project
and training participants to market their produce, demonstrated by this quote from a former IDER
implementer:
The challenge is to transform people to become entrepreneurs. It is difficult to work in
scales to market. It takes time to change the culture. When the institution leaves, some go
back to the old way and some continue in the community work. Many NGOs do not
perceive that family business is a characteristic. People fear loss of funding and [the]
majority were not paid back. If the government and USAID finance the project, the
community has no commitment to pay funds back. The government [trains] people, but the
community has to implement it by themselves. Before, the government would give a lot of
assistance and when associations would ask for a loan, for example, the situation was
unstable because of high inflation. Many associations/communities are in high debt.
(Informants described an example of funding from the state bank, Banco do Nordeste.)
PHOTO 4: PV SYSTEM AT BOM JESUS SHOWING THE OVERGROWN ARRAY WITH
EMPTY SPACES WHERE PANELS WERE STOLEN (LEFT); BROKEN PANEL (RIGHT)

Implementation Changes Over Time
Technology: The technology is no longer functioning. However, the systems failed for different reasons.
At Bom Jesus, 10 panels were stolen, which reduced the power output so that the pump no longer
functioned. After appealing to IDER, the system was partially restored. However, drought in 2010 caused
the water source to dry up. Around the same time, they began having trouble with a type of nematode
that is difficult to eradicate. As a result, the remaining families decided to abandon the site and continue
farming at their individual HHs (Photo 5).
At Barra de Córrego, informants in the FGD indicated that the system was operational for two to three
years, but then the pump started to malfunction. It was a foreign model (Grundfos, from Denmark) that
was difficult, time consuming, and expensive to repair. Eventually it failed completely and they did not
replace it.
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In addition, both communities noted that marketing of their organic produce was difficult. As a result,
income was lower than expected, and some families lost interest. On the upside, they ended up consuming
a lot of their output, which could be seen as a positive outcome. However, low revenues probably made
it difficult to maintain the systems.
Finally, while it may not affect these two communities, two representatives from Companhia Energetica do
Ceará (COELCE), the utility company in Ceará, mentioned that they were providing PV-based water
pumping in remote communities throughout the state using new technology. They acknowledged that the
approach used in Bom Jesus and Barra de Córrego with PV panels coupled to DC pumps was problematic
because the pumps are expensive and difficult to repair. They are adopting a different approach using PV
panels and a high-power invertor (Photo 6) to convert DC output from the panels into single- or threephase AC. This can drive common electrical pumps, which are readily available and easily repaired
throughout Brazil.
Target beneficiaries: Currently just four households in Bom Jesus and one household in Barra de Córrego
continue to grow irrigated horticultural crops. Some components of the original system are utilized, but
none of the PV panels are in use.
Payment methods: There are no longer any payments.
Maintenance: The system is dismantled; there is no maintenance.
Local community involvement: Not applicable.
Current challenges: Not applicable.
PHOTO 5: SALVAGED COMPONENTS OF BOM JESUS IRRIGATION SYSTEM USED
AT ONE BENEFICIARY’S HOME GARDEN
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PHOTO 6: A NEWLY AVAILABLE DC-AC INVERTER THAT COELCE WILL USE IN
FUTURE PV IRRIGATION PROJECTS

Status at the End of USAID Investment
At the end of USAID funding, key outcomes included:



Two PV-based irrigation systems established, each supporting 1ha of organic horticulture; and
10 to 12 families in each community managing the system and growing organic crops for home
consumption and sale.

Status at Time of Data Collection
At the time of data collection:




Both systems had stopped operating.
PV panels were removed from Barra de Córrego, but more than 20 PV panels remain in Bom
Jesus. Some are broken, but many are salvageable.
4 HHs in Bom Jesus and 1 HH in Barra de Córrego continue growing irrigated organic crops;
some are using salvaged equipment from the installations (Photo 5).

Conclusions
Question 1: To what extent and under what conditions have USAID-supported
decentralized energy systems been sustainable after USAID assistance ended?
Component 1a: To what extent were USAID-supported DE activity outcomes sustained
after USAID assistance ended?
Installations at both sites had ceased operating, thus across all dimensions of sustainability, this case scored
null.
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TABLE 17: SUSTAINABILITY MATRIX FOR CASE STUDY 3
Dimension of Sustainability
System Production Capacity
Current System Condition
Maintenance Capacity
Number of End Beneficiaries
Capacity to Meet Beneficiary Needs

Findings
Both systems are inoperable.
Both systems are inoperable.
Both systems are inoperable.
The families who could be considered “beneficiaries” in some
sense decreased from 22 to five. None are using the PV panels
that defined the DE system.
Both systems are inoperable.

Score
0
0
0
0
0

Component 1b: Under what conditions were USAID-supported DE activity outcomes
sustained or not sustained after USAID assistance ended?
TABLE 18: SUSTAINABILITY FACTORS TABLE FOR CASE STUDY 3
Independent Variable

Impacts on Whether Outcome
Was Sustained

Implications for Future
Sustainability

Exogenous variables
State policies providing boreholes to
remote communities, with power
including off-grid DE provided by
COELCE, will affect sustainability of this
type of system, although it may not
directly affect these communities.
National policies

National policies were not mentioned
and do not appear to have played a role
in the outcome.

Macroeconomic conditions

Macroeconomic conditions were
mentioned by a former IDER
implementer, who noted that
community associations would ask for a
loans, but the situation was unstable
because of high inflation, leaving many
associations/communities in debt.

Past experiences with loan defaults due
to high interest rates might curb
engagement in future projects that have
a loan or financing support component.

Socio-economic conditions

These are poor communities with
limited livelihood, due in part to water
scarcity and low agricultural
productivity. This project presented an
attractive solution.

N/A

29
30

Also, one participant in Barra de
Córrego mentioned that low-interest
loans for diesel pumps are available
through a drought relief program called
PRONAF29 administered by INCRA.30
The terms of the loan include a threeyear grace period, then seven-year
payback on only 60 percent of the
principle.

National Program to Strengthen Family Farming.
Brazilian Institute for Colonization and Agrarian Reform.
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Impacts on Whether Outcome
Was Sustained

Implications for Future
Sustainability

Community engagement

Community engagement was essential
to generate interest in the project,
select sites for the irrigated plots,
convince beneficiaries to invest their
time and labor in organic farming,
market their produce, and maintain the
systems for as long as they did.

The former IDER implementer
mentioned that more recently, IDER
shifted from focusing on community
associations to individual households,
which she considers easier. However,
with IDER closing down, the future role
of community engagement is unclear.

Anchor institutions

N/A

N/A

Fee collection systems

N/A

N/A

Maintenance systems

The systems were managed by
beneficiaries, with rotating daily
responsibility to clean and turn on the
irrigation system, check for anything out
of place, ensure that each section
received water, etc. However, this
seemed insufficient. Pumps were costly
to repair and replace, and a faulty pump
was the main cause of failure in Barra de
Córrego.

N/A

Other: Increasing
affordability for end-users

N/A

N/A

Other partnerships (NGOs
or government agencies)

The involvement of IDER and ASCIMA
were important in implementing the
project in both communities.

N/A

Independent Variable
Project-specific variables

The activities were not sustained. Nevertheless, the system at Bom Jesus operated for about seven years
and the system at Barra de Córrego operated for three to four years. Through group discussions in each
community, the review team identified factors that seemed to help the systems operate for a time, as well
as factors that contributed to their failure. Factors that contributed to several years of successful operation
include:




Community and civil society engagement: As in other projects, this appears to have been an
important factor in getting the project established. IDER, working with ASCIMA, got buy-in from
nearly two dozen families who agreed to invest their time and labor in organic farming, learn to
market their produce, and maintain the PV irrigation systems.
Maintenance systems, which the beneficiaries managed through rotating daily responsibilities,
which helped to keep the systems running for several years.

Factors that contributed to the investments unsustainability:


Technical factors:
o Pumps: The systems used imported DC pumps that were difficult to maintain and costly to
repair. The manuals were not in Portuguese and local technicians could not work on them.
o Organic farming: The site at Bom Jesus had problems with a kind of nematode that was difficult
to eradicate using organic methods.
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Water availability: The site at Bom Jesus relied on surface water that dried up in times of
drought, leading to crop losses.
Non-technical factors:
o Marketing: Organic crops were difficult to market and participants’ earnings were much lower
than expected. There was a “socially responsible contract model” mentioned in one Winrock
report, in which “urban consumers pre-pay USD $40.00 monthly for delivery of a customized
‘basket’ of produce,” but this did not materialize (Winrock International 2008, p. 47).
o



Question 1 Summary
The PV irrigation installations in Bom Jesus and Barra de Córrego were ultimately not sustained and were
not scaled up. These installations were able to operate for several years as a result of a degree of interest
and engagement by beneficiaries, who received sufficient training to maintain the systems as well as grow
and market organic produce. However, the two systems ultimately failed due to a combination of factors
including an inability to maintain, repair, or replace equipment; problems with pests and drought; and
difficulty marketing their products. The review team did not identify any evidence of replication.

Question 2: To what extent and under what conditions have USAID-supported
decentralized energy systems been replicated or scaled up after USAID assistance
ended?
Based on the documents reviewed and interviews conducted, the review team has concluded that no
scale-up or replication of these DE systems occurred.

CASE STUDY SUMMARY 4 – BIOFUEL POWER
PRODUCTION IN QUIXERAMOBIM, CEARÁ STATE (DD)
Activity Overview
The review team assessed the outcomes of an activity that supported a biofuel-based electricity
production plant located near the town of Quixeramobim in central Ceará state that provided electricity
to beneficiaries in Serrinha de Santa Maria, a remote community. The biofuel plant is no longer operating.
The review team visited the biofuel production plant but was unable to visit the two communities that
received the power it produced. The team decided to include this activity in the evaluation for several
reasons:
1. Brazil is the second-largest producer of biofuels and hosts an advanced biofuel industry.
2. Brazil’s biodiesel program has an explicit component designed to ensure social inclusion targeting
poverty alleviation (Bailis 2014).
3. A case study examining biofuel investments was deemed to be advantageous for comparison
across technology types.

