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Abstract: Puerto Rico generates and disposes nearly five million/year scrap tires (ST), of
which 4.2% is recycled and 80% is exported. The Island has one of the world highest
electrical service tariff ($0.28 kWh), because of its dependency on fossil fuels for power
generation. The Government has not considered ST for electricity production, despite more
than 13,000 ST are generated daily, and paradoxically exported for that purpose.
Theoretically, if ST recycling increases to 10% and assuming that the caloric value of ST
be 33 MJ/kg, it was estimated that scrap tires processed with pyrolysis can supply annually
about 379 MWh, a potential value that shall not be unnoticed. This paper is a literature
review to describe the legal, technical, and economic framework for the viability of ST for
power generation in Puerto Rico using pyrolysis, the most recommended process for ST
energy recovery. Data of ST from Puerto Rico was used to model the potential of ST for
pyrolytic energy conversion. The herein article is intended to invite other insular countries
and territories, to join efforts with the academic and scientific community, and with the
energy generation sector, to validate ST as a sustainable option for energy generation.
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1. Introduction

Energy provision is of utmost importance to the overall sustainability of small islands, given the
pervasiveness of energy use, its importance in economic development and living standards, and its
impact on the environment [1]. The majority of insular states and territories depends on importation of
fossil fuels, or relies on a weak electricity grid connection to the nearest mainland [2]. Therefore,
islands are extremely vulnerable by the present inconstancy and unpredictability of the fossils fuel
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market. Consumption of these resources has been growing over the years and is the kernel of economic
development, because it inflicts the environment and human health [3]. As a result it is difficult to
implement solutions to reduce environmental, social and economic costs so that these islands maintain
high quality of life and competitiveness. Energy options also decide other essential aspects for a
sustainable island development, which affect competitiveness in key areas, such as tourism, industry,
commerce, agriculture, and transportation [4].

Puerto Rico (PR), a commonwealth of the USA, was ranked 31/144 on the 2012 Global
Competitiveness Index (GCI) which measures the ability of a country to provide high levels of prosperity,
based on twelve core factors, among them the infrastructure [5]. The Island has advanced positively in the
last consecutive three years, positioning it as the best economy in Latin America and the Caribbean. The
GCI may be accounted as a theoretical indicator that this insular territory is taking strategic actions towards
straight governance and innovation, key elements for sustainability. Globally, PR has also been ranked
among the first countries with a good provision of paved roads (175.2 m%/person), with a network length of
26,531 kilometers [6], and a fairly reliable electrical energy grid [5]. As for the 2012 GCI, Puerto Rico
ranked third in the availability of scientists and engineers to service the country [5]. The Island is the first
Latin American country with a sound collaboration between businesses and universities for research and
development, for technological innovation, and for sophistication in production processes [5]. At first
glance, anyone may think that with such global ranking, PR is really heading toward a sustainable
development. However, contrary to what it is projected by the GCI, the Island is being facing one of its
worst economic crisis, because the wearing of the productive structure based on the investment
from foreign capital, has hold the generation of wealth [7], the high cost of electrical energy
generation that slows the advancement of the economy [8], and the massive consumerism and
wasting culture of residents [9]. With regard to electricity, it can be inferred from Figure 1 that
there is no apparent relationship between a country’s GCI ranking and the cost of its electrical
energy for residential and industrial purposes. However, reliable and affordable electricity
provision is necessary for not to impose high costs on companies, especially large manufacturing
electricity intensive businesses; the Caribbean still lags behind [4].

