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Abstract: Appropriate technologies (ATs) refer to technologies that are controlled by the commu-
nities that benefit from their implementation. Technologies have become a fundamental element
in projects aiming to solve problems related to poverty and access to basic needs in some areas in
emerging countries, and appropriation of these technologies is necessary to ensure effective transfer
of knowledge and sustainability. However, due to the lack of consensus on the definition of ATs, there
is a need to clarify and define the scope and boundaries of the term to facilitate the implementation
of technology in projects in developing countries. This study addresses this gap by means of a
scoping review, which presents a detailed analysis of 17 journal articles (from an initial selection of
95 articles) and provides a comprehensive definition of ATs. To guide AT-oriented interventions in
technology-intensive cooperation projects, this study proposes an Action Framework based on that
definition of ATs. The Action Framework provides guidance on how to implement technology in
these projects to ensure that the technology is appropriated. To facilitate the understanding of the
Action Framework, the study showcases its application in a real project of rural electrification in the
Peruvian Amazon Rainforest.

Keywords: appropriate technology; scoping review; cooperation projects; sustainability; action
framework; case study

1. Introduction

In 2015, coinciding with the end of the MDGs, the General Assembly of the United
Nations (UN) established the 2030 Agenda for Sustainable Development, with the goal of
guaranteeing equality between people, protecting the planet and ensuring prosperity. The
2030 Agenda sets out the eradication of poverty, protection of the planet and guarantee-
ing peace and justice as the world’s main challenges, and defines seventeen Sustainable
Development Goals (SDGs) [1].

The concept of sustainable development aims at the long-term stability of the economy
and the environment through the identification and integration of economic, environmen-
tal and social problems throughout the decision-making process [2,3]. From a different
perspective, a sustainable development is one that meets the needs of the present time
without compromising the ability of future generations to meet their own needs [4].

The SDGs, unlike the MDGs, are set from a universal point of view, involving all
countries and institutions, considering the reality of the most vulnerable and remote
communities and guaranteeing the sustainability of the model. The achievement of these
objectives depends on the development of actions at three levels: worldwide actions to
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guarantee leadership, resources and solutions; actions at the local level, by involving
institutions, government regulatory frameworks and cities; and actions at the level of
individuals, including the youth, the media, the private sector and the academic world [5].

In this context, the SDGs provide a new broad framework for action in projects aimed
at ensuring access to the basic services defined in the Declaration of Human Rights [6]:
water, energy, food, health, education, sanitation and housing. These kinds of projects have
gained relevance as the SDGs become a key issue in inclusive development projects [7].
Community projects in emerging countries help address these needs and bring about
notable improvements in the community’s quality of life. However, they present a fun-
damental challenge: the transfer of knowledge and technology [8]. The challenge of
technology-intensive, community-oriented projects is, therefore, to ensure that the inter-
ventions are carried out according to the needs of the population and that the continuity of
the projects is viable through the training of the community members [9].

Appropriate technologies (ATs) are an essential component of technology-intensive,
community-based projects that help meet the community’s needs [10]. Introduced by
Schumacher [11], ATs were initially defined as small-scale labor-intensive, low-capital,
energy-efficient technologies controlled by the local community. However, the increasing
relevance of sustainability-related concepts has opened the debate about the definition and
characteristics of ATs. Furthermore, there are different views of ATs depending on the field
of study (medicine, economics, sustainability and others) or whether the focus should be
put on technology or the people [12–14].

This research aims to contribute to this debate by clarifying the concept as the basis for
the definition of an Action Framework to design and implement technology in technology-
intensive cooperation projects. While previous studies on ATs offer limited approaches to
the topic [15,16], this research provides a complete definition of ATs and a comprehensive
view of all the stages involved in the implementation of an AT project (initiation, planning,
implementation and closure).

To achieve this objective, the research identifies the main elements of ATs and studies
the evolution of the concept over time. The identification of elements is performed by
means of a scoping review, given its effectiveness and usefulness in scoping and map-
ping existing research on a topic [17]. As a novelty, the definition of ATs differentiates
between the necessary elements and the intrinsic characteristics of the technologies for their
appropriateness.

By combining the definition of ATs with a project management view, the study pro-
poses a novel Action Framework that helps understand how to successfully implement
AT-based projects. Beyond a mere theoretical formulation, a case study illustrates the
application of the Action Framework and its usefulness in ensuring the appropriateness of
technology in technology-intensive, community-based projects.

The remainder of this study is organized as follows. Section 2 details the methodology
followed to develop the scoping review and summarizes the main findings of the review as
the basis for the Action Framework, which is formulated in Section 3. Section 4 presents a
case study on the application of the Action Framework to a project involving the use of
ATs. Section 5 discusses the main findings from the case study. Section 6 summarizes the
main conclusions and provides guidelines for future research on ATs.

