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Abstract. – The UN Sustainable Develop-
ment Goals (SDGs) strive to eliminate poverty, 
preserve the planet, and promote shared pros-
perity through sustainable and inclusive means 
by 2030. This requires the implementation of a 
diverse set of strategies to overcome challenges 
and foster synergies among different SDG tar-
gets, facilitating the achievement of these ambi-
tious goals. The aim of this review is to highlight 
the world’s progress toward SDGs with the uti-
lization of biotechnological advancements, in-
cluding targets, strategies, synergies, and chal-
lenges. We scrutinized published research arti-
cles in peer-reviewed journals, UN reports, and 
scientific books that were relevant to the cur-
rent topic. We identified some major challeng-
es faced by the countries, especially developing 
ones, in the way of sustainable progress. These 
include inadequate governance, fragile states, 
armed conflicts, rising inequality, limited eco-
nomic progress, climate change, environmental 
degradation, and food insecurity. Biotechnolog-
ical advancements contribute to sustainable re-
source management, environmental conserva-
tion, and ecosystem restoration. Collaboration 
among countries and organizations is crucial for 
sharing knowledge and providing technical and 
financial assistance to developing nations.

Key Words:
Sustainable Development, Biotechnology, Sustain-

able Development Goals, SDGs, Sustainable resource 
management, Environmental conservation, Ecosys-
tem restoration.

Introduction

Rapid advances in scientific research and the 
bioconvergence of life sciences and technolo-
gy have synergistically revolutionized the world 
with highly efficient scientific methods critical 
to attaining sustainable development. Genetically 
modified species of microbes, plants, and ani-
mals, have opened new perspectives, including 
for plants that are resistant to diseases and harsh 
conditions, enabling improved yields with re-
duced costs, thus ensuring food security and 
health of the environment. Environmentally and 
economically sound management of natural re-
sources is the basis of ‘biotechnology’, essential 
for the achievement of the 2030 Agenda of 17 
sustainable development goals1,2. By leveraging 
biotechnology, we can strive towards eradicating 
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poverty, ensuring zero hunger, promoting good 
health and well-being, providing clean water and 
sanitation, facilitating affordable industries for 
transforming raw materials, and fostering overall 
economic growth strategies that do not cause per-
sistent environmental damages (Table I)3.   

The collective success of all SDGs is crucial 
for the prosperity of future generations and can 
be achieved by strengthening global governance 
mechanisms and linking interdependent individ-
ual sectors to create an effective ‘bioeconomy 
web’. Constructing this network would be helpful 
in driving a change from a fuel-based economy 
to a more sustainable bio-based economy while 
simultaneously ensuring food security and the 
preservation of a healthy environment1,4. For this 
purpose, there is a need for a transformative so-
cio-technical system in which renewable biomass 
is converted and transformed into a variety of 
bio-based products necessary to produce food, 
feed, bio-fuel, and energy2,4,5. Thus, the bioeco-
nomy relies on the sustainable utilization of bi-
ological products that end in reducing waste and 
also contribute to mitigating climate change. For 
maximum advantage, these practices can be en-
gineered with biotechnological advances to give 
fruitful results4.

In a broader context, modern biotechnology 
encompasses a merge of various technological 
paradigms, including molecular biology, mod-
ern genetics, computer technology, engineering, 
chemistry, physics, and nanotechnology. Ad-
vancements in all these paradigms are equally 
important because they are interconnected, and 
we cannot proceed without collectively study-
ing them6. For instance, sequencing of complex 
genomes and their manipulations are impossible 
without the use of sophisticated computers. Like-
wise, nanotechnology is an emerging field that 
deals with the study of atoms and their minute 
clusters and advocates that the world’s necessities 
could be fulfilled by utilizing a never-ending 
supply of atoms to manufacture vital tailored 
molecules7. Nanoscale construction of organic 
and inorganic matter is giving promising results 
in the fields of medicine, environmental monitor-
ing, electronics, information technology and so 
on (Figure 1)6,7. 

In this review, we aim to present the frontiers 
in biotechnology that can significantly contribute 
at multiple levels towards the global pursuit of 
sustainability. We conducted research regarding 
the demands of each SDG and how biotechno-
logical manipulations can contribute to fulfilling 

those demands. This manuscript analyses the 
great potential of biotechnology for sustainable 
development that can be beneficial for the scien-
tific community to overcome global challenges.

Role of Biotechnology in the Pursuit 
of SDG 1: Eradicating Poverty

‘Eradication of poverty’ is the first goal among 
17 SDGs, representing its importance in achiev-
ing global resilience. Thus, poverty reduction is 
a fundamental prerequisite for achieving sustain-
able development. The notion of poverty compre-
hends more than just income poverty and food 
scarcity. Certainly, it also extends to multidi-
mensional aspects, including education, public 
health, access to clean drinking water, sanitation 
facilities, and sufficient access to new technolo-
gies8. The lack of these facilities in a population 
increases their vulnerability to famine, climatic 
disasters, and economic and environmental ad-
versities. 

Thus, the best way to address poverty dimi-
nution is the utilization of biotechnology to raise 
the living standards in developing countries. In-
novative technologies have the capacity to ampli-
fy agricultural yields by offering bio-fertilizers 
and bio-pesticides9, enhance the nutritional value 
of food10, improve overall health conditions by 
increasing the availability of low-cost therapeu-
tics to impoverished population11, and increase 
affordability to energy production by decreasing 
the reliance on fossil fuels11-13. By using biotech-
nological processes, it becomes possible to con-
vert biomass or biowaste into biofuels through 
biorefineries that reduce the dependency on fossil 
fuels and improve energy access in underserved 
areas12.   

In order to improve the World’s economic sta-
tus, global agriculture is expected to rely heavily 
on the scientific breakthroughs provided by bio-
technology at the local level. Genetically mod-
ified crops not only increase farm yields and 
income, but also raise health status by offering 
functional foods or ‘nutraceuticals’ (rich in es-
sential micronutrients) that also act as biother-
apeutics10. Such crop varieties are resistant to 
drought, herbicides, and pests, resulting in crop 
resiliency to climate change and more stable farm 
incomes14. For instance, insect-resistant Bt cotton 
is able to increase the profit of farmers by 50% 
and increase their household income by 18.3%15. 
Similarly, transgenic eggplant variety called Bt 
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Table I. Role of biotechnology in achieving sustainable development goals.

Continued

	 Name		
	 of SDG	 Basic target	 Role of biotechnologies in achieving the goal	 Ref.

SDG 1: 	 Eradication	 Biotechnology can amplify agricultural yields through bio-fertilizers and	 8, 9, 10, 11, 12,  

No Poverty	 of poverty and	 bio-pesticides, enhance nutritional value of food, improve health conditions by	 13, 14, 15, 16

	 improvement 	 providing low-cost therapeutics, and increase affordability of energy production	
	 of living	 through biofuels. Genetically modified crops and biotechnology-driven innovations	
	 standards	 can increase farm yields, income, and crop resiliency to climate change.	
		  Microalgae biofertilizers offer eco-friendly alternatives to synthetic fertilizers. 	
		  Biotechnology can focus on poverty alleviation and combating climate change impacts.	

