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Executive Summary 

Sustainable Development Goal (SDG) number 7 aims to ensure universal access to affordable, 

reliable, sustainable and modern energy services (i.e. electricity, cooking and heating) for all. 

However, isolated indigenous communities in the Amazon region are often left behind when 

national electrification plans are developed which is often due to the high costs of expanding 

electricity grids to remote areas. Although they do not necessarily always face high levels of 

poverty, their remoteness hinders them to connect to the rest of the society. Due to these 

circumstances they are more vulnerable to, among others, diseases, extreme climate events and 

food shortages. Indigenous communities in the Amazon are also especially vulnerable to the 

expansion of extensive oil and mineral extraction, and also logging activities which sometimes 

happen illegally. The project ´Participatory Mapping to Support Sustainable Energy for All in the 

Amazon` (SE4Amazonian) developed rural electrification plans based on remote sensing imagery 

combined with participatory mapping that feeds a GIS-based suitability analysis of decentralized 

renewable energy power systems. This methodology aimed to speed-up decision making by 

providing rapid, cost-effective and spatially explicit information on energy needs in remote areas 

of the Amazon region.  

With inputs from different freely available remote sensing sensors in addition to participatory 

mapping we estimated the size, location and distribution of the communities that are off-the-grid. 

This allowed us to translate their development needs into energy needs. First, the shape and 

construction of communities defined the type of electrification. For instance, a solar mini-grid is 

more suitable for concentrated communities living densely together, while individual solar 

systems are better for highly scattered households. Second, by knowing people’s real 
development needs, we could calculate the energy demand for power appliances such as 

refrigerators to store medicines, light to read at night or listen to the radio, or power mills for 

post-processing agricultural activities. In turn, this will and has already supported other SDGs 

such as health or education. At the end, decision makers have a planning tool to elaborate techno-

economic analysis of electrification plans incorporating indigenous people viewpoints and needs. 

Through capacity building workshops a team of local technicians was trained to gather spatially-

based information from communities with and without electricity. The training was given by 

AmazonGIS.net (http://amazongis.net) a network that supports indigenous communities to 

manage their own territories using spatial technologies. The information collected by the field 

technicians through participatory mapping included: number of houses, number of people per 

household, infrastructures available (health center, school, workshop, etc.) but also demographic 

structures. This information determined the electricity needs and potentials of each community, 

and we used it to build a GIS-based model that can extrapolate the electricity needs to non-

surveyed communities using satellite information. 
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Basic Information 

The project “Participatory Mapping to Support Sustainable Energy for All in the Amazon” 

(SE4Amazonian) addressed SDG 7-Clean energy for all but among others also has links to SDG 

1-Zero poverty, SDG 3 on Health and Well-being, SDG 4 on Education, SDG 13 on Climate Action 

and SDG 15 on life on land. With the use of an interdisciplinary framework which integrated 

remote sensing and GIS technology, and in addition a participatory mapping approach involving 

indigenous local technicians, this project created an innovative data collection approach for clean 

energy provision for indigenous communities in the Amazon region. Ecuador was the pilot 

country for this research, while further transferability analysis was also started in Colombia and 

Bolivia during the final project stage.  
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Part I: The Project Setting 

I.1. Background 

The Amazon region includes nine countries in South America all characterized by a highly 

culturally diverse population. However, among them a large number of indigenous groups are 

facing high levels of poverty due to their level of isolation and lack of access to basic services like 

electricity (van Els et al 2012, Gómez & Silveira 2010). Also, isolation has been a cause and 

constraint for data collection to support decision-making and the development of action plans 

speeding up the provision of basic services (dos Santos et al 2015). It is well accepted that 

electricity access has a positive impact on sustainable development in the Amazonian (Gómez & 

Silveira 2010, Valer et al 2014). However, most of the isolated communities who paradoxically 

would benefit the most from electricity access are usually left behind of national electrification 

plans since these plans are based mainly on the expansion of electric grids that are often neither 

technically nor economically feasible in isolated regions (Gómez & Silveira 2012). In this regard, 

it has been studied that to achieve sustainable electricity supply in isolated areas of the 

Amazonian is a complex development problem (van Els et al 2012, Jara 2017). A compromise 

between local actions to improve indigenous people’s lives while conserving the natural 
resources and environment must be addressed by those in charge of rural electrification; a 

challenge beyond their technical capacities (van Els et al 2012, Andrade et al 2011). The 

identification by decision makers and stakeholders of the spatial location as well as of the spatial 

and socio-economic characteristics of these communities provided them with a more profound 

understanding of these areas supporting more informed decisions which help to accelerate the 

process of rural electrification. This information enables insights by decision makers to make 

more informed decisions to optimize scarce resources and accelerate access to electricity for an 

additional 20-30% of all households living in marginalized areas within the study region (Jara 

2017). 

At the moment, there is a lack of spatial information in the Amazon region that has to be 

overcome. So far, access to the remote areas of the Amazonian is often expensive and restricted 

(mostly only possible by air or via rivers) which hamper traditional methods of survey and data 

production about peoples´ development needs. Thus, identification and visibility of the 

marginalized population needs to be improved, strengthening the need for spatial information to 

detect isolated and impoverished areas and communities. Moreover, using the opportunity to let 

the people of the Amazonian participate in defining and mapping their own needs will reduce 

costs and improve the accuracy of data production and dissemination. This will benefit data 

collection for national statistics and planning offices in charge of electrification and development 

plans to create real solutions for people's´ needs. 

 

I.2. Project goals and objectives 

This project aimed to identify those who are left behind of electricity supply in the Amazon region 

and give them a voice with which an integrated, participatory and spatially explicit rural 

electrification planning approach could be developed which can solve local and global problems 

to boost sustainable rural development in the Amazon and elsewhere. The project was carried 

out in collaboration with a well-established participatory framework for self-management of the 
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indigenous land via AmazonGISnet platform. Also the GeoCitizen-platform (i.e. GeoFarmer) was 

used for collecting, integrating and publishing data for participatory planning, management and 

living space of indigenous people (see also chapter II.2.2). The presented approach creates 

information for decision-makers that are needed for electricity but particularly clean energy 

provision planning to support the marginalized in the Amazon region, via the project´s end user, 

i.e. AmazonGISnet. Also, a possible transferability of the approach was discussed with partners 

from Bolivia and Colombia which represents an important next step of future activities.  

This project targets the lack of data availability and innovative approaches for data production 

which supports decision-making from a holistic and participatory point of view in order to 

achieve universal access to modern and clean energy for all (SDG-7). Electricity is the gateway to 

foster other basic services that foster rural development. Thereby, SE4Amazonian also provides 

information for other development sectors (e.g. health, education, water and sanitation) which 

benefit from electricity access in order to attain respective goals and lift people out of poverty 

(SDG 1) (Shyu 2014). Clean energy suitability maps can further facilitate a decentralized rural 

electrification with renewable energy addressing climate change mitigation and adaptation 

(SDG-13).  
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I.3 Project partners 

ZFL 

The Center for Remote Sensing of Land Surfaces (ZFL) is an interdisciplinary center of the 

University of Bonn dedicated to research and teaching in the fields of remote sensing, 

geoinformation sciences and spatial modelling. It was founded with the objective to strengthen 

interdisciplinary collaboration within the University of Bonn and to foster research and teaching 

activities in its field. Projects are carried out from local to global scales with a high variety of 

research topics and study areas. Current expertise includes monitoring of wetlands and 

biodiversity, disaster monitoring and management in Sub-Saharan Africa and transdisciplinary 

studies in Ecuador. Further information via:  https://www.zfl.uni-

bonn.de/research/projects/se4amazonian  

 

TRATURAL 

Tratural Cía. Ltda. (www.tratural.com) is a company that provides engineering services related 

to renewable energy and energy efficiency, and e-mobility. Tratural has worked with important 

organizations such as the Ministry of Electricity and Renewable Energy (nowadays Ministry of 

Energy and Natural Non-Renewable Resources), the World Wildlife Fund (WWF), the Galapagos 

National Park (DPNG) and Engineer without Borders (Barcelona-Spain), besides various 

governmental organizations of Ecuador. One of the main objectives of Tratural is the 

development of R+D+i projects, emphasizing aspects related to renewable energies, energy 

efficiency, e-mobility, electricity generation in isolated areas, autonomous and emergency 

systems, pumping and purification of water, among others, where one of the main components, 

of great importance for the Company, is the transmission of knowledge through training courses 

and seminars. 

 

AmazonGISnet and GeoCentro USFQ 

AmazonGISnet (http://www.amazongisnet.net/) an initiative of the director of the GeoCentro 

USFQ is made up of a group of 30 technicians from the 11 nationalities of the Amazon region in 

Ecuador, representing territorial, environmental, educational and socio-cultural efforts in a 

collective and regional way for their communities. A team of professional facilitators was 

organized over the years based on the needs for training and dialogue at expressed work tables. 

The work and voluntary participation throughout the past 18 years has helped to identify and 

show serious commitment from all sides, including a short but important list of funding bodies 

collaborators. The contents of the training and their respective implementations for community 

work are built together and in a dynamic way with local and regional indigenous organizations. 

The main objectives can already be seen in the realization processes of creating structures, 

mechanisms and capacities to facilitate access to knowledge, information, technological tools and 

experience in work practices and dialogue among the participants of the network, current and 

future leaders of the communities, and out with valuable contacts to experts, governmental and 

non-governmental organizations and other related initiatives at regional and global level. For the 

implementation of this project, 8 indigenous technicians from different indigenous nationalities 

were trained and responsible for field work, data collection and management.  

 

https://www.zfl.uni-bonn.de/research/projects/se4amazonian
https://www.zfl.uni-bonn.de/research/projects/se4amazonian
http://www.tratural.com/
http://www.amazongisnet.net/
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I.4. Report objectives 

 

● Introduce project goals, aims and the study area. 

● Present a description of activities and main outcomes of the project SE4Amazonian 

● Provide concluding remarks, outlook and possible transferability of results 

 

I.5. Study area 

The Amazon region includes nine countries in South America, all characterized by a highly 

culturally diverse population. However, among them, a large number of indigenous groups are 

facing high levels of poverty strengthened by their level of isolation and lack of access to basic 

services like electricity (figure 1). The identification of spatial location of these communities and 

knowledge about them provides information and deeper understanding, and enables policy 

makers to make more informed decisions to optimize scarce resources and accelerate access to 

electricity.  

Electricity grids reach around 95% of the Ecuadorian population, but at the same time the 

Ecuadorian Amazon has the lowest electrification rates (73%) (INEC 2010). Their main economic 

activity is agriculture. They practice rotation cultivation, which means that they leave the forest 

to regenerate after a few years of cultivation and move to nearby plots in the meantime. The 

construction materials (timber, leaves, or concrete) can vary from one community to another, as 

well as the amount of non-residential buildings (health posts, meeting buildings, schools…) and 
the distribution of households (sparse or concentrated). Here, characteristics of the different 

nationalities are another interesting aspect when it comes to cultivation practices or 

environmental changes. 

Figure 1 shows the night-time lights based on the Visible Infrared Imaging Radiometer Suite 

(VIIRS). Some sources of light within the northern study area are visible. However, some 

communities nearby still don’t have access to electricity. Wide rivers and orography still pose a 
barrier to extend the grid, and some of those lights are caused by oil platforms. The study areas 

were defined for the extensive field work based on budget, pilot survey, and recommendations 

among survey coordinators and indigenous technicians. Five zones in different indigenous 

territories were identified as representative zones of the Ecuadorian Amazon reality (see also 

II.3.1). These zones include 8 sub-zones where a set of communities (53) were visited which 

represent different cultural backgrounds (6 indigenous nationalities), socio-economic settings, 

and level of isolation. We selected two study areas (figure 1) covering 8 out of the 10 nationalities 

of Ecuador (Kichwa, Shuar, Achuar, Siona, Secoya, Cofan and Sapara). Here, also all communities 

had to agree to be part of the study. Only one community decided to not take part in the activities 

anymore and was taken therefore not integrated in further project studies anymore.  
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Figure 1: Nighttime lights of Ecuador with the surveyed communities highlighted defining two 

bigger areas of research for the geospatial analysis. 
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Part II Development of a framework to support SE4Amazonian 

The project was built out of three Work Packages (WPs) (figure 2) including a geospatial analysis 

of the Land Use and Land Cover (LULC) maps and socio-economic setting of the study area 

(WP1), a participatory mapping approach (WP2) and the dissemination of results for the 

transferability of the developed approach in the Amazon region (WP3). While WP1 and WP2 

integrated research activities focusing on the use of remote sensing and Geographic Information 

Systems (GIS), WP3 concentrated on the dissemination, communication and transferability of the 

products generated in WP1 and WP2. Further, feedback out of workshops and accompanied 

discussion which resulted from WP3 was embedded in ongoing activities of WP1 and 2. The 

following sections explain the methods used in all WPs and how resulting products were 

developed.  

 

Figure 2: Work Packages (WPs) of the Project with responsibilities and interlinkages. 

During the first weeks and months of the project, the project partners in Germany and Ecuador 

exchanged ideas to develop the proposed project framework. Figure 3 shows the framework of 

the project. 

