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P E R S P E C T I V E S

Preparing for the future: Solar energy and bioeconomy in the 
United Arab Emirates

Abstract
Solar energy and the bioeconomy are emerging as two new 
important assets of the United Arab Emirates' economy. The 
consequences identified in this study offering guidelines to 
foster their practical development span from higher education 
and international student recruitment, through new entrepre-
neurship from local and foreign entrepreneurs and investors.

1 |  INTRODUCTION

Located along the southeast coast of the Arabian Peninsula, 
the United Arab Emirates (UAE) comprises seven emirates 
covering an overall area of around 84 000 km2. With a pop-
ulation of almost 10 million (from 1 million in 1980), the 
country is the world's seventh largest crude oil producer (2.97 
million barrels per day in 2018) and holds the seventh largest 
natural gas reserves globally with 12.11 billion m3 of natural 
gas exports only in 2018.1

The UAE started to diversify its economy several years 
ago, and today, about 30% of the country's gross domestic 
product (GDP) is directly based on oil and gas output.1

Starting from the late 1990s, a new tourism and hospitality 
industry was created almost from scratch,2 Today, the country 
operates two of the world's largest airline companies. Hosting 
almost 89 million international passengers in 2018, Dubai 
International Airport ranked first in the world's ranking of 
international airports by total international passenger traffic,3 
when the number of international visitors received by Dubai 
almost reached 16 million (15.92 million visitors).4 Five years 
before, in 2013, the figure amounted to 10.4 million.5

Higher education is another sector in which, thanks to 
public and private investments, the number of higher edu-
cation institutions went from no tertiary education available 
in the country prior to 1976 to current around 180 tertiary 
institutions.6

Currently focusing efforts on international student re-
cruitment (particularly from the Indian Subcontinent and 
from Africa) thanks to its geographic position as well as to 
the international standing of the educational offer,6 starting 

in the early 2000s, the country became in a few years also the 
“largest higher education hub of international branch cam-
puses globally.”7

In this context of rapid change, expanding the adoption of 
solar energy to generate electricity and heat was one of the 
first objectives of the country's new policies aimed to foster 
social and economic development. Today, the UAE hosts in 
Abu Dhabi the headquarters of the International Renewable 
Energy Agency (IRENA), whereas the “Noor Abu Dhabi 
Solar Park” completed in early 2019 in Sweihan, with its 
nominal power of 1.177 GW, is currently one of the world's 
largest solar photovoltaic power stations.

Along with renewable energy, health and water are three 
of the seven science‐dependent sectors in which the UAE 
plans to feature among the world's most innovative coun-
tries according to the “Vision 2021” long‐term plan setting 
in 2010 the key themes for the country's social and economic 
development.8 Transport, education, technology, and space 
are the other four sectors identified by the plan.

In brief, by 2021 when the UAE will celebrate the golden 
jubilee of the union realized in 1971, the UAE aims to “ben-
efit from a sustainable and diversified economy, flexible in 
adopting new economic models, and capitalising on global 
economic partnerships to guarantee long‐term prosperity for 
current and future generations of Emiratis.”9

In a global context of unprecedented progress in both 
clean energy and in the bioeconomy, solar energy and the 
bioeconomy will emerge as two key assets of the overall 
country's forthcoming economy.

The consequences identified in this study offering guide-
lines to foster their practical development span from higher 
education and international student recruitment, through new 
entrepreneurship from local and foreign entrepreneurs and 
investors.

2 |  SOLAR ENERGY IN THE UAE

In the UAE, clear sky conditions exist throughout most of 
the calendar year (monthly average clearness index in Abu 
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Dhabi at a constant value of approximately 0.58),10 with an 
yearly average daily energy input of 513 kWh (18.48 MJ)/
m2/d.

This means that, at today's low cost of solar photovoltaic 
(PV) energy due the global boom of the this technology,11 the 
UAE can rely on PV energy to meet most of its today's and 
tomorrow's electricity needs without the need to deploy ex-
pensive Feed‐in‐Tariff incentives as it happened in Germany, 
Italy, and Spain in the early 2000s; but rather by deploying 
utility‐scale and distributed generation solar photovoltaic and 
solar thermal plants.

2.1 | Utility‐scale PV electricity generation
The UAE already benefits from today's historic low cost 
of PV energy, having directly switched to power purchase 
agreement (PPA) renewable energy contract schemes. For 
example, owned by a special purpose vehicle company com-
prising Abu Dhabi Water and Electricity Authority and two 
private companies from Japan and China, the 1.177  GW 
“Noor Abu Dhabi Solar Park” (Figure 1) started operation 
in early 2019.

