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Preface

The year 2021 marks the 41" Anniversary of the Institute of Biology of Sri Lanka (IOBSL). It is the main
forum which represents the biology professionals from academia, research, and industry in Sri Lanka.
Incorporated by the Act of Parliament No. 22 in 1984, the IOBSL is mandated to promote and advance
the science of biology and its applications. By upholding the mandate vested upon I0BSL, it contributes

to the advancement of the biology professions and welfare of the nation.

The global grand challenges have directed the world a technology shift from synthetic material base to
biomaterials and processes. The biologists are at the core of this endeavour as they have to find out how
the biological sectors can contribute to solve the economic, social and environmental problems. It is the
biology professionals who have the firsthand knowledge on plants, animals, microorganisms, their
biological processes, and the systems to use them sustainably to develop competitive bio-based
industries through research and innovations. It is also the biologists who can support the development

of educated and competent human resources required for an emerging bioeconomy.

The Institute of Biology has performed and will continue to perform its role even better in the future in
promoting research, innovations, education, training, and public awareness in the quest to utilize the
biological resources sustainably. The publication of this book on the theme of: Marching towards a
bioeconomy, intends to inspire especially the young biologists on the concept of the bioeconomy and
research and innovations required for sustainable use of biological resources and processes. This
publication brings together research contributions by some of the experts on biological sciences which
will lead to a knowledge-based bioeconomy, focusing on work done on herbal medicine, microbiota of
mosquito vectors, biological control of the dengue vectors, potential crops for sustainable development
and ecological concerns on hydro power generation. For all of us a stronger bioeconomy is still far from
being a reality. We believe that this publication though not exhaustive would create a discussion and

provide an encouragement for all those who work in the biological sectors in the country.

Our thanks go to the contributors of the chapters in this book, the reviewers and the members of the

council for their great support in producing this book.

Dr S.A.C.N. Perera

Professor L.D. Amarasinghe
September 2021
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Abstract

Bioeconomy has evolved as a solution to economic, social and
environmental problems within and across all the sectors of world
economies. It has brought about the materials technology shift from
synthetics to bio-based raw materials to introduce sustainable
technologies. Activities in the bioeconomy primarily involve the
production of biomass from plants, animals, microorganisms and its
conversion into bio-based products. Agriculture is a major component
in a bioeconomy. Countries with a larger land mass have a competitive
advantage in biomass production through agriculture hence for alarger
bioeconomy. Sri Lanka, with its limited land availability cannot expand
theland further for biomass production through traditional agriculture.
The bioeconomy of Sri Lanka therefore have to move beyond traditional
agriculture pursuing more scientific approaches for biomass
production and conversion. The use of crops as renewable industrial
feedstock and the application of biotechnology are therefore,
indispensable for implementation of sustainable development
strategies in the country. Therich biodiversity onland and the sea of the
country is still underutilized and has a great potential to be used in
pharmaceutical and biotechnology industries. There is a pressing need
in the country to create a motivated society to pursue the promising

prospects offered by the bioeconomy in development.

Keywords: Bioeconomy, Biomass, Biotechnology, Sustainability




Bioeconomy: A Response to Global Grand Challenges

Introduction

Figuring out, how to address the urgent challenges posed by population growth and environment
pollution is important. There are fundamental problems in different facets of our lives such as
health, environment, food, water and energy: and there is still uncertainty about how these
challenges can best be addressed. Despite this uncertainty, the concept of bioeconomy has evolved
across the globe in response to these urgent challenges and forms an integral part of the solution. It
is the solution that nations have put forward to the Global Grand Challenges which underpins
sustainable development. Bioeconomy focuses on the development strategies which minimize
environmental damage while promoting recycling of resources. It is the shift of economies from
petroleum-based synthetics to biomaterial-based products and processes and holds a great
promise in securing human needs with minimum environmental damage. This sector of the
economy therefore, encompasses all measures to expedite the global green transition by promoting
the use of clean energy and greener industries, eliminating pollution by maximizing the use of
residual streams from agriculture and food processing, emission savings and enhancing
biodiversity through improving the ecosystem services. However, transition towards a bioeconomy
is a challenging task especially for developing nations as it constitutes mainly an innovation driven
economy. The policy environment and the technological capabilities of many developing countries
are not adequate to facilitate the sustainable and eco-efficient use of the biological resources. The
recent trend however, to embed the bioeconomy concept into a broader concept on sustainable
development and green economy is a promising sign for future expansion of the bioeconomy
globally. This way the bioeconomy concept will contribute to achieve the sustainable development
goals (SDGs) so that we leave a healthy and joyful life for our future generations.