 

 

Figure 3: SE4Amazonian Research Framework 
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WP1 provided land cover information derived from remote sensing imagery to identify 

settlements and their characteristics such as size and distribution. Analysis of Land Cover Change 

(LCC) further helped to understand dynamics in the study areas that could have had an impact 

on energy distribution, but also the other way around as these dynamics also influence 

accessibility to energy. The information created was additionally used for projections of 

settlement development. This projection was embedded to not only develop an energy provision 

plan for the current state but identify a sustainable plan for action considering also possible future 

developments of settlements. The link between WP1 and WP2 is created by the interdisciplinary 

setting. Socio-economic information is added to the LULC analysis. While Census information is 

not providing insights in the socio-economic characteristics of indigenous communities’ 
additional information needs to be collected. Nevertheless, Census information still helps to get 

insights in socio-economic dynamics in the region in general. Some examples are given in Section 

II.1. In total, seven hundred seventy-five (775) household surveys were conducted as an activity 

in WP 2. By integrating the local communities directly, data could be collected in a fast and 

comprehensive manner. Information collected supported the identification of electricity needs 

but also provided information about general household characteristics and needs. These were 

integrated to come up with a spatially explicit model for renewable energy provision in the study 

areas.  

All milestones were reached as planned, with only one exception with regard to the final products 

planned for month 18, March 2020. Due to the COVID-19 crisis which started in March in 

Germany and Ecuador the project got a cost-neutral extension until April 2020 where the 

milestones are reached with one month of delay. 

 

Figure 4: SE4Amazonian Work Schedule as submitted in the final proposal. 
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II. 1 Work package 1: Land cover mapping and Geospatial Analysis 

Remote Sensing and GIS were the main methods used in WP1. To provide services to the 

settlements of the indigenous communities, someone needs to know where they are, what is their 

size and how dispersed they are. This information is particularly missing for most actions that 

need to be carried out in the region. Therefore, Earth Observation (EO) and the use of satellite 

imagery was selected as a method to provide this information. For the sustainability of this 

project, we chose mostly free and open data to conduct our analysis and develop the approach. 

By this, also the local technicians of AmazonGISnet will be able to replicate the approach.  

LULC maps of current and past conditions have been produced by using a dense time series of 

optical images (Landsat-5, 7 and 8, PlanetScope and SkySat), and analyzed in combination with 

Census data to establish the socio-economic setting of the study area. 

The Landsat constellation has been acquiring images over the Ecuadorian Amazon since 1980. 

Although most images are partially obscured by cloud cover, state-of-the-art computing 

methodologies allow retrieving all cloud free data from the entire collection of images on a pixel-

by-pixel basis. While undisturbed, tropical forests tend to change very little throughout the year, 

except for intra-annual water dynamics. On the other hand, areas influenced by the human 

population are prone to suffer changes and disturbances in their vegetation or soil moisture 

conditions. Such disturbances can be detected using multi-temporal metrics (annual or decadal 

maxima, median or means). Different combinations of bands e.g. tasseled cap components (Kauth 

& Thomas 1987) often act as good indicators of the conditions of vegetation and soil moisture of 

the terrain. We tested several of these indicators and determined that multitemporal metrics of 

the wetness tasseled cap component were optimal to identify the location, size and distribution 

of these settlements. 

Based on this information, a precise land cover analysis of the whole study area was carried out 

at a spatial resolution of 30 m. This map was validated in close collaboration with our partners 

and by data collection during field visits using the GeoFarmer app. Here, the same app is referred 

to which was also used for conducting the surveys (II.2.2). We also conducted a change detection 

analysis over the last 25 years at 30 m resolution using Landsat information (II.1.4). This allowed 

the generation of land use/land cover change (LULCC) maps for the periods 1990-2000-2018. 

Based on these maps further projections until 2030 could be processed. 

The LULCC maps were linked to the spatial information of socio-economic parameters extracted 

from Census data (II.1.2), of the Instituto Nacional Estadística y Censos (INEC) for 1990, 2001, 

2010 which are available from the province to the parish level. This information allowed for a 

better understanding of biophysical and socio-economic preconditions and their interplay. 

Although WP 1 was predominantly carried out by ZFL, based in Bonn, Germany, we made sure 

that all steps and mid-results were discussed in close collaboration with our partners to allow for 

high synergy effects, taking into account in-situ situations and information by local experts. 
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II. 1.1. EO-based mapping of settlements 

The Remote Sensing analysis (Work Package 1) was carried out at ZFL, University of Bonn. We 

have mapped the location, size and distribution for three periods of time (1990, 2000 and 2018) in 

both study areas (figure 1) covering all the communities involved. 

Since tropical areas have a persistent cloud cover, it is necessary to create synthetic images by 

selecting the best pixel from a stack of several hundreds of images. This was most efficiently 

achieved using Google Earth Engine (GEE) (Gorelick et al., 2017), a cloud computing platform 

that grants access to the Landsat and Sentinel archives, among others. Landsat 7 and 8 proved 

efficiency in producing high quality imagery at 30 m resolution that was used for supervised 

classifications. Although Sentinel-2 provides images at a better spatial resolution (10-20 m), the 

cloud mask from Landsat constellations (the so-called fmask) (Zhu et al., 2015) produced better 

results. Further, improvements in atmospheric corrections of Sentinel-2 images might allow their 

usage for the mapping of larger areas. In the first phase we created Land Use Land Cover maps 

using the workflow depicted in figure 5. 

 

Figure 5: Mapping workflow for the land use land cover maps using Google Earth Engine and 

SNAP 

Only the areas corresponding to the settlements are necessary in order to estimate population 

sizes and the electricity demand. Thus, the methodology was further simplified in order to make 

it more applicable to be carried out by the indigenous technicians. The Tasseled Cap (Kauth & 

Thomas 1976) wetness component (TCW) derived from Landsat images showed a very good 

correlation with the presence of settlements in the Amazonia. The Tasseled Cap component is a 

function that combines the information on all the bands of the Landsat composites and produces 

a new image with three bands or components. Each of these components is representative of the 

conditions of greenness (vegetation), wetness (moisture) and brightness (bare or artificial 

surfaces) (figure 6). 
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Figure 6: Tasseled cap components of one of the study areas. Blue colors represent water, red = 

bare and urban areas, green = forest and orange/yellow = disturbed forested areas and 

agriculture 

We have designed a workflow that extracts the area corresponding to the settlements with very 

high accuracies. These datasets showed settlements that do not appear in any of the global 

products such as the Global Urban Footprint (GUF) (Esch et al 2017) or the Global Settlement 

Layer (Pesaresi et al 2013). Considering the bare area is a method already in use to estimate 

populations of not-contacted indigenous people (Walker et al 2014). Using a set of Very High 

Resolution (VHR) images (PlanetScope at 3 m and SkySat 1 m) provided by Planet and the ESA 

Third Party Missions program, we digitized all buildings of the studied communities and 

compared them with our settlement map. The presence of buildings in the VHR images was 

highly correlated with the information derived from the Tasseled Cap components, proving that 

it is an optimal proxy for mapping urban areas in the Amazonian rainforest (figure 7 & figure 8). 

But, adjustments will be necessary in other ecosystems such as drylands. 

 

Figure 7: SkySat image of one of the surveyed communities (left), and the lowest TCW values 

overlaid (right). This illustrates how the TCW is a good representative of settlement areas in the 

Amazonian tropical forests. In the SkySat image, even huts with roofs made of branches can be 

distinguished. 
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Figure 8: Correlation between the presence of non-vegetated areas and buildings. This shows that 

the location and size of settlements (and therefore the number of people) can be estimated using 

Landsat-derived information. 

In order to represent this information in a suitable way for calculating the electricity demand and 

the optimal source of energy, we analyzed the densities of settlements per area. The area was 

divided into 500 m by 500 m squares and the proportion of bare area was calculated in each of 

them. Cells with a high proportion of bare area have a higher density of population, and therefore 

a higher demand (figure 9). 

 

Figure 9: Result of the hotspot analysis. Cells with red colors contain higher populations and will 

require more energy. The background image is the Tasseled Cap component of Wetness. Many 

communities (image subset) are located very far from the national electric grid (far left side of the 

image) 
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The shape of the settlement is also needed in order to determine the type of electricity provision. 

If the settlement is clustered, a mini-grid or centralized renewable energy system is suitable. On 

the other hand, if the settlement is scattered, individual solar home systems are more suitable. 

This methodology produces some false positive errors (identification of a settlement where there 

is none). This is because other human activities such as mining, large scale farming might increase 

the cleared area without increasing the number of population. These errors are few and often 

closer to the more developed areas where they are (or should be) already connected to the grid. 

Besides, they are easily identifiable in the VHR imagery. 

 

II.1.2. Settlement growth modelling 

Indigenous settlements change over time, with some of them growing and others disappearing, 

due to their semi-nomadic behavior or by the action of natural events (e.g. rivers floods). Thus, 

we analyzed the temporal patterns for our studied settlements for the period 1990, 2000 and 2018, 

and extrapolated based on it to 2030. If a settlement grows, its demand will do as well, and then 

the power installed might become obsolete. Using a Slope Land Use Exclusion Urban Transport 

Hillshade (SLEUTH) model, a cellular automaton, we projected the settlements for 2030 (figure 

10); a dataset that is used afterwards to estimate a more practical electricity demand. Among 

other factors, this growth can e.g. be driven by the existence and opening of new roads. 

 

Figure 11: Settlement areas in 1990, 2000 and 2018, and their extrapolation to 2030 using the 

SLEUTH model.  
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II.1.3 Socioeconomic mapping 

Based on Census data, we integrated socio-economic factors per administrative unit (parish) in a 

geospatial setting to understand dynamics in the region. We mapped demographic characteristics 

such as average ages (high number of births and low life expectancy), and high unemployment 

rates, and low access to energy sources for the Amazonian communities, among other variables. 

The percentage of the population connected to the grid is very low. On the other hand, we find a 

high percentage of population that depend on a generator for electricity, as well as some 

communities with already access to solar power in the Amazonia  (figure 12). Figure 12 shows 

insights in energy variables in Ecuador with our study areas highlighted with black boxes. We 

could clearly identify that those areas have lowest access to electricity in the country while they 

at the same time are highest for e.g. solar power access. 

 

Figure 12: Proportion of population according to the energy source used by Parish. 
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Also, we analyzed the prevalence of deforestation for the period 2000-2018 using the Global 
Forest Watch products (Hansen et al. 2013), and observed its distribution according to the Census 
variables (Santos et al 2020). The results showed higher deforestation rates for the communities 
with a higher proportion of men aged between 20 and 25, and further for communities connected 
to the grid. The deforestation patterns were also studied for each nationality. The lands of the 
Siona, Pasto, and Cofan nationalities have experienced propotionally higher rates of deforestation 
(figure 13), mainly because they are smaller in extension. However, when looking at the absolute 
numbers of hectares deforested, the areas that do not belong to any nationality were 
disproportionately higher followed by the Kichwa, Shuar and Siona lands (figure 14). 

 

Figure 13: Proportional forest gains and losses by nationalities during 2000-2018 

 

Figure 14: Total forest gain/loss in hectares by nationality between 2000-2018 
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II.1.4 Validation and Improvement of LULC Map    

A protocol was developed to obtain validation information from the indigenous technicians 

within the App GeoFarmer. Here, they were able to collect geolocated photos towards each 

cardinal point, which allowed for an improvement of the land cover maps (figure 15). 

 

 

Figure 15: Instructions for field surveyors for the validation protocol. Geolocated photos are 

acquired via the GeoFarmer app 

 

Using this information, the mapping methodology has been simplified and improved for its 

application by the AmazonGISnet technicians. Detailed learning materials were developed and 

used during extensive training sessions (see II.2.1), all materials were handover to AmazonGISnet 

and are summarized in a guideline of the SE4Amazonian framework developed in order to 

facilitate its replication in other areas by indigenous communities (Annex 1)..  
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II.2 Work package 2: Participatory mapping Approach 

The WP2 was coordinated by the project partners in Ecuador (TRATURAL, AmazonGISnet). It 

aimed to validate and complement the WP1 analysis and products (i.e. EO-based and socio-

economic mapping) obtained by ZFL-University of Bonn. In WP2 a participatory data collection 

about development and energy needs of the participating indigenous communities was 

performed. The consolidation of WP1 and WP2 products was used for long-term rural 

electrification planning in the study area.  

In order to empower the communities during data collection and make their voice heard to define 

development and energy needs a participatory mapping, using the GeoFarmer App was used. 

GeoFarmer helped to collect data in a very fast and cost-efficient way and at a scale and accuracy 

superior to the national census. Census data is conducted at a much coarser level as it only links 

to the administrative level and not to the household individual. Further, direct integration of data 

by indigenous communities is not considered here. Using the GeoFarmer App further ensured 

that the ownership of the data remained with the indigenous people themselves. Survey data and 

the LULC map were integrated in the AmazonGISnet platform and used during the final stage of 

the project. Based on these, validation via the participatory mapping inserts and in addition 

expert knowledge could be provided and the LULC map was improved and updated for further 

activities.  

Once the data collection and mapping was completed, a GIS-based model was foreseen and 

implemented for long-term rural electrification plans. These plans incorporate assessment of 

renewable energy resources and identification of the best suitable technology to provide 

electricity in the study area. This task was supported by well-trained indigenous technicians who 

added value to the planning process of the resulting rural electrification proposals. 

Before starting the field work, an extensive training was conducted to strengthen the capacity of 

indigenous technicians of AmazonGISnet for data collection. This also allowed us to work with 

indigenous technicians in defining a reliable protocol for field work that protects the privacy of 

the indigenous communities, ensuring their acceptance and trust on project activities. 

