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Abstract: This article makes a general analysis of the supply chain of photovoltaic systems in 11 
Colombia, taking as a starting point a conceptual base and the current situation of the country in 12 
this sector. This article especially will contemplate the non-interconnected areas (ZNI) to the 13 
electricity grid in the national, due to its complexity in the logistics issues. Likewise, the work 14 
performs a graphical representation of the stages and processes of the supply chain using a 15 
powerful-modeled tool such as the Petri Nets (PNs). Finally, it identifies some of the flaws in the 16 
operation and the joint of all the links of the logistic part and from there it is based the importance 17 
of the strategy of orientation to the supply chain (SCO) as a possible alternative to improve and to 18 
enhance the logistic processes of this type of systems. 19 

Keywords: Photovoltaics systems in Colombia, Supply chain, non - interconnected areas (ZNI), 20 
Supply chain orientation (SCO), Petri Nets. 21 

1. Introduction 22 

In Colombia, the industrial development and the environmental awareness have transformed the 23 
way to think and to act of the people and the companies. Currently we are looking for friendly 24 
processes with environment and that entail to diminish the carbon footprint throughout the processes 25 
and supply chain. For that reason, the concept of environmental, that is a fundamental pillar in the 26 
globalized world receives importance, where the sustainability of socio-economic organizations in an 27 
aggregate level depends fundamentally on three dimensions: environmental, social and economic 28 
[1]. 29 

The change of conventional energy to energy of renewable sources, is a subject that comes in 30 
increasing of exponential form in Colombia, has grown thanks to the creation of standards at global 31 
and local level, in addition to the environmental awareness.  32 

Photovoltaic solar energy comes from a renewable source, the processes that are used to install, 33 
capture, maintenance and transportation, must be the least polluting potential, so this power 34 
generation system brings benefits, from the conception of its supply chain and the use of sustainable 35 
logistics and management approaches internal to a proper joint. Photovoltaic systems have special 36 
characteristics that provide them benefits as electricity energy production system; in particular, 37 
standing out among them is modularity [2].  38 

Focusing these concepts in the supply chain of the photovoltaic solar system, which from the point 39 
of view of logistics has a series of immersed stages, which in Colombia is beginning to evolve, as they 40 
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are it the planning, management and execution, based on the processes of the management of the 41 
supplying chain, such as: planning, sourcing, production, delivery and reverse logistics [3].   42 

According to the foregoing, the supply chain of this type of system requires a synchronization in 43 
all areas and processes, in addition to the support by the State with the generation and creation of 44 
government policies for the expansion and growth of This type of energy. Currently in Colombia 45 
there is a very limited regulatory framework on the issue of solar energy and in general in renewable 46 
sources of energy, developed from the increase in the power requirements of the country, the 47 
problems of supply and reliability in energetic terms, facing difficulties in the network of 48 
interconnection of the country, the influence of the natural phenomena, the climatic variety and the 49 
security, among others. 50 

2. Supply chain Concepts 51 

2.1  Supply chain 52 

A propose definition is that the supply chain “is formed by all those involved parts of direct or 53 
indirect way in the satisfaction of a request of a customer. The supply chain not only includes to the 54 
manufacturer and the supplier, but also to the carriers, warehouse-men, retail salesmen (or retail) 55 
and even to the same customers” [3]. 56 

In general terms, supply chains look for indicators that allow them to support their advance and 57 
the impact that the changes in their processes have, in the search of a sustainable development, being 58 
this last science, the science of the sustainability, that explores relations and interactions of the human 59 
activity with the ecosystems that support the life to find a way towards the sustainable human 60 
development [4].  61 

2.2  Supply chain orientation (SCO) 62 

 Supply chain orientation is defining as "the extent to which there is a predisposition among the 63 
chain members to view the supply chain as an integrated entity and to meet the needs of the chain in 64 
an integrated way" [5]. It can be said that distinction between SCM and SCO is that the supply chain 65 
orientation is a sort of prerequisite for supply chain management. [6]. 66 