In early 2017, the consortium due to manage the solar park 
won the 25‐year PPA bid for the generation of 1.177 GW of-
fering a selling price of $0.0242/kWh,12 with a 1.6 times 
higher price paid during the peak demand months of June 
to September, for an overall levelized cost of electricity of 
$0.0294/kWh.13

In 2017, the UAE launched its first unified energy strat-
egy (“Energy Strategy 2050”), according to which the nation 
aims to have renewable energy sources contributing to 44% 
of its total energy demand by 2050.

In closer detail, along with a 40% reduction in the energy 
demand (vs the “business as usual” scenario) thanks to im-
provements in energy efficiency, by 2050 the strategy targets 
an energy mix combining renewable energy with nuclear, 

coal, and natural gas thermoelectric generation to meet the 
UAE's projected energy needs as follows14:

44% renewable energy
38% natural gas
12% coal
6% nuclear power.

Yet, contemporary planning is flexible in nature: At today's fast 
pace of decline of both PV energy and energy storage in Li‐ion 
batteries and in solar hydrogen,15 we argue herein, by 2050 the 
country will have no difficulty to meet all of its energy demand 
by solar energy only.

Indeed, the Dubai Emirate already set a 75% renewable 
energy target by 2050 (translating into a production capacity 
of 42 GW of renewable energy capacity by 2050). On June 
2019, the Emirate issued the first request for proposal for ap-
pointing consultants to investigate the feasibility of solar PV 
plants floating even in its inner ocean waters.

The same Emirate has already awarded the first 1000 MW 
of the 5  GW “Mohammed bin Rashid Al Maktoum Solar 
Park,” a solar park using both PV and concentrated solar 
power (CSP) technologies, over a total area of 77 km2 about 
50 km south of the city of Dubai.

Bids for 1000 MW of PV power have already been awarded 
under a 25‐year PPA. Comparison between the $0.0584 kWh 
tariff for the phase II of the latter project concerning 200 MW 
commissioned in 2016,16 and the $0.0294/kWh tariff of the 
“Noor Abu Dhabi Solar Park” renders the pace of the cost 
decline of solar PV energy.

At the current rate of progress and installation of new 
solar parks, reviewing the state of the art concerning UAE's 
large solar parks would provide rapidly obsolete information. 
It is more relevant to notice that phase II of the aforemen-
tioned 200 MW solar park took place by installing more than 
2.3 million large (12 m × 6 m) thin film solar modules over 
an area of 4.47  km2 with 1.5 million man‐hours without a 
single worker injury during project execution.17

This shows that a few months of work (works lasted 
12 months and the solar park was inaugurated on March 2017) 
of an educated workforce comprised of more than 900 work-
ers guided by managers and engineers of international stand-
ing are enough to complete construction of utility‐scale PV 
plants capable to generate significant amounts of electricity.

Under these conditions, the last obstacle for the full transi-
tion to solar energy for countries like the UAE receiving huge 
amounts of solar irradiatiance, while having access to simi-
larly large desert areas, is the access to economically viable 
utility‐scale storage solutions.

Energy storage in today's digitally controlled Li‐ion bat-
tery energy systems already provides the flexibility to better 
integrate intermittent solar PV energy into the electric grid 
and ensure high‐quality power for consumers.

F I G U R E  1  The Noor Abu Dhabi 1.177 GW solar park in 
Sweihan, UAE, comprises 3.2 million PV modules. [Photograph via 
Google Earth, June 2019]



   | 1453PAGLIARO

One single example is enough herein to understand its 
relevance to UAE's energy transition, namely the 25‐year 
PPA at a price of $0.1085/kWh signed by an electric coop-
erative with the project developer which built and owns a 
28 MW solar PV station paired to 100 MWh battery energy 
storage capacity in the Hawaii's island of Kaua'i (Figure 2).

Fully analogous to a thermoelectric power plant, but re-
quiring no fuel and generating no waste and no toxic emis-
sions, the new solar unit coupled to eight independently 
controlled battery energy storage systems containing more 
than 17 000 Li‐ion batteries (cobalt‐free) provides approxi-
mately 11% of Kaua'i's power, bringing the island's share of 
renewable power to more than 50%.