Emerging states have often experience a lack of harmony in coordinating economic development with
environmental management, delaying their aspiration for sustainable development [10]. The present
situation of Puerto Rico, especially the cost of electrical energy, may represent the tip of the iceberg,
which hides among many elements, an increasingly non-cohesive society, and a lacerated natural
environment inflicted by the sprawling of residences, the proliferation of megastores, furtive pollution,
and a general poor collective environmental awareness [8]. Despite the reality of a shrinking global and
local economy, the majority of Puerto Rico islanders continues in addictive consumerism [8]. This is
exemplified among many extravaganzas, by the constant acquisition of new cars, a fact that encourages
false states of economic hope and bonanza [11]. Parallel to this erratic social behavior, each year PR
imports about 10 million new tires and discards around five million scrap tires [12]. As a result, the
Island has been experiencing critical environmental and economic situations, with the increasing
accumulation of ST and their clandestine dumping in natural areas. After the banning of the disposal of
ST in landfills [12], the government has been paying millions of dollars to private companies that daily
collect this material [13]. The adequate management and removal of ST is a relevant issue that urges to
be engaged in the equation of Puerto Rico’s aspiration toward a sustainable development.
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Figure 1. Comparison of the electrical energy cost (US cents) of several countries
ordered according to their GCI (adapted from [4] and [14]).
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From the public sector, the Environmental Quality Board (EQB) has the ministerial responsibility to
apply Act 41, which regulates the use, handling and disposal of ST, and creates incentives for the
recycling, and the recovery of energy derived from them. This law allows the development of
strategies to ensure a final market and tax benefits for ST [15], and establishes rates for processing and
recycling them [16]. The State Public Energy Policy, effective since 1993, stipulates the use of
alternative fuels (such as non-toxic solid wastes) to promote an environmentally sustainable
development [17]. Being an insular territory of the USA, Puerto Rico has to comply with the
regulations of the Environmental Protection Agency (EPA) related to the control of emissions
associated with the use of ST for energy recovery. Puerto Rico Act 82, from May 2010, entitles for
energy assets diversification, by seeking sustainable and renewable energy resources endemic to the
Island, so that the cost of electrical energy be reduced to half the present $0.28/kWh, one of the highest
in the world [14]. It is in this scenario that ST enters to solve two problems with one approach:
processing and transforming them into energy, parallel to collecting and eliminating their management
and disposal problem on the Island. This option currently has the support of the EPA, after this agency
reclassified ST from being a waste to become a fuel resource [18].

The car is the primary method of transport of the majority of the nearly 3.8 million residents of
Puerto Rico. This population is largely concentrated in the Metropolitan Area of San Juan, which has
an urban train interconnected to a mass transportation system, but with little sponsorship by the
locals [19]. As a result, Puerto Rico annually imports about 130,000 cars, equivalent to
617 cars/1000 inhabitants [20]. This wave of cars carries the continuous generation of almost five
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million ST per year [12], which are poorly managed and disposed. Of this total, <5% is recycled for
leachate control and stabilization material in sanitary landfills [12], but not into energy generation [21].
However, it is shameful that Puerto Rico annually exports to the USA around four millions ST
(equivalent to ~40 x 10° kg) for energy recovery [22], while the local provision of energy for
injecting the economic activity is not cost-profitable [23].

2. Caloric Potential of Scrap Tires (ST) and Technologies for Energy Recovery

Tires contain more than 90% organic matter and possess the ability to produce excellent calorific
fuel [24]. Around 14 and 27 percent of the weight of a 42.4 kg truck tire corresponds to synthetic
and natural rubber, respectively, but this proportion is inverted for a 9.1 kg car tire [25]. The USA
has endorsed the use of shredded (TDF: Tire Derived Fuel) or whole ST as alternate resource to
produce electricity [18]. Germany, one of the largest tire manufacturers in the European Union,
ranks as the first country with the highest ST treatment for energetic recovery [26]. According to
Table 1, the calorific value of tires is comparable to that of coal and crude oil, an attribute that
refines the energy recovery potential of ST [27], if the process lessens the impact to the environment
and human health [28,29].

Incineration and thermolysis are the most used technologies for processing ST for energy purposes;
their modern techniques have significantly reduced the emission of pollutants [30]. Incineration is
typically used obtain energy by burning almost any type of solid wastes in ovens from which heat is
further applied to generate electricity [31]. However, during the combustion of wastes, CO is released
and aerosols are contaminated with toxic polyaromatic hydrocarbons (PAH’s), heavy metals, dioxins and
furans [32]. Incineration recovers less than 40% of the energy contained in a ST, its emissions require the
treatment of slag (15%—-20%) and ashes (+/—7%), and the method has very low social acceptance [33].

Table 1. Calorific value of several combustible materials (adapted from [34]).

