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Abstract
The objective of the work is to make an analysis of the diverse innovation processes in the local integrated food and 

energy production in Cuban rural areas in the context of the Biomas-Cuba project1. For the identification and evaluation 
of the local innovation process in the integrated food and energy production (IFeP), three questions were established:  
1) what innovation processes have been developed or introduced?, 2) What has the link consisted in?, and 3) Which have 
been the key learnings? The IFeP is promoted for the development of agroenergetic farms, which has been implemented 
in private farms, cooperatives and state farms, in 22 municipalities of six Cuban provinces. They concentrate two types 
of innovation: i) sowing and agronomic management of Jatropha curcas L. for biodiesel production, and ii) integration 
of biodigesters in animal and plant production farms. In addition, 176 biodigesters were designed and constructed, 
mainly fixed-dome ones, and two anaerobic lagoons covered with synthetic geomembrane. In the organizational context 
there was a link among research centers, municipal universities, governments and local state entities, and professional 
and farmer organizations. It is concluded that the promotion of local innovation processes in agroenergy, in Cuban 
municipalities, contributes to a new strategic approach for the IFeP from biomass in rural areas, in the framework of 
local innovation systems, with high participation of actors, open innovation processes and a science-productive sector-
government link.
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1 Biomas-Cuba: International project led by the Pastures and Forages Research Station Indio Hatuey (eePFIH) and funded by the  
  Swiss Development and Cooperation Agency (SDC).

Introduction
At global scale there is a challenge: how to 

make agroenergy, food security and environmental 
protection coexist?, in the presence of climate 
changes, environmental degradation, food crisis 
and the «biofuels vs. food» contradiction, generated 
by a senseless policy to obtain the former in large 
land extensions which were previously dedicated 
to produce food, something morally rejectable. 
Nevertheless, biofuels are an ecological alternative 
to substitute fossil biofuels, in the rural context, and 
reduce the emissions of greenhouse gases (GHG). 
This is enhanced in integrated agricultural systems, 
in which biofuels and food can be produced (Suárez 
et al., 2011).

This approach to produce, in an integrated 
way, foodstuffs and biofuels (liquid, gaseous and 
solid), demands to develop learning and innovation 

processes, create a remarkable absorptive capacity 
in the different involved actors and promote 
innovation systems and interrelations among the 
governments, universities, research centers and 
the productive sector, which constitute important 
catalysts for a successful implementation of such 
integrated approach.

In this regard, there are in literature diverse 
antecedents which approach: learning and cons- 
truction of technological and innovation capacities 
(Ramirez et al., 2014), absorptive capacity (Warda and 
Johansson, 2014; Castellacci and Natera, 2015a), 
open innovation (West and Lakhani, 2008; West et 
al., 2014), innovation systems (Castellacci and Na-
tera, 2015b; Wu et al., 2017), local innovation sys-
tems (Saldaña, 2014; Guercini and Runfola, 2015), 
the university-enterprise link (Motoyama, 2014) 
and the Triple Helix –the relation among the academy, 
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enterprises and Government– (Deakin and Ley-
desdorff, 2014; Gebhardt, 2015; Leydesdorff et al., 
2017).

These approaches configure the national, re-
gional and local environment for innovation, for 
which the literature on the topic has structured a 
solid theoretical framework for understanding such 
processes. However, the large majority of the works 
have been focused on the experience of manufac-
turing and service enterprises, and few efforts are 
still made to understand these issues in the agricul-
tural sector and, specifically, in bioenergy.

For such reason, the objective of the work 
was to make an analysis of the diverse innovation 
processes in the local integrated food and energy 
production in Cuban rural areas in the context of 
the Biomas-Cuba project.

Integrated food and energy production in the 
rural context

The Biomas-Cuba project started in 2009, in a 
context in which considerable volumes of foodstuffs 
and fuels were imported, and the use of renewable 
energy sources (ReS) at that time was not a high 
priority for the Government, unlike food production. 
Since its conception, the decision was made to focus 
it on three topics: biodiesel, biogas and gasification, 
and their production and utilization in the framework 
of the agricultural systems to contribute to food pro-
duction, to cost reduction and to the improvement of 
rural life and environment quality.