Indeed, in early 2019 the city of Abu Dhabi started to op-
erate a set of 15 sodium‐sulfur battery systems (twelve 4 MW 
systems and three 20 MW systems) deployed across 10 loca-
tions (but controllable by the transmission system operator as 
a single system) adding 108 MW of power and 648 MWh of 
capacity, namely energy to provide 108 MW of backup power 
for 6 hours in case Abu Dhabi's electricity grid failure.18

The investment in the battery energy storage system enabled 
significant savings, because deploying 1 MW of battery energy 
storage allows to increase the energy availability “by about 10% 
avoiding the investment in about 1.1 MW of combined cycle 
(gas and steam) thermal power plants,”18 while the operation 
and maintenance costs for battery systems are “significantly 
lower than equivalent costs for thermal generation plants.”18

2.2 | Distributed generation
In general, the availability of affordable battery energy stor-
age systems enables the shift to off‐grid distributed gen-
eration, starting from street solar lighting systems with PV 
modules and digitally managed storage systems.

In the first decade of the 2000s, selected UAE loca-
tions pioneered the use of solar lighting systems, namely of 

off‐grid street lights using light‐emitting diodes (LEDs) as 
light sources powered by batteries charged during the day by 
one or more integrated PV modules.19

One remarkable example is the set of solar lighting poles 
installed in a road of Masdar City able to resist to several 
days of sand storm thanks to advanced maximum power 
point tracking, temperature compensation, and battery state 
of charge algorithms capable to manage the fixture's light 
output and adapt to low power input conditions due to dra-
matically reduced sunlight during sandstorm days.20

A decade later, several million of these systems are being 
installed across the world, not only in developing countries 
with regions not yet served by the electricity grid, but also in 
affluent countries where the ever‐increasing electricity bills 
are no longer economically sustainable.

The technology has evolved rapidly also from the aesthetic 
point of view. Today, for example, the solar cells are also in-
tegrated in the mast resulting in solar lights nicely integrating 
with the urban built environment to illuminate parks (Figure 
3), parkings, pedestrian areas, streets, and commercial and 
residential areas.

The 92 lights lately installed in 12 parks in Dubai, for ex-
ample, are particularly well suited for the UAE as the vertical 
integration of the solar cells limits silting and the need for 
cleaning, whereas the selected battery technology (NiMH) 
ensures prolonged resistance to very high temperatures, re-
sulting in 10 years of guaranteed operation without battery 
replacement.

Similar progress will concern rooftop solar PV finally 
growing at fast pace in the whole country with around 
200  MW of rooftop solar connected to the UAE grid in 
2018 (mostly at government, commercial, and industrial 
buildings).21

We have recently suggested how, at today's historic low 
prices of PV systems, the general adoption of rooftop solar 

F I G U R E  2  The 28 MW solar PV park coupled to 100 MWh 
battery storage system in Hawaii's island of Kaua'i. [Image courtesy of 
AES Distributed Energy]

F I G U R E  3  One of the solar street lighting systems with 
children's playgrounds installed by the Municipality of Dubai in 12 
parks in the city's main residential areas. [Image courtesy of Sunna 
Design]
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energy in Mediterranean countries requires proactive and 
creative role of policy makers, called to simplify and update 
old construction regulation making long and costly the per-
mit process to functionalize buildings with solar modules, as 
well as to exchange energy with the grid.22

Indeed, as noted by a research manager at Middle East 
Solar Industry Association (MESIA) at the end of 2018, 
“while Abu Dhabi and Dubai have net metering schemes in 
place, the other Emirates do not have such mechanisms in 
place just yet, so the regional governments must take action 
to help boost rooftop solar proliferation in the country.”21

Together with battery energy storage, accumulating the 
self‐generated PV electricity in solar hydrogen allows to pro-
vide emission‐free electricity and heat to entire buildings.

Again, one single example is enough to understand why 
this technology will shortly find widespread utilization also 
in UAE. In autumn 2019, the world's first multistory houses 
will be inaugurated in Vårgårda, Sweden.

Here, a first block of 30 energy self‐sufficient flats now 
will run entirely on solar energy and stored solar hydrogen. 
Eventually, all 6 council houses (172 flats) currently being 
refurbished by the Vårgårda housing company will entirely 
rely on the electricity generated by the 109  kW rooftop 
PV systems installed on each expanded and refurbished 
building.23

At high Sweden's latitude, each PV system is expected 
to generate 87.000 kWh/y, mostly generated between April 
and September. Electricity not immediately consumed is 
used to locally produce via water electrolysis 10 400 Nm3 H2 
per house which are and stored under pressure in composite 
reservoirs.