Source kJ/kg
Municipal Wastes 5800
Mixed Biomass 15,100
Paper 17,400
Textiles 18,600
Bituminous Coal 26,200
Anthracite 28,000
Scrap Tires 31,400
Crude oil 39,500

Pyrolysis and gasification are processes used to split carbonaceous materials at high temperatures
(400-800 °C) in the absence of oxygen (pyrolysis), or by a partial oxidation (gasification) sufficient to
sustain heat while restricting the oxygen supply [29]. In gasification the majority of carbon and
hydrocarbons contained by the solid waste is converted into gaseous products, leaving an inert vitreous
slag similar to that of incineration. However, in contrast to incineration that reduces hydrocarbons to
basically CO, and H,O, gasification leaves a low calorific, but still a combustible substance known as
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syngas [35]. Gasification with plasma arcs, so far in experimental stage, is the most efficient process of
energy conversion of ST and its emissions are almost null [35-37].

Pyrolysis is the most recommended alternative for the thermo chemical treatment of ST [38—40].
It produces collateral oils and syngas [40,41], as shown in Figure 2, which an energetic yields from
35% to 45%, respectively [29,42—47]. The high acceptance of pyrolysis for the treatment of ST is
that the derived oils and syngas can be used as fuels or as feedstock for refining crude oil or
chemical products [40,46]. The best scenarios for the energy conversion of ST by pyrolysis
requires a temperature of 430 °C, a constant 0.35 m>/h nitrogen flow, and a 10 mm TDF [47,48].
TDF sizing from 1 to 3 cm transforms high caloric (68—84 MJ/m®) VOC’s into high caloric syngas
with very low CO, CO,, and H,S content [49,50]. When used motor oil [30], sawdust [50], and
municipal solid wastes [51] are mixed with TDF during pyrolysis, the caloric value of the resulting
syngas increases.

Figure 2. General ST’s composition and main products after treatment with pyrolysis

(adapted from [52]).
Scrap Tires (ST) Pyrolysis Primary
Composition Products

60-65% SBR (styrene-
butadien rubber)

29-31% Carbon black
2-3% Zn0
1-2% Sulfur

Syngas:10-30%
(H,, €O, CO,, CH,,

C;Hg, Propane, Propene,
Butane, Butadiene)

Char: 33-38%

(ZnO ash ~15%,
Sulfur, 3-5%)

Preheating to initiate exothermic reactions is a modeled strategy that has proved to be significantly
more efficient for energy savings in the pyrolysis of ST [44]. Through experimental and simulated
tests, it was reported that the energy content of the gaseous phase of the gasification process, increases
as the ratio between the mass of the steam and that of scrap tires (“Feeding Ratio, FR) ranges from
0.2 to 1.2, presenting a peak when FR = 0.33 per each kilogram of ST [53]. The gas produced in these
tests showed a calorific value of 29.5 kJ/kg, lacked of nitrogen, and contained H, (52.7%), CH4
(22.2%), CO (18.1%) and CO; (7.0%), making it an excellent energy source for thermoelectric power
and cement production plants [24]. The carbonized solid wastes of ST are chemically modified in situ
by post-pyrolysis oxygenation [54].
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3. Economic Considerations
3.1. Economic Market of ST for Energy Provision in Puerto Rico

The mass production of tires, and their disposal constrains, constitutes one of the most serious
environmental problems of recent years, particularly in island states [55]. The same properties that
craft tires as a versatile object, most notably durability and their immunity to biodegradation also make
them difficult for disposal and reprocessing [52]. Tires manufacturing requires a high energy
consuming process, and after wearing and not properly recycled, ST cause serious environmental
pollution problems. ST are vectors of plagues, their dumping impoverishes the landscape, and their
chemical components and large size make them recalcitrant for natural degradation [56]. To
objectively quantify the environmental costs of processing ST may probably be an endless exercise,
given the complexity of n-dimensional factors linked to that issue. However, transforming ST into an
energy source, is a double palliative for countries, especially small islands, aiming for sustainable
development, but with economies based on fossil fuel importation, inconsistencies in the handling and
disposal of this material, and where stealthy dumping is rampant [35], as in Puerto Rico [15] and other
Latin American countries [34,57]. To mitigate the adverse economic, environmental and public health
effects of the mishandling and disposal of ST, it is crucial to apply the most cost effective techniques
headed to recover the energy from this resource [18,58,59].