 

II.2.1 Training and Capacity building    

An extensive training plan for indigenous technicians of AmazonGISnet was conducted in order 

to ensure the quality of data collection and processing. It took place as pre-sessions of project 

workshops (see II.3), as well as training sessions outside the workshops (for more detail see table 

9). Several topics were covered from community mapping, household survey, GIS, GeoFarmer 

App, Renewable energy system design, and rural electrification planning. These training took 

several months’ time of preparations and implementation since indigenous people traveled from 

their own communities, located very remotely and deep in the Amazon region, to the city of 

Quito. 

This training to and with the indigenous technicians was key since they acted as project 

ambassadors ensuring effective communication between indigenous communities and project 

partners. The team included indigenous technicians and field coordinators who were responsible 

for participatory mapping and nowadays are the AmazonGISnet experts on the SE4Amazonian 
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approach (table 1). They are representatives of 8 out of 11 indigenous nationalities of the 

Ecuadorian Amazon and are expected to become the key actors on transferability of the 

SE4Amazonian framework in the Amazon Region.  

Table 1. AmazonGISnet experts of SE4Amazonian  

No Zone Indigenous 

Nationality 

Name 

1 Yuwints Shuar Clemente Jindiachi 

2 Jandiayacu Sapara Mario Ruiz 

3 Montalvo Kichwa Jessica Inmunda 

4 Dureno Cofan Silvio Chapal 

5 Remolino Sekoya Jonathan Piaguaje 

6 Soto Tsosiaya Siona Benito Payaguaje 

7 Kupatas Achuar Julian Illanes 

8 Piwiri Kichwa Daniel Aranda 

9 Field Survey Coordinator Shuar Nanki Wampankit 

10 Field Survey Coordinator Shuar Anabel Perez 

  

Despite the aim of the training to build capacity among indigenous technicians, it was an 

important activity for project management and implementation. Training sessions based on 

indigenous technician’s knowledge helped to define the study area which best represents the 

reality of Ecuadorian Amazon, and more importantly to define a protocol for field work in order 

to ensure data collection, and protection, to ensure trustworthiness among indigenous 

communities, as are described in next sections. 

 

Study area selection 

During training and workshops, focus groups were organized. Here, five zones in different 

indigenous territories were identified as representative zones of the Ecuadorian Amazon reality 

(table 2 and figure 16). This shows the importance of participation and local knowledge to ensure 

high quality and representative data collection. 
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Table 2 Criteria mentioned by indigenous technicians for the selection of the study areas  

No Indigenous 
territory 

Criteria for selection  

1 Secoya 
  

● Easy access 
● Oil extraction activities and contamination 
● High marginalization 

2 Zapara ● Almost extinct 
● Very isolated 
● Innovation to survive 

3 Kichwa ● Biggest nationality  
● Isolated 

4 Achuar ● Mining activities on-going 
● Due to mining to avoid high marginalization as happened in 

Secoya land  

5 Shuar ● Mining activities on-going 
● Due to mining to avoid high marginalization as happened in 

Secoya land 

  

Figure 16. Sub-zones of study areas. 
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II.2.2 Participatory Mapping  

The participatory mapping included two main phases. The first phase called community 

workshops aimed to inform representatives of neighboring communities about the project's 

objectives and expected results. These workshops lasted 1-2 day and were implemented in a 

central community, where people from other communities could attend easily. During these 

workshops people ask questions and clarify any doubt about the project, and they agree or not to 

continue participating in the next phase. The second phase, called community and household 

survey, was implemented once all communities in each study area accepted to participate in the 

project. During this phase an extensive survey was implemented by the indigenous technicians 

assigned to each study area using the GeoFarmer App. 

Phase 1: Community workshops. 

The general approach adopted to implement the community workshop in the study areas was as 

follows: 

● Workshop organization: During this phase the coordinator of the field work in 

collaboration with the indigenous technicians invited the communities to a central 

community to carry out the workshop 

● Community Workshop: During the one or two-day workshop, the indigenous 

technicians, supported by the coordinator of the field work, informed participants from 

neighboring communities about project aims, expected results and benefits in order to 

obtain their consent to participate in the project and authorize an extensive household 

survey for data collection. In table 3 the number of community workshops (8) 

implemented in each central community is shown. All communities, except one, accepted 

to participate in the project and in some zones even more communities were included 

later and participated in the project. The community of Kupiamants decided to drop out, 

arguing that if they had solar energy they would not be connected to the grid. Despite 

there were communities already with both, solar energy and connected to the grid, their 

wishes were respected and were excluded from the surveys. 

 

Table 3. Community workshops implemented 

Zone Community 
where 
workshop 
took place 

Coordinator 
fieldwork 

Technician Communi-
ties partici-
pating in 
workshop 

Communities 
participating 
in project/ 
surveys 

Kupatas Copataza Anabel Pérez Julian Illanes 11 14 

Piwiri Piwiri Daniel Aranda 5 5 
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Zone Community 
where 
workshop 
took place 

Coordinator 
fieldwork 

Technician Communi-
ties partici-
pating in 
workshop 

Communities 
participating 
in project/ 
surveys 

Dureno Dureno Nanky 
Wampankit 

Silvio Chapal 1 1 

Jandiayacu Suraka Mario Ruiz 25 8 

Montalvo Montalvo Jessica 
Inmunda 

11 13 

Yuwints Yuwints Clemente 
Jindiach 

5 7 

Remolino Remolino Jonathan 
Piaguaje 

4 4 

Soto Tsosiaya Soto Siahaya Benito 
Payaguaje 

4 6 

 

 

  

Figure 17. Impressions of community workshops  

 

Phase 2: Field work 

A protocol was established together with the indigenous technicians for the field work. The 

second phase of the participatory mapping was implemented only in those communities that 

accepted to participate in the project, and included the following steps: 
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1. Step 1: Interview with the President of the community 

2. Step 2: Sketch and draw a map of the community (if the community does not have it) 

3. Step 3: Perform at least 10 household survey in each community trying to reach houses in 

the center and faraway of the community 

4. Step 4: Record observations and conclusions 

5. Step 5: At the end of the day carry out a report of the work carried out 

 

For step 1 and 3 all indigenous technicians were trained on how to elaborate a questionnaire, but 

also how to conduct an interview using the GeoFarmer App. Together with project partners 

(AmazonGISnet and TRATURAL), the two questionnaires for community president and 

household head were developed and uploaded to the GeoFarmer App.(see Annex 1 and 2). 

Further, all surveyed communities are listed in Annex 4. 

 

Figure 18. Training Session on using GeoFarmer to perform interviews  

 

During the interview with the president, a map of the community was drawn if the community 

does not have one already (figure 19). This map was an important input to plan the household 

survey but also, to further get insights in the geography of the community. Thus, the indigenous 

technicians were trained in how to make a community map using basic concepts of cartography.  
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Figure 19 Training session on how to make maps and an example of a community scheme (drawn 

by indigenous technician). 

 

President and household survey 

Using the protocol, as described in Phase 2, a community and household survey was 

implemented as follows: 

Step 1: Interview with the Community President  

An interview between the indigenous technician with the community president (figure 20) using 

the questionnaire (Annex 1) which was uploaded in the GeoFarmer App was implemented. 

  

Figure 20. Example of interviews with community president 
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Step 2 Sketch a community map  

Out of the 58 interviews with community presidents, in total 27 maps of communities were 

sketched in order to identify the location of households, communal infrastructure (e.g. communal 

houses, church, health post, schools, etc.) and other main references (i.e. rivers, tarmacs, etc. 

Figure 21). Based on the quantity and location of households the indigenous technician planned 

the household survey. This map was also used for interpretation during the validation of WP1. 

 

Figure 21. Example of a community map (left) drawn by indigenous technician Jessica Inmunda 

after the interview with the community president. To the right is the corresponding high 

resolution satellite imagery. The information provided in the hand drawn map provides valuable 

information about the types of buildings and services such as churches or communal houses. 

Although the scales and distances are not accurate, this map shows a great level of detail and also 

capacity of the local technicians. 

 

Step 3 Household survey  

At least 10% of the total number of households of each visited community were selected and 

interviewed randomly by the corresponding indigenous technicians working in that area. 

Moreover, in the GeoFarmer App, every interview was geolocated, and the technicians always 

tried to distribute interviews among households located within the center and faraway of the 

community in order to have a representative overview of the present situation and development 

needs within the community. 

 

Step 4: Observation and reporting  

In the final stage, once the data collection (community and household survey) was completed, 

the indigenous technicians wrote down their main observations and impressions that could not 

be captured during the interviews. A report for every community visited was prepared by each 

technician and reviewed by the fieldwork coordinator.  
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The App GeoFarmer 

For the community and household survey the GeoFarmer App (Bartling et al 2019) was set up 

and calibrated in the cell-phones or tables of indigenous technicians which they could borrow 

from the GeoCentro at USFQ. Every technician was trained on how to use GeoFarmer to perform 

the surveys (see figure 22).   

 

Figure 22 GeoFarmer App screen community questionnaire (left), and interview with community 

president (right). 

 

GeoFarmer is a spatially explicit web framework for the participatory decision management 

community. It is based on structured and transparent transmission of information and 

contributes to include all the actors involved in the process of decision-making. The App is used 

for data collection and merged in a web platform, from which a dash control is being used for 

data analysis and support decision making. The App is developed by the University of Salzburg 

and based on the Geocitizen Platform (https://www.geocitizen.org/home/) The resulting maps 

of WP1 were uploaded to GeoFarmer as well. The App acts as a platform to support the 

improvement of quality of life of communities by involving directly their residents. This is 

achieved by sharing, reporting, discussing, proposing and voting about the concerns of their 

members, and using geospatial technologies and social media to achieve solutions and draw on 

best practices. The platform was also used to validate the remote sensing products and how these 

adjust to the needs of the communities. 

The App is innovative and helps to collect data fast while providing geospatial information. 

However, attention must be paid to those who are using the App as we discussed in one of our 

workshops with stakeholders: 

Comment by Byron Chiliquinga, OLADE (Organización Latino Americana De Energía): 

“...GeoFarmer seems to be a powerful tool as long as it is used by indigenous people for 

planning their own rural electrification plans and to seek productive uses of electricity. 
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If this tool is planned to be used by decision makers from the government could be 

problematic and generate data that is too far away from local reality. In OLADE we have 

developed a methodology for energy planning incorporating the productive uses of 

energy to foster rural development, and we can discuss later how we can integrate your 

and our experience...” 

GeoFarmer nowadays is owned by GeoCenter USFQ, though its use is free. But, it is required to 

obtain the permission in order to use it in other applications such as GIS and other statistical 

software. A further development is planned in future with regard to interventions to personalize 

GeoFarmer towards a Geo-Energy App.  

 

First local statistics of isolated Amazonian for SDG and Data security 

Based on the survey, a database at household and community level has been created including 

questions and information about socio-economic aspects, people’s needs, consumption of energy, 
perceived impact of electricity, technology adoption at household level. This information was 

used to validate and complement WP1 maps but also to build up rural electrification plans. But, 

this information is highly sensitive as it includes exact GPS data linked to household 

characteristics. This data was only used to develop the plan for renewable energy provision but 

not distributed anywhere outside the project partners. 

Following some relevant data from this database are presented. Further analysis can be done with 

the data collected, however this is out of the scope of this report and the planned project activities. 

 

Population 

Figure 23 shows population data of visited communities. This variable is key to define existing 

and projected electricity demand. The average number of houses per community is between 8 

and 150 houses, with Copataza, Montalvo and Siekopai study areas having the highest variation. 

Regarding community population, again a high variability among study areas is observed. The 

number of families and the expected houses in the near future have similar average values and a 

low variability. 

Based on previous results, the habitants and families per house and the expected increment of 

houses (demand) in the next 5 years are shown in figure 24. It is observed that the number of 

people per house has a high variability within the communities and within study areas. However, 

the number of families per house is very similar among study areas (1.2 families/house). Finally, 

the expected growth of houses in each community varies greatly which goes from 7% to 227% of 

increment of houses (demand). 
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Figure 23. Number of existing and projected houses, people, and families in the communities by 

study area. 

 

 

Figure 24 Habitants and families per house, and expected increment of houses in the 

communities by study area. 
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 Communal services 

An important aspect for development is the access to basic or communal services such as 

education (schools) or health care. Thus, based on community surveys related to existing 

communal services in each community, and the total number of communities visited per study 

area, a coverage for each communal service was calculated and shown in figure 25. It e.g. shows 

that the sport field (e.g. volleyball and soccer field) has the highest average coverage. Communal 

houses, schools and river ports have also a high coverage (>60%). Among the study areas, 

Jandiyacu has the lowest coverage in almost all communal services, while Dureno has the highest 

coverage 

 

Figure 25 Coverage of communal services available in communities of the study area. 

 

II.2.3 Suitability map of renewable energy potential and rural electrification planning. 

In isolated rural areas like the Amazon, where grids cannot be expanded, electricity is not 

supplied or fuel supply channels are set up to power small-scale diesel or gasoline generators. 

Here, both are expensive to operate and unreliable while resulting in a low-quality electricity 

service and hence an unequal distribution of electricity services. However, using local renewable 

energy resources for electricity supply, i.e. decentralized rural electrification (DRE), is recognized 

as an opportunity to provide reliable and sustainable electricity services. In order to speed up 

DRE, a spatial planning is required to evaluate the potential of local renewable energy, the 

location of demand, and to define the best suitable option to supply electricity in isolated 

communities of the Amazon region. Therefore, accurate electrification plans are only possible 

with accurate spatial information and tools.  