Hydrogen has high energy density (40 kWh/kg), and the 
amount of H2 locally produced at low cost and stored for 
winter needs is enough to supply the off‐grid houses for the 
whole year with emission‐free electricity and heat in the form 
of hot water generated by hydrogen fuel cells.23

What is also relevant is that the complete system solu-
tion enabling 24  hours supply of high‐quality energy from 
renewable solar energy only for 365  days (8760  hours) is 
a combination of a number of key technology components 
with digital technology and system logics,24 developed in this 
case by the complete solution provider, acting as a system 
integrator.23

In this way, Sweden which like many other countries is 
struggling with a large number of outdated and energy inef-
ficient housing estates and has shown how in practice solar 
energy and hydrogen generation (via electrolysis) and recom-
bination (in fuel cells) technologies can solve practical prob-
lems of large societal relevance such as energy consumption 
in buildings.

If this can be done in a region of Sweden, where the 
average annual sum of global horizontal irradiation (GHI) 
does not reach 800 kWh/kWp,25 it will be easier and less 

costly in UAE where the same photovoltaic power po-
tential (measured between 1999 and 2016) approaches 
1800 kWh/kWp.23

3 |  BIOECONOMY IN THE UAE

In the bioeconomy, useful energy is obtained from renew-
able energy sources whereas the valued substances currently 
mostly obtained from oil are rather derived from biological 
resources.26 When said biological resources are of marine 
origin, the “blue bioeconomy” term is also frequently used.

Prior to the discovery of commercial petroleum in 1958 
(onshore in the Bab‐2 well and offshore at Umm Shaif), fish-
ing in the UAE was a crucially important domestic source of 
food production, otherwise restricted by desert conditions of 
a large portion of the overall territory.

Sixty years later, fisheries continue to be an important do-
mestic source of food production,27 even though the overall 
amount of fish caught significantly declined to 75 287 tonnes 
in 2017.28

Remarkably, one of the reasons explaining the 24% de-
cline in UAE's fishing between 1999 when it was estimated 
at 118 000 tons (with 7681 fishing boats registered) and 2008 
when it reached 90 000 t (with 5571 fishing boats) was the 
high cost of diesel fuel which led “fishermen to reduce their 
trips to avoid costs.”29

On March 2017, Abu Dhabi hosted the 4th Forum on 
Innovations in Agriculture. The conference focused on the 
blue bioeconomy, namely on the benefits from using under‐
utilized, renewable and abundant marine biological resources.

Addressing the audience, a government representative 
explained the numerous measures taken by the country to 
promote sustainable fisheries, food security, and food diver-
sification in the UAE. To address overfishing and protection 
of the marine environment, new legislation and new invest-
ments in monitoring and research were deployed.30

The leftovers of fish, and of blue fish such as anchovy in 
particular, are a rich source of omega‐3 polyunsaturated fatty 
acids easily extracted with limonene,31 an edible biosolvent 
exerting multiple health benefits.

Widely consumed across the world as dietary supple-
ments, omega‐3 nutrients of marine origin are generally much 
less consumed (very low mean consumption, <100 mg/d)32 
in Sub‐Saharan African and Asian regions as well as North 
Africa/Middle East, including the UAE, representing 66.8% 
of the world adult population.

Remarkably, a recent global survey of the omega‐3 fatty 
acids, docosahexaenoic acid, and eicosapentaenoic acid 
in the plasma lipids of healthy adults revealed that popula-
tions of Japan, Scandinavia, and areas with populations “not 
fully adapted to Westernized food habits”33 have the highest 
omega‐3 blood levels (Figure 4).
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Though depending on several factors including high per-
sonal income (wealth) and the quality of the respective na-
tional health services, it is instructive to notice that Japan and 
Scandinavia are amid the countries and regions with the lon-
gest life expectancies.

Fish processing by‐products are usually discarded as 
organic waste.34 On the other hand, driven by the growing 
awareness regarding omega‐3 health benefits, the fish oil 
global omega‐3 supplements market, valued at $27.60 billion 
in 2016, is expected to reach $57 billion by 2025.35

The diversified fisheries of UAE are likely to start soon 
to source valued omega‐3 ingredients using innovative green 
technology from fish leftovers,31,34 with significant environ-
mental, economic, and social benefits for the whole country.