SDG 2: 	 Eliminate all 	 Biotechnology plays a crucial role in addressing hunger challenges through various	 17, 18, 19, 20, 

Zero Hunger 	 forms of 	 avenues. Genetic modification of crops (GM crops) enhances disease resistance,	 21, 22, 23, 24

	 hunger, improve	 nutritional content, and yields while reducing pesticide use. Biofortification creates	
	 nutrition,	 nutrient-rich crops to fight malnutrition. Genetically improved animals contribute	
	 promote 	 to increased food production. Biodegradable packaging extends shelf life and	
	 sustainable	 reduces food waste. Biotechnology aids in aquaculture for seafood production and	
	 agriculture	 conservation. DNA vaccines protect aquatic animals from diseases.	

SDG 3:g	 Ensure healthy 	 Biotechnology plays a crucial role in improving health and well-being through	 25, 26, 27, 28, 

Good 	 lives and	 various approaches. Food and nutritional technology enhance the functionality and	 29, 30, 31,32

Health and	 promote well- 	 health benefits of food. Genetic modification of foods increases essential	  
Well-bein	 being for all	 micronutrients. Encapsulation preserves functional ingredients in food. Adding	  
		  microorganisms and nutrients improves food’s nutritional value. Medicinal	
		  biotechnology develops drugs, vaccines, and diagnostics. Precision medicine 	
		  tailors therapies based on individual genetic markers. High-tech clinical diagnostics 	
		  and imaging techniques advance disease identification.	

SDG 6: 	 Ensure	 Biotechnology contributes to clean water and sanitation through various methods.	 33, 34, 35, 36, 

Clean Water 	 availability and	 Recycling wastewater using bio-membrane reactors and anaerobic ammonium	 37, 38, 39, 40

and 	 sustainable	 oxidation improves water quality. Cellulosic fibers with polyelectrolytes adsorb	
Sanitation	 management of	 bacteria for water purification. Oil-eating bacteria are used for water treatment.	
	 water and 	 Electrolyzed water with germ-killing properties removes pathogens. Chitin and	
	 sanitation	 chitosan are plant-based polymers for water purification. Nitrogen use efficient	
	 for all	 genetically modified crops reduce the environmental impact of fertilizers.	

SDG 7:	 Ensure access	 Biotechnology contributes to clean and affordable energy through the development	 41, 42, 43,44, 

Affordable	 to affordable,	 of biofuels as renewable alternatives to fossil fuels. Genetic engineering and	 45, 46, 47, 48

and Clean 	 reliable, 	 bioprocessing are used to create biofuels from feedstocks such as crops,	
Energy	 sustainable, and	 agricultural residues, and algae. Bioethanol derived from sugarcane and other	
	 modern energy 	 sources serves as a low-carbon alternative to gasoline. Biogas generated	
	 for all 	 from biomass through anaerobic digestion provides cleaner energy for cooking 	
		  and vehicles, while reducing organic waste.	

SDG 8: 	 Promote	 Biotechnology contributes to economic growth and decent work by enhancing	 49, 50, 51

Decent 	 sustained, 	 agricultural productivity, boosting industry, skill development, and healthcare	
Work and 	 inclusive, and	 improvement. GM crops have enabled increased yields for farmers and raised	
Economic 	 sustainable	 income for small farmers. Policies that encourage innovation attract investors	
Growth	 economic 	 and enhance product and service value. Microbial biotechnology offers	
	 growth, full and 	 opportunities in diverse fields like therapies, plant growth promotion, bio-catalysis, 	
	 productive 	 bioenergy, clean water provision, and more.	
	 employment,	  
	 and decent 	
	 work for all		

SDG 9:	 Build resilient	 Biotechnology plays a significant role in achieving SDG 9 by driving innovation,	 52, 53, 54

Industry,	 infrastructure, 	 fostering entrepreneurship, and building infrastructure. Collaboration between	
Innovation, 	 promote	 academic institutions and industry accelerates innovation. Biotechnology parks,	
and	 inclusive and	 incubation centers, and resources like BiotechTown, BioPark, and OneBio provide	
Infrastructure	 sustainable 	 spaces for R&D and support startups. Investment in biotechnology encourages	
	 industrialization,	 economic growth and technology transfer.	
	 and foster 		
	 innovation		
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eggplant has enabled a raise in the farmer’s net 
income as it is resistant to fruit and shoot infect-
ing insects, and thus permits the reduction of the 
cost of insecticides16. Certain microalgae species 
have been also employed to serve as biofertilizers 
instead of synthetic chemical fertilizers for rice 
cultivation. Such organic fertilizers are cost-ef-
fective, eco-friendly and sidestep water and soil 
pollution, leading to more sustainable and inex-
pensive farming practices9.   

Jansen et al13 quoted a term called ‘biotechnol-
ogy for poor’ in their research and emphasized 
on focusing biotechnological revolution for the 
alleviation of poverty. Additionally, combating 
climate change and its impacts are crucial to im-

prove resiliency of earth’s geography for future 
generations. This can be done by implementing 
biotechnology in defined arenas to create an era 
with positive changes and a better life8,13.

Role of Biotechnology in the Pursuit 
of SDG 2: Alleviating Hunger

Food deprivation, hunger and malnutrition 
cannot be tolerated under any ethical principles. 
In this regard, SDG 2 is a multidimensional 
goal that aims to eliminate all forms of hunger 
by ensuring food security, improving nutrition, 
and promoting sustainable agriculture17. Howev-

Table I (Continued). Role of biotechnology in achieving sustainable development goals.

	 Name		
	 of SDG	 Basic target	 Role of biotechnologies in achieving the goal	 Ref.

SDG 12:	 Ensure	 Biotechnology contributes to responsible consumption and production through	 55, 56, 57, 58

Responsible	 sustainable	 waste reutilization and recycling. Bioplastics made from microorganism-produced	
Consumption 	 consumption	 polyhydroxyalkanoates (PHAs) serve as eco-friendly alternatives. Plant-based	
and 	 and production	 bottles and converting municipal waste into energy precursors demonstrate biotech	
Production	 patterns	 solutions.	

SDG 13:	 Take urgent	 Biotechnology plays a significant role in climate action by providing solutions to	 18, 19, 44, 43, 

Climate 	 action to combat	 combat climate change and promote sustainability. Biofuels and renewable energy	 59, 60

Action	 climate change	 sources reduce greenhouse gas emissions. Climate-resilient genetically engineered	
	 and its impacts	 crops require fewer resources and contribute to mitigation.	

SDG 14: 	 Conserve and	 Biotechnology, specifically “blue biotechnology,” contributes to SDG 14 by	 61, 62, 63, 

Life Below	 sustainably use	 conserving marine species through genetic modification, using biosensors to	 64, 65

 Water	 the oceans, seas,	 monitor marine environments, and employing biotech approaches to manage	
	 and marine 	 nutrient inputs in aquatic environments.	
	 resources for		
	 sustainable		
	 development		

SDG 15: 	 Protect, restore,	 Biotechnology plays a role in achieving SDG 15 by promoting sustainable land use	 65, 66, 68, 67, 

Life on Land	 and promote 	 through genetic engineering of crops that enhance agricultural productivity while	 69, 70

	 ustainable use	 minimizing land use. GM crops can resist pests, diseases, and herbicides, reducing	
	 of terrestrial 	 the need for agricultural expansion and deforestation.	
	 ecosystems, 		
	 sustainably		
	 manage forests, 		
	 combat 		
	 desertification, 		
	 and halt and 		
	 reverse land 		
	 degradation and		
	 biodiversity loss		

SDG 17:	 Strengthen	 Biotechnology supports SDG 17 by fostering global partnerships between countries, 	 71, 72

Global	 the means of	 research institutions, and biotech companies. Collaborations enable knowledge	
Partnerships	 implementation	 sharing, technology transfer, health and disease management, and collaborations	
for	 and revitalize 	 between sectors to achieve sustainable development goals.	
Sustainable	 the global 		
Development	 partnership 		
	 for sustainable		
	 development		
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er, it is facing significant challenges to achieve 
its desired targets. The current limitations in-
clude shortage of land and water resources, cou-
pled with unexpected climate change that further 
complicate the already challenging endeavor of 
doubling food production within the next four de-
cades18. Research suggests that the problem is not 
the food insufficiency to feed the world popula-
tion, but the actual dilemma is its unequal distri-
bution. Technological advancements can increase 
wireless communications in rural areas and can 
allow small farmers to increase their productivity 
and equity with minimum costs and inputs18.