In this sense, the project contributed in the in-
tegrated production of food and Jatropha curcas 
L. biodiesel; biogas and biofertilizer production 
from the effluents of biodigesters; biomass gasifi-
cation to generate energy; evaluation of integrated 
systems to produce food and energy in Cuba; and 
the generated economic, social and environmental 
impact, with a strong link between the communi-
ties and decision-makers, as well as a remarkable 
science-productive sector-government link (Suárez 
and Martin, 2012). These results were obtained in 
six Cuban provinces and contributed to improve 
the quality of life, through the integrated food and 
energy production (IFeP), in harmony with the en-
vironment.

The importance of this experience lies on the 
promotion of local innovation systems in bioenergy, 

based on open innovation processes among multi-
ple actors (researchers, farmers, decision-makers, 
state institutions and communities), in which a new 
concept emerges: the agroenergetic farm2, new ap-
propriate technologies and applications are dissemi-
nated in Cuba, national and international networks 
are promoted, and incidence is made on public poli-
cies, all this supported by the formulation and im-
plementation of local IFeP strategies.

For the identification and evaluation of the inte-
grated food and energy production in Cuba, in the 
rural context, and for the characterization of the 
link among the productive sector, the researchers, 
professors and decision-makers of the government, 
three questions were established for the analysis of 
innovation processes:
1. What innovation processes have been developed 

or introduced?,
2. What has the link consisted in?, and
3. Which have been the key learnings?

Innovation processes developed or introduced 
in the rural context

The IFeP was promoted through the imple-
mentation of agroenergetic farms, located in private 
farms, cooperatives and state farms, in 22 munici-
palities of the provinces Guantánamo, Holguín, 
Granma, Las Tunas, Sancti Spíritus and Matanzas  
(40 % of the Cuban provinces). In these systems 
mainly two innovation types are concentrated:  
i) sowing and agronomic management of food 
crops in association with J. curcas, an adequate 
shrub for biodiesel production from the seeds of its 
fruits, and ii) integration of biodigesters in animal 
and plant production farms.

In that sense, the first model for biodiesel pro-
duction emerged from the evaluation of a germplasm 
of non-edible oil plants, such as J. curcas, Ricinus 
communis L. and Aleuritis trisperma, introduced 
in the country or collected in rural areas of Cuba, 
which were established in germplasm banks of three 
provinces (Machado et al., 2012). This evaluation 
was complemented by the one carried out along with 
several farmers in their own farms, which allowed 
to identify promising materials, mainly of J. curcas, 
for their seed and oil yields. Taking into considera- 
tion the aspects reported about J. curcas and the 
physical-chemical characteristics of its oil, it was 

2 Defined as «the productive exploitation where technologies and innovations are developed, improved and evaluated to produce,  
   in an integrated way, food and energy (Suárez et al., 2011).
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identified as the most appropriate plant for producing 
biodiesel in Cuba (Sotolongo et al., 2012).

Planting combinations of J. curcas were evalua- 
ted and 21 agricultural crops were intercropped 
between the rows, among which beans, soybean, 
peanut, corn, cassava, sorghum and rice stood out 
with the best yields, with the application of survival 
irrigation and fertilization with biofertilizers (Soto-
longo et al., 2012). This experience of intercropping 
in the J. curcas rows proved that it is possible to 
increase the productivity per hectare with spatial 
arrangements that allow to produce biodiesel and 
crops for human consumption.

On the other hand, the reforestation with J. cur-
cas was performed in 74 % of the soils not used 
for agriculture, with diverse degradation conditions 
–salinity, erosion, low fertility–, in high-fragility 
areas with environmental affectations and, in some 
cases, in degraded basins. This generated environ-
mental impacts, because it has been observed that 
such plantations sequester annually 1 956 000 t of 
carbon dioxide (CO2), an important GHG; J. curcas, 
for example, captures 6 kg of CO2/year/tree (Suárez 
and Martín, 2012).