Getting to agricultural residues, over 1.5 million tonnes 
of agricultural and landscaping residues were estimated to 
be produced in United Arab Emirates, most of which is date 
palm waste in the form of dry leaves.36

Mostly composed of cellulose, hemicellulose and lignin 
palm, fronds are an excellent raw material suitable for furfu-
ral production. Scholars based in Malaysia reported in 2016 
an entirely biobased process based requiring only ethanol (in 
supercritical state) and formic acid to afford furfural from 
palm oil fronds in 35.8% yield.37

Commercially used as a platform chemical since 1920s, 
and currently produced at 280 000 t/a rate exclusively from 
food crop residues and wood waste, furfural is an exception-
ally versatile platform chemical.38 Reducing its cost through 
easily scaled new green chemistry processes would even 
allow to restart production of nylon‐6,6 as it happened during 
1950s until the process was discontinued in 1960s when 
oil‐derived tetrahydrofuran, the key intermediate, became 
available.

Another example rendering the bioeconomy potential in 
the UAE is Opuntia ficus‐indica, a drought‐tolerant cactus 
plant widely present also in the UAE where since the early 
2010s the Dubai‐based International Centre for Agricultural 
Research in the Dry Areas has been promoting it as a cheaper 
and water‐efficient animal feed.39

Beyond affording exquisite fruits (prickly pears or barbary 
figs) for human consumption, and stems (cladodes) contain-
ing >90% water used as excellent forage, the plant has lately 
become a source of valued ingredients increasingly used in 
nutraceutical, personal care, and cosmetic products.40

In Tunisia, for instance, some 800 farming companies 
supply barbary figs coming from 2500 hectares to companies 
that extract the oil from the fruit's seeds. The oil is widely 
considered the best “beauty oil” available today to cosmetic 

F I G U R E  4  Global blood levels of the sum of eicosapentaenoic acid and docosahexaenoic acid. [Reproduced from Ref.33 with kind 
permission]
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companies, and annual revenues of Tunisia's barbary fig seed 
oil currently exceed $80 million.

4 |  GUIDELINES AND 
PERSPECTIVES

Three main guidelines aimed at UAE science policy, and pol-
icy makers emerge as a consequence of the rapid progress in 
clean energy and bioeconomy briefly discussed in this study.

1. Newly developed education in solar energy41 and in energy 
management,42 reshaped so as to integrate clean energy 
science and technology with management and economy, 
should become a key asset of UAE's higher education 
institutions. Targeting graduates in physical science and 
engineering, as well as in economic disciplines includ-
ing management, said cross‐disciplinary courses would 
attract both local and international students as the lack 
of an adequate educational offer in both solar energy43 
and energy management44 is a well‐known global issue 
affecting many countries.

2. Practically oriented education in green chemistry focusing 
on the achievements and the obstacles to green chemis-
try in today's chemical industry45 would further diversify 
and enhance the attractiveness and relevance of the edu-
cational offer of UAE's universities. Along with solar en-
ergy photovoltaic and photothermal technologies, indeed, 
green chemistry and biotechnology are the scientific and 
technology enablers of the bioeconomy.

3. To strengthen economic activity in the bioeconomy and 
in solar energy, entrepreneurs and managers active in the 
UAE should be proactively involved. What is recom-
mended here is the activation of short and practice‐ori-
ented meetings aimed at UAE managers and entrepreneurs 
called to catch the opportunities offered by new clean en-
ergy and bioeconomy solutions.

Business opportunities abound. Alone, distributed generation 
via the city rooftop solar has huge occupational and economic 
potential.46 There is no shortage of new technology nor of af-
fordable solutions. What is evident in most world's countries 
with regard to clean energy and the bioeconomy is the shortage 
of talented young scientists, engineers, and even managers to 
meet the global market demand.

“How will the emerging bioeconomy secure the necessary 
people in light of impending retirements, work age gaps, and 
lack of youth interest in science, technology, engineering and 
mathematics?,”47 biotechnology scholars in the US lately asked.

Noting that the speed of change is too rapid for the con-
ventional educational system being able to react and provide 
the needed young talents, the same scholars suggested the 
development and uptake of informal learning comprised 

for example of full immersion into the operation of a biore-
finery via experimentation and learning in a virtual reality 
environment.

In this context of accelerated change, the United Arab 
Emirates with their central geographic position between Asia, 
Europe, and Africa are eminently poised to become an educa-
tional and industrial hub in the “next major economic wave in 
human activity”47: the nature‐ and solar‐driven bioeconomy.

ACKNOWLEDGMENTS

This study is dedicated to all the participants in the SuNEC 
international conference on solar energy held in Sicily be-
tween 2011 and 2016.

KEYWORDS
bioeconomy, higher education, hydrogen, solar energy, UAE

Mario Pagliaro
Istituto per lo Studio dei Materiali Nanostrutturati, CNR, 

Palermo, Italy

Correspondence
Mario Pagliaro, Istituto per lo Studio dei Materiali 

Nanostrutturati, CNR, via U. La Malfa 153, 90146 Palermo, 
Italy.

