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Abstract: Urban wind energy has emerged as an attractive source of distributed generation in cities to achieve
sustainable development goals. The advance in technologies for the use of urban wind energy has turned this
source into an attractive alternative for the decarbonization of cities and the energy transition. The objectives
of this work are (1) to identify the potential of wind energy through numerical weather prediction (NWP) data
tools and (2) to identify the roles and responsibilities of the stakeholders involved in the decision-making
process. A methodology was developed in two phases and applied to a case study in the Dominican Republic.
The first phase consisted of estimating the wind energy potential for the 32 provinces at a height of 10 m using
open-access geographic reference systems tools provided by NASA. In the second phase, 28 stakeholders were
identified through snowball sampling. The Responsible, Accountable, Consult, and Informed (RACI) matrix
tool was applied to identify the roles of the 28 institutions addressed at the country level as relevant in the
decision-making process for the energy sector. The annual average wind speed and energy potential for each
province were determined. It was found 24 provinces have poor potential, below <4.5 m/s. In the northwest
and east is where there is the greatest potential, between 4.83 - 6.63 m/s. The population density was established
and was observed that the provinces with greater potential are less densely populated. Through 59 interviews
28 institutions were identified and evaluated due to their relevance in decision-making for the implementation
of energy projects. The MEM has strongly categorized as “A”, electricity distribution companies as “R”, energy
associations and universities as “C”, and educational and justice institutions as “I”.

Keywords: urban wind energy; renewable energy; RACI matrix; energy potential; small wind turbines;
Dominican Republic

1. Introduction

Decarbonization is a route to sustainable development that has been adopted by 196 countries
to achieve stability from global warming. The intention is to reduce greenhouse gas emissions and at
the same time promote the production of sustainable energy, as well as the rational use of this in the
main economic sectors, for several established deadlines, 2030, 2040 and 2050. This objective is to
achieve the goal of average global warming of 2 °C in accordance with the agreements adopted by
the United Nations at the Paris conference in 2015, which implies a drop of more than 30% of fossil
fuels used in 2023, by 2050 [1]. This achievement is based on promoting generation with solar, wind
and hydraulic energy, and antagonistically, completing the exit of generation based on mineral coal
and gas and the development of carbon capture technology [2].

Other macroeconomic variables that may affect global sustainability are caused by force majeure
events. The recent civil conflict between Russia and Ukraine has influenced the volatility of
commodities and has included a geopolitical risk, mainly in Europe [3]. Which has caused an increase
in fundamental commodities for the production of fossil energy and, at the same time, has driven
European countries to accelerate decarbonization [4,5]. Mainly affected are the countries that are self-
sufficient in natural, agricultural and energy resources. The sustainable development goals have
imposed the paradigm of being able to live with the limits of the resources of planet, and at the same
time with the existing asymmetry in countries, such as the economic development of each one,
inequality of available resources, the distribution of the wealth and use of natural resources [6].
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Energy is a pillar of the sustainable development goals (SDG), such as SDG7 proposes to ensure
access to affordable, reliable energy services by 2030.

In the last decade, solar photovoltaic and wind energy have shown a considerable drop in price,
which has allowed these technologies to compete with traditional generation sources, where in the
last 5 years on average it has fallen by 8% and 4%, for utility-scale solar and on -shore wind,
respectively [7]. According to the renewable energy report from the International Renewable Energy
Agency (IRENA), power generation cost in 2022, on weighted average fell by 4% between 2021 and
2022, which corresponds to 3% and 5% for solar photovoltaic and wind energy, respectively [8].

It is essential to adopt decision-making tools that help us identify hidden factors that must be
overcome for the adequate implementation of distributed technologies in urban environments to
support the energy transition [9]. This energy transition is aimed at changing towards a low-carbon
energy system, where it seeks to mainly reduce greenhouse gas emissions, mainly CO:. Therefore,
the development and implementation of renewable energy technologies, grid flexibility and energy
storage, and the promotion of decentralized energy solutions are required [10].

Cities are transforming towards the concept of Smart Cities, to guide energy profiles, energy
efficiency and infrastructure towards a low-carbon energy system, in a safe, sustainable and efficient
way through digitalization and artificial intelligence [11,12]. Urban wind energy has grown
considerably in the last decade. In 2021, 40 MW of small wind turbines (SWT) were installed in urban
locations [13]. There is great potential in cities that can be exploited through SWT integrated into
buildings [14]. However most be deemed the conditions of the orography and the obstacles to make
a good evaluation of the potential of the resource, which substantially influences the profitability of
the project [15].