2. Methodology

To better understand the concepts of ATs and subsequently generate an Action Frame-
work for this type of project, the study carries out a literature review. Among the different
existing types of the literature review [18], this study proposes a scoping review. Scoping re-
views help clarify key concepts and definitions in the literature, identify key characteristics
or factors related to a concept and identify and analyze knowledge gaps [18,19]. Essentially,
scoping reviews are similar to systematic reviews, and the main difference is that in scoping
reviews, the objectives are broader and more comprehensive, whereas systematic reviews
are narrow in focus and are guided by specific research questions [20]. Therefore, a scoping
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review is more appropriate for an assessment of the current status of research on a topic,
and it is deemed more appropriate to achieve the goals of this research while serving as the
ground for more profound revision in the future (i.e., a systematic review). This scoping
review follows Arksey and O’Malley’s [21] five-stage framework: (1) identification of the
research question, (2) identification of relevant studies, (3) selection of studies, (4) data
charting and (5) collation, summarizing and reporting of the results.

2.1. Initial Research Questions

The main objective of the scoping review is to identify the different topics pertaining
to the realm of ATs. Consequently, the study proposes the following research questions for
the scoping review:

• SR-RQ1: How to define ATs, and what aspects should this definition cover?
• SR-RQ2: Has the concept of ATs changed over time? If so, how?
• SR-RQ3: Can we identify gaps in the research on ATs?

2.2. Identification of Relevant Studies

The identification of relevant studies has been performed using the Web of Science
database. Three different search options (Table 1) have been considered: the first two focus
on articles including the term Appropriate Technology as a keyword—including both terms
separately and jointly. Because the focus of this study is the use of ATs in community-based
projects, an additional filter has been applied to exclude studies unrelated to the following
subjects: sustainability, community actions, the bottom of the pyramid, technology transfer,
developing countries; to do so, the filter includes the following categories: economics,
multidisciplinary sciences, business, management, social sciences interdisciplinary. The
third search option seeks to identify articles that include the term AT near the word
“definition”, or some variation of the word. Additional inclusion criteria required that the
articles were written in English and published after 1973, the date of Schumacher’s [11]
initial definition.

Table 1. Queries Scoping Review.

Queries Type Categories Web of Science

“Appropriate technologies” Keyword

ECONOMICS, MULTIDISCIPLINARY
SCIENCES, BUSINESS,

MANAGEMENT, SOCIAL SCIENCES
INTERDISCIPLINARY

35

Appropriate technologies Keyword

ECONOMICS, MULTIDISCIPLINARY
SCIENCES, BUSINESS,

MANAGEMENT, SOCIAL SCIENCES
INTERDISCIPLINARY

39

“Appropriate technologies” Theme (Near defin *) All 21

2.3. Study Selection

The process of article selection has followed the PRISMA-Statement [22], as shown
in Figure 1. The initial search using the three queries and the inclusion criteria returned
95 articles. Of those, 36 duplicate articles from the 3 sets of search results have been removed.
Three of the authors of this study conducted a screening of the resulting 59 studies by
separately and independently reviewing their titles and abstracts and filtering those that
were related to community-based projects. Adopting a majority consensus (i.e., two or three
reviewers considered that the article involved community-based projects), only 29 articles
matched the filtering criterion. Upon thorough examination, the articles that did not include
a definition of ATs were then removed. As a result, a total of 17 studies were included in
the final set.



Sustainability 2022, 14, 132 4 of 15

Figure 1. PRISMA flow diagram for article selection.

2.4. Data Charting

The execution of community-based projects involving ATs follow the phases of a
project, albeit requiring an adaptation to the specific context of the application. The phases
identified by traditional project management are: initiation, in which the problem or
opportunity is identified, possible solutions are planned, objectives are set and the scope
and depth of the project are defined; planning, in which the project timeline is defined,
resources are selected and budgets are estimated; execution, in which tasks are distributed
among the different team members, who get training in the required skills, and the work
plan is organized by establishing the necessary communication flows; the final stage is
closure, in which the project is analyzed, documented and the team’s performance is
analyzed [23–25].

The definitions and characteristics of ATs found in prior research have been adapted to
AT-based projects and framed according to these phases but, to facilitate the understanding
of the Action Framework, the traditional phases will be simplified based on the reviewed
literature (Figure 2). The first phase (initiation) involves the identification of the goals and
scope of the project [16,26], and it is followed by the selection of the necessary resources
(planification) to develop the project [26]; at this stage, it is necessary to select and allocate
the economic, human and material resources that guarantee the long-term viability of the
project [7,16], paying special attention to technology-related resources [26]. Once these
phases are completed, the next stage (execution) comprises the execution of the project [16].
After implementation, it is necessary to analyze the results and impact of the project
(closure), which must be in line with the goals set during the first phase [16,26].

Figure 2. Phases of technology-intensive cooperation projects (AT-based projects).