Email: mario.pagliaro@cnr.it

ORCID

Mario Pagliaro   https://orcid.org/0000-0002-5096-329X 

REFERENCES

 1. Organization of the Petroleum Exporting Countries, United Arab 
Emirates; 2019. www.opec.org/opec_web/en/about_us/170.htm. 
Accessed July 24, 2019.

 2. Michael N, Reisinger Y, Hayes JP. The UAE's tourism competitive-
ness: a business perspective. Tour Manag Perspect. 2019;30:53‐64.

 3. Airports Council International. Preliminary World Airport 
Traffic Rankings Released, 13 March 2019. https ://aci.aero/
news/2019/03/13/preli minary-world-airpo rt-traff ic-ranki ngs-relea 
sed/. Accessed July 24, 2019.

 4. Dubai received 15.92 million visitors in 2018 with most coming 
from India. The National, 25 February 2019.

 5. World Economic Forum. The Travel & Tourism Competitiveness 
Report 2017. Geneva, Switzerland: World Economic Forum; 
2017:332.

 6. Badry F. Expanding the UAE's higher education horizon: path to-
ward a sustainable future. In: Gallagher K, ed. Education in the 
United Arab Emirates. Springer Nature Singapore: Singapore; 
2019:57‐73.

 7. Wilkins S. Higher education in the United Arab Emirates: an anal-
ysis of the outcomes of significant increases in supply and compe-
tition. J High Educ Pol Manag. 2010;32:389‐400.

mailto:￼
https://orcid.org/0000-0002-5096-329X
mailto:mario.pagliaro@cnr.it
https://orcid.org/0000-0002-5096-329X
https://orcid.org/0000-0002-5096-329X
http://www.opec.org/opec_web/en/about_us/170.htm
https://aci.aero/news/2019/03/13/preliminary-world-airport-traffic-rankings-released/
https://aci.aero/news/2019/03/13/preliminary-world-airport-traffic-rankings-released/
https://aci.aero/news/2019/03/13/preliminary-world-airport-traffic-rankings-released/


   | 1457PAGLIARO

 8. www.visio n2021.ae. Accessed July 24, 2019.
 9. UAE Government. Economy and Vision 2021. www.gover nment.

ae/en/about-the-uae/economy. Accessed July 24, 2019.
 10. Lederer B, Fujimori T, Tsujino Y, Wakabayashi K, Böger P. 

Measurement of solar energy radiation in Abu Dhabi, UAE. Appl 
Energy. 2009;86:511‐515.

 11. Meneguzzo F, Ciriminna R, Albanese L, Pagliaro M. The great 
solar boom: a global perspective into the far reaching impact of an 
unexpected energy revolution. Energy Sci Eng. 2015;3:499‐509.

 12. Gifford J. JinkoSolar, Marubeni sign 25‐year PPA for 1.177 GW 
Sweihan project at $0.0242/kWh, pv magazine, 1 March 2017.

 13. Natixis. Sweihan Solar PV IPP; 2018. https ://infra struc ture.cib.
natix is.com/api_websi te_featu re/files/ downl oad/1799/Sweih an-
Solar-PV-IPP-Deal-Sheet-Websi te-.pdf. Accessed July 24, 2019.

 14. UAE Ministry of Energy and Industry. UAE national energy strat-
egy 2050. Presentation for CEM Long Term Energy Scenarios, 
IRENA, Abu Dhabi, 2018. https ://www.irena.org/-/media/ 
Files/ IRENA/ Agenc y/Webin ars/UAE-Prese ntati on_LTES.pd-
f?la=en&hash=7AB6D F56E1 7BE7C E5841 CF501 5DA9B E55F1 
0C919 

 15. Pagliaro M, Meneguzzo F. The driving power of the electron. 
J Phys Energy. 2019;1:011001.

 16. ACWA Power. Shuaa Energy 1 IPP, Dubai; 2017. www.acwap 
ower.com/media/ 33903 9/shuaa-energy-1-ipp-260917-final-compr 
essed-1.pdf. Accessed July 24, 2019.

 17. Dubai Electricity & Water Authority. Mohammed bin Rashid 
Al Maktoum Solar Park Phase II, Dubai; 2018. www.dewa.gov.
ae/~/media/ Files/ Custo mer/Solar %20Par k/Solar %20Par k%20Bro 
chure_EN_2018.ashx. Accessed July 24, 2019.