Bioeconomy

Bioeconomy relies on the renewable resources and technological advancements. It involves the
production and sustainable utilization of biological resources, to provide goods and services across
all economic sectors. The European Commission defines the bioeconomy as "the production of
renewable biological resources and the conversion of these resources and waste streams into value
added products, such as food, feed, bio-based products and bioenergy (European Commission,
2017). When developing the concept of the bioeconomy in the European Union, the label
“knowledge-based” was added so that it became the “knowledge-based bioeconomy”. The
knowledge-based bioeconomy emphasizes the scientific findings in life sciences, biotechnology
and other related technologies to be the major driving force for sustainable management,
production and use of biological resources. Thus, the knowledge-based bioeconomy was defined as
“Transforming life sciences knowledge into new, sustainable, eco-efficient and competitive
products” (Janez POTOCNIK, 2005). Further deliberations on this topic in EU emphasised two
dimensions of the bioeconomy. They are the:

1. biotechnology innovation perspective which recognized the role of biotechnology as “an
important pillar of Europe's economy by 2030, indispensable to sustainable economic
growth, employment, energy supply and to maintaining the standard of living”
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2. resource substitution perspective which stressed the use of crops as “renewable industrial
feedstock to produce biofuels, biopolymers and chemicals”

National Bioeconomy Blueprint in the United States described the bioeconomy as one based on the
use of research and innovation in the biological sciences to create economic activity and public
benefit. The U.S. bioeconomy was already in place at the time of giving this definition: new drugs
and diagnostics for improved human health, high yielding food crops, emerging biofuels to reduce
dependency on oil, and biobased chemical intermediates, to name just a few. This definition also
reflects the two perspectives of the bioeconomy discussed above: the biotechnology innovation
perspective and the resource substitution perspective. When considering these two perspectives
the resource substitution perspective predominated in the first decade of the 21 century where
increase in prices of fossil energy was expected to continue. In the subsequent decade the emphasis
has shifted to biotechnology innovation perspective in order to make the economic use of the
advancements of the biotechnology and life sciences. A study carried out by Bugge et al. (2016) to
enhance the understanding of what the notion of bioeconomy means by exploring the origins,
uptake, and contents of the term “bioeconomy” in the academic literature have uncovered an
additional dimension in bioeconomy, i.e. the bioecology perspective. In academic literature
therefore it identifies three visions of bioeconomy albeit that they are not completely distinct from
each other. These three visions of bioeconomy are:

1) The bio-technology vision that emphasizes the importance of bio-technology research and
application and commercialization of bio-technology in different sectors. This vision relies
mainly on the potential applicability of science.

2) The bio-resource vision that focuses on the role of research, development, and
demonstration (RD & D) related to biological raw materials in sectors such as agriculture,
marine, forestry, and bioenergy, as well as on the establishment of new value chains. The bio-
resource vision emphasizes the potentials in upgrading and conversion of the biological raw
materials.

3) The bio-ecology vision that highlights the importance of ecological processes that optimize
the use of energy and nutrients, promote biodiversity, and avoid monocultures and soil
degradation. While the previous two visions are technology-focused and give a central role
to RD & D in globalized systems, this vision emphasizes the potential for regionally
concentrated circular and integrated processes and systems (Bugge etal, 2016).

Components of the Bioeconomy

Bioeconomy is the part of the economy which uses renewable biological resources from terrestrial
and aquatic origin such as crops, forests, algae, fish, animals and microorganisms to produce food,
feed, materials and energy. It primarily involves the production of biomass on soil, water or in
culture conditions such as microbial or tissue cultures and their conversion supplemented by the
recycling of waste generated in the process. The activities of bioeconomy may extend beyond the
primary production and conversion of the biomass. For example, bioeconomy related activities
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may extend to other sectors in the society such as education, skill development, policy making and
to all processes in pre- and post- commercialization steps of bio-based products. Hence
bioeconomy value chain constitutes with a multitude of components which comprises not only in
terms of value added and employment contribution but also encompassing the socio-economicand
environmental aspects of the economy. The European Commission (2017) classified the
bioeconomy sectors as core bioeconomy, partial bioeconomy and indirect sectors. Agriculture,
fishing and forestry, food industry, bioenergy and biofuel are among the core bioeconomic
activities. Some activities included in the partial bioeconomy are chemical and plastic industry,
construction, pharmaceutical, textile, waste management and biotechnology. The indirect sectors
include technologies, machinery, retail trade and related services etc. which have an indirect
impact. A generic pathway to monitoring and assessing of bioeconomy to a nation's economy as
identified by the Food and Agricultural Organization of the United Nations is given in Figure 1 (FAO,
2018).