From the analysis of the final set of studies, and after grouping terms with identical
meanings, fourteen topics emerged (Table 2), each of which was included in one of the
stages of the AT-based project execution framework presented above. The criterion for
topic inclusion observes that (1) the subtopics must be quoted verbatim in the definition of
ATs, or (2) the topics are identified as characteristics of ATs outside the definition across the
text of the article.
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Table 2. Summary of the studies included in the scoping review.

Author(s) T Scope
Initiation Planification Execution Closure

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Segal (1992) [27] T DEV † 4 4 4 4 4 † †
AI–Ali (1995) [16] T TT 4

Kaplinsky (2011) [28] T BoP 4 4 4 4 4 4
Guimón and Guimón (2012) [29] T TT 4 4 4 4 4 4 4 4 4 4

Verharen et al. (2013) [30] T CA 4 4 † † † † † † † 4 †
Park and Ohm (2015) [31] T SUST 4 4 4 4

Tharakan (2015) [10] T SUST 4 4 4 † † † 4 4 4 4 4
Tharakan (2015) [32] T SUST 4 4 4 † † † 4 4 4 4 4

Sorensen and McBean (2015) [15] E SUST 4 4 4
Pattnaik and Dhal (2015) [14] E SUST 4 4 † † † †

Verharen et al. (2017) [13] E TT 4 4 4
Botchie et al. (2018) [33] E TT † 4 4 † † † 4
Wensing et al. (2018) [8] E CA 4 4 † 4

Bhattacharjya et al. (2019) [26] E TT † † 4 † † † † †
Shin et al. (2019) [7] E SUST 4 4 4 4 †

Lashitew et al. (2019) [34] E TT 4 4
Patnaik (2019) [12] T SUST 4 † † † † † 4 4

4—Topic in definition; †—Topic in article but not in definition (characteristics) Type: T: Theoretical; E—
Empirical Scope: DEV—Developing Countries; BoP—Bottom of the Pyramid; CA—Community Actions; SUST—
Sustainability; TT—Technology transfer Topics: 1—People-oriented; 2—Aligned with local needs; 3—Small-scale;
4—Affordable; 5—Simple; 6—Adaptable and flexible; 7—Low capital investment; 8—Low-skill; 9—Labor-
intensive; 10—Local resources; 11—Community developed; 12—Sustainable; 13—Community improvement;
14—Maintainable.

Data charting (Table 2) includes a summary of the seventeen articles, identified by
author, year, type of research (empirical or theoretical), the scope of application and main
topics covered by the definition of ATs in each of the stages.

2.5. Collation, Summary and Report of Results

From the review, Schumacher’s [11] initial definition remained mostly unchanged until
the second decade of the twenty-first century, when ATs have become a more recurrent topic.
Overall, the most recent literature has raised awareness about the relevance of the context of
AT-based implementation projects. The year 2015 was a turning point in the development
of the concept of AT, coinciding with the declaration of the SDGs. These objectives, unlike
those established in the MDGs, underline that problems are interconnected and must be
tackled by all countries at once.

Consequently, a big difference between articles published before and after 2015 is
the shift from theoretical to empirical approaches to incorporate topics included in the
SDGs. Theoretical articles convey a very broad and perhaps unrealistic overview of how
projects should ideally be developed, whereas empirical articles focus on the specific
characteristics of ATs and phases of AT-based projects identified in Section 2.4. To reconcile
this gap between theory and practice, a comprehensive definition of ATs should be selected
carefully and, more important, concisely — considering the number of topics included in the
definition while taking into account the different stages of execution of community-based
projects.

Some topics from Table 2, such as resource selection in the planification phase, have not
generally been included as part of the definitions but are often mentioned as characteristics
of ATs. Most definitions involve topics related to initiation, execution and closure, even
though empirical studies generally omit the latter.

Observing topic relevance, it is possible to establish a definition and a list of character-
istics that serve as a practical model for AT-based projects. This definition should focus
on the initiation, execution and closure phases but also include characteristics related to
planification. As shown in Table 2, some topics (e.g., low capital investment, low-skill
and labor-intensive), are only covered in articles published before 2010, and they are also
rarely mentioned in empirical studies; therefore, they may be considered less relevant and
could be excluded from a comprehensive definition. Further, topics related to technology
selection (i.e., intrinsic characteristics of ATs), are particular to the context of the project [10];
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therefore, they could also be excluded from the definition, even though they still must be
considered as characteristics of ATs.

From the above, this study proposes the following definition of ATs: “Appropriate
technologies for community-based projects are technologies oriented towards the people
of the community to address their needs, in small scale projects that are sustainable and
maintainable, in which community members are engaged in the development and imple-
mentation and have a positive impact on the community. Appropriate technologies should
be affordable, simple, adaptable and use local resources.” This definition of ATs provides
a broad but realistic thematic coverage while leaving room for the implementation of AT
projects in specific contexts. Table 3 offers a more detailed explanation of the different
topics and characteristics covered by the definition of ATs.