The first strategic perspective characterized by the importance that companies have to adopt the 67 
concept of supply chain management, seen as a single system, as well as a strategy that competes on 68 
the basis of the logistics network's capabilities and in turn, that drives the performance of the business 69 
units through an optimal coordination within the companies is also characterized by determining the 70 
implications of the management of supply chain flows. 71 

The strategic perspective of the SCO is to encourage the company's personnel to act in a way that 72 
manages flows from supplier to client, adopting a systemic approach to view the supply chain 73 
holistically and not as constituent parts and seeking integration, firm operational and strategic 74 
capacity [7] [8].  On the other hand, the second structural perspective of the SCO, emphasizes the 75 
organizational artifacts that facilitate the management of the supply chain. For example, [9], they 76 
suggest SCO consists it of constructing and maintaining internal behavior elements that facilitate the 77 
relational exchange. 78 
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 79 
Figure 1. Elements of supply chain orientation [8] 80 

In the fig. 1, explain general structure of SCO, have three main parts, the strategy, the structure 81 
and the union of the two, the model occurs inside the company, to manage the logistics from the 82 
interior, a subject important to work to develop the chain of supply of inside out. 83 

3. World-wide Solar Energy 84 

One of the most widely used and implemented systems is the PV (photovoltaic), with a significant 85 
growth, the world-wide capacity of photovoltaic solar energy in the annual market of the 2016 86 
duplicate global capacity in 2013 [10]. 87 

The increase of global energy demand is a factor to consider, the rate of growth average of 88 
electricity consumption since 1974 has been 3.4% per year [11]. According to demand, an increase in 89 
the production of electrical energy is required to replace the existing and future necessities, in which 90 
its obtaining occurs from the coal, natural gas, hydroelectric and nuclear energy in that order 91 
respectively [12]. 92 
Overall, 85% of the total commercial energy is generated by fuels fossil, about 36% comes from oil, 93 
38% of coal and natural gas 23% [13].  94 

On the other hand, of all the renewable energies, the one that presents a greater rate of growth it 95 
is the photovoltaic solar energy with 46,2% [14], which indicates that it is an energy alternative to 96 
which is being bet to him to world-wide level. 97 

In the country, the sources available of information of solar resource indicate that the country 98 
counts on an irradiation average of 4.5 kWh/m2 /d [15], which exceeds the world-wide average of 3.9 99 
kWh/m2 /d, and is well above the average received in Germany (3.0 kWh/m2 /d) country that makes 100 
greater use of the solar energy PV to world-wide level, with approx. 36 GW of capacity installed to 101 
2013 [16].  102 
 103 
4. Photovoltaic Solar Energy in Colombia 104 

Colombia energy consumption is linked to the climatic change, specifically phenomena such as 105 
"La niña" (rain) or "El niño" (drought) that can affect the supply and generation of the National 106 
electricity network. In the same way the GDP of the country and the economic situation has an impact 107 
in the energy demand. According to the "Energy-Mining Planning Unit (UPME) the projection is that 108 
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between the years 2010 and 2020 one appraises average of growth of 3,4%, and of 3,1% for period 109 
2020 to 2030 [17].  110 

The implementation of photovoltaic systems in Colombia has enabled 2% of the population in 111 
areas that do not have access to electric energy to meet their lighting, refrigeration and leisure needs, 112 
allowing them to expand their capacities and improve their quality of life [18]. 113 

The growth in energy demand in Colombia is illustrated in Fig. 1, in which a projection is made 114 
up to the year 2030, classifying the demand by sectors. 115 

