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Abstract

The Government of Cuba proposed in the year 2011 an update of the economic and social model, where the management
of energy is an element of influence in the economy of the country. This led to the approval of a policy for the
development of renewable sources and the efficient use of energy. Another important aspect is the National Plan for
development until 2030, which considers the use of natural resources including energy, environmental impacts, and its
link with the local development. However, in the municipalities, there are few studies on local energy management
(LEM), and they lack the essential elements to guarantee it. This study defined the elements of LEM for the management
models of local governance in Cuba, the energy context, and the scenario for the development of LEM in the country.
The results suggest a model for LEM that integrates its elements to the functions of local government in energy decisions

that influence the economy, society, the environment and local development.
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1. Introduction

The worry about climate change, resource depletion, and
guarantee of clean energy supply and its efficient use have
been increased since the ending of last century [1,2]. One of
the mains challenges of the humanity is changing the current
fossil fuel based energy model for a new model based in the
massive use of cleaner and renewable energy source, in
addition, a significant improvement of the efficiency in the
energy source use has to be reached. One of the ways, in
order to do it, is the gradual change from a centralized
energy supply founded to large-scale decentralized energy
production and management approach [4].

The trend of growing the people living in cities look
irreversible and expectations are 66% of the total population
will live in cities in 2050[4]. The energy consumed in cities
is predicted to rise from 60% to 73% of worldwide energy
demand between 2006 and 2030 [5]. The moderns cities
have to improve current energy systems and find new
solutions coordinating factors as the intermittency of
renewable sources, the increasing of energy demand and
increasing demand of transport systems with more energy
efficiency, among other things [6].

The importance of energy management to contribute to
urban centers sustainability is highlighted by Calvillo et al.
[7]. Local energy management (LEM) and defined as the
strategic planning of the local energy needs and its use in the
short, medium and long-term implemented at regional,
municipal, and neighborhood scales. LEM application in
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several countries and municipalities have improved the
energy’s local systems becoming more efficient, economic
and amiable to the environment [8]

First experiences in LEM were in the late 80s in Sweden,
where an energy model was developed for energy planning
in municipalities [9] and since then many initiatives, which
have contributed to improving the performance of local
governments in maintaining their finances and reducing
impacts on the environment of the town have been
developed mainly in developed countries. [10].

Despite the Economic Commission for Latin America
and the Caribbean [11] recognizes the needs of improving
the energy efficiency in local level, to the best knowledge of
the authors, there are no studies in the specialized literature
addressing LEM experiences in Latin-American countries.

Also, there is in Cuba a trend of population growth in
urban areas [12]. Nevertheless, the energy supply is an issue
of the national authorities and municipal authorities have a
limited role to forecast energy demand and work in saving
programs in order to satisfy the citizen's requirements with
energy amount assigned by the central government
[13,14,15].

In the neoliberal worldwide predominant scenario, LEM
have been focused mainly on a techno-economic model
involving the rapid deployment of renewable energy
technologies as wind, biomass, hydro and solar power.
However successful deployment of urban energy initiatives
is not only a techno-economic optimization problem, also is
a process in which the ‘social’ and the ‘technical’ are closely
linked, and technologies evolve together with government
programs [16].

The Cuban socioeconomic system is far from
neoliberalism and has some several particularities which
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motivate it to study. Is human-centered and development is
understood as the expansion of the human potentialities,
social Cuban policies during the last 60years have human
opportunities at the center and equity as an essential part of
the development and social justice. The culture of savings
and the rational use of resources is also of core importance
for the Cuban model imposed by the US embargo [17], also
policies that acknowledge saving opportunities as one of the
main resources for the country [18]. In addition in Cuba
almost all products or services companies are government
own which would facilitate the role of local government in
order to improve the energy efficiency

Despite local’s governments in Cuba manage directly
education, health and sport practices services, water supply
and treatment, local and short-range transportation and
locals industries, its share of national energy consumption is
significant account 51 % of diesel fuel and 30 % of
electricity [19], currently there are a lack of tools and
competencies for energy management and an institutional
mechanism to do it [12, 13, 15].

The paper is focused on the study of the interrelations
between the main stakeholders of the energy chain in first
level Cuban municipalities and the design of energy
management model to provide local governments with a
procedure and tools for LEM according to the current
conditions in Cuba.

Table 1 Energy municipal management implementation

2. Literature review

Three stakeholders integrate the LEM framework: 1 - the
users which provide information about the current and
forecasted energy demand and its satisfaction, 2 - the
authorities which should drive technical assistance,
implementation and monitoring local and regional energy
policies and compliance and promoting institutional change
in local governments and public administration; 3 -
commercial actors that are responsible for facilitating the
exchange of experiences, the creation and sharing of
innovative ideas. The main benefits of LEM are the
reduction of the cost of municipal energy, the emissions of
greenhouse gasses and a reduction of dependence from the
use of traditional electrical systems and dependence on
energy imports [20,21].