Puerto Rico generates nearly five million ST per year [12], of which only 4.2% is recycled or
reused [16]. The Island has an on-going installation of noise barriers parallel to main highways,
manufactured with approximately 250,000 milled ST [15]. This activity evidences two facts which
favor ST reinsertion into the economy: local companies have a secured stock of ST to make a
profitable product and, these companies also have the technology to crush scrap tires, which is
equivalent to producing Tire Derived Fuel (TDF). Therefore, if Puerto Rico has the capacity to
produce TDF, it ought to expand the ST market in order to consider this material as an alternate fuel as
done by USA and Germany, two countries with very strict air quality standards, but supporters of the
cogeneration of energy using TDF [29]. Despite TDF reduces the cost of energy production [60,61],
thermoelectric power plants prefer to use whole ST, since producing TDF can be up to five times more
expensive than pulverizing coal [58], while its making consumes large amounts of energy [62].
However, TDF can be used to feed thermal processes in many other industries, for instance
metallurgical, cement, pharmaceutical and recycling, or to provide electricity to run the operations of
those industries, via energy recovery by pyrolysis, the most recommended method [39,40].

Puerto Rico offers levy benefits for the adequate disposal of ST; the selling tax for new tires
covers the cost of its disposal [15]. The handling and disposal fee for every new or used tire
imported or manufactured in Puerto Rico is regulated according to their diameter: up to 43 cm
($1.65), 44-62 cm ($7.00), and >62 cm ($25.00) [16]. The new regulation establishes that the State
pays $0.024, $0.015 and $0.049 for transportation, crushing and export of whole ST, respectively,
and $0.044 and $0.024 for the use of whole or crushed ST, respectively, for energy purposes [16].
Therefore, the Island provides legal protection and economic incentives to use ST for energy
conversion and cogeneration projects.
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3.2. Electrical Energy Production System in Puerto Rico

Since 1941, electricity in Puerto Rico has been provided by the Puerto Rico Electric Power
Authority (PREPA), a public corporation that until May 2010, showcased a strong monopoly [23], and
a self-regulated operation without responding to an external controller [63]. For decades, PREPA has
exhibited a heavy dependence on fossil fuels to operate an isolated and vertically integrated electric
system [64]. As for May 2013, PR has an electrical energy generation capacity of 5665 MWh and its
peak generation is around 3685 MWh. In 2009, PREPA generated $4002 million from the sale of
electricity at $0.22 and $0.28 kWh, for industrial and residential use, respectively, and allocated 48%
($1919 million) of that income to import fuels to feed its five thermoelectric power plants [7,8]. Like
on many islands, the cost of providing constant, affordable and reliable electrical energy has been a
major obstacle to establish businesses in Puerto Rico [65,66], consequently impeding sustainable
development [67]. Even though the burden of a fluctuating and unstable fossil fuels market, PREPA
has been very slow in developing new projects with alternative fuels, including the use of solid
wastes or scrap tires to cogenerate electrical energy. Although the fact that recent PREPA strategic plans
show a diversification of fuels and a reduction in the dependence on oil, as shown in Figure 3, this
corporation continues planning long term operations, based on imports of coal and natural gas [63—66].
PREPA aims to reduce the cost of electricity to around $0.12 kWh by 2013 [8], a goal far to be
accomplished, because the price of natural gas co-integrates with the volatile market of oil, weather
events, and changes in technology [67]. Hence, PREPA needs to explore the full energy resources
spectra available within Puerto Rico, like scrap tires [68], so that the almost $2 billion allocated to
import fossil fuels, be injected into the local economy and sparks a network of endogenous capital for
a more sustainable development [67,68].

Figure 3. Distribution of sources and power (MWh) for electrical energy production in
Puerto Rico.
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In 1978, the USA Public Utility Regulatory Policies Act (PURPA) approved forced monopolistic
electricity providers to buy power from other more efficient producers, if the cost was less than the
utility's rate to the consumer. As result, PREPA has welcomed two private initiatives to reduce the
Island’s dependency on oil for thermoelectric generation [69]. In the Municipality of Pefiuelas, the
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507 MWh natural gas EcoEléctrica became the first independent power producer in the world to
integrate a power plant with a liquefied natural gas terminal. With a $700 million investment made
by its two stockholders, and financing provided by a consortium of 26 international and local banks,
EcoEléctrica was able to lower from 99% to 86%, Puerto Rico’s reliance on imported oil [69]. In the
Municipality of Guayama, lies the 454 MWh Applied Energy System (AES-PR), a Puerto Rico
based company, engaged in electricity generation utilizing low (1%) sulfur coal imported from
Colombia. The company generates electricity in its fluidized bed boilers.