The trend with the search “urban wind energy” in the Lens database returned 5,299 keywords
according to a bibliometric analysis of 8,092 research between 2020 - 2023 [16]. Figure 1 shows the
keywords with a co-occurrence greater than 10, where 153 keywords were grouped through the
software tool for constructing and visualizing bibliometric networks, coloured according to the most
recent ones [17], where the most prominent were humans, economic development, environmental
monitoring, China, air pollutants, cities, renewable energy, urbanization and wind. This indicates
that this is a hot topic recently.
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Figure 1. Top-10 Co-occurrence keywords from the bibliometric analysis “urban wind energy”.

In response to the growing demand in cities, building-integrated turbines can be a sustainable
and strategic solution to reduce the carbon footprint of buildings [18]. According to [19], there is great
potential to be exploited in cities in the Caribbean region through the installation of SWT integrated
into buildings with competitive levelized electricity costs in the order of 0.1419 USD /MWh at 150 m
height [20].
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Because urban areas are responsible for up to 70% of GHG emissions due to high economic
development and population density [21], urban wind energy can be a clean, safe and
environmentally sustainable alternative. to take advantage of this resource in cities [22]. The use of
urban wind energy can be carried out through SWT integrated into existing buildings, in surrounding
areas or considered in the design of future architectural structures [23]. There is a great potential that
can be exploited at the urban level and for this the prospecting of the resource, the selection of the
SWT, and the estimation of annual energy production, as well as economic and resilience analyses
must be carried out [19].

In dense urban environments, you can have an acceleration of wind flow due to the geometries
of buildings at certain heights. And in that case, the kinetic energy of the flow can be captured
through SWT [24]. The wind flow pattern through buildings will depend on their shape (rectangular,
prismatic, conical, etc.), both roofs and heights [25]. In this sense, the fundamental positioning of the
wind turbines integrated into buildings, considering their morphology and the surrounding area,
becomes relevant [24,26].

The objective of this research is divided into two phases, the first consists of identifying the urban
potential of wind energy at the national level through free access numerical weather prediction
(NWP) data tools such as geographic information systems (GIS) provided by NASA's Prediction Of
Worldwide Energy Resource (POWER) meteorological datasets [27]. In the second phase, carry out a
diagnosis through the Responsible, Accountable, Consult, and Informed (RACI) matrix [28] is
presented to determine the roles of institutions (public, private, NGOs, Associations) in the
development and promotion of the use of this type of technologies.

To gain a deeper understanding of the decision-making in the energy sector, this research paper
analyses the stakeholder’s network in the Dominican Republic. This is the first research of this kind
carried out specifically for the energy sector in the country. Decision-makers are defined by the
International Atomic Energy Agency as those who identify problems that require a solution and
select alternate options from those derived from decision-support studies, taking into account their
values and priorities as well as the political and social environment in which they operate [29].
Nevertheless, given the interdependencies among sectors, and the complexity of considering social
and environmental repercussions, decision-makers must look for comprehensive solutions that
reflect the interests of a larger variety of stakeholders [30].

Given the unpredictability inherent in human conduct, decision-makers must exercise caution
[31]. The fact that energy service infrastructure is long-lived and usually built to last decades
emphasizes the importance of making the right decisions. In the Dominican Republic, the electricity
sector is geared towards meeting market demands, however, decisions come from the supply side
and are regulated by the government. Currently, the energy supply is below demand and it is the
government institutions that are responsible for providing solutions, so their role should be perfectly
defined.

Stakeholders in the energy sector work at various levels of the power hierarchy and face
competing interests. As a result, multiple stakeholders will view the issue in different ways, and each
decision-maker's interpretation of the "best” solution will vary based on how they perceive risks and
uncertainties [32]. Accordingly, decision-making models, techniques, and tools for mapping
stakeholder decision-making have been examined more closely [33]. Several of these are covered in
the section that follows.

This article is structured as follows, Section 2 presents the proposed method approach for each
phases, where first the potential of urban wind energy is identified, and then qualitative and
quantitative analysis is established through interviews, snowball sampling and surveys. Section 3
presents the results and discussion of these through the application of the methodology to the case
study of the Dominican Republic. Finally, Section 4 presents the conclusions.

2. Materials and Methods

This section is divided into two phases, the first presents an evaluation of the wind potential in
the Dominican Republic through free access datasets from numerical climate prediction and its
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comparison with the data obtained with on-site measurement, from the methodologies presented by
Vallejo et al. [19,20,34]. In the second phase, previous methodologies are complemented with the
RACI matrix tool to identify the responsible actors and their roles in order to take action or strategies
for the proliferation of the use of urban wind energy [28].