GDP approach Intellectual properties Sustainable use of
‘ Economic growth and ‘ and RE&D spending natural resources
employment Taxation and Reducing use of non-
(turnover/sales; value regulatory support renewable resources
o | addii;t Jg; clreatmn;tr £ Measures of poverty ¥ GHG emission
ﬁ Tnar AP E reduction or income H reduction and carbon
% investments) % inequality % footprint
E Trade g Sustainable production & Biodiversity
E Services E and consumption B conservation
=
E g Food security @ Other climate targets
o O Energy security E (adaptation and
e & o Mmitigation)
= Infrastructures =
'C Gender E
o (I
vy Education/training

Figure 1:Identified pathway towards a sustainable bioeconomy monitoring (source: FAO, 2018).

The major component in bioeconomy common to all countries is the agricultural sector where it
produces the largest part of the biomass used as a raw material for the bioeconomy through crop
and animal husbandry, forestry and aquaculture. Countries having a large land mass, favourable
agro-ecological conditions and a low population density, have the competitive advantage in
biomass production by agricultural activities and to go for resource substitution perspective of the
bioeconomy. Similarly, countries having access to marine resources utilize these resources as a
main componentin the fisheries sector of their bioeconomy. Biomass production in cultures such as
cell and tissue cultures, microbial cultures also make a significant contribution to produce bio-
based materials and these activities are mainly based on the progress of the scientific findings
related to the biotechnology perspective of bioeconomy. The biotechnology perspective of
bioeconomy requires comparatively a low land area and can be carried out independently of the
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external environmental conditions hence provide better opportunities for countries with limited
land resources and high population densities. The bioeconomy of small countries like Sri Lanka
therefore have to move beyond traditional agriculture pursuing more scientific approaches for
biomass production and conversion.

Biowaste such as crop and animal residues, municipal waste usually referred to as second
generation biomass are beginning to be recognized as a resource for the production of bioenergy
and variety of other products. Agricultural wastes for example contain high level of cellulose,
hemicellulose, starch, proteins as well as lipids. Biowaste therefore is a low-cost substrate for
biotechnological industries such as for bio-fuel, fertilizer and microbial enzyme production.

The end products obtained directly and by conditioning and conversion of the biomass, are
ultimately added to the bioeconomy as food, feed, fibre, fuel, chemicals and other industrial
biotechnological products and some key sectors that can be identified in a bioeconomy are
agriculture, forestry, fisheries, aquaculture, food and beverages, biobased electricity, biofuel,
biobased chemicals, biopolymers and plastics, pharmaceuticals and health care products, wood
and wood furniture, biobased textiles, leather, paper and paper products. However, the definition
and the classification of bioeconomy vary among nations. Countries in the EU tended to use
relatively a broad definition of bioeconomy landscape and include, in their entirety, economic
sectors that produce or fundamentally rely on biologically produced materials. For example, the
primary sectors such as agriculture, fisheries, forestry are included. Food, beverage, tobacco and
wood product manufacturing also included. North American countries tended to adapt a narrower
definition of bioeconomy landscape concentrating more on the economic activities driven by
research and innovation in the life sciences and biotechnology. For example in the US only the
agricultural production which has some form of interaction with the biotechnology or research in
life science such as crops derived by genetic engineering and marker-assisted breeding, use of large
informatics databases either for breeding applications or enhanced land use capabilities and also
the plant biomass used in a downstream processing and/or fermentation utilizing recombinant or
synthetic DNA technologies is accounted in the agriculture sector of the bioeconomy (Frisvold et
al, 2021). Table 1 shows the various sectors included in the bioeconomy definition identified in a
review on “national frameworks of some selected countries including EU on assessing bioeconomy
contributions to the economy” (FAO, 2018).
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Table 1: Sectors included into bioeconomy strategy and monitoring in selected countries and EU
(source FAO 2018).

*

3 < | 8

E|ls |2 g |8 | £

S |E | |2 |5 |= |,

S |2 |E | |€ |2 |%

2 |12 |8 |= |2 |8 |8 |&
Agriculture XX X XX XX X XX | XX
Automotive and Mechanical engineering XX
Chemistry (incl. bioplastics) XX |X XX |XX (XX |X XX | XX
Biofuel/bioenergy XX [X XX [XX [XX [X XX
Biorefining X XX | XX X XX
Construction/building industry XX
Consumer goods such as cosmetics and | XX XX X
cleaning products
Feed XX XX [XX X XX
Fisheries XX [X XX [XX X XX
Food and Beverage industry XX |X XX | XX X XX
Forestry XX [X XX [XX X XX | XX
Health XX X
Knowledge/Innovation X XX [XX [XX X X
Mining X
Pharmaceuticals industry XX |X XX | XX [XX |X XX
Pulp and Paper XX XX XX | X XX
Textile XX XX XX | X XX XX

X- sector included in bioeconomy strategy XX- included in bioeconomy strategy and monitored or
measured * results for the Netherland monitor bio-based economy and results for the USA refer to
bio-based products industries.