Utilization of innovative technologies that can 
harness the productivity of agricultural yields 
serve as the foundation against hunger. The dis-
semination of agricultural biotechnology requires 
substantial initial investments in rural education, 
infrastructure, and extension services that do 
not only focus on increasing agricultural pro-
ductivity, but also on raising small farmer’s in-
come, managing natural resources, improving 
livelihoods, stimulating economic growth, and 
improving food quality and health18. In the last 
20 years, biotechnology has worked in increasing 
food resources of the world. Some examples are 
described below.

GM Crops
Genetic modification (GM) of crops has been 

utilized to generate useful traits in natural crops, 
such as disease resistance, enrichment of nutri-
tious constituents, and amplified yields. Addition-
ally, transgenic crop varieties also reduce the use 
of chemical pesticides, insecticides, and mechan-
ical tilling leading to preservation of environ-
ment18. For instance, transgenic hybrids of cotton, 
maize, and potatoes manufactured through incor-
poration of bacterial genes (Bacillus thuringien-
sis) have been utilized commercially to minimize 
the cost of expansive insecticides. Similarly, cer-
tain herbicide-resistant crops of soybeans, sugar 
beet, wheat, and maize have been developed; they 
are cost effective and highly productive19. Addi-
tionally, some cereal varieties that can tolerate 
soil alkalinity, aluminum and iron toxicities have 
been made and can ward off soil degradation. 
Technologically engineered crops can also bear 
harsh climate conditions like drought, heat and 
cold that can increase the yield per unit area19.

Biofortification
High-throughput technologies, including nano 

technology, have facilitated the breeding of micro-
nutrients rich essential crops that contain ample 

Figure 1. Biotechnology’s contributions to attaining sustainable development goals.
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vitamin A, zinc, iron, and essential nutritional val-
ue. This biofortification is useful in a fight against 
malnutrition, undernourishment, and poverty, be-
cause it increases the accessibility of naturally 
fortified food to people of impoverished popula-
tion who cannot afford commercially marketed 
fortified foods to meet their dietary requirements19.

Genetically Improved Animals for 
Staple Food Production

Genetic engineering has also made phenom-
enal advancements in producing transgenic an-
imals. Genetically modified salmon is the first 
FDA approved transgenic animal that can grow 
rapidly. Likewise, transgenic dairy cows that 
can tolerate tuberculosis have been created in 
China20. In addition, genetic improvement in lac-
tating species have also led to three to four times 
augmented milk production. The genetic alter-
ations, which require much investment and work, 
are luckily transferrable to next generations with-
out additional costs20. 

Increase Shelf Life of Food Products
Biodegradable packaging has become essential 

in raising shelf-life of food products and reduce 
their wastage. Integration of nanomaterials and 
anti-microbial agents in bio-based packaging are 
helpful in protecting food from pathogens and 
preserving the health of environment21. By the use 
of biotechnology, edible films and coatings have 
been manufactured – they are ideal in preserv-
ing fresh and frozen food. Such biodegradable 
coatings slow down microbial growth, prevent 
moisture loss and have an edge over synthetic 
coatings, as they are edible and eco-friendly22.

Protection and Fostering of Sea Food 
and Aquatic Life

Oceans comprise the largest ecosystem of the 
planet and sea food fulfils the 20% of dietary pro-
tein needs of people. Therefore, aquaculture pro-
vides essential food resources and employment to 
the people involved in processing and distribution 
of sea food20. 

For many reasons, protection of aquatic life is 
essential. Biotechnology offers efficient methods 
like ‘cryopreservation’ to conserve specific ge-
netic traits of endangered aquatic species and has 
proved very helpful in fish farming23. Addition-
ally, with the advent of biotech research, DNA 
vaccines have been developed against fish patho-
gens to protect economically important aquatic 
animals from infectious diseases24.

All of these great endeavors of biotechnology 
increase the productivity of healthy food and 
contribute to attaining the goal of zero hunger in 
the world.

Biotechnology in the Pursuit of 
SDG 3: Good Health and 

Well-Being

Good physical and mental health coupled with 
improved quality of life serve as the keystones 
in achieving sustainable development. It enables 
individuals and communities to thrive, contribute 
to society, and achieve their full potential. There-
fore, prioritization of health and well-being (SDG 
3) is vital to accomplish other SDGs25. 

Achieving good health does not rely merely on 
the consumption of healthy and nutritious food, 
but also depends on the availability of adequate 
medicines to combat various illnesses. In this 
regard, biotechnology offers powerful methods 
that are beyond increasing the crop yields, and 
synthesizing drugs for a range of diseases. Mod-
ern nutritional food technology and curative sci-
ence (dealing with medicine & therapy) are the 
two sides of the same coin, both of which are 
indispensable for leading an active life and attain-
ing longevity26. Here, we will separately discuss 
these two aspects of healthcare biotechnology 
and explore their innovations.

Food and Nutritional 
Technology for Health

A healthy lifestyle benefits good health. Whole-
some food combined with physical and mental 
fitness practices maintain cellular homeostasis 
that further controls metabolic activities of body. 
Biotechnology can integrate naturally available 
potential ingredients in our daily food as nutra-
ceuticals, cosmeceuticals, and pharmaceuticals 
through bio-processing27. 

Recently established innovative technologies 
have transformed the way food is processed. 
Traditional methods like fermentation, fat re-
placement, and modification of food components 
have now been manipulated with biotechnolo-
gies to make the food more specific, functional, 
and enriched with desirable flavors and textures. 
Discoveries in genetic field and advent of nan-
otechnology have enabled the scientists to de-
velop personalized food with additional health 
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benefits26,27. Here, we are discussing just some 
food technologies that are making food healthy 
enough to achieve wellness and good health.

Genetic Modification
It is possible to genetically modify foods in a 

way that they will be richer of specific essential 
micronutrients. Golden rice represents an excel-
lent example of nutritionally improved crop, in 
which levels of beta carotene (vitamin A) are aug-
mented through genetic manipulation. Similarly, 
we can harness the bioavailability of essential 
micro and macro nutrients, eliminate allergens, 
and alter starch and fatty acid profiles of different 
foods through biotechnological methods26.

Encapsulation of Food Materials
Encapsulation of Food Materials is the conven-

tional method to protect the functionally active 
ingredient (vitamins, anti-oxidants, and probiotic 
living organisms) from moisture, heat and other 
harsh conditions. Encapsulation of fish oil is very 
popular to conserve the benefits of polyunsaturat-
ed fatty acids (PUFA) beneficial against coronary 
heart disease26.