Biofuel in Quixeramobim Timeline of Operations
Table 19 presents the timeline of operations of this site based on information from interviews with three
key informants and various project documents (specifically EMATERCE 2007 and Severino, Palma, Anhalt,
de Albuquerque, and Parente Júnior 2005).
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TABLE 19: BIOFUEL IN QUIXERAMOBIM TIMELINE OF OPERATIONS
Date
2003

2004

2005
2007
2015

Activity
The project was initiated and land was prepared for planting (November), which included site
selection, soil chemistry analysis and clearing, etc.
 Irregular rains forced a delay in planting, originally planned for January but pushed back to late
February/early March.
 The first crop was harvested between July and September 2004. 200 ha were originally planned,
but only 70 were cleared and just 37 ha were successfully harvested. They “obtained an average
yield of 510 kg/ha, well below the target of 1500 kg/ha” (Severino et al. 2005, p. 13).31
 The project was inaugurated by the state governor in August and electricity production began in
September.
A workshop, A Cultura da Mamona e do Pinhão Manso (The Cultivation of Castor and Jatropha), was
organized by IDER and financed with USAID funds. The objective of the workshop was to
demonstrate the production of castor and jatropha oils (Photo 7).
Project was closed down. The biodiesel plant was officially transferred to EMATERCE, but the agency
had neither the interest nor the capacity to operate it.
Review team visited to evaluate project and found that the systems were not operational and none of
the materials were being utilized.

PHOTO 7: PAMPHLET FROM THE WORKSHOP AT FAZENDA NORMAL DESCRIBING
THE DAY’S EVENTS (CENTER) AND THE EVENT SPONSORS, INCLUDING USAID
(RIGHT)

Overview of USAID Funding
The biofuel activity was designed as a proof-of-concept led by a consortium of companies called “CENP
Energia”32 in partnership with the Secretariat of Agriculture and Livestock (SEAGRI) and IDER. IDER was
the recipient of USAID funding and responsible for coordination and administration of the activity. The
activity also received financial support from the firms that constituted CENP-Energia, as well as the state

Translated from the Portuguese “Obteve-se produtividade média de 510 kg/ha, valor bem abaixo da meta de 1.500 kg/ha.”
CENP Energia was itself a partnership of five independent power producers: Ceará Gerador de Energia (CGE), Cummins
Power Generation, Parnamirim Energia, ENGEBRA, and TEP Potiguar.
31
32
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government of Ceará. The review team could not ascertain the amount of funding from any of these
sources.33

Site Description
The activity took place near the municipality of Quixeramobim. The two primary sites were Fazenda
Normal, a demonstration farm managed by EMATERCE and the community of Serrinha de Santa Maria,
which was located in the same municipality several hours away. Castor cultivation took place at Fazenda
Normal. The oil extraction facility, transesterification unit, and one generator were also installed there. A
second generator was installed in the community of Serrinha de Santa Maria to provide electricity to HHs
and enterprises. At that time, the community was not tied to the grid.

Implementation-Specific Factors
Technology: Biofuel-based power generation involves a more complex chain of technologies than the
other DE technologies assessed in this evaluation. The chain can be divided into four major stages: crop
production, oil extraction, biodiesel production, and electricity production; each stage includes multiple
processes (described in FIGURE 3).
FIGURE 3: PROCESSES INVOLVED IN BIODIESEL-BASED POWER PRODUCTION AT
THE QUIXERAMOBIM PROJECT

Crop
Production

Oil
Extraction

Biodiesel
Production

Electricity
Production

• land preparation
• planting
• fertilization
• weeding
• harvesting

• dehusking
• heating
• pressing
• dewatering
• filtration

• catalysis
• phase separation
• dewatering
• filtration
• methanol recovery

• generation
• distribution via
low (220/380V)
and medium
(13.8kV)
voltage lines

Target beneficiaries: Target beneficiaries were community members of Serrinha de Santa Maria. Electricity
was supplied to 26 HHs, a school, and a community center (Severino et al. 2005). It is not clear whether
this represented the entire community or, if not, how these HHs were selected. Electricity was provided
for 3.5 hours a day, usually between 5pm and 9pm. During the first 44 days, the engine ran for 177 hours
and consumed 625 liters of fuel, generating 385 kWh.
Payment methods: In consultation with community residents, IDER requested that they create a revolving
fund for O&M. Families agreed to pay R$6.00/month. R$100 was paid to “young people who operated the
engine” (Severino et al. 2005, translated from text on p. 23), and the remainder was used for maintenance
costs (see below).
Maintenance: IDER trained the engine operators in operational and safety procedures. They did routine
preventive maintenance procedures like changing lubes and filters using revolving fund proceeds.

The only financial information the review team could obtain concerned the cost of specific equipment: R$97,890
(USD $32,630) for the oil extraction unit including equipment, shed, and ancillary facilities; and R$129,874 (USD $43,291) for
the 240 l/day transesterification unit. The unit included cooling water circuit; thermal oil circuit; dewatering unit for the crude
oil; catalyst preparation; transesterification; phase separation; washing; hydrolysis; biodiesel dewetting and filtration; and
methanol recovery and dehydration. Conversion uses an average exchange rate of R$3.0 per USD, which prevailed in 2003–
2004, when this equipment was installed (http://www.oanda.com/currency/historical-rates/).
33
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Planning: Extensive planning and coordination took place between the implementing partners.
Local community involvement: The community appears to have been involved in planning of grid, payment
scheme, etc.; however, it is not clear if there any was any involvement in crop production or oilseed
processing.

Implementation Changes Over Time
Technology: The technology didn’t change over time, but several critical components underperformed,
which this section discusses.
Crop production: Project documentation notes that expected yields were 1,500 kg/ha, but the actual yield
was just 510 kg/ha. Two reasons were given for these low yields. First, the excessive rain already
mentioned caused waterlogging in a significant portion of the cultivation zone, which castor cannot handle;
and second, their attempts to manually control weeds were insufficient (Severino et al. 2005).
Even if excessive rains and weed control did not present problems, the expected 1,500 kg/ha yield appears
unrealistically high. Secondary data indicates that the average yield in the state of Bahia between 1985 and
1997 was 548 kg/ha. Bahia produced 90 percent of the country’s castor crop in those years (EMATERCE
2007). Of course, annual yields are variable, presumably due to climatic conditions, with some years
approaching 800 kg/ha. Nevertheless, it seems odd that project developers claimed they could achieve a
yield that was nearly triple the national average.34
Seed processing and oil extraction: The site experienced low yields of oil from the seeds that were
harvested. Project sources attribute this to poor choice of dehusking machines. They tried two different
machines, but both machines missed a lot of seed, leaving husks intact, and broke many seeds in the
process. As a result, they achieved a dehusked seed yield of just 45 percent when they had planned for 62
percent.
Castor oil’s high viscosity also presented problems. Dirt and suspended particulates in the crude oil are
supposed to be decanted before filtration; however, the solids would not settle out of the oil, which
impeded the filters and left a lot of residual oil in the filtrate. Filtration rates were just half of the operating
specifications and oil yield was 25 percent below the expected value (Severino et al. 2005).
System efficiency: The low yields at different stages of the process led to higher-than-expected electricity
consumption per unit of oil produced. In addition, initial demand for electricity in the community was low,
which caused the engine to run in an inefficient zone of its power curve. For example, during the first 44
days of operation, operating at a fraction of its peak load, the unit in Serrinha de Santa Maria consumed
1,623 liters per MWh. However, if the generator ran at 75 percent of its maximum power, fuel use would
decline to 298 liters per MWh.
Coupled with the failure to utilize any waste heat or co-products, this resulted in a negative energy balance.
Delivering 1 kWh of electricity in the community required 1.39 kWh of electricity for pressing the seeds
and converting crude oil to biodiesel (Severino et al. 2005).
Target beneficiaries: The review team does not know of the target beneficiaries changing until the project
ceased operating in 2007.

The review team checked more recent national data from IBGE since the 1980s and 1990s; no evidence shows
improvements in castor yield since those decades. The mean yield nationwide from 2008–2015 was 557 kg/ha with similar
variation (IBGE 2015a).
34
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Payment methods: The review team does not know of the payment methods changing until the project
ceased operating in 2007.
Maintenance: The review team does not know of the maintenance changing until the project ceased
operating in 2007.

Status at the End of USAID Investment
At the end of USAID support, key outcomes included:




Castor was cultivated in a 70 ha demonstration plot at Fazenda Normal
Two generators were operating: one at Fazenda Normal for an unspecified number of hours per
day and one in the community of Serrinha de Santa Maria for 3.5 hours per day.
Overall system efficiency was low due to several factors described above.

Status at the Time of Data Collection
At the time of data collection, key outcomes included:



The system had been shut down since 2007.
The community has been connected to the main power grid. However, it is not clear whether
this connection occurred before or long after the end of the biodiesel project. In any case, it
seems clear that the project would not have continued had the community not received electricity
because castor production at the demonstration farm ceased and the oil processing facilities were
shut down by 2007. The review team further notes that the Government of Brazil shifted focus
to soybean based fuel produced by large rural producers, which also may have contributed to the
lack of will to sustain this particular investment.