Contribution of Bioeconomy

Over the last two decades there has been an increasing trend in the contribution of bioeconomy for
national economies of countries. Apart from the direct primary products from farming, forestry and
fisheries, the bioenergy and the new generation of biobased products have shown an increasingly
important role in the economic growth of countries. For example, in the energy sector of U.S.
bioeconomy the bioethanol production and biodiesel production have reached to 13.8 billion
gallons (Statista, 2021) and 1.8 billion gallons respectively in 2020 accounting for 17% of the
consumption of renewable energy in the US (Voegele, 2021). The estimated value only from the
biotechnology component of the bioeconomy in U.S. in 2017 was USD 388 billion which comprises
the revenues from GM crops, biobased products and high value molecular biological reagents and
drugs derived from biotechnology (biologics). This has accounted for 2% contribution to the U.S.
GDP Bbioeconomy Capital, 2018). The estimate of the size and scope of the U.S. bioeconomy as given
in the safeguarding the bioeconomy report of National Academies of Sciences, Engineering and
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Medicine (NASEM), for 2016 was USD 959 billion which includes direct contributions, indirect and
induced effects representing 5.1 percent of the GDP. In European Union too bioeconomy makes up
an important impact. Since early 2000s, the European Commission has been very much promoting
the bioeconomy in its member states. In 2017 the value added bioeconomy component of the EU
economy was EUR 614 billion which represented 4.7 % of GDP. The indicators for the period 2008-
2017 show a steep rise in value added in the bio-based pharmaceutical sector (18%) and in
agriculture (12%) (Renewable Carbon News, 2020). In Latin American and the Caribbean
countries where more than one fourth of the world's arable land and one third of its fresh water
resources are available makes this region to be one of the primary producers of sustainable
biomass. For these countries too, the bioeconomy represents a new and powerful opportunity. In
addition to the advances made in the pharmaceutical industry, plant biotechnology that started
with the use of genetically modified plants has become an important contribution for the
bioeconomy of many countries in Latin America. A good example in Latin America is the
outstanding efforts made by Chile in applying bioleaching to extract copper. There the bioleaching
process was upgraded and there are currently many states and private owned mines that use
bacterial bioleaching. Brazil, the world's second largest ethanol producer next to the USA produces
its fuel mainly from the fermentation of sugarcane. This process is relatively efficient and
environment friendly than ethanol production from maize starch as practiced in the USA (Sasson
and Malpica, 2018). Many African countries are endowed with abundant resources of natural
resources. Continued improvements in biomass productivity and an optimization of biomass use,
combined with a viable bio-business sector that can add value to primary production, has the
potential to drive a broader African bio-based economic growth. However, despite its potential to
help solve sustainable development challenges, bioeconomy has not been yet adopted in Africa.
Recent study by Oguntuase (2020) identified nine countries with bioeconomy related activities in
Africa. South Africa stood out as the only country with a dedicated bioeconomy strategy and the
other eight countries with bioeconomy related activities were Ghana, Kenya, Mali, Mauritius,
Mozambique, Nigeria, Senagal and Uganda.

The potential for Asian countries to be the leaders in biobased production is enormous. The robust
and continued economic growth, rich biodiversity and the lack of fossil resources except in the
Middle East will provide the impetus for a biobased revolution in this region. Currently, China, India
and Thailand have become the fourth, fifth and seventh largest countries in the world respectively,
for production and utilization of bio-ethanol mostly using sugarcane molasses. The oil palm
biomass in Malaysia and Indonesia provides the base for a variety of high value products including
biodiesel. However, the palm oil based biofuel industry has now been affected by the recent
decision of the European Commission to phase out palm oil based biofuel from transport, an issue
that has to be solved through negotiations. Thailand has already taken steps to promote its
bioeconomy mainly based on cassava and sugarcane. These two crops are selected since they are
already being produced in large quantities and can be developed into many value-added products
including bioplastics derived from cassava starch and biofuels from both sugarcane and cassava.
The industries based on advanced scientific technologies such as biopharmaceutical industry in
Asia shows a promising growth. China, Japan, South Korea, India, Taiwan, Singapore, Malaysia,
Thailand and Indonesia are in the forefront in the biopharma industry. The continuous increase in
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the innovation capacity of these countries in the fields of life sciences and biotechnology as a result
of implementation of national policy and strategies promoting investments in research, training
and education has open up new opportunities for bioindustry based economies. The concept of
bioeconomy thus remains a viable option for every country to achieve major global challenges both
economicand environmental.