For this purpose, a GIS model was foreseen and implemented (figure 26). The model was 

conceived to be used by indigenous technicians but also engineers from electricity companies to 

support decision making on rural electrification planning. Thus, the proposed model was 

designed after a literature review of World Bank guidelines (i.e. Operational Guidance for World 

Bank Group Staff for designing rural electrification projects, Terrado et al 2008) and scientific 

literature (Amador & Dominguez 2005, Mentis et al 2015, Kaijuka 2007, Tiba et al 2010). But, it 

was also kept in mind that the proposed approach should be easy to use, require relatively few 
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data, and could answer key questions with regard to the planning of the supply of electricity in 

the Amazon. Key questions identified during project workshops were (e.g.): What is the current 

and future electricity demand to cover a household's productive and domestic energy 

consumption? Where and how are the households located (i.e. demand)? How should electricity 

be supplied, using off-grid or electricity grids? What is the approximate budget to supply 

electricity in the study area? 

 

Figure 26. Flow work of GIS model for rural electrification planning.  

The innovation of the proposed GIS workflow compared with existing approaches is on the 

acquisition of data in a participatory, fast and affordable way. Satellite imagery was used to 

derive information on the location, size and distribution of indigenous communities (WP1-II.1) 

which was transformed into electricity demand data by using socio-economic data obtained from 

the participatory mapping process using GeoFarmer App (WP2-II.2.2). Moreover, satellite 

imagery and GIS was used to obtain and evaluate renewable energy resources (i.e. solar 

radiation) in order to size within the GIS environment renewable energy power systems such as 

individual solar home systems and photovoltaic micro-grids which probed to be the main 

technological means to supply electricity in isolated communities in the Amazon (Sanchez et al 

2015, Nerini et al 2014).   

 

(1) On-grid / Off-grid Division  

From a broader planning viewpoint, the first question is to decide where and when a grid 

extension (on-grid) and off-grid electrification is the best option to deliver reasonable levels of 

electricity service considering social equity, technical and economical feasibility and balanced 

regional development.  

Traditionally the distance between a settlement and the electricity grid; and its size (i.e. 

population), are relevant variables when carrying out a feasibility analysis to decide for a grid 

extension or off-grid solution. Thus, in the first step of the approach a projection of the grid 
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expansion in the short-term (e.g. 1-3 years) was defined for the study area. In a preliminary phase, 

this distance was defined using as a rough pre-assessment the rule-of-thumb that consisted on 

calculating “Number of connections per distance = N/D”1 (NORAD 2009), and contrasted during 

workshops and interviews with electricity companies engineers to incorporate local conditions 

and policies for rural electrification. From this analysis the area where a grid-expansion is likely 

to happen in the short-term was defined (figure 27).   

 

Figure 27. Example of on-grid / Off-grid division zones for rural electrification planning in the 

study area 

                                                      
1N=total number of potential connections in a settlement, D=average distance from the settlement to the centralized 

grid. If N/D > 30 connections/km => Grid extension is likely to be a viable alternative (compared to off-grid 

systems) 
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(2) Consumption scenario  

Calculating the right amount of electricity required by a household or community is key to boost 

development. Literature has recognized a positive correlation between electricity consumption 

and Human Development Index in the Amazon region. For instance, Gomez et al., (2010) 

calculated that to reach a medium-high HDI (0.8) it is required to have at least an electricity 

consumption of 470kWh/per capita. Thus, the required electricity demand by indigenous 

households was calculated and introduced in the model in order to calculate the electricity 

demand of each community in the study area.  

Table 5, shows the average household use of different sources of energy in the zones of the study 

area to have an overview of the energy needs. Gasoline and batteries are the most frequent 

sources of energy used in the communities. Batteries are used mainly for lanterns which are 

needed for lighting within the house but mainly for hunting. Gasoline is mainly used to fuel boat 

motors or small gensets.   

Table 5. Existing energy sources in the study area. 

 

 

Table 6 shows the share of households that have different electric appliances, and table 7 shows 

the share of households that expect to buy electric appliances. It is interesting to note that cell-

phones are the most common appliances despite in most of the study area there is no cell-phone 

signal. Moreover, the appliances most needed are TV, blenders and fridges.  

 

 

 

 

 

 

 



 

 

31 

Table 6. Share of households that have electric appliances. 

 

Table 7. Share of household that would like to buy electric appliances in next 5 years 

 

The information in table 6 and 7 shows the needs and expectations that indigenous households 

have from an electricity supply. Thus, based on this information an average household electricity 

demand for the study area was calculated as follows: 

Table 8. Appliances to be purchased in the next 5 years. 

 

Finally, the electricity demand for the study area is calculated by multiplying the average 

consumption of electricity of a household for the number of households. And the result is a 

demand map that depicts where and how much electricity will be consumed (figure 28) 
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Figure 28. Electricity demand map 
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(3) Mini-grid / Individual division 

Once the consumption scenario is established, the next step in the approach was to decide which 

decentralized technology or mix of technologies is suitable to supply electricity among the 

settlements outside the area where grid extension was not suitable. 

The predominant decentralized technology used for electricity supply in isolated areas of the 

Amazon region is solar photovoltaic because the solar resource is available everywhere and in 

enough quantity to cover the low demand (Sanchez et al 2015, Nerini et al 2014, Terrado et al 

2008). Thus, this model focused on photovoltaic technology to supply electricity in the study area.  

There are two types of photovoltaic systems: individual and mini-grids. The former, is suitable 

for settlements where households are few and dispersed and their main electricity use is domestic 

use. On the other hand, photovoltaic mini-grids are used in settlements where most households 

are clustered enough to be technically and economically interconnected into a mini-grid tied to a 

central photovoltaic system. 

Based on workshop information and interviews with decision makers from electricity companies, 

a tree decision for mini-grid and individual systems was defined (figure 29) 

 

Figure 29. Tree-decision for micro-grid and individual system 

 

Based on the above decision tree, the selection of technology was applied to the study area, 

defining where there was suitable a mini-grid and individual power system. Results show that 

most of the settlements should be supplied with electricity through individual power systems 

due to its high dispersion and low demand (figure 30). This result also coincided with previous 

projects in other regions of the Amazon (Jara J, 2017). 
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Figure 30. Selection of decentralized technology options for supplying electricity. 
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(4) Sizing individual and micro-grid power systems 

Once the consumption scenarios were defined, the sizing for decentralized solar photovoltaic 

power systems (i.e. individual and mini-grid) was implemented. The sizing methodology is 

widely established in different literature, which is summarized in a simple and step-by-step 

calculation methodology as follows: 

1. Estimate of solar radiation in the study area. 

2. Selection of the nominal system voltage. 

3. Calculation of the photovoltaic generator. 

4. Calculation of the accumulator system. 

5. Calculation of the photovoltaic regulator. 

6. Calculation of the photovoltaic inverter. 

7. Calculation of the wiring. 

8. Calculation of protections. 

9. Calculation of grounding. 

10. Calculation of power generation. 

11. Design of low voltage grid (only in photovoltaic micro-grid systems) 

  

(5) Rural electrification plans  

The output of the model is a set of maps, graphs, and tables that are used to create rural 

electrification plans that are the basis to continue with further engineering designs and economic 

analysis. These can be submitted to decision makers and/or funding agencies to implement the 

proposed plan. An example of a possible rural electrification plan was developed for Montalvo. 
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II.3 Work package 3: Dissemination 

Three workshops were conducted during the project duration where national stakeholder, 

indigenous representatives, academic research staff and project partners met to exchange 

ongoing work towards the final results. These workshops were hosted by the USFQ in Quito and 

helped to improve the proposed approach and get important feedback for the next and final steps. 

 

II.3.1 National and International Workshops 

Kick-off Workshop (January 2019) 

On January 16th and 17th of 2019, the first national meeting - the kick-off workshop - took place 

in Quito, Ecuador (figure 31). During the workshop, the project team, all local technicians of 

AmazonGISnet, and the national conference stakeholder representatives as well as NGO and 

research institutions were present. 

 

 

Figure 31. Participants of the kick-off workshop in January 2019 in Quito. 

The two days’ workshop gave important insights in the current situation of renewable energy 
provision in the Ecuadorian Amazon. 

Trust-building aspects were highlighted to secure further project activities. Working with 

indigenous communities in the Amazonian is sensitive. Due to ongoing difficulties – 

environmentally, socially and economically – the indigenous communities are skeptical about 

new initiatives. The establishment of mining companies and oil exploitation in their territories 

have intensified the pressure on environmental resources and on the livelihoods of the 

indigenous communities. Many projects in the past were only established for data collection but 

did not provide any benefits for the people of the Amazon. Within SE4Amazonian the demand 

for energy and its supply with renewable energy was assessed and mapped. Local technicians 

gave insights and highlighted the important aspects of the project. Towards the end of the first 
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workshop day which was only carried out with the indigenous communities’ pilot communities 

were selected. 

The second workshop day included national stakeholder and NGO representatives. Insights in 

current works of AmazonWatch highlighted again the problems the indigenous communities are 

facing with regard to the exploitation of natural resources through mining companies and oil 

exploitation. Discussions with the indigenous technicians and the Ministry of Environment 

underlined the ongoing difficulties. The World Café towards the second part of the second 

workshop day together with community members, stakeholders and NGOs showed collaborative 

work in progress for the ongoing project activities. Three topics were discussed in small groups 

among all participants and interesting conversations came out when all different groups met at 

one table. Inputs helped the design of the GeoCitizen App and collected useful data. 

From the group discussions we have learned the following: 

1)  Why did rural electrification projects in isolated communities fail? 
● Lack of a long-term planning, constant project monitoring and maintenance 
● Trainings have been too short and were only carried out once without follow up 
● Lack of continuous funds to finance expensive rural electrification programs in isolated 

communities 
● The lack of permanent and low income in communities 

Sustainability of rural electrification projects (avoidance of failure) rely not only on technical 
aspects, but social and institutional factors 

 

2)  Which energetic priorities are found in the Ecuadorian Amazon? 

● Communication, understood as radio, cellular and internet equipment 

● Transport needs and electric mobility 

● Daily family activities such as using the blender at home, ironing the school uniforms, 

plugging a refrigerator and a television system, to simply lighting the walking path in the 

dark 

● Entrepreneurship and electricity uses for tools that automate production systems, even at 

a small scale as is the case in these communities 

● Better family and community progress and safety 

  

3)  How to electrify isolated communities in the Ecuadorian Amazon? 

● Correct data collection on energy demand information from the communities to avoid 

false estimation and wrong calculations 

● Prepare and hire specialized technical personnel who carried out data collection and 

power system designs, socio-economic analysis and social impact, among others 

● Studies should be updated regularly (suggestion: once a year) due to rapid changes that 

could occur within the dwellings or the community 

● Main source of energy would be solar photovoltaic 

● New business model in order to avoid interference of electricity companies (distributors) 

to block autonomy or any private attempt to distribute electricity 
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● Fee-collection mechanisms should be studied, such as an annual payment, or the 

implementation of a community company for the electrical administration, that include 

community technicians. 

 

The Project has been promoted among different actors including high level decision makers from 

the government (Ministry of Environment, Ministry of Energy and Ministry of agriculture), and 

international organizations like IBD (Interamerican Development Bank), Fundacion Bariloche 

and the World Bank. This provides a great opportunity for future transferability and 

dissemination of project results. Contacts have been intensified after the workshop especially 

with regard to data and knowledge exchange. Here, the project could already benefit from the 

provision of orthophotos by SIGTierras. 

Some voices from the indigenous communties during the kick-off workhop: 

Nanki W., asked the indigenous technicians that were participating in the workshop (see 2.2.1) 

to provide their insights on existing or future energy systems for their communities. Following 

some of the main statements of the technicians: 

 
“[…] Solar system that are going to be designed and installed in the Amazon should 
be strong enough, because they usually break in our harsh environment. Usually they 
design system to provide energy for only 3 lights, we need more energy to develop. So 
take into account this for designing solar systems […]” 

Jonathan Piaguaje (Sekoya) 
 
“[…] In my Parrish we do not have solar panels, but in other communities close to 
mine yes. People told me that this solar panels are not free, and after a short time they 
break […]” 

Jessica Inmunda (Kichwa) 

 

“[…] I come from the border with Colombia, we have solar panels, but as my colleague 
Jessica said, solar panels only work for a short time, and they break very soon and 
easily […]”  

Silvio Chapal (Cofan) 
 
 
“ […] all projects provided by government do not endure, they are bad quality. There 
are communities with solar panels, they are not working any more but they have to 
pay the electricity bill […]” 

Clemente Jindiachi (Shuar) 
 

“[…] Electricity company from Ambato installed solar system in my area in the last 
6 months, they asked people how many lights wanted, but people started to install big 
TV and solar systems break. In 6 months there are many problems. I think they give 
us bad quality equipment. We are living very far away, very close to the border with 
Peru and there is high cost for projects […]”  

Juan Illanes (Achuar) 
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“ […] One community already has energy grid but they don´t want to use it as this 
grid is also used for the mining companies – they want to have their own energy and 
sustainable energy as they don´t want to be used as an “instrument” for the 
government/mining companies […]” 

Mario Ruiz (Sapara) 

 

“ […] Electrification has to consider the development of a community. This means, 
not the demand just for now, but an estimation how the community will develop 
[…]” 

Domingo Ankuash (Shuar) 

 

 

Mid-Term Workshop (September 2019) 

The second national workshop was successfully carried out on 20th of September 2019. The 

workshop aimed to present the first results of the participatory mapping (WP1 and WP2) which 

was implemented in previous months. The workshop was also an opportunity to receive critical 

feedback from stakeholders involved and interested parties in order to spot potential remaining 

issues. In total 27 stakeholders were invited and 17 confirmed their participation which included 

indigenous technicians, indigenous leaders, and representatives of electricity companies and 

NGOs. 