Conclusions
Question 1: To what extent and under what conditions have USAID-supported
decentralized energy systems been sustainable after USAID assistance ended?
Component 1a: To what extent were USAID-supported DE activity outcomes sustained
after USAID assistance ended?
Installations at both sites had ceased operating, which made scoring the elements of the sustainability
matrix straightforward in this case.
TABLE 20: SUSTAINABILITY MATRIX FOR CASE STUDY 4
Dimension of Sustainability
System Production Capacity
Current System Condition
Maintenance Capacity
Number of End Beneficiaries
Capacity to Meet Beneficiary
Needs

Findings
The system is not producing electricity.
The system is not operating.
Maintenance funding was insufficient for the installation to remain
operable. Based on project documentation, the review team
estimates that O&M funds were approximately R$56/month
(approximately USD $20/month in 2005), which are not adequate to
maintain a 65 kW diesel generator running > 1200 hr/yr.
Decreased to zero.
Needs are not met by this system.
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Component 1b: Under what conditions were USAID-supported DE activity outcomes
sustained or not sustained after USAID assistance ended?
TABLE 21: SUSTAINABILITY FACTORS TABLE
Independent
Variable

Impacts on whether outcome was sustained

Implications for
future
sustainability

Exogenous variables
A national program supports oilseed production for biodiesel, with
castor grown in NE Brazil receiving particularly favorable policies (Bailis
2014). One of the project reports refers to this program (Severino et al.
2005, p. 7), which was being finalized in 2004, when this project was
National policies
implemented. It notes: “The installation of small plants for production of
castor beans and oil extraction biodiesel is a much-discussed topic at the
moment.” However, by the time it was fully implemented, Brazil’s
National Biodiesel Program did little to support small-scale biodiesel
production. Thus, national policies did little to support this project.
Macroeconomic
It is not clear whether macroeconomic conditions played a role in
conditions
supporting or harming the project.
The beneficiary community was clearly poor, and its lack of access to
Socio-economic
electricity made this an attractive option. The community has since been
conditions
connected to grid, so a biofuel-based system providing just a few hours
of power per day is no longer attractive.
Project-specific variables
There was a degree of community engagement, which was necessary for
Community
the project to function at all. However, the review team has no reason
engagement
to think that with more community engagement, the project would have
been sustained any longer.
Anchor
None
institutions
A payment system was in place. It does not appear to have been
adequate to cover O&M costs. In addition, beneficiaries were charged a
Fee collection
fixed monthly price for their access, meaning that no signal existed for
systems
them to gauge how much they were using. Of course, overconsumption
does not appear to have been a problem in this case.
The review team has few details about maintenance – only that IDER
Maintenance
trained the engine operators in operational and safety procedures and
systems
the operators did routine preventive maintenance.
Other: Increasing
affordability for
Not applicable
end-users
Other
IDER was the only civil group involved. In other successful projects, the
partnerships
review team observed a local group engaged in addition to IDER.
(NGOs or
However, in this case, it is not clear whether the presence of a local
government
group would have led to a more sustainable outcome.
agencies)

Not applicable

Not applicable
Not applicable

Not applicable
Not applicable

Not applicable

Not applicable
Not applicable

Not applicable

Question 1 Summary
This system was not sustained. From the data that the review team collected, several factors contributed
to the stoppage. However, it is difficult to conclude whether any one factor, or a combination of them,
was sufficient to end the project. Moreover, it is not clear from the review team’s discussions whether
project developers meant for the project to be sustained or whether they implemented it as a “proof-of-
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concept” meant to operate for a short time. While the payment system that IDER designed in consultation
with the community shows some indication that they wanted to sustain the project, the magnitude of
funds set aside for O&M were not adequate to maintain the system for the long term. In addition, the final
report has a tone that indicates this project was not meant to continue, but rather to provide lessons for
future efforts. For example:
“The project was successful, having achieved the ultimate goal of providing electricity to a
community using castor oil as fuel. Among the results, there is proof of the technical
feasibility of the system, as well as the detection of aspects that need to be improved so that
it can be sustainably replicated in other locations.” (translated from Severino et al. 2005, p.
26).
At the time of project implementation, development practitioners, private sector actors, and donors were
expressing a lot of excitement about the potential of biofuel-based distributed generation (see, e.g., the
USAID-funded publication BCSE 2004) and similar hype over biofuels more generally (Mol 2007). This
excitement encouraged donors and project developers to implement many projects without fully
considering how to overcome the many barriers to success. Nearly all of these projects failed (Hunsberger
2010; Nygaard 2010; Sawe & Shuma 2014).

Question 2: To what extent and under what conditions have USAID-supported
decentralized energy systems been replicated or scaled up after USAID assistance
ended?
Based on the documents reviewed and interviews conducted, the review team has concluded that no
scale-up or replication of these DE systems took place.

CASE STUDY SUMMARY 5 – ENALTER SHW (CG)
Activity Overview
This summary provides an overview of Enalter, a private alternative energy provider based in Nova Lima,
Minas Gerais that designs, manufactures and installs solar hot water (SHW) systems. The case study was
included in the evaluation because Enalter is the sole Brazilian enterprise that received a USAID
Development Credit Authority (DCA) loan guarantee during the review period,35 and it represents a
successful model case in terms of sustained outcomes. This summary is based on in-depth interviews with
two upper-level managers from Enalter, a small team of energy efficiency and renewable energy experts
at CEMIG (the state public utility in Minas Gerais), and a focus group discussion with beneficiaries in São
Bras do Suaçui, a community of approximately 3,500 people 100 km south of Belo Horizonte, where
Enalter has recently installed SHW systems for low-income households. A general timeline of major events
is provided as Table 22.

The review team notes that this loan guarantee was part of a larger, global, portfolio guarantee with E+Co. It was not directly
administered with the USAID/Brazil Mission.
35
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TABLE 22: TIMELINE OF OPERATIONS
Date
1980s
2000s
2006 –2007

2009

2015

Activity
Enalter was founded as a small start-up fabricating SHW components by hand.
 Energy crisis led to major increase in demand for household-scale DE.
 Government incentives for SHW were implemented.
The firm received a USAID-sponsored DCA guaranteed loan of USD $26,000 through a global
portfolio guarantee held by E+Co.
 Enalter negotiated for a second USAID-sponsored DCA loan, but this was not approved.
E+Co pulled out of Brazil the same year.
 The federal government social program Minha Casa Minha Vida was established, opening a
new line of business for the firm. Since then, they have also become involved in other state
social housing programs, such as COHAB and CDHU in the states of Minas Gerais and São
Paulo respectively
The review team visited their factory in Nova Lima (Photo 8 - left) and a community with
recently installed SHW systems (Photo 8 – right).

PHOTO 8: SWH UNITS OUTSIDE ENALTER’S HEADQUARTERS IN NOVA LIMA
(LEFT) AND RECENTLY INSTALLED SYSTEMS IN SÃO BRAS DO SUAÇUI (RIGHT)

U
Photos by Andréia Marques, MSI

Overview of USAID Funding
E+Co documents describe the 2006–2007 loan that Enalter received as intended to “expand its
operational budget” (E+Co, 2011). The review team’s interview with management confirmed this. They
stated that they used the loan to pay for working capital (Interview, July 30, 2015). The interviewees from
Enalter also stated that the loan was “very helpful” because it provided their “first contact” with an
international development institution. Having this loan in their portfolio gave them credibility and created
additional other funding opportunities.

Site Description
Enalter is based in Nova Lima, 20 km southeast of Belo Horizonte. The company installs SHW systems
throughout the state Minas Gerais, as well as São Paulo and other states. The community of beneficiaries
that the review team visited is 100 km south of Belo Horizonte. Discussions with CEMIG, the state utility
company, gave an indication about why SHW is a popular application of DE in this region. The southern,
more populated, half of the state has a subtropical climate with cool nights throughout the year. Demand
is high in the evenings for hot water, which is primarily supplied with point-of-use electric water heaters
(
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FIGURE 4, left). Demand for hot water creates a peak demand for electricity in the early evening, which
coincides with higher evening demand for lighting, and therefore places a strain on the state’s power
supply. As a result, CEMIG has created incentives to reduce this demand of power for showers by
promoting SHW for residential and institutional consumers. It has created several programs throughout
the state (
FIGURE 4, right), including programs like Conviver Solar (Solar Living), which substitutes electric water
heaters with SHW systems in low-income HHs. Enalter actively participates in this and similar programs.
FIGURE 4: TYPICAL ELECTRIC WATER HEATER (LEFT) AND A MAP WITH CEMIG’S
“CONVIVER SOLAR” PROJECTS (RIGHT)

Photo by Andréia Marques, MSI

Implementation-Specific Factors
In contrast to other in-depth case studies described previously, Enalter’s contributions to energy access
for low-income HHs did not occur until after receiving USAID support. When they received the E+Co
loan, they were largely serving middle class customers (E+Co, 2007). However, after receiving the loan,
Enalter began to participate in state-sponsored social programs that targeted low-income HHs. These
sales currently constitute over half of business transactions (Interview, July 30, 2015).
Technology: Enalter supplies variations of SHW systems to clients that range from low-income HHs to
hospitals, nursing homes, apartment buildings, large commercial installations, and several overseas clients.
The systems that are installed in low-income HHs are equipped with 20-liter tanks and a 1m2 solar panel
(Photo 9).
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PHOTO 9: TYPICAL ENALTER INSTALLATION IN SÃO BRÁS DO SUAÇUI

Photo by Andréia Marques, MSI

Target beneficiaries: 60 percent of Enalter’s sales are directed toward state-supported social programs.
Of this, 50 percent are low-income HHs, and 10 percent are institutional clients such as homes for the
elderly and hospitals. State programs select the low-income HHs served, so Enalter does not market to
them directly.
Payment methods: The SHW systems are installed free of charge, so beneficiaries pay nothing. The costs
are covered by CEMIG as part of its mandated investment in energy efficiency programs.
Like all regulated utilities in Brazil, CEMIG is required to invest 0.5 percent of its net income in energy
efficiency programs (about R$50 million/year). Sixty percent of this goes to low-income families and
includes programs to replace light bulbs and old inefficient refrigerators and install SHW systems.36 CEMIG
works with COHAB, the Minas Gerais state housing agency, and has financed over 36,000 SHW systems
for low-income HHs. CEMIG claims that a typical SHW system, when combined with changing light bulbs
and refrigerators to more efficient ones, can reduce electric bills by 40-50 percent (Interview, July 30,
2015). While the review team could not make a systematic comparison, they asked to see one beneficiary’s
electric bill during the focus group discussion in São Brás do Suaçui. Her bill showed that the HH’s average
quarterly electricity consumption decreased about 23 percent 6 months after the SHW system was
installed (Photo 10).37