Several methodologies have been presented for the comprehensive evaluation of urban wind
energy potential. Basically, the methodologies include the stages of selection and characterization of
the study area, evaluation of the wind resource through various methods, selection of the most
appropriate wind turbine, estimation of annual energy, economic estimation, environmental impact
evaluation and the evaluation of resilience [19,35,36]. Recently, tools for strategic planning have been
included in existing methodologies, such as the SOWT - AHP analysis, to identify internal and
external, positive and negative, factors that can be included in the dissemination and use of this type
of distributed technology [34].

Figure 2 presents the methodology proposed in this research, composed of two main phases,
first the evaluation of the potential of urban wind energy and second the identification of the key
actors for decision-making in the implementation of the technology and its use in urban

environments.
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Figure 2. Framework to urban wind energy assessment and RACI analysis.
A detailed description of each phase presented in Figure 2, is breakdown below.

Phase 1 - Analysis of urban wind energy

. Site characterization and selection

The selection and characterization of the study area is an important part of starting the
estimation of energy potential. Free access datasets can be used such as geographic reference systems
that contain meteorological information, such as NWP and GIS [37]. Usually, these applications
provide meteorological parameters, such as wind speed and direction, temperature, barometric
pressure, relative humidity, etc., at 10, 50, 100 and 150 m height above the surface and contain a
seasonal variation during the year [38]. This approach, with mesoscale resolution, is important to
identify potential areas with greater wind kinetic energy rapidly and economically [36]. Recently in
Serbia, 16 potential locations for the production of half of the demand with wind energy were
determined, through a program of characterization of the potential of wind energy through GIS, that
the favourable speed was between 4.9 - 5.8 m/s, where the Eastern plains and the Western mountains,
showed better power [39]. On the other hand, as this research is focused on urban locations and not
rural ones, the most favourable areas must be identified combined with those with greater urban
development. Free access tools such as [40] allow discretizing the number of buildings by their
heights in cities and therefore, estimating the space available above the roofs of buildings for the use
of wind energy [41].

¢  Wind energy analysis

For the analysis of wind energy, several methods are used for prospecting and analysing the
resource. The most used to the least frequent [19], where on-site measurement [42,43], with a special
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and temporary resolution in accordance with the guidelines in the IEC [44]. Followed by numerical
climate prediction (NWP), these tools are widely used to relate meteorological variables with
geographic maps that are displayed through the geographic information system (GIS), allowing easy
and expeditious use in obtaining the potential of the desired renewable resource [45], however, this
technique typically overestimates the wind because it does not consider turbulence [46]. Another
technique is CFD simulation, which is used to have a more precise spatial resolution and study the
behaviour of the wind flow in the area of interest, normally, this studies the phenomenon on the scale
of a few meters around the SWTs [47]. From the morphological approach, the NWP, on-site
measurement and CFD simulation, study the resource from the regional, neighbourhood and block
or street scale, respectively [48]. Other less common methods are the wind tunnel and analytical
methods.

The wind tunnel provides interesting information about the wind flow that may not be obtained
in a numerical simulation; however, it is more expensive and depends greatly on the homogeneity of
the scale model being tested [49,50]. On the other hand, analytical methods have reported results that
exceed certain physical limits because they do not adequately take into account some parameters,
such as vegetation and terrain orography [51,52]. To make an adequate evaluation of the wind, two
or three of the previously mentioned methods must be combined to validate the results of one with
another and proceed with the appropriate selection of the small wind turbine, as well as estimate the
annual energy production, which influences the profitability indicators of the project.

. Selection of small wind turbine

Small wind turbines (SWTs) integrated into buildings and peri-urban environments are a
generation solution that has been gaining ground in recent years due to their architectural
improvements and structural designs, which allow them to be aesthetically integrated into cities [53],
[54]. The most suitable SWTs depends on factors such as the cut-in wind speed, the flexibility of its
installation and operation, and the aesthetic integration with the environment [55]. According to the
IEC standard, the SWT has a capacity < 50 kW and a rotor swept area of < 200 m?[44]. According to
the orientation of the axis, there are horizontal axis turbines (HAWTs) and vertical axis turbines
(VAWTs). HAWTs are for environments where the wind flows mostly laminar and has low
turbulence, since these turbines must be rotating to be located perpendicular to the wind flow [56].
However, VAWTs are more appropriate for urban environments because they have better
aerodynamic performance in high turbulent and low-speed locations due to the unidirectionality of
the rotor [57]. In addition, multiple investigations have been presented on the hybridization of
VAWTs rotors to improve energy capture over a wide speed spectrum through the combination of
drag force and lift [58].

e  Annual energy production estimation

To estimate the annual energy production (AEP), the probability at a given wind speed is
determined and this is multiplied by the power that the SWT will produce at that speed. And apart
from the frequency probability, it depends on the cube of the average wind speed [59]. In this sense,
this is why it is vital to make a good estimate of wind speed as a robust spatial and temporal detail
for an adequate feasibility evaluation. Rezaeiha et al. [23,26] present the process for evaluating the
AEP, which will be adopted in this work.