The proposal of linking remote sensing approaches to define the number of people without 

electricity in the Amazon Region and participatory mapping for data collection, map validation 

and capturing indigenous viewpoints was very well accepted by external participants. Especially 

the representatives of electricity companies perceived this tool useful to support activities related 

to planning, operation and maintenance activities of rural electrification programs. They 

perceived that this approach could help them to save time and money using traditional 

approaches (field survey). This would mean a reduction in time from around 3 years towards 

only a few months, as they stated. 

From the world café and group discussions generated the following lessons: 

● Productive uses of electricity are an important aspect to boost rural development in the 

Amazon. However, productive activities (e.g. agriculture) are constrained by important 

challenges such as: isolation and restricted access to markets, lack of knowledge of 

indigenous people on business and logistics management. 

● Indigenous communities are strongly against any extractive activity related to mining in 

the Amazon territory. They perceived tourism as an alternative that is still not fully 

developed. 

● Every community is unique so the feasibility to start a productive use of electricity activity 

must be studied case by case. 

● Culture, willingness and capacity to pay came up as very important variables for rural 

electrification programs but not yet fully implemented in our model. Payment for the 
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service is essential in order to keep the maintenance service and not having to stop the 

energy provision due to non-payment. 

● Indigenous technicians seemed to be able to recognize well patterns in satellite images, 

which recommend that they would be capable of placing themselves in given locations 

aided with a GPS and the satellite image. This can be used for validation of land cover 

maps as indicated in the validation protocol designed by the SE4Amazonian using the 

app GeoFarmer. 

 

Figure 32. Participants and organizers of the mid-term workshop 

 

It is to be noted that the satellite images used for the classification were shared with the 

indigenous technicians via a GIS platform in false color composites on a tablet. They were able to 

identify the communities they visited with astonishing accuracy even though the images shown 

had no other reference features (country borders, names of cities or rivers, etc…). The only 
peculiarity was that “down” is east, most likely because most rivers in the Amazonia flow 
eastwards. It shows that maps are a powerful tool for communication and can contribute to 

establish a dialogue among stakeholders. 

For the work, the indigenous technicians carried out in the study area, the project team 

congratulated them in the workshop. Every technician received a certificate for their new 

capacities on participatory mapping 
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Figure 33. Handing out diplomas to the indigenous technicians for the data collection within the 

indigenous communities. 

 

Final Workshop (January 2020) 

On 16th and 17th January 2020 the final international workshop of the project was conducted. 

Also, a second training for the local technicians and the guests from Bolivia and Colombia was 

carried out on 15th of January, one day before the workshop. Here, the complete SE4Amazonian 

framework was presented and trained to indigenous technicians from the Ecuadorian Amazon, 

but also to the indigenous representative from Bolivia (Silvester Tinini) and Colombia (Luisa 

Vega) in order to start a transferability process in these countries.  

The final international workshop of the project took place on 16th and 17th January at the 

Universidad San Francisco de Quito (USFQ) in Quito. Participants from UNESCO, OLADE, 

CENTROSUR, Fundación Bariloche and the representatives of 9 nationalities of the Ecuadorian 

Amazon were welcomed. During the workshop external speakers were invited (Fundación 

Bariloche, Electricity Company Centrosur, Silvester Tinini-Bolivia-, Luisa Vega-Wajari 

Foundation, Colombia-) in order to seek further collaboration and replication of the 

SE4Amazonian framework. We noted a high interest in the work and results by UNESCO, 

Bolivia, Wajari Foundation (Colombia), and Centrosur on the SE4Amazonian.  
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Figure 34. Participants of final workshop on January 2020 

 

Figure 35. Presentations and interventions from the audience during the final workshop. 
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Figure 36. Agenda of the final and international workshop. 
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II. 3.2 Training 

Training given to indigenous technicians was a key activity to ensure the project transferability 

to AmazonGISnet and beyond. In table 9 a summary of the training sessions is presented. These 

represent the originally planned schedule which sometimes slightly changed due to the 

complexity of the study area in terms of logistics and to fulfil indigenous rules for data collection 

and field survey. Most of the training workshops were held in Quito, in the GeoCentro-USFQ, so 

indigenous technicians traveled from their own communities deep in the Amazon rainforest, by 

different means (air, boats, buses) in order to assist the training sessions. 

Table 9. Training session to indigenous people 

Date Training topics and activities 

October, 2018 Project explanation, reviewing goals and expected outcomes, organizing 
the team.  

December, 2018 Participatory mapping, introduction to open-sources mapping tools. 
Mapping their own communities using GoogleMaps tools. 

January, 2019 Training pre-session before the Kick-off national workshop. Presentation 
of the final work-plan, definition of the study area and protocol to start the 
field work. Focus-groups to discuss the linkage between energy and 
development in the Amazon. 

February, 2019 Training to two indigenous technicians for a pilot survey in selected 
communities before the extended field survey 

April, 2019 Training on survey techniques using GeoFarmer App, creation of maps 
using people’s knowledge. All indigenous technician received field survey 
material and an identification 

June, 2019 Training and workshop to collect all data and reports from the field survey 
implemented by the indigenous technicians. This training was held in Puyo 
city in the Amazonian. 

September, 2019 Training pre-session before the mid-term workshop. The preliminary 
results and the methodology adopted to analyze the data obtained in the 
field work was presented to indigenous technicians and also external 
guests (electricity companies) 

December, 2019 Pilot training and transferability of the SE4Amazonian framework to 
indigenous technicians of the AmazonGISnet, in order to ensure an 
adequate transferability to external guests from Bolivia and Colombia in 
the final workshop in January 2020. 

Jan, 2020 Final workshop, training of the SE4Amazonian framework to indigenous 
technicians and external guests from Bolivia and Colombia. Techniques for 
mapping Amazon settlements using satellite imagery and rural 
electrification planning using GeoFarmer information and GIS. 
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Figure 37. Training and workshop (October, 2018) to discuss project aims and work plan. 

  

Figure 38. Training and workshop (December, 2018) introduction to participatory mapping and 

open-sources mapping tools. 

  

Figure 39.Training before the kick-off workshop (January, 2019). Defining the study area, 

protocol for field work and focus groups to discuss the linkage between energy and development 

in the Amazon region. 
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Figure 40. Training and workshop (April, 2019). Survey techniques using GeoFarmer App, 

Participatory mapping and giving to the indigenous technicians the material for the field survey 

in the study area. 

 

Figure 41. Training and workshop (June, 2019) to collect all data and reports from the field survey 

implemented by the indigenous technicians. 
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Figure 42. Training and workshop before the mid-term workshop (September, 2019) Presentation 

of preliminary results and the methodology adopted to analyze the data obtained in the field 

work presented to indigenous technicians and also external guests (electricity companies). 

  

Figure 43. Training and workshop (December, 2020) Pilot training and transferability of the 

SE4Amazonian framework to indigenous technicians of the AmazonGISnet. 
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Figure 44. Final training and workshop as a pre-session of the Final Workshop (January, 2020) 

of the SE4Amazonian framework and the processing chains to local indigenous technicians of 

AmazonGISnet and external guests from Bolivia and Colombia. 
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II. 3.3 Public Information  

Conference Poster and Presentations as a means of diffusion and communication of the project 

outcomes to the scientific and international community. 

 

Figure 45: Poster for Kick-Off Workshop on 16th and 17th of January in Quito. 
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Figure 46: Settlement mapping for clean energy provision in the Ecuadorian Amazonia. Poster 

presented at the EARSeL SIG Urban workshop, Bochum, Germany, September 2018.  
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Figure 47: Remote sensing and participatory mapping for clean energy provision. Poster 

presented at the EARSeL 39th Annual Symposium, Salzburg, Austria, July 2019. 



 

 

52 

 

Figure 48: Poster 02-14 presented on the WB conference Land and Poverty Conference 2019: 

Catalyzing Innovation, March 25-29, 2019, Washington, DC. Poster Presentation by Dr. Valerie 

Graw: “Speed-Up Sustainable Energy for the Amazonian - Remote Sensing and Participatory 

Mapping as Support Tool for the Global Development Agenda 
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Figure 49: Poster presented at ESA Living Planet Symposium in Milano, Italy, May 2019, by 

Valerie Graw 
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Figure 50: UNESCO-UNEVOC Global Forum: Advancing Learning and Innovation in TVET, 

Bonn, Germany, December 2019, Presenting at the Market Place Forum. 
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Figure 51: Project Presentation at the Universidad San Francisco de Quito (USFC) before the 2nd 

Workshop in Quito on 18th September. 
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Papers in progress: 

i) Earth Observation for energy demand calculation in Amazonian populations.  

Javier Muro, Leo Zurita, José Jara, Esteban Calderón, Richard Resl, Andreas Rienow & Valerie 

Graw: EO for energy demand calculation in Amazonian populations. 

Abstract: Indigenous communities in the Amazon suffer from lack of access to basic services such as 

electricity. Their difficult access makes it challenging to acquire data on their numbers and needs, which 

would enable development plans. To generate this information, we are using Earth Observation and survey 

data to model the electricity demand of these communities. Combining Landsat time series with SkySat and 

PlanetScope imagery we have mapped the location and size of these settlements and modelled the number 

of buildings. Using a population growth model we have projected their growth by 2030, in order to later 

produce a demand of electricity that will be valid by then. We also conducted surveys in 49 communities to 

acquire information on their living conditions and needs, and to validate our model. The number of 

buildings per cleared land had a strong linear relationship for the communities surveyed (adjusted R2 0.8). 

We used this linear relationship to model the number of buildings for the rest of the area, and for the 2030 

projection. The methodology we have developed is designed to be transferable to trained technicians of these 

communities so that they can assume a higher control of the development of their own communities. 

 

ii) A participatory and spatially explicit framework for energy planning: Speeding up SE4All 

in the Amazonian.  

José Jara, Javier Muro, Esteban Calderón, Leo Zurita, Richard Resl, Andreas Rienow & Valerie 

Graw. 

Abstract: The Amazon rainforest provides valuable ecosystem services to highly culturally diverse 

indigenous populations who, due to their high level of isolation and low population density live in extreme 

poverty and are usually left behind national action plans to provide basic services such as electricity. Most 

research has focused on the technical, political and economic aspects to speed-up access to electricity in these 

remote areas. However, few research has focused on data generation which is the starting point for planning 

and making more informed and suitable decisions in order to speed up the process of universal access of 

electricity in remote areas. Thus, this paper presents an innovative approach that combines Earth 

Observation and participatory mapping using a GIS framework. Data generation thereby is carried out in 

a participatory, fast and affordable way in order to support rural electrification planning. Satellite imagery 

was used to derive information on the location, size and distribution of indigenous communities which was 

transformed into electricity demand data by using socio-economic data obtained from the participatory 

mapping process using GeoFarmer App. Moreover, satellite imagery and GIS was used to obtain and 

evaluate renewable energy resources (i.e. solar radiation) in order to size within the GIS environment 

renewable energy power systems such as individual solar home systems and photovoltaic micro-grids. This 

approach was tested in the Ecuadorian Amazon and probed to be a tool that could help electricity companies 

and decision makers on making better decisions in an affordable and rapid way, reducing the financial 

burden of rural electrification in isolated areas. 
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Moreover, an extended communication plan was established for the local media (newspaper and 

radio) to explain project aims and outcomes to the local population. 

 

  

Figure 52: Dissemination of project results in the local newspaper El Mercurio, from Cuenca, 

Ecuador: 20.12.2019. The report presents the project partners, with an emphasis on Tratural, 

electricity provider from Cuenca. It gives a summary of the conception of the project and its main 

goals, and our work training the indigenous technicians. 

https://issuu.com/elmercuriocuenca/docs/el_mercurio-20-12-2019 (page 2) 

 

https://issuu.com/elmercuriocuenca/docs/el_mercurio-20-12-2019
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Figure 53. Report in the national newspaper Que on 10.01.2020.  The report describes the funding 

source of the project, its main goals, and the use of remote sensing and participatory mapping 

methods. 

http://quiosco.eluniverso.com/eluniverso/pageflip/swipe/quecuenca/20200110quecuenca?fbclid=IwAR0O

zVzOrhJWfUJjrDNTbiTXRXD6slRLthCHLx0f0aS0JP4arzw6w1538ps#/8/  

http://quiosco.eluniverso.com/eluniverso/pageflip/swipe/quecuenca/20200110quecuenca?fbclid=IwAR0OzVzOrhJWfUJjrDNTbiTXRXD6slRLthCHLx0f0aS0JP4arzw6w1538ps#/8/
http://quiosco.eluniverso.com/eluniverso/pageflip/swipe/quecuenca/20200110quecuenca?fbclid=IwAR0OzVzOrhJWfUJjrDNTbiTXRXD6slRLthCHLx0f0aS0JP4arzw6w1538ps#/8/
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Figure 54: Article on the national newspaper Metroecuador on 07.01.2020. The article advertises 

the project goals and the international workshop that took place later that month. The photo 

shows one of the indigenous technicians trained by the project that performed some of the field 

surveys. 