Details about CEMIG’s energy efficiency investments are available at http://www.cemig.com.br/ptbr/A_Cemig_e_o_Futuro/sustentabilidade/nossos_programas/Eficiencia_Energetica/Paginas/Projetos_EI.aspx
37 Mean daily consumption between Nov 2014 and Jan 2015 before the SHW system was installed was 4.23 kWh. Between
April and June 2015, daily consumption had declined to 3.26 kWh.
36
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PHOTO 10: ELECTRIC BILL FROM A BENEFICIARY IN SÃO BRÁS DO SUAÇUI
SHOWING DECLINING CONSUMPTION SINCE THE INSTALLATION OF THE SHW
SYSTEM

Monthly electricity
consumption between
November 2014 and
June 2015

Photo by Andréia Marques, MSI

Maintenance: Beneficiaries note that maintenance costs are minimal. They have a five-year warranty that
includes free service if problems arise. They mentioned that some of the systems actually needed repairs
due to a problem with a valve in cold weather, and Enalter replaced the valve for free (Group Discussion,
August 11, 2015).
Planning: Planning for this activity is top-down. It takes place among CEMIG, COHAB, and the SHW
provider (Enalter in this case).
Local community involvement: Beneficiaries are not involved at all. They informed the review team that
representatives from CEMIG arrived in the community soon after the houses were completed and
informed them that the SHW systems are included in the housing projects and therefore would be
installed at no additional cost to them, and they agreed.38
Current/future challenges: The main challenge that the team identified is the viability of the system after
the warranty expires. It is not clear whether beneficiaries will be willing/able to invest in maintenance and
repairs as the system ages or whether CEMIG would be willing to reinvest its mandated 0.5 percent of
revenues in HHs that have already received assistance.

Status at End of USAID Investment
At the end of the loan period, Enalter was growing as a business, but serving largely middle-class customers
and not specifically working to improve energy access for low-income HHs.

Each beneficiary family agrees to pay between R$75 and 100 per month for their homes, depending on family income, for 20
years, which sums up to about R$21,000 or 1/3 of the market price for their homes. The payment is made to Caixa Economica
Federal (Federal government bank), and the funds become revolving for other housing programs.
38
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Status at the Time of Data Collection
In the years between USAID support and data collection, Enalter began participating in state-sponsored
programs implemented by the public utility company to improve energy access for low-income HHs.





Sixty percent of Enalter’s business is now directed at social programs (50 percent specifically to
low-income HHs).
CEMIG, the Minas Gerais state utility, has installed 36,000 SHW systems in low-income HHs
throughout the state. Many of these are from Enalter.
There is a thriving SHW industry in Brazil, and Enalter is among the top firms.
Ten firms capture approximately 70 percent of the market.
Enalter has penetrated international markets, recently installing a solar air conditioning system in
a shopping mall in Dubai.

Conclusions
In this case, the DE activity in which the firm engaged at the time of USAID support targeted middleincome households that already had grid access. It was only after that support ended, in response to
national and state policies, that the firm expanded and began targeting populations considered energy
poor. Thus, for the purposes of this evaluation, all interesting activity can be considered “secondary” in
terms of both expansion and collaboration. Therefore, this section summarizes sustainability and scale
together.

Question 1: To what extent and under what conditions have USAID-supported
decentralized energy systems been sustainable after USAID assistance ended?
Component 1a: To what extent were USAID-supported DE activity outcomes sustained
after USAID assistance ended?
Table 23 outlines how Enalter sustained itself after receiving the USAID loan. At the time the loan was
active, Enalter was not targeting energy-poor households.
TABLE 23: SUSTAINABILITY MATRIX FOR CASE STUDY 5
Score
Dimension of
Sustainability
System Production
Capacity
Current System
Condition
Maintenance
Capacity
Number of End
Beneficiaries
Capacity to Meet
Beneficiary Needs

Findings

Enalter is has grown tremendously since receiving USAID support.
No systems were installed at the time of USAID support, and the systems
that the review team observed had been in place less than six months.
The systems are installed with a five-year warranty, and Enalter’s capacity to
maintain them is sufficient to keep the systems in good condition for that
time.
The number of beneficiaries has increased significantly since USAID funding
ended.
The system and the firm appear to meet all beneficiary needs.
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3
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2
3
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Question 2: To what extent and under what conditions have USAID-supported
decentralized energy systems been replicated or scaled up after USAID assistance
ended?
Component 2a.1: Is there a secondary activity?
The primary activity did not target energy-poor populations, but the secondary activity, which occurred
well after and independent of the USAID loan, did target the energy-poor. By targeting this market
segment, Enalter substantially expanded its operations. Moreover, this expansion was enabled by
collaborations between Enalter, state-sponsored providers of low-income housing, and public utilities.
Together, the firm and several parastatal partners install SHW systems in newly constructed housing
developments to promote energy efficiency. Enalter therefore represents a case of two interrelated
secondary activities: expansion and collaboration.
Component 2a.2: How similar is the secondary activity to the original?
The secondary activity is similar to the original activity, with the exception of community engagement and
fee structure.
TABLE 24: ORIGINAL AND SECONDARY ACTIVITY COMPARISON TABLE

Component
Technology
Fee structure/payment method
Maintenance plan
Intended use
Community engagement strategy
Use of an anchor institution (or not)

Comparison
Secondary Activity: Enalter’s
Original Activity: Enalter’s sales at
collaboration with utilities and
time of USAID loan
low-income housing providers
Household scale SHW
Same
Systems are free for beneficiaries,
Systems were paid for by
financed by nationally mandated
customers, possibly with some
investments from regulated utility
financing.
companies equivalent to 0.5
percent of revenues.
5-yr warranty
Same
Hot water provision
Same
None – decisions are made by
Standard marketing
utility and housing provider
None
None

Component 2a.3: To what extent and how was the DE activity replicated or scaled up after
assistance ended?
TABLE 25: REPLICATION AND SCALING-UP CHECKLIST
Type of Scaling
Up

Description of Observed Approach(es)

Implications for Sustained or
Continued Replication

Replication

No obvious replication

N/A

Expansion

Enalter was not targeting low-income
populations when it received USAID support.
Now that market segment is roughly 50% of
its sales.

N/A

Collaboration

Partnerships with utility companies and low
income housing providers constitutes a major
part of their sales

Same as above
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Component 1b and 2b: Conditions for sustainability and scale-up
This section examines the sustainability of the secondary activities.
TABLE 26: SUSTAINABILITY/SCALE-UP FACTORS TABLE
Independent
Variable

Impacts on Whether Outcome Was
Sustained

Implications for Future Sustainability

The national policy mandating that utilities invest
0.5% of their income in energy efficiency and
CEMIG’s decision to invest heavily in SHW
specifically have had a tremendous impact on
SHW expansion in Minas Gerais. In addition,
federal banks provide loans for installation of
SHW, although this credit is utilized more by the
middle class rather than the poor.

Assuming this policy remains in place, then
there is a chance it will contribute to
future sustainability from the firm’s point
of view; however, it is not clear whether
these funds will be used to assist current
beneficiaries to maintain or replace their
systems after the warranty period expires.

Macroeconomic
conditions

Energy price spikes have historically been
instrumental in boosting Enalter’s sales.

Presumably, this will continue to be the
case. Currently, oil prices are low, but
Brazilian power prices continue to
increase, so demand for energy efficient
products, specifically SHW, remains
strong.

Socioeconomic
conditions

Socioeconomic conditions do not seem to have
much of an impact. Of course, the activity
requires the presence of low-income HHs, but
the systems themselves are installed for free so
they are not dependent on specific conditions.

Socioeconomic conditions might affect the
ability of families to maintain or replace
their systems after the initial warranty
period expires.

Exogenous variables

National policies

Project-specific variables
Community
engagement

Community engagement was minimal, but this
does not seem to negatively impact the
sustainability of the activity

Not clear – assuming that the systems
maintain a good record so that future
beneficiaries have a favorable impression,
the lack of community engagement should
not be a problem.

Anchor
institutions

NA

NA

Fee collection
systems

Receiving direct payments from CEMIG likely
plays a role in the current sustainability of the
activity. This is much less risky than relying on
low-income HHs for payment, establishing lines
of credit, etc.

Assuming CEMIG’s subsidies continue, this
will continue to contribute to the
sustainability of the activity.

Maintenance
systems

The 5-year warranty sustains the systems for that
period of time.

It is not clear whether systems will be
sustained beyond the 5-year warranty.

Other: Increasing
affordability for
end-users

NA

NA

Other
partnerships
(NGOs or
government
agencies)

The entire program providing SHW to lowincome HHs is an “other partnership” that was
created independently of the USAID loan.

The activity is dependent on several
government programs and will be
sustained provided that these programs
remain in place.
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Question 1 and 2 Summary
Enalter has developed a sustainable business model providing SHW to low-income households. It
accomplished this by expanding its original business model and developing collaborations with several state
agencies. Using the review team’s rubric, Enalter achieves high scores for increasing the number of
beneficiaries it has reached, meeting beneficiary needs (for hot water), expanding the installed capacity of
SHW in Brazil, and making accommodations for short- and medium-term maintenance via a 5-year
warranty. The main factors contributing to the sustainability of this expansion and collaboration are the
national policies mandating that utilities spend 0.5 percent of revenue on energy efficiency programs and
CEMIG’s decision to direct a substantial portion of that spending to SHW systems. Other structural
factors, such as the high cost of electricity, assure fast payback time and make Enalter’s SHW systems
attractive investments for both utilities and homeowners.