The successful entrance of EcoEléctrica and AES-PR triggered new projects for the cogeneration of
electrical energy, but this time using renewable resources. The private sector has installed 101 MWh
wind turbines and 97 MWh photovoltaic farms. Two waste to energy facilities (~90 MWh) are in their
final permits stage for operation on the Island. Wind, solar and wastes are renewable energy sources in
many islands, and the benefits their respective technologies bring to the environment, public health,
and the economy have been widely studied [66]. This fact supports the new policy of the Government
of Puerto Rico pursuing sustainability, which states that by year 2015, 12% of all the electrical energy
to be generated on the Island must be from renewable sources, a number that should be increased to 15%
by 2020 [68]. However, the slow pace exhibited by PREPA for developing renewable energy pilot projects,
reveals the historic weak role of the government to monitor and control that public corporation [69].

It has been reported that ST can be mixed with pulverized coal to power boilers, reducing NOx
emissions while increasing the efficiency of energy recovery [61,70]. This option could be applicable
for the AES-PR plant, which produces 454 MWh, ~15% of the electricity consumed on the Island [69].
ST can be integrated to AES-PR for co-firing with coal, as done by the 180 MWh AEE-Hawaii in
Oahu, where ~1.4 x 10° kg of ST are processed annually, supplying around 1% of the fuel needed to
operate the plant [71]. AES-PR employs ~92,500 kg/h of coal to provide 11,300 BTU (3.31 kWh) to start
and maintain operational its fluidized bed system (Eng. Ramiro Rivera, AES per. com, January 2013).
If AES-PR emulates the use of ST as in AES-Hawaii [71], then integrating the same 1% of ST, would
imply rescuing at least 3.4 x 10° kg of ST plus converting them into 4.54 MWh to energize some of the
plant operations.

The Strategic Plan of the Puerto Rico Solid Waste Management Authority (ADS) included actions
to ensure a final market for ST, giving emphasis to the development and purchase of products derived
from such material [72]. The Plan envisions the establishment of two facilities for converting
municipal solid waste to energy (WtE), with an estimated processing capacity of 2.6 X 10° kg/day;
scrap tires were not considered as an energy resource for them [72].

As a result of the ADS WtE goals, two scenarios for processing 445 x 10° kg/year of municipal
solid wastes in Puerto Rico were modeled using a Thermoselect® gasification technology [73]. It was
demonstrated that gasification is the preferred strategy for the management of non-recyclable wastes,
versus its disposal in landfills [73]. It is within this option where ST must be included on the Island
renewable energy resources portfolio, due to its high heat potential, and the new legal framework and
economic incentives to develop projects with such purposes [18]. Given that pyrolysis is the best
recommended method for the management and energy recovery of ST [39,40], that technique can only
renders sound economic benefits if the final products are improved under high standards to reach a
marketable yield [26], and if the process reassures not to inflict public and environmental health, the
pillars of sustainability.
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Many small islands have cement manufacturing industries. Scrap tires can be integrated as
secondary fuels in these industries. It has been proved that ST are an excellent and sustainable energy
source, because they can be completely destroyed in the rotary kiln, after exposition to extremely high
temperatures, an oxidizing atmosphere, and a relatively long residence time [74]. In Puerto Rico, the
multinational company CEMEX has integrated a WtE process that utilizes 5000 to 8000 ST/day to
complement coal and used oil for their cement production [69]. This cogeneration strategy
represents savings around $1 million/year in fuel purchases (Eng. Ramoén L. Olivero-Segarra,
CEMEX per. com, May 2013). CEMEX industrial facility has a monthly energy consumption of
10 MWh (~$2 million/month electrical bill) during operating hours. With the proper authorization
from federal and local environmental agencies, CEMEX-Ponce would afford annexing to its facilities a
small pyrolysis power plant fed with ST to supply part of its energy needs for their rotary furnace.
The company is aware that theoretically, the use of ST as a fuel is limited to a maximum of 30%
for the cement industry [74], and that any investment ought to have a short payback period in order
to be sustainable.