The second innovation model (biogas and bio- 
fertilizer) promotes the construction of biodigesters 
for the anaerobic treatments of pig and/or cattle ex-
creta, which generate biogas as energy porter and 
high-quality biofertilizers. In this context 176 bio-
digesters were designed and constructed, mainly 
fixed-dome ones (up to 90 m3 of capacity), besides 
polyethylene tubular and two anaerobic lagoons 
covered with high-density synthetic geomembrane3 
of 400 and 5 000 m3. These facilities generate re-
markable productions, of biogas4 (which is used in 
food and feed cooking, refrigeration, generation of 
electricity and irrigation5), as well as biofertilizers6, 
from the biodigester effluents, aimed at the ame-
lioration of degraded soils (Suárez, 2017). In this 
innovation process the link among several research 
centers, pig production enterprises and farmers 
has been essential, which has generated synergies 
and diverse improvements in the technologies, de-
signs and components of the different biodigester  
systems.

Another innovation of impact on the quality of 
life of the inhabitants is the creation of four biogas 
supply networks, fed by biodigesters, which benefit 
53 houses and 272 persons in the Cabaiguán munici-
pality (in the central region of the country), which 
constitute the first rural communities in Cuba with 
a gas supply network in food cooking and other  
usages, annually saving 77,2 MWh of electricity.

The gasification of biomass for energy genera- 
tion, more efficient process than the traditional 
combustion, as firewood or charcoal, is also the ob-
ject of analysis. Two gasifiers and their generators 
were installed, with capacity of 20 and 40 kW of 
power, at the Pastures and Forages Research Station 
Indio Hatuey (eePFIH), in Matanzas province, and 
in a sawmill, in Santiago de Cuba province, ope- 
rated with Dichrostachys cinerea (L.) Wight & 
Arn. branches and trunks and with wastes from the 
pruning of animal husbandry agroforestry systems 
and from the processing of timber (bark), respec-
tively (Cepero et al., 2012).

economic and environmental appraisals were 
made in order to evaluate the IFeP in different 
productive scenarios of 15 municipalities. An in-
crease of local food production (vegetables, fruits, 
milk, meat and eggs) was found, influenced by the 
above-mentioned innovations, from 1,6 to 27,3 mil-
lion Cuban pesos (CUP), and the productive items 
were remarkably diversified. Likewise, between 
2013 and 2016 88,7 million CUP were generated, 
due to the substitution of food, fuel and fertilizer  
imports for a value of 5,9 million USD –with-
out considering the savings in maritime freights 
(Suárez, 2017).

In the improvement of the farmer families’ 
quality of life, the following indicators stand out: 
the creation of 372 new direct jobs, with a mean 
monthly salary higher than the average salary of the 
involved provinces, from which 28 % are occupied 
by women, favoring the family economy.

A positive environmental impact has also 
been generated associated to the reforestation with  
335 000 trees, which favors carbon sequestration; 
substitution of fossil fuels and decrease of CO2 and 
SO2 emissions due to the management of the pig and 
cattle excreta; production of biofertilizers, which 
contributes to improve soil fertility, among others.

3 Adequate technology for large waste volumes, solving the limitations of uncovered anaerobic lagoons, which emit methane and  
  unpleasant odors.
4 At present 1 145 317 m3 of biogas/year are generated (equivalent to 3 460 barrels of oil).
5 A total of 12 841 people who inhabit rural zones of Cuba is benefitted.
6 At present, 90 423 t per year are produced; this has allowed to improve 3 874 ha of degraded soils.
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A key catalyst of this entire process has been 
the formulation and implementation of local IFeP 
strategies in six municipalities, which are integrat-
ed to their Local Development strategy, which has 
allowed to provide their governments with a stra-
tegic management tool to promote, in the synergy 
framework, food security, utilization of ReS, waste 
treatment and utilization, land reclamation, GHG 
reduction and mitigation and adaptation to the cli-
mate change.