CROSS-CASE-LEVEL FINDINGS AND CONCLUSIONS
The report has presented five cases studies, three of which exhibited sustained outcomes (Table 27). All
of the activities that had been sustained were implemented by multiple organizations with both local and
outside expertise, which may have contributed, but unlikely to have solely caused their sustainability;
noting this characteristic was also present in the two activities that were not sustained. Two of the three
sustained activities were facilitated by PSA, an NGO acting as the primary liaison between outside
implementers and beneficiary communities, with a high degree of community engagement. Both were
sustained despite facing major challenges that led to deviations from their respective implementation
strategies. Enalter’s provision of SHW systems to low-income HHs is made possible by supportive national
and state-level policies and institutions, a savvy business model (respondent to national-fiscal priorities
and requirements), and well-made equipment requiring relatively little maintenance. In contrast to the
other sustained activities, Enalter has very little community engagement and no local NGO to act as liaison.
Thus, while community engagement and strong NGO support appear to have been critical factors in
sustaining activities in Cachoeira do Aruã and Maripá/Santí, they are not necessary in all situations.
Moreover, the two failed activities appear to have had some degree of community engagement and NGO
support, but involved complex technologies that were prone to failure, with higher and more costly
maintenance requirements. The following section, which discusses country-level findings to answer
Question 3, explores these factors in more detail.
TABLE 27: SUMMARY OF FINDINGS AND CONCLUSIONS AT THE ACTIVITY LEVEL
Project

Cachoeira do
Aruã

Maripá and
Santí

Extent of
Sustainability

Key Sustainability
Factors

Moderate
sustainability; minimal
growth potential

Strong local NGO;
resilient community
management;
relatively low
maintenance needs;

Moderate
sustainability; minimal
growth potential

Strong local NGO;
good initial
community
engagement; relatively
low maintenance
needs

Extent of
Replication or
Scale-up
High expansion of
beneficiaries; no
expansion of system
capacity; no
replication

This was a replication,
but did not work as
well as original
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Key Factors for
Replication or
Scale-up
N/A
Insufficient access to
capital impeded
replication; NGO and
beneficiaries muddled
through and sustained
the activity despite
the failure of the
model.
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Project

Extent of
Sustainability

Ceará PV
irrigation

Not sustained

Quixeramobim

Not sustained

Enalter

High sustainability;
high growth

Key Sustainability
Factors
Equipment difficult to
maintain; business
model for productive
use not appropriate
Technical challenges
at all stages of
production
All activity occurred
after USAID support,
so this report
examines
sustainability under
replication and scaleup

Extent of
Replication or
Scale-up

Key Factors for
Replication or
Scale-up

No replication

NA

No replication

NA

No replication, but
high scale-up in
conjunction with large
collaboration.

National and statelevel policies; good
business model; low
maintenance needs

Question 3: What decentralized energy implementation models and processes
have been most effective at achieving sustainability, scale, or replication?
To guide this section, the report consolidates the various factors supporting sustainability, scale, and
replication into three frames of analysis described in the Methodology section:
1. Contextual;
2. Technical approach; and
3. Implementation factors.

Contextual Factors
One of the key contextual factors affecting Brazilian DE projects since the early 2000s is the government’s
drive to achieve universal electrification. The policies led to major support for grid extension throughout
the country, which resulted in more than 19 million new connections between 2000 and 2010 (IBGE 2000
and 2011). At the time of the 2010 census, fewer than one million households lacked grid access.
However, in implementing these policies, utilities focused primarily on grid extension, which was an
effective approach for many communities that had previously lacked access, but left the most remote
communities untouched. Remote communities have been, and remain, reliant on DE options, but they
lack resources to fully develop these DE solutions. In the communities where USAID DE activities were
implemented, the review team found that while the utilities did not take lead roles, the national policies
supporting universal electrification were still responsible for creating “enabling environments” and bringing
together stakeholders who would not otherwise have mobilized in these ways.
Among the contextual factors examined, national or state policies appear to have had the most influence
on sustained activities, granting that these same national policies were in place for those activities that
were less successful. Relatedly, macro-economic conditions, such as high inflation and high interest rates
affect access to credit across the entire investment climate. The informants who received a credit
guaranteed loan noted that borrowing costs are high, and that having USAID as a backer was helpful in
securing future loans and projects. They also noted that high electricity costs have helped boost their
sales. However, informants from other activities did specifically mention energy prices. Table 28 on the
following page details these conclusions at the investment/site and country levels.
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TABLE 28: CONTEXTUAL CONCLUSIONS
Contextual
Factors

National
policies

Cachoeira do
Aruã HP

Maripá and
Santí SHS

National policies were an
important catalyst in bringing
donors together and enabling
the activity to go forward.

PV Irrigation in Ceará

Quixeramobim

Enalter

Country-level
Conclusions

National policies were
not mentioned and
probably did not play a
role. State policies
providing boreholes to
remote communities
with power provided by
the state utility may help
future activities.

National biodiesel
program was
mentioned in
secondary data, but
by the time it was
fully implemented, the
policy did not actually
support this activity.

The national policy
mandates that utilities
invest in energy efficiency;
state policies support
low-cost housing for lowincome families; and the
Minas Gerais state utility
prioritizes SHW.

National and/or state
level policies are critical
in the successful activities.
However, they are not
sufficient to sustain the
failed activities, which
suffered due to various
contextual factors.

Energy price spikes have
historically helped boost
Enalter’s sales. Borrowing
costs are high, but having
USAID as creditor was
helpful.
Socioeconomic conditions
have minimal impact; the
activity targets lowincome HHs, but the
systems are installed for
free so do not depend on
specific conditions.

Macroeconomic
conditions

It is not clear whether
macroeconomic conditions
played a role in the sustainability
of the activities.

High inflation rates
limited communities’
ability to access credit.

It is not clear
whether macroeconomic conditions
played a role in the
sustainability of the
activities.

Socioeconomic
conditions

The local
economy
became more
serviceoriented, which
helped
reinforce
demand and
ability to pay
for energy

Poor communities had
limited livelihood due, in
part, to water scarcity
and low agricultural
productivity. The activity
presented an attractive
solution.

The community was
poor, and its lack of
access to electricity
made this an
attractive option.

Activity-level
conclusions

National policies were the main
contextual factor contributing to
sustainability. In Activity 1, local
economic transformation also
contributed.

Communities
were
relatively
poor and had
limited ability
to pay for
services.

Contextual factors did not seem particularly
supportive for the PV irrigation and
Quixeramobim cases, but did not contribute to
their failure either.
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National/state policies,
and decisions by the state
utility were the biggest
contributors to success.
Macro-factors like energy
process also contributed.

The review cannot
generalize about
macroeconomic
conditions. High interest
rates and high energy
prices were each said to
affect one outcome.
The common thread with
socio-economic
conditions is that all
communities are poor
with limited livelihood
options. One successful
activity increased
productive uses, but the
other successes had very
little productive potential.
National or state policies
had the most influence on
sustainable outcomes.
Macro- and socioeconomic conditions had
ambiguous impacts.
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Technical Approach Factors
Technical approaches, or investment modalities, are of keen interest as a factor contributing to
sustainability across the 31-investment USAID DE world-wide activity portfolio. The majority of DE
related USAID activity in Brazil centered on the first half of the overall review period (2004-2008), much
earlier in the evolution of the DE sector than investments in the other two countries (India and Tanzania)
where more commercial approaches were supported by USAID. Further, the DE context in Brazil, an
upper-middle income country with near universal energy access in major population centers, left only
small pockets of extremely rural communities in need of DE-based solutions. These two factors, a residual
population requiring access in remote areas and an underdeveloped DE sector, led to numerous small DE
efforts, including those supported by USAID through the DD investment-type. This theme is further
discussed in the forthcoming Review Synthesis Report.
The takeaway therefore is: while direct delivery approaches, ceteris paribus, appear to be less likely to be
scaled up, the Brazilian situation called for specific and targeted assistance and livelihoods approaches for
communities far removed from national grid access. In other words, national scale was not the goal. This
is offered as a mere observation, not necessarily a conclusion of positive or negative performance.