Table 3. Topics (T) and characteristics (C) of ATs.

Term Type Phase Definition

People-oriented T I

People are at the center of the development process to
reduce their vulnerabilities and equip them with

capabilities that will enable them to improve their quality
of life [7,32]

Aligned with local needs T I

The design of technological solutions is adapted to the
context of the community, by first identifying the

particularities of each area and then identifying which
solution best fits the context [26,34].

Small scale T I

Technology that involves a limited number of beneficiary
agents in order to test the viability of actions, redefine
them on an ongoing basis and achieve real results in

practice by adjusting to the needs and circumstances of
specific communities [12,28].

Community developed T E

Community members are engaged in project development
and implementation. The project empowers the

community by enabling the population to manage the
interventions [8,10].

Sustainable T C
Ability to meet the needs of the community without

compromising the ability of future generations to meet
their needs [8].

Community improvement T C Positive impact on the quality of life of the community as
a result of the intervention [7,30].

Maintainable T C
The technology can be repaired and controlled over time

in a simple way without requiring a very high
capacitation or intensive training [10].

Local resources C P The resources involved in the project come from the
community level [34].

Affordable C P

The population can access the solution without it
representing a significant percentage of their income and,
therefore, making it impossible for them to access other

basic services in exchange [30,33]

Simple C P
The demands for high skills are minimized, not only in

the production process but also in the management, raw
material supply, financing or marketing [28,29].

Adaptable and flexible C P Able to change and made suitable for different conditions
in an easy way [12,26].

Type: T: Theoretical; E—Empirical. Phase: I—Initiation; P—Planification; E—Execution; C—Closure.

3. Action Framework for Technology-Intensive Cooperation Projects

Considering the above definition of ATs, we propose an Action Framework for
technology-intensive cooperation projects that conciliates both the fundamental topics
and characteristics of ATs and the phases of this type of project. The main objective of the
Action Framework is to guide the project plan and implementation in such a way that it can
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be ensured that the intervention addresses the community’s needs, is sustainable over time
and has a positive impact on the community. According to Table 3, the Action Framework
comprises the following stages (Figure 3).

Figure 3. Action Framework for technology-intensive cooperative projects.

Initiation: Adequately tailoring the solution to the beneficiaries of the project involves
a correct identification of their needs (needs analysis) [12,26], which ensures that the project
is aligned with the local needs. Upon this identification, it is possible to define the scope of
the project (scope definition) [10,26]. The scope should be narrow enough to include a limited
number of beneficiary agents, which facilitates adaptation to the needs of the community.
As a result of the needs identification and scope definition, it is necessary to set the goals of
the project (goal setting) [16] in such a way that the project may put people at the center of
the development process and enable them to improve their quality of life.

Planification: After defining the objectives of the project such that it is aligned with
the needs of the community, it is necessary to select the resources that will be involved in the
project (resources selection) [14,33,34]. At the general level, the resources should preferably
be local [10]; at the technical level, the resources should also be simple, adaptable and
affordable [29,32]. From our definition, the technologies should be local, affordable, simple
and adaptable and flexible.

Execution: This phase comprises the development and implementation of the project.
AT-based projects should ensure that community members are engaged in that development
and implementation, enabling them to manage the interventions. The engagement and
enabling of community members is only possible through adequate training in the different
activities that are necessary for the correct implementation of the project (training community
members) [8,10,26].

Closure: At the end of the project, the implementation should have a positive impact
on the quality of life of the community, which makes it necessary to analyze the results [16]
to ensure that the needs of the community are being met and to perform an assessment of
the impact of the project (impact assessment) [27] that confirms that the project is having a
positive impact on the community. In AT-based projects, this assessment must be necessarily
complemented by an analysis of the sustainability of the project (sustainability analysis) [29]
to ensure that the project can be maintained over time in a sustainable way.

4. Case Study: The Luz en Casa Amazonía Project

This section showcases the application of the Action Framework in a real technology-
intensive cooperation project of remote areas rural electrification in Peru. The project
aims at providing clean basic electricity service(s) to remote communities in the Amazonía
(Amazon rainforest), with special attention to their specific needs and the particularities of
the location. The project falls within the scope of the Action Framework for various reasons:
(1) it is tailored to the protected environment in which these communities reside, and the
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project design is targeted at a small scale; (2) the project is expected to be developed by
the community, involving agents with different levels of responsibility; (3) the project plan
includes the capacitation and training of different users and managers; (4) the model for
energy provision is maintainable and sustainable; and (5) by achieving the project’s goal, a
positive impact on the communities is expected. The following subsections introduce the
context of the project and detail its execution within the framework presented in Section 3.