The capacity of local authorities to develop and
managing energy models to improve its energy sustainability
throughout the use of renewable energy sources (RES),
energy efficiency strategies and the good balance of local
energy import-export, the use of online tools, local
development planning, innovative ideas and socialization
[22,23]. Table 1 shows successful examples of municipal
energy management implementation

Year Country Municipality/ City Energy municipal management case
1997 Germany Wiirzburg Heidingsfeld City | A Model for Regional and Municipal Energy Optimization (DEECO) [24]
1998 Italy Palermo Tools for Municipal Energy Planning[25]
1999 Austria Carinthia Indicators for the Integration of Alternative Energy Sources[26]
1999 Sweden Linkoping City Optimization Model of Power System (MODEST) [27]
2004 Sweden Ciudad de Linképing Model Mixed Integer Linear Programming for Energy System Analysis[28]
2004 England and twenty-two cities Experience in Managing Emissions of Greenhouse Gasses from Local Energy
Wales Management [29]
2005 Spain Five municipalities in the Municipal Plans Optimization (POES) [30]
province of Jaén
2007 Sweden Lucknow City Energy Management Model[31]
2009 Sweden Thirteen municipalities in the | Method for Municipal Energy Planning[32]
province of Ostergdtland
2009 Canada Ten town Local Energy Management Model[33]
2010 Spain City of Madrid, Rivas- Local Strategy [34]
Vaciamadrid
2010 Canada Toronto-Niagara, Waterloo Model for the Development of a Municipal Energy Planning[35]
China Hohhot
2010 Portugal fourteen municipalities Methodology for Developing Energy Sustainability Indicators for Local Energy
Planning[3]
USA Boston
2011 Denmark Applied in all municipalities Municipal Energy Planning Strategy[36]
2011 China Beijing Method for a Municipal Energy Planning System([37]
2012 Italia Twelve municipalities Methodology for Municipal Energy Planning
Regional Master Plan (REMP) [38]
2015 China Shanghai Method and Tolls for Community Energy Planning[39]
2016 Sweden Five municipalities A Proposal of Factors that Influence in Municipal Climate and Energy Planning[40]

There are several key factors to successful LEM: 1.
energy planning at the municipal level based in close
relations between the community and politic, institutional

and technical dimensions [9,32,41,42]; 2. The planning on
strategic level in order to forecast local energy demand in
the short, middle and long-terms [7] and 3. planning the
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development of local energy resources, the energy import-
export balance, the storage, the conversion and transmission
systems applications, taking account the environmental
issues. [42]

The factors influencing LEM were divided into two
kinds by Fenton et al. [40]. Contextual factors are the
municipality size, population, amount of companies and
bureaucracy structures and non-contextual factors are the
decision making process, management tools used by local
policymakers, levels of interaction and exchange between
stakeholders and other internal or external actions that affect
the scope, objectives and LEM performance.

3 Cuba energy scenario

There are in Cuba fifteen provinces and one hundred sixty-
eight municipalities of which thirteen cities are classified as
the first level according to population [43]. Also, there is in
this city a significant energy consumption and energy
mangement lack [13]. In Cuba the energy savings are
strategic and understand inside of the national security
framework because there is a very strong dependence from
oil importations [45], first from the Soviet Union in the past
and more recently from Venezuela, which makes Cuba
vulnerable to political changes abroad and to market
variations of the oil prices . Cyclic crisis have resulted from
this dependence over the years. In 1989, the disintegration of
the Soviet Union caused a shortage of Cuban fuel imports,
provoking the biggest energy crisis thus far [46]. Currently,
Cuba is facing a new crisis caused by a reduction of the fuel
imports from Venezuela [47]. Therefore, the energy security
is a key factor in the economic development of the country
[48]. Cuban energy sector has been improving gradually, 97
% of the country is electrified, from 2006 a national program
for a distributed generation have developed covering more
than 40 % of electricity [49]. The enegy program to 2030

Cuban energy sector has been improving gradually, 97 %
of the country is electrified, from 2006 a national program
for a distributed generation have developed covering more
than 40 % of electricity [49]. The energy program in 2030
have as the main goal reach 24 % or electricity from
renewable [50] and energy efficiency strategies throughout
social and economic structures are prioritized too [51].