Implementation-Specific Factors
Community engagement was an essential component in four of the five activities evaluated, more
specifically those with DD approaches. DD approaches usually involve specific community and livelihoods
support investments, therefore a degree of community participation is generally considered a requirement.
The “x” factor however is to what degree was community engagement factored into the design of an
activity and to what degree the community achieved ownership of the assistance provided.
The circumstances for community engagement varied considerably across the four applicable cases. For
the Cachoeira do Aruã activity, every dimension of the model was predicated on community engagement.
The entire system is managed by the community and would not have functioned had the community not
been engaged from the start. In Maripá and Santí, the fee-for-service model was designed to meet specific
needs of these communities in terms of energy demand and ability to pay. While the model itself failed
due to insufficient outside support, the community engagement carried out at the beginning ensured that
the systems were well designed and that the communities had sufficient sense of ownership to take
responsibility for the systems after IDEAAS pulled out. Even the PV irrigation and biofuel electrification
activities would probably not have functioned at all if there had not been some level of community
engagement. In contrast, the Enalter case does not require such engagement. The activity is fully subsidized
with funds that originate from state utilities, motivated by national-level energy policies, and facilitated by
state-level programs for low-income housing. In the community the review team visited, beneficiaries were
simply informed that SHW would be freely installed in their subsidized housing, and they accepted it.
Fee collection and maintenance vary with no clear pattern emerging among the activities that were
evaluated. Three of the five activities were established with some fee system and maintenance plans in
place. The two other activities were established with no fees from beneficiaries, but with plans for
maintenance. Among the activities with fees, Cachoeira do Aruã most closely resembles conventional
electricity service provision. There, client consumption is metered, meters are read monthly, and clients
are billed for their use. The revenue that accrues to AMOPE is sufficient to pay for a few workers and for
routine maintenance, as well as larger repairs that are needed periodically. However, it is not sufficient to
pay for the major upgrade that is needed to meet the dramatic growth in demand that they have
experienced. The PV SHS systems at Maripá and Santí were installed with a fee-for-service system with
routine maintenance provided by IDEAAS. The model functioned well for a time, but eventually stalled
due to insufficient funds. Despite this failure, the majority of the PV systems installed in 2007 are still
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functioning. Thus, the fee collection and maintenance plans failed, but DE service continues, because the
systems were well designed and have relatively low maintenance requirements. The biofuel-based DE
system at Quixeramobim was implemented with a fee structure and routine maintenance in place.
However, consumption was not metered and fees were fixed. The system faced numerous difficulties and
ceased operating after a short time.
The two cases without fee structures were PV irrigation in Ceará and Enalter SHW. PV irrigation in Ceará
was not sustained, and maintenance difficulties were part of the problem. However, other technical
challenges also contributed to the failure. In contrast, Enalter did not charge beneficiaries fees, but
managed to scale up considerably, because it is supported by subsidies.
While each activity included some plan for maintenance, the activities that were sustained were based on
well-designed systems with relatively low maintenance needs. In contrast, the systems that were not
sustained were more complex with higher maintenance demands. In the case of Quixeramobim, the
activity involved multiple stages: growing and harvesting feedstock, extracting and refining oil, and
producing and distributing electricity.
Partnerships were also important contributors to sustainability. All three of the sustained activities
involved partnerships between implementing and supporting agencies. Such partnerships were largely
absent in the two activities that were not sustained. For the activities in Pará (Cachoeira do Aruã and
Maripá/Santí), PSA was the key element of the partnership. PSA is a strong local NGO with deep roots in
the region. In both cases, it helped beneficiaries overcome obstacles that might have stalled less resilient
projects. Cachoeira do Aruã also had an extended collaboration with multiple government and research
organizations, which contributed to the success of the activity. While the nature of Enalter’s SHW is quite
different from the Cachoeira do Aruã case, this report draws a similar conclusion about the collaboration
in that case: multiple agencies came together to create a sustainable DE dissemination program that Enalter
would likely not have accomplished alone.
The sustained activities possessed some or all of the following characteristics:





Strong community engagement;
Partnerships with NGOs with strong ties to the community;
Broad collaborations with multiple stakeholders, including government agencies, businesses, or
research organizations;
Relatively simple, low maintenance technologies.

While the projects that were not sustained also included some of these characteristics, they may have
lacked resilience. For example, IDER, an NGO with community ties, worked with the communities in
Ceará that benefited from PV irrigation, but its involvement did not appear to have the same depth as
PSA’s involvement in the communities outside Santarém. Similarly, both Cachoeira do Aruã and
Quixeramobim consisted of broad collaborations. However, at Cachoeira do Aruã, the partners appear
to have been more committed to achieving long-term success, while the partners at Quixeramobim
seemed content with a short-term pilot project.
Finally, the technology itself is an important factor. The projects that were sustained relied either on
locally manufactured components (Cachoeira do Aruã and Enalter) or relatively simple systems
(Maripá/Santí). In all cases, the maintenance needs appeared relatively low in comparison to alternative
technologies that would provide similar energy services (e.g., a large diesel-based mini-grid at Cachoeira
do Aruã or small generator sets at Maripá/Santí). The parts that need routine maintenance, servicing, or
periodic replacement are locally available and are relatively inexpensive. Moreover, they can be serviced
by local technicians, or, in the case of Enalter, come with an extended warranty from the implementer. In
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the cases that were not sustained, the technologies that were chosen presented large challenges that could not be surmounted, e.g., failure of
costly DC irrigation pumps in Ceará and low oil yields and energetically inefficient processing at Quixeramobim. Table 29 details the activity-level
findings and conclusions that lead to country-level conclusions.
TABLE 29: IMPLEMENTATION CONCLUSIONS
Cachoeira do
Aruã HP

Maripá and
Santí SHS

Community
engagement

Engagement is essential
to the PRISMA
approach, It was
integral from the start
of the activity and
continues to play a
critical role.

Engagement helped
IDEAAS and PSA
understand the
energy needs of the
community and its
ability to pay for the
energy service.

Strategies for
collecting fees

AMOPE issues monthly
bills that users pay in
person. Revenues
cover most O&M
costs.

ActivitySpecific Factors

PV Irrigation in
Ceará

Quixeramobim

Enalter

Country-Level
Conclusions

Engagement helped
generate interest;
select sites; convince
beneficiaries to invest
their time and labor;
market produce; and
maintain the systems.

Sufficient engagement
occurred for the activity
to function, but more
engagement would not
have led to more
sustainable results.

Community engagement
was minimal if not
totally absent.

Community engagement
was an essential element in
four of five cases; however,
the final case was sustained
with no engagement.

Fee collection broke
down, but most
systems continued to
operate

Not present

Payment system existed,
but was not adequate to
cover O&M costs.

Systems are free. There
are no payments
between beneficiaries
and implementer.

Sustained cases have mixed
approaches to fees. No
generalizations are
possible.

Systems for
maintenance

AMOPE does regular
routine maintenance.
However, the
technician who
designed the system
thinks it is insufficient.

Original plans for
maintenance and
battery replacement
failed, but SHS
require little
maintenance so
beneficiaries manage.

The systems were
managed by
beneficiaries with
rotating daily
responsibilities.
However, this was
insufficient.

Few details were
available about
maintenance – only that
IDER trained the
operators to do routine
preventive maintenance.

Users are instructed in
basic maintenance.
Implementer offers 5year warranty and
repairs system if
necessary.

Sustained cases are mixed.
For HP, maintenance is
essential. For SHS and
SHW, it is less critical. All
may have trouble with
major repairs.

Other partnerships
(NGOs or
government
agencies)

PSA linked donors,
NGOs, and
government agencies
to the community. It
was critical when
AMOPE took over
management.

PSA was pivotal in
adapting IDEAAS
model to the region.
It also helped
beneficiaries to
transition to
individual ownership.

The involvement of
IDER and ASCIMA
were important in
implementing the
activity in both
communities.

IDER lacked a strong
local connection.
However, a strong
connection would not
have resulted in more
sustainable results.

No civil society
partnerships, but strong
collaboration with utility
and state government
agencies.

In sustained cases, other
partnerships helped
overcome unexpected
problems. In the SHW
case, collaboration led to
major scale-up.

Activity-level
conclusions

Many Frame 3 factors
contributed to
sustained activity.

Sustained despite
failure of fee-forservice scheme.

Not sustained because
maintenance was costly
and difficult.

Not sustained because
of technical failures.
Also, grid reached
community.

Sustained and scaled due
to strong business
model and collaboration.

N/A
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Findings Regarding Gender Equality and Women’s Empowerment
Based on available documentation and respondent interviews, none of the DE activities covered by the
Brazil case studies were specifically designed, implemented, and monitored to address gender
empowerment – meaning they were designed to extend reliable, clean, and affordable energy access
generally or to a specific target community.39
Where activities provided household electrification, as in Cachoeira do Aruã (Case Study 1) and Maripá
and Santí (Case Study 2), two respondents mentioned that women generally benefit more from household
electrification because they spend more time working in the home. One female respondent, whose PV
system provides lights and music in her bar, noted that men benefit more than women because most of
her customers are men. Critically, all respondents considered planning processes to be gender balanced.
In the PV irrigation sites (Case Study 3), entire families participated. In this case, both women and men
provided inputs and accessed the benefits generated by the horticultural activities supported by irrigation.
Because none of the Brazilian cases specifically targeted gendered outcomes, this report refers the reader
to the review’s accompanying reports for Tanzania and India,40 which both included as case studies USAID
DE investments that sought to achieve specific gender-based outcomes and thus provide a richer source
of comparison to those cases that did not. The review team also notes that the forthcoming Synthesis
Report compares these gender based findings across countries and cases.