 116 
Figure 2. Energy demand in Colombia by sectors, historical and projection [19] 117 

Consequently, the environmental problems that bring the generation of energy from conventional 118 
sources and the exhaustion of the resources encourage the country to follow the global trend of the 119 
use of alternative sources of generation, since its energy demand increases (fig. 2) and the resources 120 
available are increasingly being consumed especially from fossil sources. For that reason, this type of 121 
systems must be encouraged, already have taken the first steps, but greater support on the part of the 122 
state beings added to a work makes lack to guarantee a traceability in the supply chain and a 123 
sustainable development. Fossil fuels are the main source of energy in today’s world. However, the 124 
world is changing its conception, to have alternative energy generation more economical and 125 
respectful with the environment [20]. In contrast to fossil fuels, renewable energy can be utilized as a 126 
remedy for solving the global warming problem. The development of renewable energy technology 127 
will promote sustainable development and reduce environmental impacts [21], alternative energies 128 
have great benefits, becoming an attractive option for the transformation of supply chains, especially 129 
photovoltaic energy, which is being implemented to a greater extent, a statement justified by figures 130 
already mentioned.  131 

 132 
4.1. Non-interconnected Zones  133 

The so-called not-interconnected zones (ZNI) are difficult access areas, in which for "the effects 134 
related to the provision of the public service of electric energy, is understood by ZNI to 135 
municipalities, townships, localities, and villages not interconnected to the national interconnected 136 
system (SIN)" [22]. 137 
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 138 
Figure 3. Places without access to electrical power [23] 139 

Usually this type of areas has a dispersed population, with a low population density approximately 140 
52% of the national territory are catalogued like ZNI [17]. As can be show in Fig. 3, In Colombia there 141 
are approximately 25,000 places without access to the national electrical Network, although most of 142 
these places are in the northeast by the concentration of the population, the lowest level of coverage 143 
is southeast of the Colombia. 144 

Currently, to replace the energy demand of these communities, and to replace the firewood or 145 
fossil fuel use, some small projects in selected zones are carried out. Nevertheless, it is insufficient 146 
and the remote populations suffer difficult to mount an infrastructure that replaces its power 147 
necessities and of potable water. 148 

Is important also to keep in mind the legislative part, since from laws and norms are developed 149 
there that promote renewable energies, an important issue to mitigate the disconnection of some 150 
areas of the country is created. Among them is the Law 1715 of 2014 (13 of May of 2014), “By means 151 
of which the integration of nonconventional the renewable energies to the National Power System is 152 
regulated”. Its main objective is to promote the development and use of non-conventional energy 153 
sources, especially renewables, for their integration in non-interconnected areas, to achieve 154 
sustainable development, ensure energy supply and finally reduce greenhouse gas emissions [24].  155 

Currently efforts are underway to connect the isolated areas with electricity service, through 156 
Sustainable Rural Energization Plans (PERS), which consist of plans structured from an analysis of 157 
the regional elements relevant in the field of entrepreneurship, productivity and rural energizing that 158 
identify, formulate, and structuring guidelines and strategies of rural energy development as well as 159 
integral and sustainable supply and exploitation projects of supply and use of energy for a period of 160 
at least 15 years, where not only their object is to provide the service, but that support the growth and 161 
development of the rural communities of the regions objective. 162 
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 163 
Figure 4. Structure of PERS [25] 164 

5.  Transport as a backbone of the supply chain 165 
Historically the country has been evolving in its networks from transport, although the 166 

geography of the country makes difficult the expansion and construction of new channels, at the 167 
moment efforts have been made to manage projects that lead to the improvement of the infrastructure 168 
of the country through state agencies like the National Infrastructure Agency (ANI), the Ministry of 169 
Transport, among others, all under the direction of the National Government. 170 
 171 
5.1. Road Infrastructure 172 

The Colombian Road network to year 2016 is of 206.500km corresponds to the National Primary 173 
Network, 45,137 km correspond to the National Secondary Network and 142,284 km correspond to 174 
the National Tertiary Network. Also, it has 5,097 bridges national level and 1,266, 80 km in a Double 175 
carriageway, 10 viaducts and 40 tunnels [26]. 176 
 177 
5.2. Railway Infrastructure 178 