° Economic evaluation

To have a vision of the feasibility of a project, the economic component is crucial. The levelized
price of electricity (LCOE) consists of the discount to the present value of the entire cost of generation
energy (capital cost, O&M, etc.), divided by the energy production for that same period, with
previously determined financial parameters, interest rate and terms [41,60]. Vallejo et al. [20] have
analysed the cost of SWTs integrated into high-rise building in the capital of the Dominican Republic,
where they have reported LCOE from 0.4794 to 0.1419 USD/kWh, for heights of 40 - 150 m,
respectively. These prices being competitive for the conditions of that wholesale electricity market.

As mentioned above, these five steps for the evaluation of urban wind energy have been well
presented in the research presented by [19,23,35,36]. The intention of this subsection is to provide a
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concise context about each steps of the first phase of the proposed methodology, and to be
complemented with the analytical part of the previously indicated works.

Phase 2 — Stakeholder analysis through RACI matrix

Stakeholder analysis is a crucial tool in the energy sector for understanding and managing the
interests, concerns, and influence of various stakeholders involved in energy projects. Stakeholder
analysis tools serve the following purposes: I) to identify decision-makers; II) to comprehend the
various stakeholders' roles; and III) to assist in providing information on decision-making processes,
power dynamics, and stakeholder interests [61,62].

An approach for quantitative analysis of the relationships between actors is stakeholder analysis,
which involves understanding stakeholders with various degrees of expertise and priorities.
Stakeholder analysis can be used to improve the transparency and equity of decision-making in
development projects by gaining an inventory of those who would be involved in decision-making,
assessing their significance based on their level of influence and interest in a specific outcome,
mapping the relationships between the actors, and determining their potential for forming alliances
[63]. In the energy sector, stakeholders can include government agencies, regulatory bodies, energy
companies, local communities, environmental organizations, and consumers. Each stakeholder
group may have different priorities, expectations, and potential impacts on energy projects.

In the context of the energy sector, stakeholder analysis has been used for a variety of
applications such as an analysis of Dutch stakeholder views on deep geothermal energy [64], analysis
of diesel tax reform in Spain [65], an analysis for use of marginal land for biomass production in
Denmark [66], analysis of China’s energy conservation campaign [67] and others. It has ranged from
societal dialogue, politically viable energy transition, government’s policy-making process to optimal
environmental use of the land to achieve multifunctional benefits. Stakeholder analysis falls into one
of two categories: either a top-down "analytical categorization" or a bottom-up "reconstructive
method" [68]. Stakeholder classifications that are defined by the stakeholders themselves during the
stakeholder mapping process are known as the reconstructive method. Analytical categorization, on
the other hand, refers to the application of pre-set criteria, such as legitimacy and influence,
cooperation and competition, cooperation and threat, and interest and influence [69]. Matrix analysis
is frequently used for this [70].

The RACI matrix is one popular method for characterizing stakeholder roles and uses interest
and influence to classify stakeholders through a “responsibility assignment matrix” [71]. The RACI
model distributes authority, making power dynamics explicit by defining roles in a task, project or
management activity [72]. It was selected for this study, as it was seen as more appropriate for
broadly categorizing relative levels of importance in decision-making processes. It is also intuitive,
can be explained easily and is readily understood by people with no prior familiarity with the RACI
model. RACI refers to:

* Responsible: Someone who bears the responsibility of seeing a task through to completion.

* Accountable: This means that everyone in the team is accountable for whatever work that is
assigned to them. Additionally, this person is able to decide on matters pertaining to the assignment.
This person is accountable for all of his decisions, which makes this role extremely important.

¢ Consulted: As they will be responsible for providing information on the project under work,
those who are selected for this role possess expertise in their respective fields.

¢ Informed: Those who receive regular updates on developments.