 18. UAE integrates 648MWh of sodium sulfur batteries in one swoop. 
Energy Storage news, 28 January 2019. https ://www.energy-stora 
ge.news/news/uae-integ rates-648mwh-of-sodium-sulfur-batte ries-
in-one-swoop . Accessed July 24, 2019.

 19. Meneguzzo F, Ciriminna R, Albanese L, Pagliaro M. Solar street 
lighting: a key technology en route to sustainability. WIREs Energy 
Environ. 2017;6:e218.

 20. Greene I. Keeping the Lights on in Masdar City: A SolarOne Case 
Study. SolarOne.net, 11 January 2018.

 21. Duggal K. A Guide to Going Solar in the UAE. Impact4All.org, 24 
July 2018.

 22. Ciriminna R, Albanese L, Pecoraino M, Meneguzzo F, Pagliaro 
M. Solar Energy and New Energy Technologies for Mediterranean 
Countries. Global Chall. 2019, 1900016.

 23. Nilsson Energy. Renewable Energy System RE8760; 2019. https ://
nilss onene rgy.com/energy-solut ions/. Accessed July 24, 2019.

 24. Pagliaro M, Meneguzzo F. Digital Management of Solar Energy en 
Route to Energy Self‐sufficiency. Global Chall. 2019;1800105.

 25. Solargis. Solar Resource Maps of United Arab Emirates; 2019. 
https ://solar gis.com/maps-and-gis-data/downl oad/united-ar-
ab-emirates. Accessed July 24, 2019.

 26. Vivien F‐D, Nieddu M, Befort N, Debref R, Giampietro M. The 
hijacking of the bioeconomy. Ecol Econ. 2019;159:189‐197.

 27. Fathelrahman E, Siddig K, Al‐Qaydi S, Muhammad S, Ullah R. 
Options for maintaining fishery production in the United Arab 
Emirates due to climate change adaptation strategies. Emir J Food 
Agric. 2018;30:17‐28.

 28. UAE Federal Competitiveness and Statistics Authority. Fisheries 
Statistics 2017, Dubai; 2019.

 29. United Arab Emirates. World Fishing & Aquaculture, 1 February 
2009. www.world fishi ng.net/news1 01/regio nal-focus/ united-ar-
ab-emirates. Accessed July 24, 2019.

 30. Ganguly C.Middle East urged to embrace Blue Bio‐Economy, reap 
benefits from renewable marine resources, corecommunique.com, 
21 March 2017.

 31. Ciriminna R, Scurria A, Avellone G, Pagliaro M. A circu-
lar economy approach to fish oil extraction. ChemistrySelect. 
2019;4:5106‐5109.

 32. Micha R, Khatibzadeh S, Shi P, et al. Global, regional, and national 
consumption levels of dietary fats and oils in 1990 and 2010: a sys-
tematic analysis including 266 country‐specific nutrition surveys. 
BMJ. 2014;348:g2272.

 33. Stark KD, Van Elswyk ME, Higgins MR, Weatherford CA, Salem 
N Jr. Global survey of the omega‐3 fatty acids, docosahexaenoic 
acid and eicosapentaenoic acid in the blood stream of healthy 
adults. Prog Lipid Res. 2016;63:132‐152.

 34. Ciriminna R, Meneguzzo F, Delisi R, Pagliaro M. Enhancing and 
improving the extraction of omega‐3 from fish oil. Sust Chem 
Pharm. 2017;5:54‐59.

 35. Koe T.NutraIngredients Omega‐3 Summit: China surpasses Europe 
for the first time for share of market value, nutraingredients‐asia.
com, 21 February 2019.

 36. El‐Juhany LI. Degradation of date palm trees and date production 
in Arab countries: causes and potential rehabilitation. Aust J Basic 
Appl Sci. 2010;4:3998‐4010.

 37. Len‐Kelly Yong T, Mohamad N, Nadiah N, Yusof N. Furfural 
production from oil palm biomass using a biomass‐derived su-
percritical ethanol solvent and formic acid catalyst. Procedia Eng. 
2016;148:392‐400.

 38. Mariscal R, Maireles‐Torres P, Ojeda M, Sadabaa I, Lopez 
Granados M. Furfural: a renewable and versatile platform mole-
cule for the synthesis of chemicals and fuels. Energy Environ Sci. 
2016;9:1144‐1189.