Colombia's railway network is divided into two main areas, the Atlantic and Pacific. The first 179 
formed by the routes, with an extension of 1,493 km crossing the departments of Cesar, Magdalena, 180 
Santander, Boyacá, Antioquia, Cundinamarca, Caldas. The second is the Pacific rail network covers 181 
498 Km in the departments of Caldas, Quindío, Risaralda and Valle. In the loading part, the following 182 
products are highlighted: pulp and paper inputs, sugar, sheets, sleepers, chemical products and 183 
inputs, spare parts, scrap, maize, raw materials, piping and cargo in general containerized.  184 
 185 
5.3. Maritime infrastructures 186 

On the other hand, it is the harbor network, it connects more than 4,200 shipping roads of export 187 
in good condition to regulate, direct and with connection, offered by 40 shipping ones to more than 188 
590 cities in the world, in addition to 198 million tons mobilized more by the Colombian ports in 2015 189 
[27], The main ports belong to the regional port companies (TCBUEN, SPR Buenaventura, SPR 190 
Cartagena, SPR Santa Marta, SPR Barranquilla) [28]. The Colombian river system comprises a total 191 
length of 24,725, of which 18,225 Km are navigable. Likewise, it has 32 ports of national interest and 192 
52 ports providing local and regional transport services. It is important to note that this system is an 193 
alternative especially in areas of difficult access. For the year 2014 something more than 3.4 million 194 
tons of cargo were transported by this medium [29]. 195 
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 196 
Figure 5. Principal Rivers for transport in Colombia [27] 197 

5.4. Aerial infrastructure 198 
In the aerial part, they were mobilized more than 735,000 tons of cargo exported via aerial in 199 

2015, through more than 2,200 routes of export for cargo, direct and with connection provided by 32 200 
airlines of cargo. The Main international airports as it is possible to be seen in the fig. 5, (Bogotá, Cali, 201 
Medellin and Barranquilla) and other international (Cúcuta, Bucaramanga, Pereira, Armenia, 202 
Riohacha, Leticia, San Andrés, Cartagena and Santa Marta [28] 203 

 204 
Figure 6. Primary network of airports and ports in Colombia [27] 205 

 206 
6. Logistics in Colombia. 207 

The situation of Colombia, figures can show through the following indicators, according to the 208 
World Economic Forum. 209 
 210 

 211 
 212 
 213 
 214 
 215 
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Table 1. Global Competitiveness and Infrastructure Index 2017 [30] 216 

 217 
Colombia is a country that is progressing in logistic terms, according to the previously presented 218 
indicators of competitiveness and transport infrastructure, there is still a lot to do and to improve, 219 
and currently we are working on road and airport infrastructure. 220 
 221 
6.1. Master Logistic Plan (PML)   222 

On the part of the road infrastructure there are going ahead to the works of the denominated 223 
routes of fourth generation 4G, project to modernize the road infrastructure, which began in 2013 by 224 
the National Government to improve the competitiveness, in total are 19 projects which they try to 225 
improve the time and the quality of the routes to travel through the national territory with double 226 
carriageways that in average would diminish the time of transfer in a 30% [31]. 227 

The project is divided into two parts called "primera ola" and "segunda ola" [32]. These highways 228 
are concentrated mainly in strategic important points of the center, the north and the West of the 229 
consequent country with the location of the ports and sites of greater flow and entrance of product 230 
and merchandise to the country.  231 

To increase competitiveness in Colombia, in October of the 2015, director of The National 232 
Planning Department (DNP), Simón Gaviria, presented the Logistic Masterful Plan for the 2016, in 233 
agreement with the thrown thing by the Logistic National Survey, made by the DPN, between its 234 
indicators it is that the cost of logistic as percentage of products of the companies is of 15%, with 235 
greater participation of the headings of transport and storage with 57% of the total. 236 

Similarly, customs standards happened from 15,000 to 25,000, being logistic a point in which 237 
there is much to improve and work to achieve better results, the innovation in the companies of the 238 
logistic sector is low, 37% of the industrialists have an operator solely to take care of their 239 
requirements logistic [29]. The PML seeks to have a positive impact in the competitiveness of the 240 
country, by means of strategies to give answer to the main present necessities in the logistic sector, 241 
integrating several aspects around the foreign trade, urban and regional, logistic the distribution 242 
sustainable, promotion of the intermodality, among others [33]. 243 