The RACI matrix has been used as a Six Sigma tool to identify those involved in the process and
their roles in a productivity process corresponding to systems with uncertainty through the define,
measure, analyse, improve and control (DMAIC) approach to the implementation of ISO 50001 [73].
This tool is very useful to be implemented in continuous process improvement, both in industrial
aspects and in business processes [74].

The use of the RACI matrix is recommended to define the tasks and responsibilities of those
involved in a project, as well as follow up on specific tasks and document clear and precise
traceability. This prevents role confusion and ensures balance among all members of the project, and
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allows assigning the corresponding progress in the process of completing each member's tasks [75].
Recently, a RACI matrix was developed to map the different actors involved in the process of using
building information modelling for the evaluation of the certification of sustainable buildings in The
Netherlands and the potential impact of these [76].

This research presents three stages to develop the implementation of the RACI matrix, which
were 1) the determination of the organizations and their role according to interviews and electronic
surveys, 2) the parameterization of valuation of the respondents according to their judgments in the
people surveyed and interviewed for the identification of the roles of each of those involved, and 3)
the mapping of the roles of the organizations [77]. More detailed explanation of the overall research
design is provided in the following steps.

¢ Rapid network assessment and interviews to experts

To identify the key decision-makers and their motivations of the potential utilisation of urban
wind energy. An egocentric network mapping technique was used to accomplish this. Egocentric
network mapping is a method used in social network analysis to study the connections and
relationships of a single individual, referred to as the "ego," within their immediate social network
[78]. To gather information on stakeholder roles through primary interviews, network mapping
techniques and the RACI matrix are integrated. More precisely, the following activities were
conducted: A) a rapid network assessment (RNA) and B) an online survey. This step-by-step
approach was designed to make it possible for pertinent stakeholders to encourage a larger group of
actors to participate in the survey, starting with a known that represented both government-and
market-led approaches. After the identified stakeholders all of whom are detailed in full below, who
were junior, middle, or senior managers, were asked to identify other pertinent figures in the energy
sector as part of the RNA, the participants in the online survey were notified. This method allowed
for the identification and inclusion of any actor whether a corporate entity or a government agency
that was thought to be a pertinent decision-maker. This procedure is explained in more detail below.

The RNA was created with the intention of producing a preliminary roster of key players for the
energy sector decision-making processes in the Dominican Republic. From an initial list of
stakeholders in the Ministry of Energy, the Electricity Generation and Transmission Company, the
Electricity Distribution and Supply Authority, Power Producers, Universities, and Research Canters,
NGO'’s, people pertinent to electricity supply decisions and policy making were identified to take
part in this process. Based on the stakeholders who deal with electrification projects the initial list of
respondents for the online survey was completed. This procedure is call "snowball sampling". There
were found to be 59 stakeholders in all. After the RNA, an online survey was carried out. This survey
was designed to use the RACI matrix to determine the typical role of important stakeholders in
decision-making. A total of 59 participants, representing a variety of organisational professional and
expertise background, as shown in Table 1. Where 81% are engineers (electrical, mechanical, civil,
Etc.), 12% are lawyers who work directly in the energy and/or sustainability sector, and 7%
correspond to the business and architecture area. At a general level, the experience is 16 years.

Table 1. Network structure for stakeholder analysis.

Proffesiononal area Years of experience Counter %
Engineering 17 48 81%
Lawyer 12 7 12%
Bussiness 9 3 5%
Architecture 18 1 2%
Avg. 16 Total 59  Total 100%

. RACI Matrix Elaboration

To understand the relative importance of different stakeholders, the physical placement of the
different stakeholders in the form of post-it notes on the RACI matrix was converted into X and Y
coordinates, whereby overall coordinates for each stakeholder were calculated by averaging the
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given coordinates for each stakeholder from all the interviewees [28]. Each set of coordinates in the
RACI matrix was transformed to a single digit score, S. In the transformation:

* Accountable stakeholder (quadrant I) was awarded a score of 4. As show in Eq. 1. Where X
and Y are the coordinates of the stakeholder in the RACI matrix.

=4-05/(1-X)2+9(1-Y)2 (1)

* Responsible stakeholder (quadrant II) was awarded a score of 3. As show in Eq. 2.

S=4-05/(1—-X)2+4(1-Y)2 2)

¢ Consulted stakeholder (quadrant III) was awarded a score of 2. As show in Eq. 3.

S=1-05/(1-X)2+4(1-Y)?2 (3)

¢ Informed stakeholder (quadrant IV) was awarded a score of 1. As show in Eq. 4.