3.3. Energy Recovery Potential from ST Processed by Pyrolysis

Previously, it was stated that Puerto Rico annually generates around five millions ST [12]. The average
caloric value reported for ST processed by pyrolysis is 33 MJ/kg [75], equivalent to 9.17 kWh/kg, but
energetic values of 38, 37 y 28 MJ/kg, have been respectively reported [29,50,76]. Assuming that a
single scrap tire has a mean weight of 10 kg, then it can be inferred that each year Puerto Rico
generates 50 x 10° kg ST (~137,000 kg/day). From that total, the Island recycles or reuses 4.2% ST
(5754 kg/day) [16], and exports nearly four millions ST/year [77] equivalent to 40 x 10° kg. If the
former activity is stimulated to process 10% of the total ST (13,700 kg/day), and if the remaining 90%
(123,300 kg/day) of ST is not exported, dumped into the environment, or used for other purposes, then
ST can be used to feed small scale plants operated by pyrolysis [78] in Puerto Rico. If that amount of tires
is assigned for energy conversion, theoretically each day ST can produce 1,130,661 kWh (~1131 MWh).
However, this process has 33.5% conversion efficiency [29], hence the expected total energy to be
produced daily will be around 379 MWh. That energy amount represents around 7% of PREPA’s total
generation capacity, and it is a firm indicator that ST are a potential endemic and a virtually renewable
energy source in Puerto Rico. It has been very profitable for the five local companies that collect,
compact and export to the USA, Vietnam and China [77], those four millions ST per year. The
ignominious paradox within this scenario is that for decades the island of Puerto Rico has been
submitted to an addictive fossils fuel market, supplying billions of dollars to foreign capital interests [67],
while ST are in-stock and available for energy conversion. PREPA faces a great opportunity to reassign the
relatively high amount of money paid for fossil fuels to promote and develop a native sustainable energy
system in which ST can have a key role as an energy source for the Caribbean Region.

Those 379 MWh, which can be generated by ST pyrolysis, should not continue to be unnoticed:
they truly represent an prevalent renewable energy supply that has the potential to be increased if
Puerto Rico becomes a hub for ST from nearby islands, like Trinidad and Tobago and the US
Virgin Island, which also export ST to be recycled or integrated to thermal processes [25]. Taking
into consideration that PREPA aims to reduce to $0.12/kWh the cost of electricity in Puerto Rico,
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then processing ST with a network of small pyrolysis plants hypothetically could mean for PREPA
a gross economic injection close to $45,500/day, plus $543/day ($0.044/ST State incentive for energy
conversion of 12,330 whole ST generated daily), equals $46,043/day or ~$16.8 million/year from the sale
of electricity. These are purely hypothetical results, which assume homogeneity in the caloric value of ST
from passenger cars, and a constant ST supply. Estimates do not take into account ST hauling costs, nor the
investment and operational costs of a plant based on this type of technology [29]. Results neither
considered the range of technical variables related to the performance of ST pyrolysis as reported by many
experts in the field [44,53,61,79-81]. However, it is worth to mention that within the revenues of the
process, the earnings from steel recovery, one of the side products of ST pyrolysis [29,79], were not
included. Despite this, with an almost inexhaustible supply of ST in PR and the possibility to
receive ST from neighboring Caribbean islands that confront problems with this material [25,82],
the herein hypothetical values deserve to be validated by pilot projects through alliances with the
local government, PREPA, the private sector, and universities, primarily to compare and examine
the 35%-45% performance [29,42], and the different types of pyrolysis techniques [31] that better
applies to a tropical island environment. Being pyrolysis the most recommended procedure for
processing scrap tire [38—41,44], new models deserve to be developed to characterize its kinetics
and to interpret the techniques that will result in obtaining a gas or liquid by-product with high
calorific value [54], and to validate that energy recovered exceeds the one required to initiate and
sustain the process [53]. Certainly pyrolysis presents marketing reticence due to the high costs of
installation of the facilities [29,76], but this factor can be addressed through collaboration
networks [70], and the fact that initial costs are recovered in the short-term [29].