 244 
6.2. Intermodal Transport Master Plan (PMTI) (Colombia) 245 

This plan was raised in 2015 by the national Government and in the Ministry of Transport of 246 
Colombia, is to organize in an efficient and strategic way the growth of the country, through an 247 
infrastructure network that manages to connect to the cities, regions, Frontiers and ports, prioritizing 248 
the projects that will have the greatest impact for the national economy [26]  249 

This plan is one of the most important, since according to figures of the Vice presidency of the 250 
Republic the annual investment is approximately 10 billion of Colombian pesos, a considerable figure 251 
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and that is expected to have its fruits in terms of improvement of the indicators and that can Integrate 252 
and connect all areas of the country in one form or another.  253 

The idea is to integrate the 32 departments of the country the national government and the 254 
private entities, to carry out a joint work that allows to promote the mobility and the trade through 255 
the optimization and repowering the transport networks. 256 
 257 
6.3. Logistical Problems in Photovoltaic Solar Systems 258 

In Colombia, there are difficulties in different aspects that affect the expansion of this type of 259 
systems, which are the following: 260 
 The majority of components are not manufactured in the country, the big problem is in 261 

distributing the product to the different zones, by the conditions, the limitations of speed and 262 
capacity of the road network mainly, in the same way the lack of other means of Transport that 263 
could expedite the transfer as the railroads. 264 

 The energy projects of this type in the country are focusing on areas with problems of connection 265 
to the national electricity grid ZNI, for example, in the year 2014 in the Department of La Guajira, 266 
in the townships of Puerto Estrella and Nazareth, a project was carried out RO 330kW bust of 267 
installed capacity with 1,300 solar panels and 480 lead-acid batteries to supply energy to these 268 
populations, approximately 2000 inhabitants. This project had many logistical problems for 269 
transport, because it is located in a desert area of difficult access, because of the social culture of 270 
the ethnic Wayuu and the lack of technical personnel in the area. Likewise, this year 2017 is 271 
completing three projects in the Department of Amazonas, specifically in the communities of 272 
Puerto Nariño, San Martín de Amacayacu and Macedonia. In these populations, 2376 273 
photovoltaic panels were mounted for an installed capacity of 594kW.  274 
 The projects had major drawbacks in the logistics by river transport, as well as some of the 275 

imports were made by Manaus, Brazil, as the batteries which increased the time of transfer by the 276 
Amazon River and lost time in the Nationalization by the regulations between the two countries in 277 
terms of importation of products with dangerous elements (lead acid batteries). 278 

 279 
7. Proposed model for the supply chain of photovoltaic solar systems in Colombia. 280 

Solar PV systems are an alternative to reduce costs and have reliability in the delivery of energy, 281 
currently several companies are venturing into the design and planning of new strategies in the 282 
supply chain for the treatment of Different elements that compose a system of this type. 283 
The dynamism of the market today, forces companies to change their process model. Boost business 284 
growth through innovation in the supply chain, not only through products and services, but also 285 
with business models [34]. The implementation of the technology allows streamlining and improving 286 
the tasks of recognition, organization and response in the supply chain. 287 

The supply chain of solar systems in Colombia is made up of several actors; in Fig. 7, it shows at 288 
a general level each one of them and the interaction of some significant processes, which are part of 289 
the flow of products and materials. This process is illustrated through a Petri Net’s, which graphically 290 
and logically shows the evolution and behavior of the chain. The Petri Nets (PN) introduced in the 291 
literature thanks to the doctoral thesis of Carl Adam Petri [35], Petri nets are a tool for modeling 292 
dynamic event systems and it is used to simulate the dynamic properties of complex systems by 293 
means of graphic models of concurrent processes, ideal in logistic systems. His study has had a major 294 
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boom over time thanks to the large number of applications that have been found. These Nets are very 295 
efficient in modeling discrete event systems, characterizing the behavior and interaction of different 296 
sub-processes that cooperate in the objectives of a system. 297 