S=1-05/(1-X)2+9(1-Y)2 (4)

The score for each stakeholder was normalised by the fraction of interviews that identified the
stakeholder as relevant to decision-making in the role given by the interviewees, as shown in Eq. 5,
where M is the number of interviews and S, is the average score.

M
Savs =S¢5 6)

e  Mapping the RACI matrix

Finally, a mapping of the results is presented graphically in order to compare the assignment of
the roles of each of the institutions according to the judgment of the interviewees. Likewise, the
importance of each of these institutions in the role can be visualized assigned. This mapping serves
as practical and guideline representations that can be developed around RACI analysis.

3. Results and discussion

This research aims to present the evaluation of urban wind potential with the complement of a
decision-making tool for the identification of key actors, such as the RACI Matrix. A methodology
has been proposed that contains two phases, first, the determination of urban wind potential through
free access data from the NWP, with a spatial resolution of the mesoscale to quickly identify the
region with the best potential. And in the second phase, an analysis of the RACI matrix is introduced
for the first time to the existing methodologies for the study of urban wind potential. The RACI matrix
has been applied in various organisational applications of heterogeneous work groups to identify
key actors and their roles for timely decision making.

Table 2 presents the urban potential of wind energy in the Dominican Republic. Through the
data available from the geographic information systems provided by NASA's Prediction Of
Worldwide Energy Resource (POWER) meteorological datasets. The 32 provinces of the country have
been selected to determine the urban wind potential at 10 m height above the ground level. The most
urbanized location in each province has been selected in order to analyse the urban potential. The
datasets analysed is between 2011 and 2021. The provinces with the greatest potential are Montecristi,
El Seibo, Puerto Plata, La Altagracia, La Romana and Pedernales, for average wind speeds 6.63, 5.21,
5.13, 4.83, 4.83 and 4.50 m/s. In these provinces there is an estimated potential between 1638 and 3045
kWh/y. The predominant wind direction is 86° with respect to the north. Figure 3 shows graphically
the wind speed map at 10 m height for the entire country. In the provinces with greater colour
intensity, greater energy will also be produced annually, because the energy produced depends
cubed on the average wind speed and the SWTs power curve.

Because it is important to discretize the provinces with the best wind energy power, it is also
important to establish a relationship between the most favourable provinces and the most urban ones.
Typically, it has been observed that the provinces where there is great wind potential are the least
urban, that is, they have greater rurality. In that sense, Table 2 presents the area of each province and
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the population, to determine a population density index (inhabit. /km?). Figure 4 shows the
population density map that can be compared with the urban wind potential map in Figure 3. For
example, in the northwest part of both maps, Montecristi has 6.63 m/s at 10 m above the ground,
however, population density is 70 inhabitants/km?, which is 32nd with the highest wind power and
the 7t with the lowest population density. For the National District, a “star” was placed on the map
so that the comparison can be seen on the colour scale of the other 31 provinces, because the density
of the National District was 14,216 inhabitants/km?, while the average of the other 31 provinces is 266
inhabitants/km?. Figure 4 shows that the five most densely populated provinces are the National
District, Santo Domingo, San Cristobal, Santiago and La Romana, for a density from 14,216 to 505
inhabitants/km?, respectively.

Table 2. Urban wind energy and population data by provinces.

Population
Privinces WSat10 WD at Energy Area Population density
m(m/s) 10m (°) (kWh/yr)  (km?) (inhabit.)
(inhabit. /km?)

Azua 3.97 86 1,464 2,532 256,981 101
Bahoruco 3.15 117 722 1,282 118,987 92
Barahona 4.12 92 1,638 1,739 226,898 130
Dajabon 3.93 60 1,416 1,021 67,887 66
Distrito Nacional 3.41 80 919 104 1,484,789 14216
Duarte 3.46 87 964 1,605 384,789 239
Elias Pifia 2.57 80 385 1,426 70,589 49

El Seibo 5.21 82 3,162 1,787 115,889 64
Espaillat 2.72 88 461 839 390,478 465
Hato Mayor 3.29 82 828 1,329 89,578 67
Hermanas Mirabal 2.72 88 461 440 103,974 234
Independencia 3.15 117 722 2,006 54,785 27