4.1. Project Overview

The project was led and developed by acciona.org, the corporate foundation of AC-
CIONA, one of the leading Spanish companies in infrastructure, renewable energies, water
and services development and management. Acciona.org specializes in providing basic
energy, water and sanitation services to remote communities. The project presented in
this case study, Luz en Casa Amazonía, is part of the broader rural electrification initiative
“Luz en Casa”, which makes affordable electricity available to more than 64,000 people
in Peru, Mexico, Panama and other locations using solar photovoltaic energy. The project
(Table 4) has been deployed, to this date, in collaboration with Universidad Politécnica
de Madrid (UPM) mainly, as well as the ICAI Engineers for Development Foundation
(FICAID), Comillas Pontifical University of Madrid’s Institute for Research in Technology
(IIT) and ACCIONA Microenergía Perú (AMP)—a Peruvian non-profit civil association
promoted by acciona.org to develop its service delivery models in the country as the imple-
menter in situ. The project has been co-financed by the Peru National Fund of Scientific and
Technological Development and Technological Innovation (FONDECYT) and the Spanish
Agency for International Development Cooperation (AECID).

Table 4. Luz en Casa Amazonía project overview.

Project Title Luz en Casa Amazonía

Beneficiaries Residents in the Peruvian Napo, Ucayali and Amazonas River basins
Project Period 2016–2021

Institutions acciona.org
Acciona Microenergía Perú (AMP)

Universidad Politécnica de Madrid (UPM)
ICAI Engineers for Development Foundation (FICAID)

Comillas Pontifical University of Madrid’s Institute for Research in Technology (IIT)
Funding bodies Spanish Agency for International Development Cooperation (AECID)

Peru National Fund of Scientific and Technological Development and Technological Innovation (FONDECYT)

The geography of Peru is defined by the Andes range, which unfolds to the west
towards an arid coast and to the east towards the Amazon rainforest. Overall, Peru offers
one of the largest biological wealth and variety in the world, as well as material resources.
With a population of 32.51 million [35]. Peru had a poverty rate of 30.1 percent in 2020,
with an increase of 9.9 percent from the previous year due to the effects of the COVID-19
pandemic outbreak. Electric energy access extends to 98.35 percent of the country, but
this figure drops down to 92.45 percent in rural areas; in the Amazon rainforest area; only
82.7 percent of the population has access to electric energy [35]; that is, about 1 in 5 people
do not have access to energy.

In 2016, acciona.org started deploying solar home systems (SHS) in the Peruvian
Amazon rainforest to provide basic energy access using renewable sources with the goal of
improving the living conditions of people in underdeveloped and remote areas. Initially,
the project began with a pilot to validate the technology and management model. The pilot
was implemented in 61 households and was based on the planned multi-actor management
model [36], with special consideration to affordable fees for the service and the technology
systems. After the implementation of the pilot, its acceptance by the community was
validated using satisfaction surveys; satisfaction with the use of the SHS was 100 percent,
88 percent of the users considered that it was easy to install and 98 percent said that it
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had resulted in savings in their energy expenditure. The project was then progressively
implemented in other communities along the Peruvian stretch of the Napo River: a first
scaling up was developed to benefit an additional 350 households in 2018; and a second
scaling up benefited an additional 1107 households in the Napo River basin, as well as
the Ucayali and Amazonas River basins, between 2020 and 2021. To this date, the project
provides energy to a total of 7365 people across 51 communities in the Peruvian Amazon
rainforest under the social enterprise ACCIONA Microenergía Perú (AMP).

4.2. Application of the Action Framework: Project Development
4.2.1. Initiation

Needs identification: Because the objective of the project was to provide community
members with access to energy, it was necessary to perform an analysis of the needs and
problems of the study area and its communities. The most relevant challenges presented by
rural electrification in remote areas, such as the one in the case study, are the following [37]:

• Lack of interest of energy/electricity distributors (public and private) due to low
demand and high investment, operation and maintenance costs: the low energy
demand of the communities in the area means that energy distribution companies
have little interest in working in these areas because of the difficulty to recover the
high investment required to provide access to energy to the population and cover the
operation and maintenance costs.

• Uncertain sustainability of project execution: the Peruvian Amazon rainforest is a
remote territory that can only be accessed by the river, with high ecological value and
extremely hot and rainy weather; consequently, the logistics of energy distribution
and management are very complex.

• Lack of energy-related and socioeconomic information about the population of isolated
communities, which makes it difficult to make decisions for the implementation
of programs that have an impact on them. Gathering information from isolated
communities can reveal the reality of these areas, and thus allow the design of solutions
adapted to each area and region within the framework of the universalization of access
to energy.

Scope definition and goals setting: The design of an adequate and affordable solution
to overcome these challenges and improve the quality of life of the community members
entails tailoring the solution to the location and how it is accessed, as well as to the
complex climate conditions, in a way that the project is economically sustainable despite
the beneficiaries’ low energy demand and low income, while relying on the communities
to meet their specific needs. The Luz en Casa Amazonía program addresses these issues by
adopting an electricity supply model based on a fee-for-service approach, user participation,
shared responsibility and multi-stakeholder management.