 

 

Figure 55. SE4Amazonian members Valerie Graw (ZFL, University of Bonn) and Esteban 

Calderón (Tratural) at Radio Visión presenting the project. 

https://www.facebook.com/radiovisioncuenca/videos/2772181356158970/UzpfSTEwMTk1

NjIzMTMwNTk2NzoxMTkxOTEwMDI5MTU4MjM/  

https://www.facebook.com/radiovisioncuenca/videos/2772181356158970/UzpfSTEwMTk1NjIzMTMwNTk2NzoxMTkxOTEwMDI5MTU4MjM/
https://www.facebook.com/radiovisioncuenca/videos/2772181356158970/UzpfSTEwMTk1NjIzMTMwNTk2NzoxMTkxOTEwMDI5MTU4MjM/
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Figure 56: SE4Amazonian team members Esteban Calderón (Tratural) and Dr. Valerie Graw 

(ZFL, University of Bonn) in Ecuadorian radio presenting the project. 

https://www.facebook.com/watch/live/?v=2461233640672273&ref=watch_permalink  

 

 

Figure 57 Article of the Department of Geography on the final project workshop in Quito in 

January: https://www.geographie.uni-bonn.de/Pressemitteilungen/internationaler-workshop-

des-projekts-se4amazonian  

https://www.facebook.com/watch/live/?v=2461233640672273&ref=watch_permalink
https://www.geographie.uni-bonn.de/Pressemitteilungen/internationaler-workshop-des-projekts-se4amazonian
https://www.geographie.uni-bonn.de/Pressemitteilungen/internationaler-workshop-des-projekts-se4amazonian
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Moreover, a website of the project has been developed (www.se4amazonian.com) , in which all 

the information will be uploaded and maintained by local project partners (TRATURAL, 

AmazonGISnet). 

 

 

Figure 58. Screenshot of the project website http://www.se4amazonian.com/  

 

Also, a social media network of the project has been developed to communicate project results 

and will be the tools for further development (@SE4Amazonian). 

 

Figure 59. Twitter of the project se4Amazonian  

http://www.se4amazonian.com/
http://www.se4amazonian.com/
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Part III Project Outputs – Summary 

III.1 List of Project Outputs  

Output Description 

WP1 

Settlement maps A data set at 30 m resolution of previously unmapped settlements in the 

Amazonia for 3 time periods (1990, 2000, 2018). They can be used to 

estimate not only electricity demand, but other services needed. 

Settlement maps 

projected for 2030 

Using the settlement maps for past periods we modelled the settlement 

for 2030 in order to estimate an electricity demand that won’t become 
obsolete in 10 years due to population growth. 

Affordable mapping 

methodologies 

Comprehensible guidelines with printed and video tutorials that use 

mostly freely available data and software, and are of a reduced technical 

complexity to produce the settlement maps 

Socio-economic 

Maps 

Using freely available census information, maps showing the different 

socioeconomic situations of the Amazonian populations can be created 

(e.g. differences in availability and sources of energy) 

Guideline in GEE Code for TCW calculation in Google Earth Engine (see Annex 3) 

WP2 

Household and 

community database 

Database at household and community level that contain socio-

economic information of indigenous people to support rural 

electrification planning but also SDG tracking and achievements 

Energy demand A data set depicting the energy situation of the indigenous communities 

(demand and sources of energy used, productive uses of electricity, 

payment possibilities, etc…) 

GIS-based model for 

rural electrification 

A spatially explicit model representing the electricity demand of the 

studied areas, and the optimal way of supplying it 

Indigenous experts 

on participatory 

mapping and energy 

planning  

A team of indigenous people experts on the use of geoformation, 

renewable energy sizing and energy planning. The capacity building of 

indigenous people is one of the main outputs for self-determination of 

amazon people on managing their development aspirations. 
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WP3 

Peer reviewed 

papers 

Two peer-reviewed papers describing the mapping methodology and 

the electricity model  

Publications Publications of the outcomes of the project in scientific conferences, and 

Ecuadorian newspapers and radio broadcasts 

 

 

III.2 Output Indicators 

 

Increase the capacities of indigenous people: An important outcome is the human capital of 

indigenous people to make their own maps and manage their own GIS and geodatabase. When 

we transfer all models and data to AmazonGISnet we will have a team of indigenous geographers 

and renewable energy specialists who can become the seed for more indigenous professionals.  

Size, density and dispersion of indigenous settlements: due to the use of indicators derived 

from EO information, we could locate and map the settlement and their characteristics. 

 

Has there been any final results or outcomes in which data or methods have allowed data to 

be produced: faster; more cheaply; at a higher resolution or granularity, or where there was no 

data before? 

Fast data generation: With the integration of the App GeoFarmer and the direct involvement of 

indigenous technician’s data could be generated much faster than via usual ways of field survey. 

Due to weekly data upload by the technicians the data could be immediately received in the 

research institutes. The representatives of electricity companies perceived this tool useful to 

support activities related to planning, operation and maintenance activities of rural electrification 

programs. They perceived that this approach could help them to save time and money using 

traditional approaches (field survey). This would mean a reduction in time from around 3 years 

to a few months, as they stated. 

Data generation in general: There is almost none or only marginal detailed quantitative 

information about the indigenous communities in the Amazon. Therefore, considering high data 

security aspects, the project was able to generate and geolocate this information on the household 

level. 

Local Level information: While national Census data does not cover information for indigenous 

communities of the Amazonian, the project could make use of participatory mapping by directly 

involving them. The data collection was conducted through the App GeoFarmer where we 

collected over 700 household surveys in the area. While this information is highly sensitive, it 

represents a valuable insight about the characteristics of the communities. Ultimately, it was 

fundamental when building the spatially explicit energy model. 
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Earth Observation validation: Remote Sensing is an outstanding method to derive information 

about a large area in a short amount of time - if “good data” is available. But, results need to be 
validated to come up with correct interpretations. Products could be validated with training data 

collected by the indigenous technicians themselves. GeoFarmer allowed also to collect geolocated 

photos of validation points looking towards North, East, South and West. This was used to 

validate and improve the results derived from EO based analysis. 

 

Has the project contributed to the production and/or use of data disaggregated by a)sex, b) 

disability, c) age, d) geography (or other)? 

Data production on demographic characteristics: The questionnaires used in the community and 

household surveys were designed to gather geospatial information about sex ratios, level of 

studies, occupations, nationalities (ethnic group), number of children, and prices of energy 

sources (batteries, candles, fossil fuels...), among other socioeconomic variables. 

 

Has the project contributed to the user and/or production of gender statistics?  

Gender Statistics: the household information also included gender information. In addition, it 

can be highlighted that one of the best local technicians was actually the only woman in the team 

who contributed with additional very detailed maps she drafted on her own to send to the team 

for additional validation purposes (figure 21). 

 

 

III.3 Sustainability of the project: Transfer to Bolivia and Colombia 

The final workshop in January 2020 focused on the final products, but especially on the 

transferability of this approach to other countries (figure 60). 

 

Figure 60: Insights given by Silvester Tinini (Bolivia) and Luisa Vega (Colombia) on possibilities 

for the transferability in both Countries within the Amazon region. 

Silvester Tanini (figure 60, left), from Bolivia, is an indigenous expert and consultant working 

many years on energy provision in rural areas of Bolivia. He pointed out an electrification plan 

for indigenous communities of the Bolivian Amazon within an area of 31,500km2 that includes 
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households that live clustered and dispersed. Within the project SE4Amazonian he found very 

useful project activity to support this initiative. Further, having the possibility to study the 

feasibility of this approach to develop electrification plans with renewable energy or 

technological alternatives would be a key aspect for development in his area. Moreover, he 

updated some information on the impacts of hydroelectric megaprojects (“Rositas”) which have 
been resolved in favor of the Nations but not on Indigenous Peasant Peoples. He proposed that 

using renewable energy (hybrid power systems -diesel, photovoltaic-) could be an alternative for 

the Bolivian Amazon. But, this aspect has to be carefully elaborated with a similar study also by 

integrating research on best renewable energy sources in the region. Out of the project activities 

further steps could be to provide geospatial maps for this area to first identify areas on settlement 

size, density and distribution before starting with a participatory mapping approach in the area 

similar to the one carried out in SE4Amazonian. For transferability studies in any case 

characteristics of new areas and nationalities first have to be discussed with experts within the 

region to set up suitable questionnaires. 

 

Figure 61: Insights given by Silvester Tanini on the distribution of Solar energy in Bolivia. 

In addition, Luisa Vega, (figure 60, right) from Wajari Foundation (Colombia), raised her interest 

in the project activities and also joined the international workshop in Quito on 16th of January. 

Working closely with indigenous communities and additionally being an expert on sustainable 

land management, the team could benefit from a fruitful discussion with regard to the possible 

transferability to other countries of the Amazonian. Within her presentation she informed about 

current conditions within Colombia and the access to electricity. Figure 62 shows the lack of 

access to energy again in the Amazon region.  
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Figure 62: Electricity services within Colombia, presentation by Luisa Vega. 

While focusing on energy supply in the country she also noted the high importance of 

Biodiversity which is as important in Ecuador. Here, sufficient attention has to be given to those 

countries of the Amazon which serve as biodiversity hotspots on a global scale. In this regard, 

she also noted the deforestation rates for Colombia which are ongoing. Deforestation was a topic 

which was also addressed in SE4Amazonian while working together with experts on monitoring 

deforestation and reforestation rates in Ecuador. 

Luisa Vega sent us the following statement after the conference: 

“[...] Due to the lack of information regarding communities and their needs, who live in 

remote places of the Amazon, other tropical forests or difficult access regions, around 

the world this project is very promising for providing information to governments, 

planners and other stakeholders for wise decision making. In the case of Colombia, 51% 

of its territory is off grid zone, and most of it is Amazonian and Choco Rain Forests, 

where this project could be also implemented. Another important off grid zone is the 

Orinoco Region. As this Region is mainly composed by Savannas, the implementation 

of the project will require some methodological adjustments for the new vegetation 

systems. Its implementation here would demonstrate the approach flexibility to be scaled 

out to different ecoregions around the world, providing not only reliable but also 

comparable information across regions.” 

The important aspects for a successful transferability of the approach lies in the development of 

suitable approaches. The one used in SE4Amazonian can be transferred to other countries when 

adjustments are made considering other nationalities and a good exchange of experts before 

variables are surveyed within the study region. But beyond, one important aspect also lies in the 

maintenance of the technical equipment. E.g. if solar panels are installed in a community, the local 
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people have to be trained on how to maintain and eventually repair the systems. Jonathan 

Piaguaje from the Sekoya nationality raised this point in the very beginning during the first 

workshop: 

“… Solar systems that are going to be designed and installed in the Amazon should be 

strong enough, because they usually break in our harsh environment. Usually they 

design systems to provide energy for only 3 lights, we need more energy to develop. 

So take into account this for designing solar systems…” 

The Sustainability of this project is very important. Therefore, we also drafted a guideline for 

indigenous technicians for the presented approach. Further, we are currently working on an 

example for a rural electrification plan for the communities so they can discuss these with energy 

companies. These outputs were not foreseen in the beginning but as we saw the huge potential 

of the indigenous and further discussed these possibilities with them we wanted to provide this 

kind of output using the data they collected to make this project work. 

We would like to embed two more statements by one local technician and the external guest Luisa 

Vega from Wajari: 

 

Voices of the communities - Concluding remarks after the final workshop 

“We are trying to consolidate our communities looking for alternative projects, especially 

of renewable energy. The companies enter our territory, they offer many things […] 
but we have had very bad experiences working with these extractive industries. These 

industries are not the only means to achieve development, but we can find alternative 

projects in which we do not have to give up our lands nor culture. We are grateful 

to initiatives such as SE4Amazonian, […] but we need more resources to implement 
these projects ourselves, so that this doesn’t stop at the planning phase, and so that 
we can implement the energy systems.” 

 

Statement by Luisa Vega after the final workshop 

“The SE4Amazonian Project is a great example of bridging new technologies (e.g. 
remote sensing) and knowledge exchange in a bidirectional way, between the 

academia and indigenous communities from the Ecuadorian Amazon. The 

technology transfer made from academia to the communities have built capacities 

and empower them, giving means to contribute to meet their needs and their land 

management. On the other hand, the information given by the communities to the 

project, collected by themselves, goes beyond a participatory approach, as it is 

collected and managed by them. This remarkable approach allows us to collect 

realistic information in an efficient way, reducing time and resources, which is 

critical for developing countries. 
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Part IV Lessons Learned 

During the project activities several challenges were experienced with regard to the high 

sensitivity of data when working with indigenous communities. While this research field is still 

quite new and thereby also innovative, there is room to transfer our experiences and inform 

thereby about the lessons learned within this project. Many challenges were faced but solutions 

were also developed with the project team to understand ways to overcome these2: 

Trust is of high importance when working with indigenous communities. Due to previous 

work of our project partners with AmazonGISnet we could already refer to a good base. 

Nevertheless, intensive collaboration using capacity building mechanisms is needed to carry 

out the activities as described. While this is a time-consuming activity trust building with the 

indigenous communities is essential. 

Between national stakeholders and indigenous communities, the situation is often 

challenging. We faced several intense discussions during our workshop. Therefore, we always 

made sure to have preliminary workshops only with the indigenous and local technicians to 

listen to their perspectives in a relaxed environment. We recognized, that throughout the project 

activities, we could build a reliable base for trust and collaboration between us and the 

communities. 