La Altagracia 4.83 81 2,587 3,010 335,677 111
La Romana 4.83 81 2,587 654 330,587 505
La Vega 3.02 90 632 2,287 420,478 183
Maria Trinidad Sanchez 3.46 87 964 1,272 140,784 110
Monsefior Nouel 3.02 90 632 992 201,474 203
Montecristi 6.63 73 5,197 1,924 135,710 70
Monte Plata 2.19 84 236 2,632 200,454 76
Pedernales 4.50 95 2,121 2,075 38,941 19
Peravia 3.97 86 1,464 792 298,747 377
Puerto Plata 5.13 90 3,045 1,853 490,733 264
Samana 3.29 82 828 854 168,265 126
Sénchez Ramirez 2.19 84 236 1,196 248,807 131
San Cristdbal 3.41 80 919 1,266 859,741 679
San José de Ocoa 3.97 86 1,464 855 82,458 96
San Juan 3.20 99 761 3,569 300,476 84
San Pedro de Macoris 4.07 82 1,572 1,255 418,850 333
Santiago 2.72 88 461 2,837 1,833,451 646

Santiago Rodriguez 3.83 78 1,313 1,111 164,941 148
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Santo Domingo 3.41 80 919 1,302 2,995,211 2310
Valverde 3.83 78 1,313 823 207,447 251

3.03 a7 346
383
o 272
346 3.20
257 3.02 219
3.02
2l 2.19
397 -
b - Sl 341
315
f

Wind Speed at 10m (mls) |

2.19 6.63 Powered by Bing
© Microsoft, Openstreetiap

Figure 3. Year average wind speed per provinces in the Dominican Republic.
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Figure 4. Population density per provinces in the Dominican Republic.

Because GIS does not consider the aspects of orography and roughness of the terrain, this wide
spatial resolution technique must be validated through on-site measurement for small-scale
evaluation, that is, in the order of micro scale, few meters around the SWTs. [79]. It is recommended
to validate the results with on-site measurement campaigns because estimation errors of the order of
33% have been reported, where GIS usually overestimates wind speed [80]. However, as height above
ground level can be gained, SWTs can produce more energy because they will be exposed to a greater
frequency of high wind speeds, and this makes these types of distributed energy projects more
economic. Between buildings 100 - 150 m high, the levelized cost of energy becomes more competitive
[20]. No provinces with exceptional potential were identified, only Montecristi is considered very
good (5.4-6.7 m/s). El Seibo, La Altagracia, La Romana, Pedernales and Puerto Plata have a moderate
potential (4.5-5.4 m/s), and the rest have poor potential (<4.5 m/s) [81].
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This research aims to integrate decision-making tools into existing methodologies for the
characterization of urban wind potential with the purpose of identifying key actors and their roles in
decision-making that encourage the study, analysis and possible use of this technology. Twenty-eight
institutions were identified, both public and private, for-profit, and non-profit, and with direct or
indirect relationship in energy sector. An electronic survey form was sent to 132 professionals from
various disciplines. Table 3 shows a summary of 28 institutions assessed by 59 professionals. The
online surveys were analysed using an Excel spreadsheet.

Those participating in the survey selected the role, among R, A, C and [, that they considered for
each institution, and then they should assign a value of importance to said role, in a range of 1-5.
Figure 5 shows the quantity of roles assignment for each by participants. For example, the electricity
distribution company (EDE) obtained a higher share as “R”, 46%, since 27 people consider that the
EDE are R.

60
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Figure 5. RACI categories and relevance by institution.

The scale of importance of a role to a specific institution is variable, since the EDE can be “R”,
and the level of importance can vary from 1 to 5 (20%-100%). With this two-step qualification method,
the positioning in the quadrant corresponding to the RACI matrix and the intensity with which the
respondent considers that he or she should be in said quadrant are obtained. After the respondent
assigns a role in the RACI matrix to the institution, it is required to establish Score, calculated as the
product between the value of the RACI letters and the degree of relevance of (20%-100%). Table 3
presents the coordinate for each institution according to the judgment of all respondents in the X and
Y axis, and Z represents the Score, that is, the weighted importance intensity value.

Table 3. Institution’s role assignment and relevance.

No. Institution list Accronys X-axes Y-axes Relevance
1 City councils AYTO 0.03 0.09 0.49
2 Ministry of Energy and Mines MEM 0.36 0.64 0.75
3 Electricity Distribution Company EDE -0.34 0.40 0.61
4 National Energy Commission CNE 0.16 0.16 0.16
5  Superintendence of Electricity SIE 0.26 0.40 0.70
6 Coordinating Entity ocC -0.13 -0.36 0.39
7 Dominican Electric Transmission Company ETED 0.09 0.09 0.09
8  Universities UNIV -0.33 -0.40 0.37
9  National Industrial Property Office (ONAPI) ONAPI 0.25 -0.36 0.21
10 Ministry of Higher Education, Science and MESCyT 019 036 027

Technology
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International ~Cooperation ~Organizations