From the above, the initiation (pilot) phase of the project is focused on the needs
of the people and the specific communities where the intervention is being carried out.
Subsequently, it is expanded to other communities through small-scale projects, redefining
the actions for each of the interventions and adjusting them to the needs of the communities.
Therefore, the intervention met the appropriate technology requirements outlined in the
Action Framework for the first phase of the project.

4.2.2. Planification

Resources selection: The second stage of the Action Framework comprises the plan-
ning of the human and material resources involved in the project. According to the
framework, the resources should ideally be local, although some special considerations
may apply depending on whether the resources are human or material. When considering
human resources, the project considers a model of agents; more specifically, a multi-actor
management model that includes local organizations acting as service providers in the
area of operation (in this case, AMP), end-users involved in the fulfillment of the service
conditions, payments and basic maintenance of the facilities, who participate in the repre-
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sentative bodies of their communities (the Committees), and the micro-businesses that are
promoted between local small entrepreneurs (so-called Centro Luz en Casa, CLC), who
are specifically trained to offer technical maintenance services and sales of equipment to
ensure the optimal use of the SHS.

Once the operation stage starts, the Committees oversee the collection of user fees,
making the payment at the micro-businesses (CLC) and then distributing the receipts to
users. In addition to this administrative work, the Committees are in charge of the preven-
tive maintenance of the facility, carrying out visual inspections and sending information
about the status of the systems to AMP. If an incident occurs, such as a failure, users must
bring the equipment to the CLC in the area (the location of the CLCs was strategically
chosen so that they were compatible with the community members’ daily life activities; the
initial pilot included one CLC, followed by the creation of one and two more CLCs in the
first and second scaling up of the project, respectively), where a repair order is created; the
repair report is incorporated into the AMP database to perform monitoring and tracking of
system failures globally.

Regarding material resources, the use of technological materials predominates and,
following the recommendations of the framework for action, it is important to try to ensure
that these technologies are simple, affordable, adaptable, flexible and, as mentioned above,
local. To satisfy these requisites, the proposed solution includes third-generation solar
home systems (SHS) that stand out for their portability, ease of installation due to their plug-
and-play capabilities and ease of maintenance; in addition, they do not generate pollution,
unlike the diesel generators, oil lamps and candles commonly used by local inhabitants. The
service provided by Luz en Casa consists of the SHS together with the solar lighting (three
energy-efficient lamps) and connections for communication and entertainment compatible
devices (cell phone charger and TV or radio), with an autonomy of at least 4 hours a day. A
50 W solar panel, a 10.5 Ah battery and a charge controller are used to avoid overcharging
and over-discharging of the battery. The plug-and-play architecture of the system allows
anyone to install it after basic training and use it anywhere without the need to deploy any
additional infrastructure, which allows high flexibility for the users. The systems feature
pay-as-you-go (PAYG) functionalities that simplify the payment process for users and thus
increase the pay-as-you-go rate, facilitating energy distribution and management.

For the SHS to be affordable, a payment system that grants the user the right to use
the system installed in their home needs to be designed; in this model, SHS may be owned
by AMP, which may be in charge of the operation and maintenance of the equipment
for the entire contract period. More specifically, the business model is a fee-for-service
model, known as energy-as-a-service, which includes the cross-subsidy managed by FOSE
(the Electricity Social Compensation Fund), so that homes that consume the most pay a
higher rate, which compensates for those paying less. In this case, FOSE compensates AMP
with 80 percent of the tariff, so that the beneficiaries of this initiative only bear 20 percent
of the tariff (this distribution was not arbitrary and considered two different variables:
households’ average expenditure in energy access prior to the implementation of the project,
based on data collected during the initiation stage and the calculation of operating costs
that would ensure financial sustainability of the project). Regarding technology supply, in
this case the SHS is not locally sourced due to the lack of industry capable of providing the
material, human and economic resources for the manufacturing of the SHS.

4.2.3. Execution

Training community members: The program development process begins with the
identification of homes in rural villages that do not belong to an electrification plan. Once
identified, AMP reviews the conditions of their access to electricity and, if they are eligible,
an informative meeting of the program is scheduled. When the number of interested parties
is reached, the Committee is formed. The Committee is formed by the users themselves
and serves as a communication link between AMP and the community. In turn, AMP meets
with the District and Provincial Municipality to report on the program and establish an
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inter-institutional collaboration agreement between the two parties. Before installation of
the SHS, the members of the Committee and the users undergo a training program, and they
are informed about the rights and obligations of each party, as well as the limitations and
mode of use of the system, and how to proceed in the case of malfunction. The Committee
members benefit from intensive training because they oversee the verification of the proper
functioning of the systems and manage the program within the community. Additionally,
some local entrepreneurs are assigned the role of local technicians in charge of the CLCs,
and they receive specific training on how to repair the modules and the SHS equipment,
collect payments from Committees, generate unblocking codes for the PAYG system and
sell SHS-compatible electric devices, as well as to report payments and failures to AMP.