Bioeconomy in SriLanka

The island of Sri Lanka has a land area covering 65,610 km’out of which 33,400 km® are under
agriculturalland. It possesses a territorial sea of 21,500 km® and the Exclusive Economic Zone (EEZ)
extends outward 370 km from the shore and covers an area about 510,000 km®of the Indian Ocean
(Arachchige et al., 2017). Sri Lanka has the right to resources in the water column, seabed and
subsurface in the EEZ. The country is endowed with rich flora and fauna diversity and it along with
the Western Ghats is one of the 34 biodiversity hotspots of the world (iucn.org/asia/, 2020).
Though further extension of land is not possible for biomass production the sea and biodiversity
endowments still remain as underutilized resources with a great potential to contribute for a
stronger bioeconomy. The country should adopt the bioeconomy strategies to foster the policy
support and investment which will lead to pioneering research, development of new and advanced
technologies, expand education, capacity building, create public awareness, drive forward the
industrialization processes and stimulate consumer demand on bio-based products.

Currently, the agriculture sector is the major component of the Sri Lankan bioeconomy. [t comprises
growing crops in plantation as well as non-plantation segments, rearing animals, fisheries and
forestry sectors and primarily it provides the biomass for food, feed, fiber, and energy needs. The
direct contribution of the agricultural sector for the GDP is currently at 6.9%. The country is almost
self-sufficient in rice, vegetables and fruits. However, per capita consumption of fruits and
vegetables in Sri Lanka is lower than the quantities recommended by nutritionists. The available
statistics do not reflect on actual fruit and vegetable production and consumption, as Sri Lankans
consume a significant amount of many different types of seasonal fruits and vegetables grown in
their own home gardens, such as jak, bread fruit, thumba karawila, thibbatu, leafy vegetables, and
many underutilized fruits and vegetables. Details of these do not show under available national
statistical information. The country is dependent on the imports of some essential food and feed
items such as maize, sugar, condiments and pulses. This shows the need of enhancing production of
such crops in order to strengthen food and nutrient security and self-sufficiency. [t also reveals that
at present Sri Lanka does not have the abundancy of the agricultural biomass to be used as a
feedstock for the industries from the dedicated crops such as rice, maize and cassava. Any attempt
to use these food crops to produce biofuels or other related biobased industrial products at this
moment would invariably create a strong public backlash. Sri Lanka is standing far behind in
converting these main annual crops to value added products. However, the part of the biomass
which does not directly impair the food and feed supply such as industrial crops, spices, agricultural
residues and fuel wood can play an important role in establishing new value chains in the Sri
Lankan bioeconomy. For example, currently biomass is the second largest energy supply source
which provides 36% share of the total energy requirement of the country (Sri Lanka Sustainable
Energy Authority, 2017).
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Even though the contribution of the agriculture sector to the gross domestic product has eclined
sharply from 20% to less than 7% during the past two decades, the volume of agricultural produce
in this period has not been declined. It has steadily secured the food needs of the nation. However,
Sri Lanka is now gradually moving towards an economy oriented around manufacturing and
services. More and more agricultural produce is used as the raw materials in the value added
industrial sector and new opportunities are being created in the service sector expanding the GDP
contribution of these two sectors at the expense of the primary agricultural sector. For example, a
major share of around 48% of the industrial GDP sector comes from the agri-based manufacturing
industries such as food products, beverages, tobacco, leather, paper and pulp, bio-based health
products, pharmaceuticals and manufactured natural rubber products. Bio-based activities can
also penetrate to the service sector of the GDP such as trade, insurance, disease diagnostics
services, education and training. Thus, the bioeconomy cuts across all the GDP sectors of the
economy. The main subsectors of the bioeconomy of Sri Lanka and their approximate contribution
are presented in Figure 2.

herbal products
and Bioenergy
0.14%

Paper products
%

Leather
1%

Wood Products—
0.17%

Figure 2: Contribution of subsectors of bioeconomy of Sri Lanka.
The Biotechnology Perspective in Sri Lankan Bioeconomy

In Sri Lanka the biotechnology perspective of bioeconomy is still in its infancy. The main
biotechnological applications are seen in the food and beverage sector which uses the traditional
fermentation technologies f