Use of Micro-Organisms or Adding 
Valuable Nutrients to the Food

Micro-organisms are introduced in a variety 
of food products to enhance its functionality. For 
instance, microbial fertilizers which increase soil 
fertility and also provide essential nutrients to 
plants have been developed. Moreover, various 
amino acids, vitamins, and enzymes are also 
added to animal feeds to enhance its nutritional 
value28

.
Medicinal Biotechnology for 
Maintaining Health

The use and development of biotherapeutics 
are at the greatest pace to improve life expectan-
cy and upgrade the quality of life of the growing 
global population. Recent breakthroughs in re-
search and development (R & D) in the health 
sectors have significantly improved healthcare 
infrastructure and survival rates from serious 
ailments.

Medicines and Vaccines
Biotech companies are on their way to design 

drugs and vaccines that are potent against lethal 
diseases, like cancer and HIV, which provide the 
patient with greater life expectancy. Moreover, 
vaccines against devastating viral and bacterial 

outbreaks (such as polio, typhoid, mumps, Ebola 
etc.) have greatly improved prevention and treat-
ment of infectious diseases to avoid epidemics 
and pandemics. Research suggests that almost 
10.5 million infectious illnesses cases can be 
avoided by the administration of vaccines. A 
British company developed a genetically modi-
fied insect – Aedes aegypti – to control the out-
breaks of dengue, chikungunya, and Zika virus29. 

High-tech Clinical Diagnostics
Novel diagnostics methods have been devel-

oped to identify and categorize the diseases and 
different stages of disease. Considerable progress 
has been done in Next Generation Sequencing 
(NGS) method, which is a rapid and cost-effec-
tive method to analyze entire genome and help to 
identify genetic variations and mutations in vari-
ous diseases30. As biotechnology continues to ad-
vance, the healthcare sector is utilizing the power 
of sophisticated computers and computational 
tools that enhance the accuracy and efficiency of 
diagnostic processes. Imaging techniques, like 
MRI and PET, along with high-resolution imag-
ing techniques like ultrasound and CT, scan have 
seen significant advancements in recent years.

Precision Medicine
Advances in omics sciences with biotechnol-

ogy, psychosocial, clinical, and genetic data of 
patients, have enabled the scientists to design 
personalized therapies for individual patients. By 
discovering disease-causing and drug-sensitive 
genes and biomarkers in one’s genome, target-
ed therapies have been tailored. Applications of 
precision medicine are widespread, such as in 
the fields of oncology, CVD, pulmonary, renal 
diseases, and certain endocrine disorders (such as 
Multiple endocrine neoplasia type 2)31. Moreover, 
this approach has also revolutionized genetic 
testing, therapies, and disease classification. Such 
as molecular testing done for cancers and genetic 
disorders to identify genetic markers and opti-
mize care for individual patients32.

Role of Biotechnology in 
the Pursuit of SDG 6: Clean Water 

and Sanitation

Water is the fluid of life on this planet, and pub-
lic health strongly requires cheap and clean drink-
ing water to survive. Thus, access to clean water 
and safe sanitation are indispensable for popula-
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tion health globally. SDG 6 is primarily targeted to 
guarantee universal access to water and sanitation 
in a sustainable manner, while also improving the 
health and quality of life of global population33.

Biotechnological advancements are reinforcing 
the availability, quality, and sustainability of wa-
ter resources and sanitation services. An increas-
ing and alarming problem is the depletion of fresh 
water reserves due to climate change. To address 
this problem, scientists are discovering ways to 
recycle the wastewater in order to fulfill water 
demands. Bio-membrane reactors technology can 
efficiently remove solid wastes, micro-organisms 
and particles from wastewater, and further puri-
fication with anaerobic ammonium oxidation can 
make it drinkable. Moreover, biotech approaches 
enable the development of novel water treatment 
methods based on de-centralized sanitation and 
reuse (DESAR)34.

Use of Cellulosic Fibers for 
Water Clean-Up 

A study explored the use of cellulosic fibers 
specialized with polyelectrolytes for purifying 
water in portable purification systems. The ad-
sorbed polyelectrolytes create a positive charge 
on the fiber surface, attracting and bonding with 
bacteria. This system can remove almost 99% 
bacteria from natural water making it an environ-
mentally sustainable and cost-effective option for 
water purification35.

Use of Bacteria to Clean Water
The role of oil-eating bacteria to clear oil spills 

is already well-known36, some water treatment 
procedures utilize bacteria to purify and clean 
drinking water. Scientists grow the bacteria in 
bioreactors and harness them to remove harmful 
pollutants even other bacteria from water37.

Use of Electrolyzed Water with 
Germ Killing Properties

A study38 showed that acidic electrolyzed wa-
ter is able to remove food-borne pathogen bio-
films from water. Moreover, it is a cheap and 
eco-friendly water purification method that can 
destroy both Gram positive and Gram-negative 
bacteria found in water and has vast applications 
in food industry.

Chitin and Chitosan for  Water Purification
These are low-cost, plant-based polymers, and 

renewable resources used in water purification 
systems. They can actively remove hazardous 

pollutants of water including phenols, dyes, pes-
ticides, heavy metal ions, bacteria, and yeast. 
Chitin significantly boosts the functionality of 
filtration systems because it can capture fine par-
ticles and solved pollutants39.

Nitrogen use Efficient (NUE) Genetically 
Modified Crops

Nitrogen (N), being the most favorable element 
for plant growth, have been excessively used in 
fertilizers. However, inefficient nitrogen fertil-
izers cause harm to soil and water resources. 
So, transgenic approaches are headed towards 
the emergence of nitrogen use efficient (NUE) 
genetically modified crops, that will use less 
nitrogen and will eventually cause less harm to 
waterways40.

Role of Biotechnology in 
the Pursuit of SDG 7: 

Affordable and Clean Energy

The availability and sufficiency of energy re-
sources have always been the essential require-
ments of humankind and necessary for economic 
progress. Humans depend on fossil fuels (oil, 
gas, and coal) for energy production, that is now 
linked to the surge in greenhouse gas emissions, 
air pollution, and significantly increased global 
warming. Therefore, a transition in the way we 
produce and consume energy is needed. For this 
purpose, renewable energy sources were devel-
oped as they are cost-effective, dependable, and 
effective for routine usage. Some of the safe and 
sustainable energy production systems include 
hydropower, wind energy, solar energy, biomass 
energy, biofuels and geothermal energy, that are 
paving the way towards resilient ecosystem and 
natural life41,42.

SDG 7 aims to provide inexpensive, steady, 
and sustainable energy to everyone by 2030. In 
recent years, the demand for energy has signifi-
cantly risen due to our dependence on technology 
and growing population. To bridge the energy 
gap by 2030, scientists are striving to develop 
renewable energy sources instead of fossil fuels. 
This is crucial to prevent long-term, large-scale 
consequences, particularly climate change, which 
poses severe risks to our planet41. 

By harnessing the power of biological systems 
and processes, biotechnology offers ‘biofuels’ 
that can serve as renewable alternatives to fossil 
fuels, reduce carbon emission and mitigate the 
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climate crisis. Through genetic engineering and 
bioprocessing, various feedstocks such as crops, 
agricultural waste, and algae have been utilized 
to develop biofuels43. There are two types of 
commercially available biofuels, ethanol used as 
a substitute to gasoline, and vegetable oils to be 
used as biodiesel instead of diesel fuel44.