From the above, the project ensures that community members are engaged in its
development while enabling them to manage its implementation, as required by the Action
Framework. Multi-stakeholder management makes it possible to ensure the adaptation of
the different models—technological and economic—to the users and creates new knowl-
edge and skills within the community.

4.2.4. Closure

Impact assessment: Overall, a total of 7365 (1518 households) beneficiaries of the
project in the Napo, Ucayali and Amazonas River Basins use the lighting provided by the
SHS for an average of six hours a day, as of January 2021. The average operating rate of the
equipment installed so far is 99.3 percent, a figure that has been steadily increasing since
the start of the project. A total of 3,324,420 light hours per year have been made available
to households, leading to an increase in home activities of 344,530 extra hours per year and
42,200 additional hours per year of schoolwork. The use of the SHS has caused a decrease
in the use of polluting devices, and 216,133 soles/year (approximately 53,365 EUR/year)
have been saved, which represents a 50 percent reduction in energy costs per household.
Uncontrolled dumping caused by the use of batteries has been reduced by 8.13 tons/year,
and CO2 emissions have been reduced by 158 tons/year.

Sustainability analysis: the proposed solution can be maintained over time without
causing negative environmental, economic and social consequences. At the economic
level, the average delay in the payment of installments is decreasing notably; in the last
year, it has dropped from 68 days to 11 days (83 percent reduction). In addition, the SHSs
are repaired by the CLC; therefore, they do not entail any extra cost for users over time.
Both elements of the project facilitate the economic sustainability of the project. At the
social level, the project benefits people in the most disadvantaged situations, favoring
the environment for home study; the training of community members in management
and technical skills also improves their future professional development. Finally, CLCs
have carried out 80 percent of equipment repairs (13.20 percent increase in the last year),
reducing travel time and costs for entrepreneurs, facilitating maintenance and avoiding the
dumping of broken equipment (therefore, favoring ecological sustainability). Because the
Action Framework follows the phases of a project, it does not consider elements related to
sustainability after the closure of the project, such as the removal, recycling or disposal of
the equipment. Nonetheless, it is worth noting that this aspect was also considered in this
project; based on the energy-as-a-service model, the foundation (acciona.org) oversees the
management of end-of-life equipment: upon end-of-life or end-of-service-life, acciona.org
removes or replaces the SHSs and sends them to the supplier, which in turn manages their
disposal.

5. Discussion

The first part of this research shows how the study of ATs has gained traction and
relevance among scholars in the second decade of the twenty-first century. This is reflected
in the increasing number of studies on the topic and the different changes that the definition
of ATs has undergone recently. From 2015 onwards, the implementation of AT-based
projects that are aligned with the SDGs has widened the gap between early theoretical
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approaches to the concept and the current perception of what ATs stand for. The definitions
analyzed in the scoping review revealed that, from the perspective of the sequential
development of projects involving ATs, the phases that are related to intrinsic characteristics
of the technologies and necessary resources are contingent on the rest of the elements of
the project. More precisely, the initial phase, which focuses on the needs and the context of
the communities where the project will be implemented, shapes the characteristics of ATs.
Therefore, technology-intensive cooperation projects should pay close attention to the initial
stage and only then consider the possible technologies and associated resources necessary
to successfully implement the project. In other words, projects that put technology first and
people second may be more likely to fail.

The scoping review also showed that, unlike the approaches in theoretical studies,
the definitions of ATs found in empirical research tend to focus on specific phases of
the projects, and therefore lack a holistic view of AT-based actions, from their inception
and needs assessment to the analysis of results and impact assessment. The analysis
also uncovered a major gap in empirical studies, which are cross-sectional and where
impact assessment is practically nonexistent. Measuring the impact of projects involving
the implementation and use of ATs entails long-term measures, but all empirical studies
provide a one-time picture of the project, most frequently taken at the completion of the
implementation phase. This points out a need for longitudinal studies and the design of
general models to assess the impact of AT-based projects.

There are two important elements for discussion from the case study. First, the
definition of ATs from the scoping review allows us to assess whether the technology used
in the Luz en Casa Amazonía project met the necessary requirements to qualify as AT. By
observing the correspondence between the topics that ATs must cover and Luz en Casa
Amazonía (Table 5), the project addressed a basic need of the community with a small-scale
design approach. The project was people-oriented in that it put the community members
at the center of the development process with the goal of improving their quality of life
and reducing their vulnerability. The multi-stakeholder approach made it possible for the
community to engage in the development and implementation of the management of the
project. The result was a sustainable and maintainable implementation with a positive and
quantifiable impact on the community.

Table 5. AT topics and the Luz en Casa Amazonía project.