Technical issues can always occur. Working with remote sensing means being reliable on 

technology and good connections. But foremost, the analyst depends on “good data”. Within the 
Amazon rainforest, we face high cloud covered images. Therefore, the work with radar data 

usually cannot be avoided. Using radar data is a different and more complicated approach. While 

we used it for our analysis, we rather worked with optical remote sensing data when developing 

the guides for the local technicians. Understanding optical data means also having a link in mind 

to simply take a picture. This is much easier to process and work with than going into active 

microwave data interpretation. Working with remote sensing data further asks for adequate 

validation to interpret our results in an adequate manner. While this was possible by the 

information sent via the App GeoFarmer, we might still lose some level of detail when using e.g. 

a pixel-level information of 30 x 30 meters. Therefore, suitable data usage and planning ahead 

in amount of time is important when approaches are very technical.  

The acquisition of very high-resolution imagery is expensive, but there might be sources to 

fund them. Different international programs fund the acquisition of very high-resolution images 

for development and or research. Other high-resolution imagery can be found in ArcGIS web 

maps or openstreet maps to complement missing areas without added costs. 

Land cover maps with high thematic accuracy (high number of classes) usually are needed for 

such approaches. But, using a remote sensing proxy to map the location and size of the 

communities could be a much more efficient approach. In our case, the wetness tasseled cap 

component worked well. In other settings, different remote sensing-based indicators might be 

necessary e.g. in drylands, settlements can be mapped using vegetation indices that detect the 

orchards of the settlements. 

                                                      
2 Orange: Challenge; Green: Solution 
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Deliver the full information about what the project will contain from the beginning. The 

indigenous leaders in the beginning understood that the project in the end would deliver 

renewable energy sources to them. This had to be carefully discussed with them as at no times 

hopes should be created that cannot be fulfilled. Therefore, we had to explain the mechanisms 

and what exactly the aim of this research will be. In the end, they understood that the initiative 

was only about data collection at that point. Nevertheless, we know that they are still hoping to 

get access to energy via the developed ideas and the development of the framework. We are 

searching for mechanisms to realize our outcomes but are aware of the new challenges we might 

face. There is a huge potential to make use of this approach and even to keep the research 

perspective to assess how this model can be implemented. 

Academic Research usually leads to the publishing of results and methods. In our case, we had 

to be much more careful about which approaches we could publish. The data collected by the 

indigenous was sensitive and protected at all times and was only used to develop our geospatially 

explicit energy model. The close communication between the project leader, the local partners 

and the indigenous communities helped to find an adequate way to show results but still 

securing their data. Posters from conferences were always taken with us after the session. During 

presentations, we did not show exact locations and if we showed a map with areas, we made the 

participants aware that they should not take a picture. Sometimes, we also noticed that the 

indigenous themselves are not aware what data could harm them. Therefore, a close exchange 

with our local partners who know the area and the living environment of the indigenous due to 

previous collaborations, supported us to understand to what level we could come up with a 

publication. In dissemination publications, the maps shown are modified so that the areas 

depicted in them cannot be located, in order to not disseminate sensitive data. This does not affect 

the outcomes of the project since our final goal is the transfer of the methodology to the 

indigenous technicians. All local technicians could at all times raise their voice and inform us if 

they wanted to drop out of the study. One community was immediately deleted from our list as 

they decided to not take part in the project in the end. 

Working with indigenous means you will have to understand their way of living and thinking 

and their way of understanding your work. We had to break down some of our approaches to 

make them understandable. It is helpful to find ways to explain using “their language” and not 

to complicate things when presenting work to the communities. 

 

Identifying, managing and mitigating risks  

The management of risks is a key aspect for project success in the Amazon region. Before and 

during the project implementation different risks were identified among the project partners 

which required actions to avoid potential negative effects on the project success.  

 Doing field work deep in the Amazon rainforest could be a quite dangerous and 

challenging task for researchers or foreign people who are not used to perform field research 

in isolated and difficult conditions which affect the data collection. Thus, data collection was 

in the hands of indigenous technicians from AmazonGISnet who are used to the Amazon 

environment but most importantly they speak the native language and also have an insight 
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of the local context which ensure and effective and efficient data collection. Moreover, 

performing data collection by indigenous technicians supported an important project 

objective; which, was to strengthen the capacity of the indigenous people on participatory 

mapping for data generation of their own land and communities.  

 Indigenous people strongly mistrust outsiders and foreign people doing surveys and 

asking questions about their life’s, due to their bad experiences with previous researches and 

exploratory work of oil and mining projects. So, a long and consensually designed capacity 

building and training program was implemented with indigenous technicians, who acted 

as the main project “ambassadors”, to ensure the transparency of the project activities and 

who further could deliver a clear message in the native language to the different indigenous 

communities about project aims and expected outcomes. Moreover, communities could 

freely choose whether they want to participate in the project or not. This happened for one 

case during the pilot phase of the data collection. In fact, during our second national 

workshop we received positive feedback from the indigenous leaders on the project 

implementation and its transparency.  

 The highest and also most important risk was the sensitivity of data distribution and the 

protection of the collected data of the indigenous people. This project has generated data 

which, to some extent, makes indigenous people visible on a map who before were invisible 

for national statistics and decision-makers. On the one side, it supports informed decisions 

for the implementation of actions which could improve people’s lives. But, on the other hand, 

it could also be used for other interests to for example ease the exploitation of natural 

resources (e.g. hydropower constructions, mining and oil extraction, logging activities, 

expansion of agriculture frontier). During the project implementation, we worked on 

different strategies to ensure data protection. The GeoFarmer App used a private server of 

AmazonGISnet so data storage is protected. Also, we ensure anonymity in all publications. 

Moreover, during the different workshops we had long discussions on data sensitivity and 

how it will be managed by indigenous people. However, if the SE4Amazonian framework 

is scaled up in the whole Amazon region, a strict regulation on personal data protection 

should be enacted and monitored by neutral organism where indigenous leaders and 

organizations are the main supervisors. 
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Part V. Discussion and Outlook 

Where we are 

The project ´Participatory Mapping to Support Sustainable Energy for All in the Amazon` 

(SE4Amazonian) was carried out  

- to support the Global Development Agenda and particularly SDG 7, access to modern 

electricity  

- to develop a holistic and participatory framework that facilitates planning and decision-

making for accelerating the universal access to clean and modern electricity for 

indigenous communities in the Amazon region (case study Ecuador, transferability 

Bolivia and Colombia) 

- To create innovative ways of data collection by considering applied and interdisciplinary 

research methods 

Due to the use of an interdisciplinary framework this project could address SDG 7 in a holistic 

and participatory way through the integration of various interdisciplinary methods. These 

included: (i) Earth Observation analysis to understand demographic dynamics by identifying the 

present and future size, dispersion and density of indigenous communities in remote areas of the 

Amazon, (ii) a participatory mapping approach to perform survey data collection to validate the 

products derived from Earth Observation, and to enrich them by gathering information on 

people´s needs and visions (e.g. electricity demand to achieve their development aspirations) and 

(iii) capacity building mechanisms to strengthen the capacities of the people (i.e. indigenous local 

technicians) to generate their own data that complement national statistics in order to plan their 

development aspirations. All in all, the integration of the above mentioned methods, contributed 

on having a powerful and innovative approach to support data generation for decision-making 

on the overall SDG 7 and other related SDGs. 

 

The next steps: 

This pilot study, carried out in Ecuador, was a milestone for further approaches in the Amazon 

region but also elsewhere. The project SE4Amazonian focused on the SDG 7’s target “universal 
access to modern electricity”, but the proposed framework can be easily adapted for data 

production and integrated analysis to support progress on other SDGs. One of the next steps 

would be to address the other SDG 7 targets such as “universal access to modern cooking and 
heating technologies” in order to have a complete picture of the energy system in indigenous 

communities, and specially about those that are more vulnerable (i.e. women and children). From 

our project experience, there is no data available on these aspects and further only marginal 

research on this topic in the Amazon region has been conducted. Therefore, an initial exploration 

of this application with our partner from Colombia has started. On the other side, project 

outcomes that included rural electrification plans of the study area helped AmazonGISnet to 

strengthen their existing “life plans” for land planning and self-management of the 11 indigenous 

nations territory by linking the energy dimension (i.e. access to electricity) with other 

development dimensions. Thus, besides the goal of universal access to clean electricity (SDG-7) 

other sustainable development goals such as access to health (SDG-3) and education (SDG-4) 

services, agriculture production (SDG-2), local economy and income level (SDG-8), water and 
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sanitation access (SDG-6), human development and equity indicators (SDG-5 and 16) as well as 

Climate Action (SDG-13) and Life on Land (SDG-15) are targeted in addition to the overall goal 

SDG-1 on no poverty. For instance, access to electricity can lead to better health care services in 

indigenous communities, e.g. using a fridge to store vaccines. Moreover, electricity can help to 

improve education in the community, by providing better light to study at night, and access 

information through e.g. a radio or internet. It was also found, that electricity has a positive 

impact on the reduction of polluting sources of energy. Batteries, for example, are used 

extensively in indigenous communities and are most of the time thrown away in the open field 

once they are empty. The proposed framework can also be expanded to support innovative data 

collection in order to address a number of SDGs in a long-term perspective. Collecting this 

information in remote areas of the Amazon region or elsewhere will help to reach out to those 

who are usually left behind of national action plans for basic service provision and thereby also 

rural development. 

The established collaboration within the described project activities should also last after the 

described timeline. Current efforts are undertaken to further strengthen the indigenous 

communities and steadily increase their capacities. For the implementation of the described 

activities, additional research would be needed and would also benefit the implementation of 

measurements. This might include a land suitability assessment which can reveal possibilities 

and limitations for decentralized renewable energy solutions. This would be needed to 

complement the expansion of the electricity grid into sensitive rainforest areas and thereby 

supporting sustainable rural electrification plans. Further, also the impact of electricity access in 

these remote areas has to be carefully discussed. The proposed framework (i.e. EO and 

participatory mapping) represents a great opportunity to perform impact assessment of 

development interventions such as rural electrification. Additional impacts, to be researched and 

monitored once communities have access to electricity, are: health impacts, equity and gender 

aspects, agricultural production due to access to modern technologies, access to new information, 

income generation, environmental impacts (i.e. electronic waste) and the complex process of 

acculturation once indigenous people get access to the modern world (e.g. cell-phones, TV, 

internet, etc.)  

For the successfulness of this first project phase, it is important to note the national and 

international interest on the project outcomes of SE4Amazonian. Besides interest for 

transferability in Colombia and Bolivia, one of the most experienced electricity companies on 

rural electrification in isolated communities of the southern Ecuadorian Amazon, i.e. Centrosur 

S.A.(https://www.centrosur.gob.ec/), is interested in a future collaboration to incorporate the 

SE4Amazonian framework in their rural electrification projects. Today, Centrosur provided 

electricity supply to more than 4,000 indigenous families of the Suhar and Achuar nationalities. 

Moreover, project partners from Ecuador, AmazonGISnet and TRATURAL are developing rural 

electrification plans that can be submitted to government agencies and international cooperation 

centers to obtain funding for the implementation of those plans that could supply electricity to 

more than 58 communities (i.e. 5,000 families). UNESCO further got in contact with the project 

team exchanging on research in rural populations living in the Biosphere Reserves of South 

America. In this regard, also contacts with UNESCO-UNEVOC (Bonn-Germany) were 

established. Here, the project could contribute to actions related to capacity building and 

vocational training with regard to energy in indigenous territories.  

https://www.centrosur.gob.ec/
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During the project activities, the collaboration between research, application and the indigenous 

themselves underlined a promising working environment. Indigenous communities are still not 

very well understood. Therefore, research embedded in local activities and involvement should 

play a key role. Further, interdisciplinary, and even transdisciplinary research and action is key 

to understand the full picture. Indigenous communities in the Amazon are usually left behind 

national action plans and are also not represented in national statistics. In this regard, 

transdisciplinary research where the indigenous people become active researchers to generate 

their own data and plans is key to overcome this situation. Thus, the project partners established 

a close collaboration with the “Universidad del Azuay” (UDA) in order to build the 1st 

Transdisciplinary Research Center (TRACES3) of Ecuador. It is expected to boost further 

collaboration among research institutes and stakeholder in Germany and Ecuador for sustainable 

development. 

Further research and action is needed to support and understand the processes and dynamics in 

rural areas and reach out to those who are usually left behind on the way to sustainability.  

 

 

In addition to the here presented activities, additional materials and guidelines to replicate the 

project findings were developed and will be maintained on the project website 

(www.se4amazonian.com).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
3 Transdisciplinary Research Center for Coupled Socio-Ecological Systems, established in January 2020 

http://www.se4amazonian.com/
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SE4Amazonian members Valerie Graw (ZFL, University of Bonn) and Esteban Calderón 

(Tratural) at Radio Visión presenting the project. 

https://www.facebook.com/radiovisioncuenca/videos/2772181356158970/UzpfSTEwMTk1Nj

IzMTMwNTk2NzoxMTkxOTEwMDI5MTU4MjM/ 

SE4Amazonian team members Esteban Calderón (Tratural) and Dr. Valerie Graw (ZFL, 

University of Bonn) in Ecuadorian radio presenting the project. 

https://www.facebook.com/watch/live/?v=2461233640672273&ref=watch_permalink 
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Article of the Department of Geography on the final project workshop in Quito in January: 

https://www.geographie.uni-bonn.de/Pressemitteilungen/internationaler-workshop-des-
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https://www.geographie.uni-bonn.de/Pressemitteilungen/internationaler-workshop-des-projekts-se4amazonian
https://www.geographie.uni-bonn.de/Pressemitteilungen/internationaler-workshop-des-projekts-se4amazonian
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Annex 1 



8/4/2019 Encuesta Comunidad SE4Amazon

https://docs.google.com/forms/d/1Hh4f2rp542z9c7hz6xIV7uFF-D1LJ6ZIT6fskbZZaR0/edit 1/5

Encuesta Comunidad SE4Amazon
Encuesta para levantamiento de información sobre las necesidades de desarrollo y energéticas de 
las familias de comunidades amazónicas 

1. Fecha Encuesta
 
Example: December 15, 2012

2. Nombre del Jefe de la Comunidad

3. ¿Tiene un croquis de la comunidad?
Mark only one oval.