Bioethanol is an excellent alternative to petrol 
representing a viable solution to environmental 
pollution. Ethanol in its pure form (E 100) is a 
high-octane biofuel, largely obtained from sug-
arcane, that generates more power in high-com-
pression engines. Countries like Brazil and India, 
major producers of sugarcane, are encouraging the 
use of ethanol for energy in transport sector due to 
its low carbon emission45. In Brazil, the majority 
(90%) of cars have flex-fuel engines that are exclu-
sively operated with bioethanol. Blending of etha-
nol with gasoline (E25) provides cleaner option for 
energy, leading to reduced pollution44.

Biogas is an outstanding renewable energy 
source, that is generated by anaerobic digestion 
of biomass including agricultural wastes, ani-
mal manure, kitchen and green wastes46. Biogas 
contains ample methane gas and serves as an 
ideal and cost-effective option for cooking and 
vehicle fuel. This not only provides cleaner ener-
gy to generate electricity and heat, but also con-
tribute to reducing organic waste47. Companies 
like Audi, DuPont, and DSM have promised to 
adopt sustainable energy options to reduce car-
bon emission by 50%. Companies are striving to 
generate cleaner energy to replace charcoal-burn-
ing cookstoves48.

Role of Biotechnology in 
the Pursuit of SDG 8: Decent Work 

and Economic Growth

The 2030 Agenda considers full employment 
and decent work as fundamental human rights. 
SDG 8 aims to foster long-lasting, equitable, 
and productive economic growth, while ensuring 
widespread access to employment opportunities 
and graceful work for everyone. Its main objec-
tive is to invest strategically in developing new 
businesses that can boost productivity, reduce 
waste, and promote sustainable economic growth 
on a global scale49.

Biotechnology is helping in agricultural pro-
ductivity and food security, industry boost, skills 
development, and improved healthcare; eventu-
ally upgrading global economy and fostering 

financial systems. Development of GM crops has 
enabled farmers to increase their yields with less 
input. An economic survey revealed that innova-
tive crop biotechnology has enabled 26 countries 
to amplify their growth, by empowering farmers 
to achieve high yields. Moreover, it has also fa-
cilitated about 16.5 million population of small 
farmers to raise their net income50.

Implementing policies that encourage the de-
velopment of innovative solutions, attract inves-
tors, and increase the value of products and 
services would definitely contribute to global 
growth in a sustainable manner. In this context, 
the applications of ‘microbial biotechnology’ are 
widespread and provide plethora of opportuni-
ties for entrepreneurs and small stakeholders. 
The range of microbial biotech fields include 
microbial therapies, plant growth promotion and 
protection agents, bio-catalysis, bioenergy from 
renewable feedstocks, fossil fuel recovery and 
valorization, clean water provision, recycling 
technologies, wastewater treatment, bioremedia-
tion, and many more51.    

Role of Biotechnology in the 
Pursuit of SDG 9: Industry, Innova-

tion, and Infrastructure

SDG 9 acknowledges the importance of in-
dustrialization, technological advancements, and 
infrastructure in driving economic growth, cre-
ating employment opportunities, and improving 
living standards while minimizing negative en-
vironmental impacts. Investment in creating a 
reliable framework of industries will facilitate 
public-private partnerships, technology transfer, 
knowledge sharing, capacity building, and inno-
vation diffusion52. 

The emergence of biotechnology is an illus-
tration of the dynamic evolution of a technology 
from life-sciences. While on the other hand, 
the interplay between academic institutions and 
industry influences the pace of innovation. So, 
countries and companies should take steps to 
bridge the gap between research and development 
(R&D) and industries. For this purpose, signifi-
cant investment has been made, at country level 
and global level, in constructing biotechnology 
parks, and creating opportunities for investment 
and partnerships. In India, science, technology, 
and innovation (STI)-based incubation centers 
have been constructed to encourage entrepre-
neurship and meet societal goals53.
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In Brazil, development of BiotechTown is a 
demonstration of framework that encourages 
start-ups to expand that business and provide 
resources for it. Similarly, building of BioPark 
in Mauritius and OneBio in Cape Town depicts 
a convivial infrastructure to provide space and 
resources for R&D in the biotechnology field and 
foster biomedical research54.

Role of Biotechnology in 
the Pursuit of SDG 12: Responsible 

Consumption and Production

SDG 12, for responsible consumption and pro-
duction of global resources, seeks to foster a 
future that is both sustainable and fair; where 
economic growth is independent of environmen-
tal impacts and resources are utilized efficiently 
and responsibly. The consequences of SDG 12 
visions demonstrate a perspective focused on 
business-friendly regulatory system, and places 
trust in new technologies as potential solutions55.

Biotechnology is helping to achieve SDG 12 
in a variety of ways by re-utilizing waste mate-
rials and their recycling. Bioplastics made from 
polyhydroxyalkanoates (PHAs) are eco-friend-
ly alternatives to chemical plastics. They are 
synthesized by rich biomass concentration 
of microorganisms by the process of activat-
ed sludge (a system where microorganisms 
metabolize and consume organic matter in a 
tank). These biologically manufactured plastics 
have vast usage in food packaging, 3D paint-
ing,  therapeutics and agriculture, and they are 
biodegradable56. 

Coca-Cola, one of the world’s largest soft drink 
producing companies, firstly highlighted the use 
of plant bottle, made of polyethylene terephthalate 
(PET) which is a plant material57. Similarly, sci-
entists at Berkeley National Laboratory converted 
Municipal solid waste (MSW) into precursor 
chemical compounds used for energy generation 
by waste-to-energy technologies58.

Role of Biotechnology in the Pursuit 
of SDG 13: Climate Action

Climatic deviations have reached to critical 
thresholds, impacting our planet, ecosystems, 
and human well-being. These climate extremes 
call for urgent actions to reduce greenhouse gas 
emissions, mitigate climate risks, and lessen sig-

nificant threats to sustainable development. SDG 
13 highlights the importance of preserving and 
water ecosystems, as they play a crucial role in 
regulating the Earth’s climate, conserving bio-
diversity, and safeguarding human health. Cli-
mate action is crucial for achieving sustainable 
development in all its dimensions. Addressing 
climate change contributes to mitigation in cli-
matic hazards and natural calamities, as well 
as integration of climate change strategies into 
national policies59.

Biotechnology plays a significant role in 
achieving SDG 13, by offering innovative solu-
tions to endure and combat climate change and 
promote sustainable practices. Production of 
cleaner fuel options like biofuels, biogas, and 
other biomass-utilizing renewable energy sources 
will reduce the reliance on fossil fuels, leading 
to less GHG emissions and less impacts on cli-
mate43,44. 

Development of climate-resilient genetically 
engineered crops, that require fewer resources 
and are tolerant to drought, heat, pests, and dis-
eases provide solutions to climatic challenges in 
agriculture. GM crops utilize less land and water, 
require less tilling of soil leading to preservation 
of ecosystem and natural resources18,19. In 2014, a 
study60 showed that through conservation tillage 
and reduce fuel usage with GM crop crops, 5.2 
billion pounds of atmospheric carbon dioxide 
emissions were decreased, that is almost equal to 
withdrawing 10 million cars from roads for one 
year.