4. LEM model for Cuban first level municipalities

According to international experience some conditions are
identified to successful LEM implementation in cuban
municipalities [15]:

v' Recognition by all players of the local authorities
leadership in local development and LEM

v The municipal council have to accpet the resposibility
for LEM integration in local development strategy

v’ The availability of the needed information for LEM must
be guaranteed by all players

A scheme of the scenario for LEM in Cuba is shown in
figure 1. Since Cuban socio-economic system is founded on
public property over main companies [18] and planning
national economic. The scenario for municipal LEM is
established by the yearly national economic plan (YNEP)
which planning the energy available for all municipalities
and companies of the country [44]. For YNEP the energy
forecasted demand developed by the municipal government
(MG) helped by LEM system are taken into account in order
to national energy balance. In order to forecast energy
demand the local stakeholder supply information to MG
which according to local development strategy (LDS) and
national policies developed the predicting.
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Fig. 1. Local energy management scenario in Cuban municipalities

The annual energy available in Cuban municipalities is
the sum of energy assigned in the YNEP plus local energy

sources and MG have to manage it to satisfy every necessity
of LDE and citizens. If there is surplus energy must be
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exported to the national level. LEM provides tools to MG for
successful balance between available energy and consumed
energy and assess the effectiveness of energy management
also to forecast energy demand and local energy source
development planning.

Local stakeholders are productive and services
companies, the scientific community, opinion leaders and
civil society organizations with roles and interests that can
be framed in economic, political, cultural, educational,
health, among others; which may be coincident or
contradictory, but that can connect and produce common
strategies [49,50]. LDS is defined by the council of
municipal government in order to potentiate capacities for
gradual and progressive implementation of the
administrative, economic and financial decentralization as a
principle of municipal organization and reorganization and
continuous improvement of the citizen’s quality of life [12].

Energy planning procedures and index systems to assess
municipal energy performance are useful tools which allow
the MG energy management to improve the energy
consumption performance [15]. The Information system
contributes to energy planning, management, and control
[44] of LEM, with information gathering the local power
generation including renewable, energy consumption in the
municipality, and the variables that affect consumption
locally. The indicators system for LEM are built through the
processing of the influencing variables in energy
consumption in order to drive the implementation and
control of the LEM

LEM model is based on the continuous improvement
cycle (PDCA) and must be integrated into the six functions
of the municipals governance model developed by Boffill
[44] as are shown in table 2.

Table 2. Relationship between model elements for energy management and functions for the process of governance in Cuban

municipalities
LEM model elements Functions for the governance PDCA cycle
process [44]

Municipal energy diagnostic.
- Yearly energy plan balance

» Energy importation

» Local energy source contribution

» Planned energy consumption in production and services To diagnose Plan.

- Municipal Energy Efficiency plan

- Update ongoing investments in energy efficiency and renewable

energy
- Update renewable energy source inventory

Figure 2 showing a scheme of the LEM system. Since
Cuba system is based in a planned economy the start point is
the YNEP where energy and others resources availability are
set for overall players in the national socioeconomic
scenario and also a production and services to carry out is set

too. In the municipal level, YNEP is coordinated with Local
Development Strategy (LDS) and Municipal Goals which
are the master lines of municipal government activities in
order to citizens quality of life improved and were built with
citizens and its leaders' participation.
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The Municipal Energy Diagnostic is carried out by the
Office of Energy Rational Use of (OERU) with the
collaboration of experts from the main stakeholders. The
annual energy balance checks if the energy carriers available
for the municipality in the YNEP from local sources is
sufficient to fulfill with the LDE and the municipal
objectives. Also, plan for energy efficiency promotion are
updated; the financial source assigned for investment in
energy efficiency and renewable sources are checked too
and the RES inventory is updated. Finally, a proposal for
Energy Municipal Plan (EMP) is sent to Council of
Municipal Government where corrections in LDE and
municipal goals are introduced if is required by energy
balance. The Municipal Council of Government approves
the EMP and manages its implementation through the
OERU. The Information System is able to control the EMP
implementation and supply relevant data to MCG in order to
systematically evaluate the behavior of the plan and take the
necessary measures for its smooth running. The EMP
performance is assessed at the end of the year and taking
into account the municipal goals and LDE for next year, the

municipal demand of energy carriers is
including in YENP.

proposed to

6. Conclusion

Paper shows that it is possible develop the LEM in a
country, whose economy is not based on the market but on
the planning and the collective property over the production
companies and service facilities. In the specific conditions of
Cuba are present the administrative, economic and social
structures that will allow the successful establishment of the
LEM with a significant contribution to local development.

The LEM model integrates the local government process
model functions in Cuba (diagnose, evaluate, enrich, look
out, optimize, and protect), and the elements of the LEM
framed in the cycle of continuous improvement.7.

This is an Open Access article distributed under the terms of the
Creative Commons Attribution License
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