3.4. Pathway to Island Sustainability

Costs supported for power generation and fuel availability are often a lot higher in islands than in
continental areas. Elevated transportation costs, the small scale of energy markets, and the energy
generation and distribution systems, put every island in the last step of competitiveness compared with
other markets [4]. The human dimensions component of sustainability has become an integral part to
achieve the rehabilitation of the environment; the challenge will be to preserve ecosystem functions
and to use natural capital while simultaneously sustaining local communities [10]. Renewable energy
sources have a significant potential to contribute to the economic, social and environmental factors
related to the provision of sustainable energy of small islands, because they improve access to
electricity for the majority of the population, and they also reduce emissions of local and global
pollutants, while creating socioeconomic development opportunities [83]. To determine whether or not
a country is living in a sustainable way, it is recommended the gathering of reliable information of its
real welfare, which enables them to protect natural resources more effectively and thereby to improve
its socioeconomic development perspective [84].

Puerto Rico is fast becoming a hotbed for sustainable and renewable energy. Through legislation
and economic incentives developed and implemented by the Federal and the State Government,
companies are being rewarded to establish projects that reduces the Island dependency on fossil fuel,
paving the way for a cleaner tomorrow, using renewable energy sources, including scrap tires [68,69].
In order to attain a sustainability paradigm in Puerto Rico and other island countries, energy research
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institutions and the energy generation and recovery sectors, need to develop a cognitive network to
explore the valorization of scrap tires [68]. Universidad del Turabo’s Puerto Rico Energy Center, is
willing to lead collaborative projects to study the provision of electricity and thermal energy with the
most cost-effective sources, for instance scrap tires, and to examine technologies like pyrolysis,
applicable to Caribbean islands [68]. Energy issues of the present generation can be managed with the
existing technologies, and almost all the resources to move the world economy onto a sustainability
path are already available. The challenge for Puerto Rico and other islands is to cut their dependency
on fossils fuels, to harness endemic and cost-effective renewable energy resources, and to promote
better management practices to increase the efficiency of power generation and provision.

The exportation of millions of scrap tires from many island countries is equivalent to shipping energy
across borders. That practice may make sense in the short term when compared with the cost of landfills in
a country without sufficient WtE capacity [85]. However, the economic and the environmental impact of
such energy flows make that shipping of energy an unsustainable activity [85]. The time has come for
island countries to join efforts for not to mismanage scrap tires, if they are committed to a
competitive financial system to support the course of actions towards a sustainable energy ethics.

4. Conclusions

The economy of Puerto Rico will continue shrinking in its present recession, mainly because the
price of electricity has become a stumbling block to attract new investments, and because the
supply of electrical energy seems to continue to be dependent on fossil fuels. The poor
management and improper disposal of almost five million scrap tires (ST) generated annually on
the Island, have reached negative environmental, economic and social impacts. Through this
article, it was demonstrated that the problem can be transformed into an opportunity for ST to
become a renewable energy option. The hypothetical model presented in this review, showed that
ST are an endemic sustainable energy supply, ideal for the cogeneration of electricity or for its
inclusion in thermal processes, and that pyrolysis is the most eco-efficient technology for
processing this material. For many decades Puerto Rico has ignored the potential of ST as an
energy resource, but paradoxically this material is been exported for such use. Processing ST for
energy recovery will mitigate the critical situation of their disposal, while complementing the
electrical energy generation portfolio on the Island. Although ST fuels derived from pyrolysis are
in beginning stages, they have the potential to be a key alternative renewable resource in island
countries. The consolidation of energy options, technological maturity in the exploration of native
renewable resources, political willingness, and the intellectual commitment to spark innovation,
will place Puerto Rico and many insular countries into a revolutionary scenario. The scientific,
academic, public and the private sectors responsible for delineating the pathway for sustainability
should join efforts for multidisciplinary small scale projects to encourage the entry of ST into the
waste to energy market. Puerto Rico faces a historic moment in which the strength of its alliances
will catalyze the elements towards a sustainable development. The Island has no time, nor the
physical space for postponing this new feat. A strong symbiotic mutuality from a plethora of
sectors will be the keystone for establishing a new energy generation panorama, for the betterment
of the Island’s economic, social and environmental welfare.
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