Role of Biotechnology in the Pursuit 
of SDG 14: Life below Water

Oceans cover more than 70% of the earth’s 
surface and provide valuable marine and coastal 
resources, significantly contributing in social, 
economic, and environmental realms. Transpor-
tation of goods, fisheries, and tourism are pri-
mary areas which provide employment and live-
lihood to many people and partake to local and 
international economies61. Sea water constitutes 
the largest ecosystem of the world but faces many 
challenges, such as pollution and climate change. 
SDG 14 primarily focuses on protecting and 
sustainably utilizing oceans for sustainable devel-
opment. Steps forward for this SDG are closely 
connected to the overall framework of Agenda 
2030, because it is concerned with balancing 
between various uses of water resources, main-
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taining both the quality of water and the need to 
preserve diverse and healthy ecosystems62. The 
marine bioresources have been integrated with 
biotechnological applications in a field referred to 
as ‘blue biotechnology’.

Blue biotechnology is helping to conserve valu-
able marine species to avoid overfishing, known 
as ‘blue revolution’.  Techniques, like genomics 
and recombinant DNA technology, have been uti-
lized to grow genetically modified salmon, trout, 
and tilapia in fish tanks to lessen overfishing and 
protect marine species63. 

Biosensors have been deployed in oceans to 
screen marine environments and detect for the 
presence of pollutants, nutrients, sediments, oil, 
and invasive micro-organisms in cost-effective 
manner64. 

The discharge of nutrients, particularly ni-
trogen (N) and phosphorus (P), into aquatic 
environments by agricultural runoff and storm-
water, have been identified as major contrib-
utors to nutrient input in various countries. 
Filamentous algae have the ability to rapidly 
absorb nitrogen (N) and phosphorus (P) from 
the water above and incorporate them into their 
biomass. Through microalgal biotech approach-
es, filamentous microalgae are cultivated in a 
controlled flow-way, to allow the microalgae 
absorb the nutrients65.

Role of Biotechnology in the Pursuit 
of SDG 15: Life on Land

Covering almost 30% of world’s surface, for-
ests accommodate about 80% of terrestrial spe-
cies of plants, animals and insects. Also, forests 
are indispensable for the health of ecosystem and 
biodiversity, that are crucial for food security, 
thriving of diverse species, and socio-economic 
well-being of populations. However, unfortunate-
ly, ever increasing world’s population, industri-
alization, and agricultural expansion has led to 
deforestation and loss of biodiversity. This in 
turn, can result in species extinction, increased 
carbon emission, and land degradation leading to 
more delicate ecosystem and devastating effects 
on rural population66. 

SDG 15 is an impressive goal that aims to 
safeguard our terrestrial ecosystem by promoting 
sustainable land use, combating desertification 
and land degradation leading to preservation of 
biodiversity. Biotechnology is significantly con-
tributing to preserving life on land. Agricultur-

al innovations, and development of genetically 
modified crops which are the benchmarks of 
modern biotechnology, that are the supporters of 
land conservation efforts67.

Genetic engineering is a chief biotechnological 
advancement. GM crops can enhance agricul-
tural productivity while minimizing land use. 
Through genetic engineering, resistance against 
pests, diseases and herbicides are induced in 
crops leading to conservation of topsoil (less 
tilling) and water, and long-term viability of ag-
ricultural landscape68. Therefore, reduced need 
of agricultural expansion into natural ecosystem, 
chemical inputs, and deforestation significantly 
saves the land for plant and animal species at risk 
of extinction.

Researcher was able, by using GM, to improve 
crop of ancient chestnut tree, developed at the 
State University of New York (SUNY), with 
the aim to prevent its depletion by a fungal in-
fection69. Similarly, rainbow papaya was nearly 
wiped out in 1990s, due to the infection of ring-
spot virus. GM crops of rainbow papaya were 
developed to save this plant species resistant to 
ringspot virus70.  

In this way, biotechnology is helping the world 
to manage the competition between people and 
wildlife for land. By improving agricultural 
productivity, promoting sustainable land man-
agement, and reducing environmental impacts, 
biotechnological advancements offer a valuable 
measure in the pursuit of SDG 15 and the conser-
vation of terrestrial ecosystems65,66.

Role of Biotechnology in the Pursuit 
of SDG 17: Global Partnerships for 

Sustainable Development

Strengthening global partnerships between 
countries, research institutions, and biotech 
companies are very important to address vari-
ous social, economic, and environmental chal-
lenges collectively. SDG 17 is playing significant 
role in establishing firm relationship between 
different stakeholders across the globe, and bio-
technology is underpinning the primary targets. 
Knowledge sharing and capacity building, tech-
nology transfer, health and disease management, 
environmental challenges, and collaborations 
between public and private sectors to drive in-
novation and achieve sustainable development 
goals, are essential to maintain a resilient global 
community71.
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For instance, The Centre for Tropical Livestock 
Genetics and Health (CTLGH) is an institute based 
in The University of Edinburgh, Scotland’s Rural 
college, that is working in partnership with farm-
ers of low-income countries to grow more produc-
tive animals through modern genetic engineering 
methods72. Merck is supporting BroadReach Insti-
tute for Training and Education (BRITE) in Zam-
bia to train their healthcare workers for efficient 
and expert health related services, and they are 
performing well in their country72.

Conclusions

Undoubtedly, biotechnological advancements 
offer solutions for sustainable resource manage-
ment and environmental conservation. It enables 
the development of clean technologies, bio-based 
material utilization, and processes that reduce 
pollution, waste generation, and resource con-
sumption. Bioremediation and biological control 
methods help restore ecosystems and minimize 
the impact of human activities on the environment. 

Global community, including countries, gov-
ernments, and organizations should collaborate 
to share knowledge, experiences, and best prac-
tices, as well as provide technical and financial 
assistance to developing countries. Currently, 
there is a strong need to integrate the SDGs into 
national development plans and policies, to make 
significant strides towards achieving the SDGs, 
addressing global challenges, and fostering a sus-
tainable and inclusive future for all.

Conflict of Interest
The authors declare that they have no conflict of interests.

Ethics Approval
Not applicable.

Funding
This research was funded by the Provincia Autonoma di 
Trento in the framework of LP 6/99.

Authors’ Contribution
Conceptualization, MB; Investigation, KD, MCM and DM; 
Writing – Original Draft, KD, MCM and LS; Writing – Re-
view & Editing, TB, MD, RSM, SM, EB, CZ, HE, GS and 
DM; Supervision, MB; Funding acquisition, MB. Each au-
thor approved the final version of the manuscript.

References

  1)	 Biermann F, Kanie N, Kim RE. Global governance 
by goal-setting: the novel approach of the UN 
Sustainable Development Goals. Curr Opin Envi-
ron Sustain 2017; 26-27: 26-31. 

  2)	 Fu W, Khraiwesh B, Liu H, Kai L. Advances 
in Biotechnology for Sustainable Development. 
Biomed Res Int 2016; 2016: 7154916.

  3)	 Biotechnology Sustainable Development Knowl-
edge Platform. Available at: https://sustainablede-
velopment.un.org/topics/biotechnology.

  4)	 Lokko Y, Heijde M, Schebesta K, Scholtès P, Van 
Montagu M, Giacca M. Biotechnology and the bio-
economy-Towards inclusive and sustainable in-
dustrial development. N Biotechnol 2018; 40: 5-10.

  5)	 De Besi M, McCormick K. Towards a Bioeconomy 
in Europe: National, Regional and Industrial Strat-
egies. Sustainability 2015; 77: 10461-10478. 

  6)	 Biotechnology – David P. Clark, Nanette J. 
Pazdernik – Google Books. 

  7)	 Mehta MD. From Biotechnology to Nanotechnol-
ogy: What Can We Learn From Earlier Technolo-
gies? Lesson One: Substantial Equivalence. Bul-
letin of Science, Technology & Society 2004; 24: 
34-39.