 Si

 No

4. 1.0. ¿Cuántas casas de vivienda tiene la
comunidad?

5. 1.1. ¿Cuántas casas de vivienda se van a
construir en los próximos 5 años en la
comunidad?

6. 1.2. ¿Cuántas familias viven en la
comunidad?

7. 1.3. ¿Cuántos habitantes tiene la
comunidad?

8. 1.4. ¿Cuántos socios Hombres viven en la
comunidad?

9. 1.5. ¿Cuántas socias Mujeres viven en la
comunidad?

10. 1.6. ¿Cuántos Bebés (0-5 años) viven en la
comunidad?
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https://docs.google.com/forms/d/1Hh4f2rp542z9c7hz6xIV7uFF-D1LJ6ZIT6fskbZZaR0/edit 2/5

11. 1.7. ¿Cuántos Niños (5-14 años) viven en la
comunidad?

12. 2.0. ¿Con cuáles de estas infraestructuras cuenta su comunidad?
Check all that apply.

 Centro cuidado inicial

 Escuela

 Colegio

 Vivienda de profesor

 Casa Comunal

 Espacio cubierto

 Canchas

 Puesto de salud / casa de médicos

 Iglesia

 Pista

 Centro Turístico

 Puerto fluvial

 Sistema de agua

 Radio UHF

 Bodega comunitaria

 Other: 

13. 2.1. ¿Cuáles de las infraestructuras que existen en la comunidad tiene electricidad?
Check all that apply.

 Centro cuidado inicial

 Escuela

 Colegio

 Vivienda de profesor

 Casa Comunal

 Espacio cubierto

 Canchas

 Puesto de salud / casa de médicos

 Iglesia

 Pista

 Centro Turístico

 Puerto fluvial

 Sistema de agua

 Radio UHF

 Bodega comunitaria

 Other: 
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14. 2.2. ¿Qué infraestructura(s) se va(n) a construir en los próximos 5 años en la comunidad?
Check all that apply.

 Centro cuidado inicial

 Escuela

 Colegio

 Vivienda de profesor

 Casa Comunal

 Espacio cubierto

 Canchas

 Puesto de salud / casa de médicos

 Iglesia

 Pista

 Centro Turístico

 Puerto fluvial

 Sistema de agua

 Radio UHF

 Bodega comunitaria

 Other: 

15. 2.3. ¿Qué infraestructura es la más urgente para la comunidad?
Mark only one oval.

 Centro cuidado inicial

 Escuela

 Colegio

 Vivienda de profesor

 Casa Comunal

 Espacio cubierto

 Canchas

 Puesto de salud / casa de médicos

 Iglesia

 Pista

 Centro Turístico

 Puerto fluvial

 Sistema de agua

 Radio UHF

 Bodega comunitaria

 Other: 
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16. 3.0. ¿Qué sistemas de energía tiene la comunidad?
Check all that apply.

 Red de la empresa Eléctrica

 Paneles Solares

 Generador gasolina

 Generador Diésel

 Other: 

17. 3.1. ¿Cuántas viviendas tienen electricidad?

18. 3.2.1 ¿Cuánto cuesta en la comunidad un par
de pilas GRANDES ($)?

19. 3.2.2 ¿Cuánto cuesta en la comunidad un par
de pilas PEQUEÑAS ($)?

20. 3.3. ¿Cuánto cuesta en la comunidad una
vela ($)?

21. 3.4. ¿Cuánto cuesta en la comunidad un
galón de gasolina ($)?

22. 3.5. ¿Cuánto cuesta en la comunidad un
galón de diésel ($)?

23. 3.6. ¿Existe una cascada cerca (hasta 3Km) de la comunidad?
Mark only one oval.

 Si

 No

24. 3.6.1 ¿a qué distancia está la cascada en
metros?

25. 3.7. ¿Cuál es el nombre de la cascada?

26. 3.8. Si existe generador de electricidad, ¿de
qué potencia es (kW)?
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Powered by

27. 3.9.1 Si existe generador de electricidad, ¿Con qué frecuencia se usa?
Mark only one oval.

 diario

 semanal

 mensual

 anual

28. 3.9.2 cuando se usa el generador ¿Cuántas
horas funciona?

https://www.google.com/forms/about/?utm_source=product&utm_medium=forms_logo&utm_campaign=forms
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8/4/2019 Encuesta HOGAR SE4Amazon

https://docs.google.com/forms/d/1YTwCfoXx4XCReswLvuapC2Qbu1vlbRj3ywGicCbeXuE/edit 1/7

Encuesta HOGAR SE4Amazon
Encuesta para levantamiento de información sobre las necesidades de desarrollo y energéticas de 
las familias de comunidades amazónicas 

1. Fecha Encuesta
 
Example: December 15, 2012

2. Nombre Jefe Hogar

3. Pueblo (Zona de trabajo)

4. Numero Casa (de acuerdo al croquis)

5. Comunidad (Otras Pistas)

6. 1.Tipo de vivienda
Check all that apply.

 Choza tradicional

 Madera

 Bloque

 Ladrillo

 Other: 

7. 2.0. ¿Cuántas personas viven en la casa?

8. 2.1. ¿Cuántos Bebés (0-5 años) viven en la
casa?

9. 2.2. ¿Cuantos Niños (5-12 años) viven en la
casa?

10. 2.3. ¿Cuántos Jóvenes (12-18 años) viven en
la casa?
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11. 2.4. ¿Cuántos Adultos (mayores de 18 años)
viven en la casa?

12. 3. Nivel de educación de los miembros de la familia
Mark only one oval per row.

Escuela Colegio Instituto Universidad Ninguno

Jefe de hogar
Niños
Jóvenes
Otros adultos

13. 4. ¿Cuáles son las fuentes de ingreso económico del hogar ?
Check all that apply.

 Agricultura

 Ganadería

 Pesca

 Artesanías

 Profesor

 Enfermería

 Empleado publico

 Cría de animales menores

 Bono

 Other: 

14. 5. ¿Cuál es la principal fuente de ingreso?
Mark only one oval.

 Agricultura

 Ganadería

 Pesca

 Artesanías

 Profesor

 Enfermería

 Empleado publico

 Cría de animales menores

 Bono

 Other: 

15. 7.1. ¿Cuánto gasta la familia en Salud en
dólares al año ($/año)?

16. 7.2. ¿Cuánto gasta la familia en Educación
en dólares al año ($/año)?
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17. 7.3. ¿Cuánto gasta la familia en Transporte
en dólares al mes ($/mes)?

18. 7.4. ¿Cuánto gasta la familia en
Víveres/Tienda en dólares al mes ($/mes)?

19. 7.5. ¿Cuánto gasta la familia en Energía en
dólares al mes ($/mes)?

20. 7.6. ¿Cuánto gasta la familia en Otros,
dólares al mes ($/mes)?

21. 6. ¿Cuál es el ingreso económico de la
familia en dolares al mes ($/mes)?

22. 8.1. ¿Cuántas velas consume la familia al
mes (velas/mes)?

23. 8.2. ¿Cuantas pilas consume la familia al
mes (pilas/mes)?

24. 8.3. ¿Cuántos galones de diésel consume la
familia al mes (galones/mes)?

25. 8.4 ¿Cuántos galones de gasolina consume
la familia al mes (galones/mes)?

26. 8.5. ¿Cuántos cilindros de gas consume la
familia al mes (cilindros/mes)?

27. 8.6. ¿Cuánto paga por consumo de
electricidad al mes (dolares/mes)?

28. 9. ¿Tiene generador de electricidad a gasolina?
Mark only one oval.

 Si

 No
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29. 10.1. ¿Tiene focos para iluminación?
Mark only one oval.

 Si

 No

30. 10.2. ¿Cuántos focos tiene?

31. 10.3. ¿Cuántos focos quisiera tener?

32. 11.1. ¿Qué equipos eléctricos tiene?
Check all that apply.

 TV

 DVD

 Radio

 Equipo de sonido

 Refrigerador

 Congelador

 Licuadora

 Ventilador

 Celular

 Computador o Laptop

 Other: 

33. 11.2. ¿Qué equipos piensa comprar dentro de 1 año?
Check all that apply.

 TV

 DVD

 Radio

 Equipo de sonido

 Refrigerador

 Congelador

 Licuadora

 Ventilador

 Celular

 Computador o Laptop

 Other: 
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34. 12. ¿Qué equipo eléctrico tiene para su actividad productiva?
Check all that apply.

 Motor eléctrico (aserradero, picadero, cepilladora)

 Congelador

 Computador / copiadora

 Bomba de agua

 Máquina de coser

 Cortadora de pelo

 Other: 

35. 13.1 ¿Piensa desarrollar alguna actividad productiva con la electricidad?
Mark only one oval.

 Si

 No

 Tal vez

36. 13.2 ¿Qué equipo eléctrico necesita para su actividad productiva?
Check all that apply.

 Motor eléctrico (aserradero, picadero, cepilladora)

 Congelador

 Computador / copiadora

 Bomba de agua

 Máquina de coser

 Cortadora de pelo

 Other: 

37. 14. ¿Cuánto puede ayudar la electricidad para mejorar la SALUD?
Mark only one oval.

1 2 3 4 5

Muy poco Mucho

38. 15.¿Cuánto puede ayudar la electricidad para mejorar la EDUCACIÓN?
Mark only one oval.

1 2 3 4 5

Muy poco Mucho

39. 16.¿Cuánto puede ayudar la electricidad para mejorar su TRABAJO?
Mark only one oval.

1 2 3 4 5

Muy poco Mucho
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40. 17. ¿Cuánto puede ayudar la electricidad para mejorar el BIENESTAR DE LA MUJER?
Mark only one oval.

1 2 3 4 5

Muy poco Mucho

41. 18. ¿Cuánto puede ayudar la electricidad para mejorar la ALIMENTACIÓN?
Mark only one oval.

1 2 3 4 5

Muy poco Mucho

42. 19. ¿Cuánto puede ayudar la electricidad SOLAR o HIDRO para CONSERVAR LA SELVA?
Mark only one oval.

1 2 3 4 5

Muy poco Mucho

43. 20. ¿En qué le ayudaría más la electricidad a la familia?
Mark only one oval.

 Salud

 Educación

 Trabajo

 Bienestar de la Mujer

 Alimentación

 Conservar la Selva

44. 21. ¿Cuánto estaría dispuesto a pagar por la electricidad cada mes?
Mark only one oval.

 Nada

 $0 - $3

 $3 - $6

 $6 - $9

 $9 - $12

 $12 - $15

 $15 - $20

 Mas de $20

45. 22. ¿Con qué frecuencia le gustaría pagar por la electricidad?
Mark only one oval.

 Mensual

 Trimestral

 Semestral

 Anual
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46. 23. ¿Qué tipo de generación eléctrica prefiere?
Mark only one oval.

 Solar

 Red de la Empresa Eléctrica

 Central hidroeléctrica propia

 Motor gasolina o diesel

47. 24. ¿Conoce el funcionamiento de los sistemas solares?
Mark only one oval.

0 1 2 3 4 5

Nada Mucho

https://www.google.com/forms/about/?utm_source=product&utm_medium=forms_logo&utm_campaign=forms
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GEE Code for TCW calculation 

 

The guidelines for the development of a rural electrification model using remote sensing and GIS were 

developed in Spanish and are available on the SE4Amazonian website. While the training was carried 

out in ArcGIS – a GIS software the indigenous local technicians already knew and can work with – the 

first part of the EO based processing chain was developed in Google Earth Engine. This first part 

corresponds to the retrieval of the proxy used to identify for settlements; the tasseled cap component 

of wetness (TCW). The complete processing chain can be reproduced in QGIS as well, although. We 

will use the abbreviation TCH (Tasseled Cap Humedad) in the following for the Spanish Translation for 

Tassled Cap Component of Wetness (TCW) as the Code is written for the local technicians and 

therefore in Spanish. 

For the training we provided the TCH.tif for one of our study areas, which had been calculated using 

Google Earth Engine. The code to extract is embedded in the guide and can be accessed through the 

link: 

https://code.earthengine.google.com/f9921ddd08ab9fa21eb23a2c09f74892 

 

To access the Google Earth Engine platform you need to create a gmail account and ask for 

authorization: https://signup.earthengine.google.com/#!/  

The free use of Google Earth Engine is allowed for research, development and education purposes. 

 

The figure below shows an example of the code in GEE which can be applied in any region. Changes in 

the code will require some knowledge in GEE. The output is a tiff-file with the TCH which can be 

exported to our google drive and which can be opened in other GIS programs.  

 

 
Figura 1:Interface of Google Earth Engine 

In the TCH.tif- output, high values correspond to water bodies and wet areas, and low values to bare 

soil, deforested and/or built up areas (Figure 3). The TCH helps us to locate the position and 

distribution of settlements throughout the Amazon.  

 

https://code.earthengine.google.com/f9921ddd08ab9fa21eb23a2c09f74892
https://signup.earthengine.google.com/#!/