The formalism provided in concepts such as synchronism, concurrence, mutual exclusion, and 298 
sharing of resources are of special interest and have provided a greater capacity and power of 299 
representation in the resulting models.  Some important applications in discrete models for the 300 
green purchasing process or in the diagnosis of complex system failures can be seen in [36] [37], 301 
respectively.  302 

In Fig. 7 A Petri network is presented in which the so-called places (P) in which the actions occur 303 
are circulated, and represented by a thick black line the transitions (T) in which the conditions are 304 
detected. The arcs represented by arrows represent the direction of the actions and the marks 305 
represented by black points the state where the process is located, in this case the logistic process. 306 

 307 
Figure 7. General Supply Chain of solar PV systems in Colombia 308 

 309 
The supply chain is part of the extraction of materials and raw material (RM) processing, which are 310 
elements such as: silicon, glass, aluminum, and plastic, among others. They are then transferred and 311 
delivered to the companies responsible for manufacturing solar systems (SS), which are composed of 312 
solar panels, batteries and investors, among others. After that, companies located in Colombia import 313 
products from different parts of the world, to market them locally, this allows them to have a stock 314 
available for sale. When a customer buys a solar system or one of its components, according to their 315 
requirements, the company generates the purchase order and verifies the stock to end the sales 316 
process. In the event that there is not enough stock of the product, we proceed to request the supplier 317 
and import the necessary elements. With the order ready, it is finally delivered.  318 
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The power generation system must be transported to the installation site, a work that requires 319 
special care with the parts to avoid their affectation. With all the equipment and elements on the site, 320 
we proceed to install the Solar PV system. The last step is to carry out the necessary maintenance 321 
according to the maintenance plan developed before the start-up. 322 

For the articulation, a rigorous logistical scheme is required because the photovoltaic systems 323 
must be handled in a special way, in their transfer they travel long distances and are in constant 324 
movement. For example, the solar panels must be packaged, transported and handled properly, is a 325 
critical element within the photovoltaic systems, about 10% are damaged during transport, often only 326 
discover the breakdowns in these modules After assembly [38].  327 
 328 
8. Conclusions 329 
 Through the construction of the Petri Net’s is understood the interaction and evolution in all 330 

phases of the supply chain of PV systems in Colombia, as a first step to propose a structured 331 
logistic model that includes the SCO concept as a first step to improve and enhance their 332 
development. This mathematical model is being developed for a future publication. 333 

 334 
 The country is working to improve the competitiveness indicators through the plans PML or the 335 

4g pathways and the PMTI for intermodal transport, with a great economic investment, the 336 
government of Colombia is giving importance to this issue of Transport and logistics, which 337 
directly benefits the supply chain of the PV systems to be more easily traceable. 338 

 339 
 Achieving the supply chain articulation of these systems is not an easy task; it is required to have 340 

an efficient logistic and infrastructure model, which is not currently very strong, not only in terms 341 
of bringing products from suppliers. To the customers, but also to the end users (installation of 342 
the PV systems), which many times are located in areas of difficult access. 343 

Acknowledgments 344 

This work was supported by the EAN University, Research Department and IDEVOS research Group (Bogotá - 345 
Colombia).  346 
Author Contributions 347 
All authors contributed substantially to the ideas, concepts, and work presented in this paper. Mateo Valderrama 348 
was responsible for the preparation of the manuscript and have approved the submitted form. Leonardo 349 
Rodríguez Urrego provided the data in solar PV area and Petri nets model. Pablo Ocampo and Camilo Mejía 350 
designed the SCO model and analyzed to supply chain.  351 

Conflicts of Interest The authors declare no conflict of interest 352 

References 353 

[1] C. Carter and D. Rogers, “A framework of sustainable supply chain management: moving toward new 354 
theory,” Int. J. Phys. Distrib. Logist. Manag., vol. 38, no. 5, pp. 360–387, 2008. 355 