RECOMMENDATIONS
Based on the above discussion and findings from the specific cases examined in Brazil, the review team
offers the following recommendations:
1) USAID DE programs should prioritize strong, sustained partnerships that rely on
established stakeholder networks for investments involving DD approaches.
The activities that were sustained (noting that the DD USAID investment type was the most
common for the Brazil context) were embedded within strong networks consisting of multiple
stakeholders, which resulted in relatively resilient activities. For example, in the case study from
Cachoeira do Aruã the local NGO partner sat at the heart of a network that included university
researchers, the state utility company, and municipal government agencies. USAID benefitted from
the strong networks this local organization brought to the consortium of implementing partners
and was vital to the community ownership transfer that underpinned the technical approach to
the activity.
2) In remote contexts utilizing DD investment approaches, USAID should prioritize
community engagement and ownership transfer into its project design and
sustainability planning mechanisms.
Contrary to other contexts where USAID provides DE support, Brazil’s energy poor mainly reside
in extremely remote communities in the northern Amazonian region that are unlikely to see grid
extension in the medium term. Because of this, DE investments that are directly delivered, and
provide only a few years of service, do not sufficiently fulfill complimentary objectives such as
The review team notes that each of the cases that were presented in this report were implemented prior to USAID’s
publication of its 2012 Gender Equality and Female Empowerment Policy.
40 These reports are publically available via the Development Experience Clearinghouse (DEC): India
(http://pdf.usaid.gov/pdf_docs/pbaaf011.pdf) and Tanzania (http://pdf.usaid.gov/pdf_docs/pbaaf012.pdf).
39
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increasing opportunities for sustainable livelihood income generation. As seen in the Pará State
case studies (1 and 2), USAID-supported DE installations have remained operational, at least in
part due to strong community ownership of the sites and community capacity to administer
routine maintenance and repairs. In the sites examined in Maripá and Santí, strong community
engagement practices contributed to a relatively resilient set of installations that saw other
components (i.e., its original fee-for-service model) fail.
3) For rural, off-grid support schemes, USAID should focus on technologies with
accessible and affordable maintenance and repair procedures.
It was evident that the activities that were not sustained were technically more complex. A major
conclusion of this report is that technology appropriateness for the applicable context is an
important contributor to installation sustainability. Poor technology-context matches included DE
installations that required coordinating multiple components (e.g., biofuel production in
Quixeramobim and PV-based irrigation, organic crop production, and marketing in Barra de
Córrego and Bom Jesus) and utilized hardware that was difficult to maintain and costly to replace.
In contrast, the projects that were sustained were less complex and utilized relatively simple
technologies that could be maintained and replaced at a reasonable cost.
4) To better leverage its resources and improve sustainability, USAID should engage
with national, state, and local policy makers when considering direct delivery of DE
solutions, and to the greatest degree possible incorporate host-government policy
priorities into DE project design mechanisms.
Brazil’s push throughout the 2000s to massively extend grid-access to most population centers
was successful in greatly reducing the proportion of the population lacking access to energy
services. When grid access was extended to the pilot site at Quixeramobim, it took away the
underlying need for DE-based solutions. For end beneficiaries, the result is a success; however, it
raises questions about the appropriateness of USAID support. While it was not immediately clear
if the Quixeramobim site was only meant for technological demonstration rather than long-term
sustainability, the issue remains that limited resources were invested at a site that would soon see
the arrival of the grid. Better coordination with policy and utilities officials may have seen limited
resources better allocated, either to another promising site for the same demonstration purposes
or to another endeavor altogether.
5) USAID should develop a standardized reporting framework and data repository for
future projects and associated activities, especially as they relate to data concerning
the sustainability of outcomes for target beneficiaries.
This report uses activity-sites for in-depth study of specific installations and most USAID
investments were funded through large activities with multiple components (e.g., E&D provided
partial funding to three of the cases in this report). Reports covering entire activity funding
mechanisms were available, however, contained few details about specific sites and beneficiaries.
This focus at the activity mechanism level as opposed to individual sites has administrative
advantageous but reduces the ability for the Agency to retrospectively examine its previous
community-specific assistance. This report notes that four of the five cases were implemented
through cooperative agreements with less rigorous reporting requirements than contracts;
however, greater priority could be given to sustainability relevant indicator data. Similarly, because
the 2012 USAID Gender Equality and Female Empowerment Policy stipulates that all activities
should identify gender-related priorities and incorporate related considerations into project
design and monitoring frameworks, future activities would benefit from systematically collected
performance data relating to gender-based outcomes, or outcomes for youth, the vulnerable, or
marginalized communities.
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ANNEX B: CASE CODING THEMES
Activity 1 - HP at Cachoeira do aruã
Coding Themes

Descriptions

Outcomes
Systems installed/number of
beneficiaries
System capacity
System condition

Beneficiary satisfaction/needs
met

Other project impacts

1 system serving ~45 HH beneficiaries and several community institutions at the
time of implementation; increased to ~120 HHs at the time of the evaluation.
System capacity is rated at 60 kVA, but probably running below this.
The system seems robust. It continues to operate despite excessive demand. In
addition, there is a small backup system in place that can provide power when the
main system is offline. Also, the distribution network is robust and operating well.
Beneficiaries are generally happy with the service. One informant noted the
expansion of adult education because light allows classes to be held in the evening
(Interview with Maria Ivacilda, July 22, 2015). However, some small business
owners expressed that they would like access to more power so they can use
additional appliances (Interviews with Jairo Nunes and Elson Rego, July 22, 2015).
Electricity has served as a major draw for migrants from more remote interior
regions and transformed the local economy into a major service economy,
boosted by the growth of major logging concessions nearby.

Exogenous Variables

National policies/actors

Macroeconomic conditions
Infrastructure

Socioeconomic conditions

National policies were an important catalyst in bringing donors together and
enabling the project to go forward. The policies include Luz Para Todos, which
mandates utilities to provide service to rural communities, as well as regulations
allowing small entities to produce power in areas where utilities have not provided
service.
It is not clear whether macroeconomic conditions played a role in the
sustainability of the project.
Lack of infrastructure is an impediment, but if there were better infrastructure,
this community would likely have grid access.
Power provision appears to have played a role in transforming the local economy,
which is more service-oriented than before the project was implemented. This
would contribute to sustainability in that increased income, made possible by
access to electricity, makes it easier for people to pay their bills and generate
revenue so that the system can maintained.

Project Implementation Variables
Note the likelihood of overlap in which data points from interviews are applicable to multiple codes
Approach to planning
During the implementation stage, there was extensive planning.
Community members were extensively involved in planning. They have managed
the system since it was brought online. This is the core element of the PRISMA
model that Winrock introduced. The core of the PRISMA model is a local
Community engagement
community organization (in this case, AMOPE), which is responsible for managing
the micro-power plant and promoting productive uses of electricity (Winrock
International 2007b).
Anchor institutions
There was no use of anchor institutions.
The project was a large collaboration among many organizations, including
Other partnerships
international donors, government institutions, research organizations, and local
and outside civil society groups.
Fee collection systems
Beneficiaries received monthly bills based manual readings of HH meters.
Affordability
All equipment and technical assistance were provided to community for free.

Decentralized Energy Portfolio Review – Brazil Country Report and Case Study Summaries

62

Coding Themes
Maintenance systems

Productive uses of energy

Main challenges

Alternative sources of
energy/costs
Other

Descriptions
Local community group manages all aspects of system, including routine
maintenance. Fees collected are sufficient to support occasional large repairs.
However, community cannot afford a major retrofit that is required to meet
current demand.
The project was originally implemented with a carpentry workshop as a
productive community use, but this shut down after a few years. Informants
indicated that it was costly to operate and maintain and used excessive power.
They also mentioned it was a liability. However, the power currently supports a
butchery, a few bars, and several grocery stores.
 Initial challenges – challenges that arose at the time of implementation include:
o Reluctance of CELPA to assume management
o Lack of local capacity to manage the system
o Difficulty acquiring the proper licenses and authorizations to operate
 Current challenges – current challenges are primarily:
o Excessive demand – since the system was initially installed, the population
it serves has increased substantially.
o Finding capital to upgrade the system
o Population growth has also led to some changes in character of the
population.
NA
NA

USAID Funding
Funding modalities
Use of USAID funds

USAID DD
USAID funds were used for technical assistance; equipment was funded by other
sources.

Activity 2 – PV SHS at Maripá and Santí
Coding Themes

Descriptions

Outcomes
Systems installed/number of
beneficiaries
System capacity
System condition
Beneficiary satisfaction/seeds
met
Other project impacts

The systems were marketed to the populations of two communities. Roughly half
(27/64 in Maripá and 21/35 in Santí) signed up for the service. At the time of the
evaluation, 35 of the original 48 systems were still in use.
Systems range from 46-90W.
The systems that were still in place seemed to function well.
Beneficiaries are generally happy with their systems. Several pointed out in
particular how access to PV-based lighting allowed them to stop using kerosene
lamps, which they disliked because of the smoke and noxious smell (Interviews
with Márcia Assunção and Elizabeth Assunção, July 23, 2015). However, they all
beneficiaries mentioned that they would like larger capacity systems. In addition,
the technician noted that overloading remains a major challenge.
None were mentioned

Exogenous Variables

National policies/actors

National policies were an important catalyst in bringing donors together and
enabling the project to go forward. However, a policy like Luz Para Todos, which
mandates that utilities extend free service connections into rural areas, could
reduce HHs’ willingness to pay upfront costs of a fee-for-service model. In this
community, several respondents stated that the utility will not extend the grid to
them, so that PV-SHS is a viable alternative.
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Coding Themes
Macroeconomic conditions
Infrastructure

Socioeconomic conditions

Descriptions
It is not clear whether macroeconomic conditions played a role in the
sustainability of the project.
Lack of infrastructure is an impediment, but if there were better infrastructure,
this community would likely have grid access.
The communities were relatively poor. At the time that the project was
implemented, the majority had mud floors and straw or thatched roofs. They
collected water manually and used kerosene lamps for lighting. The pricing scheme
that IDEAAS developed roughly matched the HHs’ mean monthly energy
expenditures.

Project Implementation Variables
Note the likelihood of overlap in which data points from interviews are applicable to multiple codes
There was extensive planning. During the feasibility stage, IDEAAS and PSA did
Approach to planning
extensive research on community demographics, energy needs, technical
understanding, and other characteristics such as access to banking facilities.
Community engagement
The two communities were heavily involved in planning.
Anchor institutions
None
PSA was pivotal in adapting IDEAAS model to the region. They were also
Other partnerships
instrumental in helping the beneficiaries to transition to individual ownership after
IDEAAS discontinued their service.
Beneficiaries paid an upfront cost and a monthly fee through a local bank. The
Fee collection systems
initial and recurring costs varied with the size of the system.
During the feasibility stage, IDEAAS and PSA did extensive research on community
demographics, energy needs, technical understanding, and other characteristics
Affordability
such as access to banking facilities. They used this information to develop what
they considered to be a viable “fee-for-service” model.
IDEAAS trained three local community members as technicians responsible for
Maintenance systems
system maintenance. However, access to maintenance stopped when the fee-forservice scheme failed.
A few beneficiaries use PV SHS to provide lighting in grocery shops and lights and
Productive uses of energy
music in bars.
 Initial challenges:
o Recruiting HHs to adopt the service
o Educating users about the limits of the systems
o Building local capacity to maintain the systems
Main challenges
o Malfunctioning charge controllers
 Current challenges:
o Maintaining the system without the support of IDEAAS
o Replacing batteries as they age
o The inability of PV-SHS to meet increasing demands
Several diesel mini-grids are operating in parallel with PV-SHS; these operate
Alternative sources of
intermittently (a few hours in the evening; a few evenings per week) and provide
energy/costs
supplemental power to families, small enterprises, and local institutions.
Other
NA
USAID Funding
Funding modalities
Use of USAID funds

USAID DD
USAID funds were used for technical assistance; equipment was funded by other
sources.
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Activity 3 – Ceará pv irrigation
Coding Themes

Descriptions

Outcomes
Systems installed/number of
beneficiaries

System capacity

System condition
Beneficiary satisfaction/needs
met
Other project impacts

Two systems were installed, benefiting 22 HHs.
The systems utilized 36 45Wp BP-Solarex solar panels to power a Grundfos DC
pump, which pumped surface water into two 5,000 liter tanks. No batteries were
used. Water was then distributed via PVC pipes to a micro-irrigation system
covering a 1ha plot.
Also, though not “technology” in the conventional sense, the project introduced
organic farming, which was a substantial departure from the communities’ previous
farming practices.
Both systems failed.
Needs are not met.
Some components, mainly PVC pipes and water tanks, were salvaged and are still
being used by former beneficiaries.