  8)	 Liu QQ, Yu M, Wang XL. Poverty reduction with-
in the framework of SDGs and Post-2015 Develop-
ment Agenda. Adv Clim Chang Res 2015; 6: 67-73. 

  9)	 Osorio-Reyes JG, Valenzuela-Amaro HM, 
Pizaña-Aranda JJP, Ramírez-Gamboa D, Melén-
dez-Sánchez ER, López-Arellanes ME, Castañe-
da-Antonio MD, Coronado-Apodaca KG, Gomes 
Araújo R, Sosa-Hernández JE, Melchor-Martínez 
EM, Iqbal HMN, Parra-Saldivar R, Martínez-Ruiz 
M. Microalgae-Based Biotechnology as Alterna-
tive Biofertilizers for Soil Enhancement and Car-
bon Footprint Reduction: Advantages and Impli-
cations. Mar Drugs 2023; 21: 93.

10)	 Graff G, Roland-Holst D, Zilberman D. Agricultur-
al biotechnology and poverty reduction in low-in-
come countries. World Dev 2006; 34: 1430-1445. 

11)	 Evens R, Kaitin K. The evolution of biotechnolo-
gy and its impact on health care. Health Aff (Mill-
wood) 2015; 34: 210-219.

12)	 Awasthi MK, Sarsaiya S, Patel A, Juneja A, Singh 
RP, Yan B. Refining biomass residues for sustain-
able energy and bio-products: An assessment of 
technology, its importance, and strategic applica-
tions in circular bio-economy. Renew Sustain En-
ergy Rev 2020; 127: 109876. 

13)	 Jansen K, Gupta A. Anticipating the future: ‘Bio-
technology for the poor’ as unrealized promise? 
Futures 2009; 41: 436-445. 

14)	 Adenle AA, Sowe SK, Parayil G, Aginam O. Anal-
ysis of open source biotechnology in developing 
countries: An emerging framework for sustain-
able agriculture. Technol Soc 2012; 34: 256-269. 

15)	 Kathage J, Qaim M. Economic impacts and im-
pact dynamics of Bt (Bacillus thuringiensis) cot-



K. Donato, M.C. Medori, L. Stuppia, T. Beccari, M. Dundar, et al

112

ton in India. Proc Natl Acad Sci USA 2019; 109: 
11652-11656. 

16)	 Cornell Chronicle. Bt eggplant improving lives in 
Bangladesh. Cornell Chronicle. Available from: 
https://news.cornell.edu/stories/2018/07/bt-egg-
plant-improving-lives-bangladesh.

17)	 Atukunda P, Eide WB, Kardel KR, Iversen PO, 
Westerberg AC. Unlocking the potential for 
achievement of the UN Sustainable Development 
Goal 2 – ‘Zero Hunger’ – in Africa: targets, strat-
egies, synergies and challenges. Food Nutr Res 
2021; 65. 

18)	 von Braun J. Food insecurity, hunger and malnu-
trition: necessary policy and technology changes. 
N Biotechnol 2010; 277: 449-452. 

19)	 Borlaug NE. Ending World Hunger. The Promise 
of Biotechnology and the Threat of Antiscience 
Zealotry. Plant Physiol 2000; 124: 487-490.

20)	 Tena Medialdea J, Prieto Ruiz JA, Fagoaga 
García C, Calvo Capilla A, Chirivella Martorell J, 
Bueso Rodenas J. Potential of science to address 
the hunger issue: Ecology, biotechnology, cattle 
breeding and the large pantry of the sea. J Innov 
Knowl 2018; 33: 82-89. 

21)	 Al-Tayyar NA, Youssef AM, Al-hindi R. Antimicro-
bial food packaging based on sustainable Bio-
based materials for reducing foodborne Patho-
gens: A review. Food Chem 2020; 310: 125915. 

22)	 Dehghani S, Hosseini SV, Regenstein JM. Edible 
films and coatings in seafood preservation: A re-
view. Food Chem 2018; 240: 505-513. 

23)	 Afreen M, Uçak İ. Significance of cryopreserva-
tion biotechnology for protection of aquatic spe-
cies. Eurasian J Agric Res 2020; 4: 64-71.

24)	 Kurath G. Biotechnology and DNA vaccines for 
aquatic animals. Rev sci tech Off int Epiz 2008; 
27: 175-196. 

25)	 Nunes AR, Lee K, O’Riordan T. The importance 
of an integrating framework for achieving the 
Sustainable Development Goals: the example of 
health and well-being. BMJ Glob Heal 2016; 1: 
e000068.

26)	 Hsieh Y-HP, Ofori JA. Innovations in food technolo-
gy for health. Asia Pac J Clin Nutr 2007; 16: 65-73.

27)	 Cantani A, Micera M. Genetically modified foods 
and children potential health risks. Eur Rev Med 
Pharmacol Sci 2001; 5: 25-29.

28)	 Sarmidi MR, Enshasy HA El. Biotechnology for 
Wellness Industry: Concepts and Biofactories. Int 
J Biotechnol Wellness Ind 2012; 1: 3-28. 

29)	 Nading AM. The lively ethics of global health 
GMOs: The case of the Oxitec mosquito. Bioso-
cieties 2015; 10: 24-47. 

30)	 Byron SA, Van Keuren-Jensen KR, Engelthaler 
DM, Carpten JD, Craig DW. Translating RNA se-
quencing into clinical diagnostics: opportunities 
and challenges. Nat Rev Genet 2016; 17: 257–271.

31)	 Wang ZG, Zhang L, Zhao WJ. Definition and ap-
plication of precision medicine. Chinese J Trau-
matol - English Edd 2016; 19: 249-250. 

32)	 Nunez C. Biofuels, from ethanol to biodiesel, 
facts and information. Nat Geo 2019. Available 
from: https://www.nationalgeographic.com/envi-
ronment/article/biofuel.

33)	 Tortajada C, Biswas AK. Achieving universal 
access to clean water and sanitation in an 
era of water scarcity: strengthening contribu-
tions from academia. Curr Opin Environ Sustain 
2018; 34: 21-25. 

34)	 Grommen R, Verstraete W. Environmental bio-
technology: the ongoing quest. J Biotechnol 
2002; 98: 113-123. 

35)	 Ottenhall A, Illergård J, Ek M. Water Purification 
Using Functionalized Cellulosic Fibers with Non-
leaching Bacteria Adsorbing Properties. Environ 
Sci Technol 2017; 51: 7616-7623.

36)	 Brooijmans RJW, Pastink MI, Siezen RJ. Hydro-
carbon‐degrading bacteria: the oil‐spill clean‐up 
crew. Microb Biotechnol 2009; 2: 587.

37)	 Thomasy H. These bacteria are hard at work re-
moving pollutants from water. Ensia 2019. Avail-
able from: https://ensia.com/articles/bacteria-wa-
ter-contamination-pollution-cleanup/.

38)	 Han Q, Song X, Zhang Z, Fu J, Wang X, Malakar 
PK. Removal of foodborne pathogen biofilms by 
acidic electrolyzed water. Front Microbiol 2017; 8: 
251296. 

39)	 Samoila P, Humelnicu AC, Ignat M, Cojocaru C, 
Harabagiu V. Chitin and Chitosan for Water Purifi-
cation. Chitin Chitosan Prop Appl 2019; 429-460.