[2] M. Jiménez-Torres, C. Rus-Casas, L. Lemus-Zúiga, and L. Hontoria, “The Importance of Accurate Solar 356 
Data for Designing Solar Photovoltaic Systems—Case Studies in Spain,” Sustainability, vol. 9, no. 2, p. 357 
247, Feb. 2017. 358 

[3] S. Chopra and P. Meindl, Administración de la cadena de suministro: Estrategia, planeación y operación. 2008. 359 
[4] M. Feitó Cespón, R. Cespón Castro, and M. A. Rubio Rodríguez, “Modelos de optimización para el 360 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 May 2018                   doi:10.20944/preprints201805.0265.v1

http://dx.doi.org/10.20944/preprints201805.0265.v1


 

diseño sostenible de cadenas de suministros de reciclaje de múltiples productos,” Ingeniare. Rev. Chil. 361 
Ing., vol. 24, no. 1, pp. 135–148, 2016. 362 

[5] G. Hult, D. J. Ketchen, Jr., G. Adams, and J. Mena, “Supply Chain Orientation and Balanced Scorecard 363 
Performance,” Journal of Managerial Issues, vol. 20. Pittsburg State University, pp. 526–544, 2008. 364 

[6] J. Diniz and N. Fabbe-Costes, “Supply Chain Management and Supply Chain Orientation: key factors 365 
for sustainable development projects in developing countries?,” Int. J. Logist. Res. Appl., vol. 10, no. 3, 366 
pp. 235–250, 2007. 367 

[7] J. . Min, S.and Mentzer, “Developing and measuring SCM concept,” J. Bus. Logist. vol25, N°1, 2004. 368 
[8] J. Terry, E., Defee, C., Mentzer, “A Framework of Supply chain Orientation,” Int. J. Logist. Manag., 2010. 369 
[9] S. Min, J. T. Mentzer, and R. T. Ladd, “A market orientation in supply chain management,” J. Acad. Mark. 370 

Sci., vol. 35, no. 4, pp. 507–522, 2007. 371 
[10] REN 21, “RENEWABLES 2017 GLOBAL STATUS REPORT,” 2017. 372 
[11] IEA, “KEY ELECTRICITY TRENDS ELECTRICITY SUMMARY,” EXCERPT FROM Electr. Inf., 2016. 373 
[12] The shift project data portal, “Breakdown of Electricity Generation by Energy Source | The Shift Project 374 

Data Portal.” [Online]. Available: http://www.tsp-data-portal.org/Breakdown-of-Electricity-Generation-375 
by-Energy-Source#tspQvChart. [Accessed: 02-May-2018]. 376 

[13] M. Badii, A. Guillen, and J. Abreu, “Energías Renovables y Conservación de Energía (Renewable 377 
Energies and Energy Conservation),” Int. J. Good Conscienc. Abril, vol. 11, no. 1, pp. 141–155, 2016. 378 

[14] IEA, “KEY RENEWABLES TRENDS: DEVELOPMENT OF RENEWABLES AND WASTE IN THE 379 
WORLD,” 2016. 380 

[15] IDEAM, “Atlas Interactivo - Radiación.” [Online]. Available: 381 
http://atlas.ideam.gov.co/visorAtlasRadiacion.html. [Accessed: 02-May-2018]. 382 

[16] REN21 STEERING COMMITTEE, “Rewables 2016 global Status Report,” 2016. 383 
[17] UPME and Ministerio de Minas y Energía, “PLAN ENERGETICO NACIONAL COLOMBIA: IDEARIO 384 

ENERGÉTICO 2050,” 2015. 385 
[18] D. Rodríguez-Urrego and L. Rodríguez-Urrego, “Photovoltaic energy in Colombia: Current status, 386 

inventory, policies and future prospects,” Renew. Sustain. Energy Rev., vol. 92, pp. 160–170, Sep. 2018. 387 
[19] UPME-Ministerio de Minas y Energía, “Proyección de Demanda de Energía en Colombia,” 2010. 388 
[20] A. Mohd et al., “Challenges in integrating distributed Energy storage systems into future smart grid,” 389 