11 (USAID, UNDP, GIZ) ocC1 -0.31 -0.56 0.35

12 NGOs ONG -0.19 -0.44 0.31

13 Ministry of Industry and commerce MIC 0.10 -0.14 0.35

14 Ministry of Economy, Planning and MEPyD 0.09 016 036
Development

15  Ministry of Labor MT 0.38 -0.29 0.18

16 Ministry of Environment and Natural MIMARE 0.01 0.04 055
Resources NA

17  Superintendence of Banks SB 0.24 -0.27 0.28

18  Local banks BL 0.10 -0.24 0.33

19  International Cooperation Banks BI -0.09 -0.25 0.38

20  National Meteorological Office ONAMET -0.20 -0.36 0.37

21 Dominican Association of the Electrical ADIE 019 043 034
Industry

” Assoc'%ation for the Promotion of Renewable ASOFER 027 022 0.46
Energies

23 National Association of Young Entrepreneurs ~ANJE 0.11 -0.32 0.27

4 Association of Energy ' Efficiency and AEEER 019 015 041
Renewable Energy Companies

25  National Congress CN 0.18 0.32 0.59

26  Supreme Court of Justice sCJ 0.30 -0.05 0.33

27  Ministry of Education MINERD 0.28 -0.31 0.24

28  Construction entrepreneurs EC -0.06 -0.27 0.35

Figure 6 presents the RACI matrix roles of the 28 institutions evaluated by 59 experts. According
to the experts' judgment, in quadrant A, there are companies in the electricity sector as the
protagonists in the planning, coordination and supervision of this time of distribution technologies.
In the R quadrant, Distributor companies are observed, and a shortage of responsible companies
according to the experts' judgment. In the C quadrant, naturally, there are academic institutions, and
associations of renewable energy and energy efficiency businesses, as well as banks. And finally, in
quadrant I, there are the ministries related to labour, education, commerce, and local banking.
MIMARENA (Ministry of Environment and Natural Resources) and the City Councils have a role of
A, towards the centre of the cartesian plane, this is what indicates that it had a more varied assessment
from the experts' point of view.

RACI matrix for decision-making in Small Wind Energy in the DR

Responsible Accountable
0.85

MIMARENA

-0.45 -0.35 ( 1 2 ‘ 0.45

- MINERD

Consulted Informed
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Figure 6. This is a figure. Schemes follow the same formatting.

Another 10 institutions emerged as recommendations from 16 surveyed experts. The most
prominent are the Ministry of Public Works and Communications (31%), General Directorate of
Customs (13%), Dominican Institute of Civil Aviation (13%) and other Ministries such as Treasury,
internal taxes, and climate change council (18%). The rest of the institutions are of a national security
cluster (25%).

4. Conclusions

Urban wind energy has emerged as a promising source of distributed generation in cities to
achieve sustainable development goals. The advancements in technology have made urban wind
energy a viable option for decarbonizing cities and transitioning to cleaner energy sources. The study
focused on assessing the wind energy potential in the Dominican Republic using numerical weather
prediction (NWP) data tools. The results showed that some provinces have poor wind potential,
while others, particularly in the northwest and east, have significant potential with average wind
speeds ranging from 4.83 to 6.63 m/s. The research also identified and analysed the stakeholders
involved in the decision-making process related to energy projects. Twenty-eight institutions were
identified through interviews, and their roles were evaluated using the Responsible, Accountable,
Consult, and Informed (RACI) matrix. The identified stakeholders included electricity distribution
companies, energy associations, universities, and educational and justice institutions. The findings
revealed the importance of considering various stakeholders' perspectives and involvement in
decision-making processes for the effective implementation of urban wind energy projects. This
inclusive approach ensures that decisions align with the interests and priorities of different
stakeholders and considers the social, environmental, and economic aspects of energy projects.

The study emphasized the need for decision-making tools that can identify hidden factors and
overcome challenges in implementing distributed technologies in urban environments. These tools
play a crucial role in supporting the energy transition and facilitating the adoption of renewable
energy technologies, grid flexibility, and decentralized energy solutions. The research highlighted
the potential of building-integrated wind turbines as a sustainable solution for reducing the carbon
footprint of buildings in urban areas. By harnessing urban wind energy, cities can contribute to clean
and environmentally sustainable energy generation.

Overall, the study provides valuable insights into the wind energy potential in urban areas and
the stakeholders involved in energy decision-making. It underscores the importance of considering
renewable energy sources like urban wind energy in achieving global sustainability goals and
transitioning to low-carbon energy systems.
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