40)	 Anas M, Liao F, Verma KK, Sarwar MA, Mah-
mood A, Chen ZL, Li Q, Zeng XP, Liu Y, Li YR. 
Fate of nitrogen in agriculture and environment: 
agronomic, eco-physiological and molecular ap-
proaches to improve nitrogen use efficiency. Biol 
Res 2020; 53: 47. 

41)	 Arora NK, Mishra I. Progress of sustainable de-
velopment goal 7: clean and green energy for all 
as the biggest challenge to combat climate crisis. 
Environ Sustain 2022; 5: 395-399. 

42)	 Gielen D, Boshell F, Saygin D, Bazilian MD, Wag-
ner N, Gorini R. The role of renewable energy in 
the global energy transformation. Energy Strateg 
Rev 2019; 24: 38-50. 

43)	 Kwakwa PA, Adusah-Poku F, Adjei-Mantey K. To-
wards the attainment of sustainable development 
goal 7: what determines clean energy accessibil-
ity in sub-Saharan Africa? Green Financ 2021; 3: 
268-287.

44)	 Lapola DM, Priess JA, Bondeau A. Modeling the 
land requirements and potential productivity of 
sugarcane and jatropha in Brazil and India using 
the LPJmL dynamic global vegetation model. Bio-
mass Bioenergy 2009; 33: 1087-1095. 

45)	 Lisboa CC, Butterbach-Bahl K, Mauder M, Kiese 
R. Bioethanol production from sugarcane and 
emissions of greenhouse gases – known and un-
knowns. GCB Bioenergy 2011; 3: 277-292. 

46)	 Rao PV, Baral SS, Dey R, Mutnuri S. Biogas gen-
eration potential by anaerobic digestion for sus-



Unleashing the potential of biotechnology for sustainable development

113

tainable energy development in India. Renew 
Sustain Energy Rev 2010; 14: 2086-2094. 

47)	 Surendra KC, Takara D, Hashimoto AG, Khanal 
SK. Biogas as a sustainable energy source for de-
veloping countries: Opportunities and challenges. 
Renew Sustain Energy Rev 2014; 31: 846-859. 

48)	 Merck — Business for 2030. Available from: 
http://www.businessfor2030.org/merck

49)	 Frey DF. Economic growth, full employment and 
decent work: the means and ends in SDG 8. 
2017; 21: 1164-1184. 

50)	 PG Economics. New report highlights 20 years 
of economic and environmental benefits from 
using biotech GM crops. Available from: https://
www.pgeconomics.co.uk/press+releases/2/
New+repor t+highl ights+20+years+of+eco-
nomic+and+environmental+benefits+from+us-
ing+biotech+GM+crops/.

51)	 Nandhini R, Berslin D, Sivaprakash B, Rajamohan 
N, Vo DVN. Thermochemical conversion of munic-
ipal solid waste into energy and hydrogen: a re-
view. Environ Chem Lett 2022; 20: 1645-1669.

52)	 Denoncourt J. Companies and UN 2030 Sustain-
able Development Goal 9 Industry, Innovation 
and Infrastructure. 2019; 20: 199-235. 

53)	 Surana K, Singh A, Sagar AD. Strengthening sci-
ence, technology, and innovation-based incuba-
tors to help achieve Sustainable Development 
Goals: Lessons from India. Technol Forecast Soc 
Change 2020; 157: 120057. 

54)	 Timmis K, de Lorenzo V, Verstraete W, Ramos 
JL, Danchin A, Brüssow H, Singh BK, Timmis JK. 
The contribution of microbial biotechnology to 
economic growth and employment creation. Mi-
crob Biotechnol 2017; 10: 1137-1144. 

55)	 Gasper D, Shah A, Tankha S. The Framing of 
Sustainable Consumption and Production in SDG 
12. Glob Policy 2019; 10: 83-95.

56)	 El-malek FA, Khairy H, Farag A, Omar S. The 
sustainability of microbial bioplastics, production 
and applications. Int J Biol Macromol 2020; 157: 
319-328. 

57)	 Chua JY, Mui D, Kee H, Alhamlan HA, Lim PY, 
Lim QY, et al. Challenges and Solutions: A Case 
Study of Coca-Cola Company. J Community Dev 
Asia 2020; 3: 43-54.

58)	 Cooke P. Biotechnology Clusters as Regional, 
Sectoral Innovation Systems. 2002; 255: 8-37. 

59)	 Bruce M C, James H, Janie R, Clare M S, Ste-
phen T, Eva (Lini) Wollenberg. Urgent action to 
combat climate change and its impacts (SDG 13): 

transforming agriculture and food systems. Curr 
Opin Environ Sustain 2018; 34: 13-20. 

60)	 Jameson JL, Longo DL. Precision medicine-per-
sonalized, problematic, and promising. Obstet 
Gynecol Surv 2015; 70: 612-614.

61)	 Gulseven O. Measuring achievements towards 
SDG 14, life below water, in the United Arab Emir-
ates. Mar Policy 2020; 117: 103972. 

62)	 Annie Sturesson, Nina Weitz ÅP. SDG 14: life be-
low water. A Review of Research Needs. Tech 
Annex to Formas Rep Forskningf r Agenda 2030. 
Available from: https://www.sei.org/wp-content/
uploads/2018/11/sdg-14-life-below-water-review-
of-research-needs-1.pdf

63)	 Aquabounty’s Genetically Engineered Salmon 
Has an Uncertain Future - The Atlantic. Avail-
able from: https://www.theatlantic.com/science/
archive/2018/02/aquabounty-genetically-engi-
neered-salmon/553757/.

64)	 Collins J, Broggiato A, Vanagt T. Blue Biotechnol-
ogy, 2018. Available from: https://www.research-
gate.net/publication/323734637

65)	 Sutherland DL, McCauley J, Labeeuw L, Ray P, 
Kuzhiumparambil U, Hall C. How microalgal bio-
technology can assist with the UN Sustainable 
Development Goals for natural resource manage-
ment. Curr Res Environ Sustain 2021; 3: 100050. 

66)	 Klein M. SDG 15: Life on Land. Jean Monnet Sus-
tainable Development Goals Network Policy Brief 
Series. RMIT University Melbourne: Melbourne, Aus-
tralia 2020. Available from: https://www.rmit.edu.au/
content/dam/rmit/au/en/about/schools-colleges/
guss/eu-centre-of-excellence/Sustainable-Develop-
ment-Goal-15-Life-on-Land-Policy-Brief.pdf

67)	 Krauss JE. Unpacking SDG 15, its targets and in-
dicators: tracing ideas of conservation. Globaliza-
tion 2022; 19: 1179-1194.

68)	 GMO Soil, Air, and Water | GMO Answers. Avail-
able from: https://gmoanswers.com/soil-air-water.

69)	 Brister E, Newhouse AE. Not the Same Old 
Chestnut: Rewilding Forests with Biotechnology. 
Environ Ethics 2020; 42: 149-167.

70)	 Garnett T, Plett D, Heuer S, Okamoto M. Genet-
ic approaches to enhancing nitrogen-use efficien-
cy (NUE) in cereals: challenges and future direc-
tions. Funct Plant Biol 2015; 42: 921-941. 

71)	 Franco IB, Abe M. SDG 17 Partnerships for the 
Goals 2020; 275-293. 

72)	 Kemp S. Centre for Tropical Livestock Genetics 
and Health (CTLGH). Available from: https://www.
ctlgh.org/.