 39. Malek C.Prickly pear cactus on the menu for UAE livestock. The 
National, 23 December 2012.

 40. Ciriminna R, Chavarría‐Hernández N, Rodríguez Hernández A, 
Pagliaro M. Toward unfolding bioeconomy of nopal (Opuntia 
spp.). Biofuel Bioprod Bior. https ://doi.org/10.1002/bbb.2018

 41. Ciriminna R, Meneguzzo F, Pecoraino M, Pagliaro M. Rethinking 
solar energy education on the dawn of the solar economy. Renew 
Sust Energ Rev. 2016;63:13‐18.

 42. Ciriminna R, Pecoraino M, Meneguzzo F, Pagliaro M. Reshaping 
the education of energy managers. Energy Res Soc Sci. 
2016;21:44‐48.

 43. Kandpal TC, Broman L. Renewable energy education: a global sta-
tus review. Renew Sust Energ Rev. 2014;34:300‐324.

 44. Goldman CA, Peters JS, Albers N, Stuart E, Fuller MC. Energy 
Efficiency Services Sector: Workforce Education and Training 
Needs. LBNL Paper LBNL‐3163E, Berkeley, CA; 2010.

 45. Pagliaro M. An industry in transition: the chemical industry and 
the megatrends driving its forthcoming transformation. Angew 
Chem Int Ed. 2019. https ://doi.org/10.1002/anie.20190 5032

 46. Castellanos S, Sunter DA, Kammen DM. Rooftop solar photovol-
taic potential in cities: how scalable are assessment approaches? 
Environ Res Lett. 2017;12:125005.

 47. Hakovirta M, Lucia L. Informal STEM education will accelerate 
the bioeconomy. Nat Biotechnol. 2019;37:103‐104.

http://www.vision2021.ae
http://www.government.ae/en/about-the-uae/economy
http://www.government.ae/en/about-the-uae/economy
https://infrastructure.cib.natixis.com/api_website_feature/files/download/1799/Sweihan-Solar-PV-IPP-Deal-Sheet-Website-.pdf
https://infrastructure.cib.natixis.com/api_website_feature/files/download/1799/Sweihan-Solar-PV-IPP-Deal-Sheet-Website-.pdf
https://infrastructure.cib.natixis.com/api_website_feature/files/download/1799/Sweihan-Solar-PV-IPP-Deal-Sheet-Website-.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Webinars/UAE-Presentation_LTES.pdf?la=en&hash=7AB6DF56E17BE7CE5841CF5015DA9BE55F10C919
https://www.irena.org/-/media/Files/IRENA/Agency/Webinars/UAE-Presentation_LTES.pdf?la=en&hash=7AB6DF56E17BE7CE5841CF5015DA9BE55F10C919
https://www.irena.org/-/media/Files/IRENA/Agency/Webinars/UAE-Presentation_LTES.pdf?la=en&hash=7AB6DF56E17BE7CE5841CF5015DA9BE55F10C919
https://www.irena.org/-/media/Files/IRENA/Agency/Webinars/UAE-Presentation_LTES.pdf?la=en&hash=7AB6DF56E17BE7CE5841CF5015DA9BE55F10C919
http://www.acwapower.com/media/339039/shuaa-energy-1-ipp-260917-final-compressed-1.pdf
http://www.acwapower.com/media/339039/shuaa-energy-1-ipp-260917-final-compressed-1.pdf
http://www.acwapower.com/media/339039/shuaa-energy-1-ipp-260917-final-compressed-1.pdf
http://www.dewa.gov.ae/~/media/Files/Customer/Solar Park/Solar Park Brochure_EN_2018.ashx
http://www.dewa.gov.ae/~/media/Files/Customer/Solar Park/Solar Park Brochure_EN_2018.ashx
http://www.dewa.gov.ae/~/media/Files/Customer/Solar Park/Solar Park Brochure_EN_2018.ashx
https://www.energy-storage.news/news/uae-integrates-648mwh-of-sodium-sulfur-batteries-in-one-swoop
https://www.energy-storage.news/news/uae-integrates-648mwh-of-sodium-sulfur-batteries-in-one-swoop
https://www.energy-storage.news/news/uae-integrates-648mwh-of-sodium-sulfur-batteries-in-one-swoop
https://nilssonenergy.com/energy-solutions/
https://nilssonenergy.com/energy-solutions/
https://solargis.com/maps-and-gis-data/download/united-arab-emirates
https://solargis.com/maps-and-gis-data/download/united-arab-emirates
http://www.worldfishing.net/news101/regional-focus/united-arab-emirates
http://www.worldfishing.net/news101/regional-focus/united-arab-emirates
https://doi.org/10.1002/bbb.2018
https://doi.org/10.1002/anie.201905032