People Oriented Communities in the Napo, Ucayali and Amazonas River Basins

Aligned with local needs Sustainable energy access that improves the quality of life of the inhabitants

Small scale
Luz en Casa Napo Pilot 2016—61 households

Luz en Casa Napo 2017—350 households
Luz en Casa Napo 2018—1107 households

Community developed Multi-stakeholder approach (Committees, CLCs)

Sustainable Energy-as-a-service, maintained by the CLCs and financed by the FOSE

Community improvement

7365 beneficiaries of clean energy access
3,324,420 h/year of light

344,530 extra h/year of extra activities as schoolwork
216,133 soles/year (53,365 EUR/year) saved from energy cost

The second element for discussion refers to the extent to which the proposed Action
Framework has helped improve the appropriateness of the technology in the case of Luz
en Casa Amazonía. While SHS might initially not qualify as affordable, simple, adaptable
and local, the Action Framework helped make different decisions that facilitated the
appropriation of the technology in the project (Table 6). For example, the cost of the systems
would make them unaffordable to users, but this potential barrier has been overcome by
the implementation of a fee-for-service model in which users assume only 20 percent of the
cost of the electricity service tariff. Adaptability and simplicity of the systems have also
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been ensured by the implementation of PAYG systems and plug-and-play technologies,
which overcome issues related to equipment transportation, training users on complex
tasks or making them travel periodically to carry out maintenance of the system. Notably,
the technological resources were not local due to the reasons mentioned in Section 4.2.2.
However, the training of the different actors (again, based on a multi-stakeholder approach)
ensures sustainability and maintenance during the useful life of the equipment.

Table 6. AT characteristics and the Luz en Casa Amazonía project.

Affordable Fee-for-Service Model (FOSE)

Simple Plug-and-play systems, easy to repair and use

Adaptable and flexible Portable systems

Local resources All members of the local community are involved in ensuring the sustainability of the project.
However, no local devices are used in the project

While the initial definition of ATs [16,27] considered it necessary to locally source
the technologies in this kind of project, the technological evolution and other socio-politic
and geographic constraints might make it difficult, and even impossible, to meet this
characteristic. Considering this, it is essential to appropriate these technological resources
through training in operation and maintenance to ensure the sustainability of the project.

From the above, and as the case study shows, the Action Framework can be an effective
tool to facilitate the appropriateness of technology in technology-intensive cooperation
projects, even when the initial requirements of ATs are not met.

6. Conclusions

This study addresses the challenge of appropriating technologies in technology-
intensive, community-oriented projects, where the goal is to ensure the needs of the
community are met in a sustainable way. To do so, we propose an Action Framework
to guide the planning and implementation of technology-intensive cooperation projects,
based on a comprehensive definition of ATs.

There are two main contributions to theory from this research. First, the literature
review-based definition of ATs in this research provides a holistic view that differentiates
between fundamental topics that ATs must cover in this kind of project and the intrinsic
characteristics of the technologies for their appropriateness. As the case study demonstrates,
the definition highlights essential elements of appropriateness and technical aspects that
must be shaped during the project design and where different actions may be taken to
facilitate appropriateness. Second, by combining the topics and characteristics of ATs with
the phases of technology-intensive cooperation projects, from its inception to its completion
and beyond, this study proposes an Action Framework that may be used as a reference
in the design and implementation of such projects to ensure their appropriateness and
sustainability. The Action Framework comprises four different phases (initiation, planning,
execution and closure) and the different activities that must necessarily be carried out.

The application of the case study to a real AT-based project exemplified the usefulness
of the Action Framework and evidenced that for technologies to be appropriated, it is most
often necessary to make adjustments and provide different solutions (e.g., using different
collaboration models, proposing innovative business models, simplification of technology
use, training at different levels for effective knowledge transfer and management).

The study has some limitations. First, while scoping reviews are agile methods for
clarification and identification of research gaps in a topic, the number of articles analyzed
is lower than that of a systematic literature review, which comes at the peril of excluding
additional research studies that could have enriched the findings from this study; thus,
our preliminary results should be confirmed and expanded by such a systematic literature
review. Second, the case study in this research is just one particular example of the
application of the Action Framework; while we believe that its formulation is general
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enough to be applicable in most, if not all, technology-intensive cooperation projects,
further evidence is necessary to support its generalizability. Third, by the way it was
built, the Action Framework does not consider elements that extend beyond the closure
of the project, which may be relevant from a sustainability perspective (e.g., management
of end-of-service-life and the potential impact of the removal, recycling or disposal of
equipment); future development of the Action Framework proposed in this study should
seek to address this issue. Finally, the case study is not meant to provide a universal
solution; as such, even when the application of the Action Framework to different projects
followed the main guidelines provided in this research, the different decisions made to
ensure appropriateness and sustainability do not necessarily have to be the same as the
ones in our case study.
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