Exogenous Variables

National policies/actors

Macroeconomic conditions
Infrastructure
Socioeconomic conditions

National policies were not mentioned and do not appear to have played a role in
the outcome.
However, currently, state policies providing boreholes to remote communities,
with power including off-grid DE provided by COELCE, will affect sustainability of
this type of system, although it may not directly affect these communities.
Also, one participant in Barra de Córrego mentioned that low-interest loans for
diesel pumps are available through a drought relief program called PRONAF
administered by INCRA. The terms of the loan include a 3-year grace period, then
7-yr payback on only 60% of the principal.
Macroeconomic conditions were mentioned (by Sulamita) who noted that
community associations would ask for a loans, but the situation was unstable
because of high inflation, leaving many associations/ communities in debt.
Lack of infrastructure is an impediment, but if there were better infrastructure,
this community would likely have grid access.
Socioeconomic conditions played a role in that these are poor communities with
limited livelihood due, in part, to water scarcity and low agricultural productivity.
This project presented an attractive solution.

Project Implementation Variables
Note the likelihood of overlap in which data points from interviews are applicable to multiple codes
Approach to planning
There was extensive planning prior to the implementation of the system.
Both communities had substantial involvement during the planning stage, but
Community engagement
interest decreased when people realized the amount of work involved.
Anchor institutions
NA
The involvement of IDER and ASCIMA was important in implementing the project
Other partnerships
in both communities.
Fee collection systems
None
Affordability
NA
 The systems were managed by beneficiaries, with rotating daily responsibility
to clean and turn on the irrigation system, check for anything out of place,
Maintenance systems
ensure that each section received water, etc. However, this seemed
insufficient. Pumps were costly to repair and replace, and a failed pump was
the main cause of failure in Barra de Córrego.

Decentralized Energy Portfolio Review – Brazil Country Report and Case Study Summaries

65

Coding Themes
Productive uses of energy
Main challenges
Alternative sources of
energy/costs
Other

Descriptions
Project was intended largely as a productive use because the participants were
meant to sell the organic produce they grew with the PV irrigation systems.
 Generating interest among a core group of families to participate in the
project
 Training participants in marketing techniques.
Beneficiaries can irrigate with diesel pumps or use their own small electric pumps.
NA

USAID Funding
Funding modalities
Use of USAID funds

USAID DD, STA
USAID funds were used for technical assistance and training.

Activity 4 – Quixeramobim biofuel power
Coding Themes

Descriptions

Outcomes
Systems installed/number of
beneficiaries
System capacity
System condition
Beneficiary satisfaction/needs
met
Other project impacts

Two biodiesel generators were installed – one at a demonstration farm near
Quixeramobim – CE and one in the community of Serrinha de Santa Maria.
Each generator was rated at 81 kVA (65 kW assuming a 0.8 load factor).
Both systems failed.
Needs are not met.
No other impacts were discussed.

Exogenous Variables

National policies/actors

Macroeconomic conditions
Infrastructure
Socioeconomic conditions

There is a national program supporting oilseed production for biodiesel, with
castor grown in Northeast Brazil receiving particularly favorable policies. One of
the project reports makes a reference to this program (Severino et al. 2005, 7),
which was being finalized in 2004, when this project was implemented, noting that
“The installation of small plants for production of castor beans and oil extraction
biodiesel is a much discussed topic at the moment.” However, by the time it was
fully implemented, Brazil’s National Biodiesel Program did little to support smallscale biodiesel production.
It is not clear whether macroeconomic conditions played a role in supporting or
harming the project.
The community has since been connected to grid, so a biofuel-based system
providing just a few hours of power per day is no longer attractive.
The beneficiary community was clearly poor, and their lack of access to electricity
made this an attractive option.

Project Implementation Variables
Note the likelihood of overlap in which data points from interviews are applicable to multiple codes
There was extensive planning and coordination between the implementing
Approach to planning
partners.
The community appears to have been involved in planning of the grid, payment
Community engagement
scheme, etc.; however, it is not clear whether there any was any involvement in
crop production or oilseed processing.
Anchor institutions
NA
Other partnerships
No other partnerships were developed.
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Coding Themes
Fee collection systems
Affordability
Maintenance systems
Productive uses of energy

Main challenges

Alternative sources of
energy/costs
Other

Descriptions
In consultation with community residents, IDER requested that they create a
revolving fund for O&M. Families agreed to pay R$6.00/month. Of this, R$100 was
paid to local youth hired to operate the generator, and the remainder was used
for maintenance. However, funding was probably insufficient for the installation to
remain operable.
See above.
IDER trained the engine operators in operational and safety procedures. Engine
operators did routine preventive maintenance procedures such as changing lubes
and filters using the proceeds of the revolving fund.
None
Primary interviews revealed only that the system stopped operating after a short
time, but offered very few details. However, many challenges were identified from
a key secondary source (Severino et al. 2005) and included:
 Crop production – project documentation notes that expected yields were
1,500 kg/ha, but the actual yield was just 510 kg/ha. Reasons given for these
low yields are explained in the main report.
 Seed processing and oil extraction – the project experienced low yields
of oil from the seeds that were harvested. Severino et al. attribute this to
poor choice of de-husking machines. Also, castor oil’s high viscosity presented
problems. Dirt and suspended particulates in crude oil need to be decanted
before filtration; however, the solids would not settle out of the oil, which
impeded the filters and left a lot of residual oil in the filtrate.
 System efficiency – the low yields at different stages of the process led to
high electricity consumption per unit of oil produced. In addition, initial
demand for electricity in the community was very low, which caused the
engine to run in a very inefficient zone of its power curve. This, coupled with
the failure to utilize any waste heat or co-products, resulted in a negative
energy balance. Delivering 1 kWh of electricity in the community required
1.39 kWh of electricity to extract the oil and convert it to biodiesel.
The community has been connected to the grid.
NA

USAID Funding
Funding modalities
Use of USAID funds

USAID DD
The specific use of USAID funds is unknown.

Activity 5 – Enalter SHW
Coding Themes
Outcomes
Systems installed/number of
beneficiaries
System capacity
System condition
Beneficiary satisfaction/needs
met
Other project impacts

Descriptions
No systems were installed to “energy poor beneficiaries” at the time of the DCA
loan, but recently (independent of USAID support) the firm began participating in
programs that provide subsidized SHW systems to low-income HHs. At the time
of the review team’s visit, installations in low-income households presented 50% of
their business and number in the thousands.
Each system includes a 20 or 30 liter tank and 1 or 1.5 m2 collector.
The systems the review team visited had been installed in the past 6 months and
were in good condition.
Needs are met for hot water.
Lower electricity costs for HHs and lower peak demand for utility
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Coding Themes
Exogenous Variables

Descriptions

There is a national policy mandating utilities invest 0.5% of their income in energy
efficiency. CEMIG decided to invest heavily in SHW specifically, which had a large
National policies/actors
impact on SHW expansion in the state of Minas Gerais. In addition, federal banks
provided loans for installation of SHW, although this credit targeted more middle
class HHs.
Macroeconomic conditions
Energy price spikes have historically been instrumental in boosting Enalter’s sales.
Infrastructure is essential – the programs targeting SHW provision for low-income
Infrastructure
HHs operate only in communities with access to water and electricity.
Socioeconomic conditions do not seem to have much of an impact. Of course, the
Socioeconomic conditions
activity requires the presence of low-income HHs, but the systems themselves are
installed for free, so they are not dependent on specific conditions.
Project Implementation Variables
Note the likelihood of overlap in which data points from interviews are applicable to multiple codes
Planning is very top-down involving the firm, state utility companies, and lowApproach to planning
income housing programs.
Community engagement
Communities are not engaged until the systems are ready to be installed.
Anchor institutions
NA
The entire program providing SHW to low-income HHs is an “other partnership”
Other partnerships
that was created independently of the USAID loan.
Fee collection systems
Systems are subsidized by the utility – no fees are collected from beneficiaries.
Affordability
See above.
Maintenance needs are minimal. The systems come with a 5-year warranty and are
Maintenance systems
repaired by the firm in the event of a problem.
Productive uses of energy
NA
The main challenge is the viability of the system after the 5-year warranty expires.
It is not clear whether beneficiaries will be willing/able to invest in maintenance
Main challenges
and repairs as the system ages or whether CEMIG would be willing to reinvest its
mandated 0.5% of revenues in HHs that have already received assistance.
Alternative sources of
The alternative is the status quo: using electricity to heat water, which is more
energy/costs
costly for consumers under this program.
Other
NA
USAID Funding
Funding modalities
USAID CG
USAID funds were used by Enalter to “expand its operational budget” (E+Co,
Use of USAID funds
2011).
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