2008 IEEE Int. Symp. Ind. Electron., pp. 1627–1632, 2008. 390 
[21] S. Ninsawat and M. Hossain, “Identifying Potential Area and Financial Prospects of Rooftop Solar 391 

Photovoltaics (PV),” Sustainability, vol. 8, no. 10, p. 1068, Oct. 2016. 392 
[22] Congreso de Colombia, “LEY 855 DE 2003.” [Online]. Available: 393 

http://www.creg.gov.co/html/Ncompila/htdocs/Documentos/Energia/docs/ley_0855_2003.htm. 394 
[Accessed: 02-May-2018]. 395 

[23] UPME, “Places to Energize.” [Online]. Available: http://sig.simec.gov.co/SitiosUpme/. [Accessed: 15-396 
May-2018]. 397 

[24] Congreso de Colombia, “Ley 1715 de 2014.” 2014. 398 
[25] UPME, “PLANES DE ENERGIZACIÓN RURAL SOSTENIBLE – PERS.” [Online]. Available: 399 

http://www.upme.gov.co/zni/. [Accessed: 02-May-2018]. 400 
[26] M. de T. Gobierno de Colombia, “Plan Maestro de Transporte Intermodal.” 401 
[27] PROCOLOMBIA, “Infraestructura logística y transporte de carga en Colombia,” 2016. 402 
[28] PROCOLOMBIA, “Infraestructura logística y transporte de carga en Colombia 2015,” 2015. 403 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 May 2018                   doi:10.20944/preprints201805.0265.v1

http://dx.doi.org/10.20944/preprints201805.0265.v1


 

[29] Colombia Departamento Nacional de Planeación, “Encuesta Nacional Logística,” 2016. 404 
[30] World Economic Forum, “The Global Competitiveness Report,” 2017. 405 
[31] Cynthia Lewis, “Ventajas de tener vías 4g en el país | Infraestructura | Economía | Portafolio.” [Online]. 406 

Available: http://www.portafolio.co/economia/infraestructura/ventajas-de-tener-vias-4g-en-el-pais-407 
500367. [Accessed: 02-May-2018]. 408 

[32] Gobierno de Colombia, “Así van las Autopistas de Cuarta Generación en Colombia.” [Online]. 409 
Available: http://www.vicepresidencia.gov.co/prensa/2015/Paginas/Asi-van-las-Autopistas-de-Cuarta-410 
Generacion-en-Colombia-150325.aspx. [Accessed: 15-May-2018]. 411 

[33] S. Gaviria, “MISIÓN LOGÍSTICA PARA COLOMBIA,” 2016. 412 
[34] Kelly Marchese and Jerry O’Dwyer, “From risk to resilience: Using analytics and visualization to reduce 413 

supply chain vulnerability.” 414 
[35] C. A. Petri, “Kommunikation mit Automaten,” Fakultät für Mathematik und Physik, vol. Doktor. p. 128, 415 

1962. 416 
[36] L. Ortega, L. R. Urrego, D. G. Gutiérrez, J. G. Chenet, and W. I. T. Press, “Green Procurement Model 417 

Using Petri Nets: A Perspective Developed from the Models Applied to the Supply Chain,” in WIT 418 
Transactions on Ecology and the Environment, 2015, vol. 195, p. 11p. 419 

[37] L. Urrego, E. G. Moreno, F. M. Anglada, A. C. Salvador, and E. Q. Cucarella, “Hybrid Analysis in the 420 
Latent Nestling Method Applied to Fault Diagnosis,” ieeetase, vol. 10, no. 2, pp. 415–430, 2013. 421 

[38] DB Schenker, “Sun protection factor.” [Online]. Available: 422 
https://www.dbschenker.com/global/about/press/sun-protection-factor-4924. [Accessed: 02-May-2018]. 423 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 May 2018                   doi:10.20944/preprints201805.0265.v1

http://dx.doi.org/10.20944/preprints201805.0265.v1