Importance of the science-productive sector-
government link in the innovation processes

These results were obtained through the pro-
motion of intense open innovation processes by re-
searchers and farmers and between them, to which 
local decision-makers from the governments and 
state entities were incorporated, as well as the mu-
nicipal university centers and campuses. This al-
lowed to create a kind of local innovation systems, 
in which the participation and inclusion of every-
one, individual and organizational learning, and the 
creation of absorptive and local innovation capaci-
ties, are permanent elements.

In the participating municipalities, this link be-
came closer among the Local Operational Commit-
tee, Council of Municipal Administration (CMA), 
Municipal Delegation of Agriculture; municipal 
directions of Physical Planning, economy and 
Planning, Hydraulic Resources and of the National 
Association of Small Farmers (ANAP, for its ini-
tials in Spanish), the Municipal University Center 
and other projects that act in these territories, with 
which important synergies are achieved. In this 
sense, each semester in the CMAs –the local execu-
tive power– the implementation of the above-ap-
proached Local IFeP Strategies, which exist in six 
municipalities, is evaluated; while once per year 
this evaluation is made by the Municipal Assem-
blies of People’s Power –the local legislative power.

The organizational context for the implemen-
tation of these innovation processes is shown in a 
permanent link among research centers, municipal 
university campuses, producers –with emphasis on 
farmer men and women–, governments and local 
state entities and professional and farmer organiza-
tions, which more than a Triple Helix is a Four-He-
lix –enlarged with the civil society–, which has 
allowed to have incidence on local public policies.

Likewise, the local actors interact periodically 
with national and sectorial decision-makers, linked 
to the Ministries of energy and Mines (Minem), 

Agriculture (Minag), Higher education (MeS), 
Industries (Mindus) and Science, Technology and 
environment (Citma), which contributes to have in-
cidence not only on local public policies, but also 
at ministry and national level. As examples of this 
interaction the following stand out: i) the Directions 
of Renewable energy and of energy Policy of the 
Minem, ii) several enterprises from the metal-me-
chanic, chemical and appliances industries to manu-
facture equipment and components of the biogas 
and biodiesel systems, and iii) the entrepreneurial 
Agricultural, Agroforestry, Animal Husbandry and 
Labiofam groups, to train their managers and spe-
cialists, as well as to implement diverse technolo-
gies for bioenergy.

Key learnings in the IFEP
Concerning the lessons learned or under cons- 

truction, the following stand out:
• The thematic approach focused on the IFeP, with 

the application of the concept of agroenergetic 
farm, which has allowed to create in diverse ac-
tors a more integrated and systemic conception.

• A wide work in the network among all the ac-
tors and synergies at local, territorial and na-
tional scale, supported on the participation in 
multi-institutional and multi-actor platforms, as 
well as a link among the academic sector and the 
farmers and decision-makers.

• Intense processes of local agricultural innova-
tion, in the framework of an open innovation 
model aimed at the achievement of practical re-
sults, in which technologies and innovations are 
developed and improved with wide participation 
of the beneficiary, for the sustainability of the 
actions.

• Direct links with the farmers and their families, 
which has allowed to accompany them in the de-
velopment of sustainable production processes 
with community participation.

• The promotion of synergies with other interna-
tional projects and with institutions (ministries, 
local governments, enterprises, technical and 
producers’ organizations, and farmers).

• The permanent process of systematization and 
socialization of results, experiences, good prac-
tices, technologies and designs, among others, 
aimed at direct beneficiaries and project mana-
gers, policy decision-makers and at the scienti-
fic and academic sector, at local, provincial and 
national scale.
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• Active contribution to the formulation of the na-
tional biogas and biodiesel programs.

Conclusions
The promotion of local innovation processes in 

agroenergy, in Cuban municipalities, contributes to 
a new strategic approach for the IFeP from biomass 
in rural areas, in the framework of local innovation 
systems, with high participation of actors, open 
innovation processes and a science-productive sec-
tor-government link.
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