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KEY QUESTIONS

As we are in the midst of the sixth mass extinction
of species, what is driving biodiversity loss — defor-
estation, climate change, over-exploitation, land-
use change, lost connection between humans and
nature, poaching, hunting, etc. — and what is the
prognosis for the Asia-Pacific region?

What are the implications for humans if this biodi-
versity loss is not reversed?

To what extent can in-situ and ex-situ protection
— natural parks, gene banks, zoos, etc. — offset the
inexorable species decline?

New technological techniques such as gene editing,
CRISPR (clustered regularly interspaced short palin-
dromic repeats), artificial organisms, lab-grown meat,
artificial photosynthesis, etc. have begun to emerge.
What is their potential role in addressing biodiversity
loss? What are some of the potential dangers as well
as opportunities for these technologies?

What are the implications for industry? Can we
envisage a future where many of the ecosystem
services provided by nature are replicated, and
perhaps improved, by new start-up industries?
What are the implications for governments? Should
we begin to envisage a 50/50 world, where nature is
assigned half the global area, or accept that industry
will have to replace some of the ecosystem services
being lost or diminished due to biodiversity loss?
What is needed to ensure that industry is envi-
ronmentally responsible, supporting rather than
harming biodiversity?

How can industrial production be linked with re-
sponsible consumption that reflects concerns for
biodiversity?

Industry, in the context of this chapter, is mostly confined to the
strict definition of the word.: - “economic activity concerned with the
processing of raw materials and manufacture of goods in factories”
(OUP 2018). Industry has a major impact on nature and its biodl-
versity in Asia and the Pacific, as it does elsewhere in the world.
Industry impacts biodiversity especially through the airborne, wa-
terborne and soil-borne pollution that it produces, but also in other
ways as elaborated upon in this chapter. At the same time, industry
is reliant on biodiversity for goods and services. Many of these
contributions from nature can be artificially replicated once they
have been discovered and studied, and innovation is producing
a growing selection of design solutions that may also benefit bio-
diversity. Nevertheless, on the current trajectory, it is unlikely that
industry and technology will ever be able to replace all of nature’s
potential contributions before their full potential for industry is lost.

Industry is a driver of biodiversity loss. Globally, biodiversity
is being lost very much faster than the rate that would be expected
without human interference. The current rate of loss is believed to
be on a par with the previous five extinctions experienced over the
hundreds of millions of years of the life of our planet (Barnosky et
al. 2011; Leakey and Lewin 1992).

In Asia, economies are growing rapidly overall, while China, India,
Japan and the Republic of Korea alone already account for more
than 40 per cent of all global R&D investment (Industrial Research
Institute 2016). In the Asia-Pacific region the terrestrial, freshwa-
ter and marine environments have been severely degraded, and
this decline is expected to continue given the current trajectory
of development (Omar 2018). The value of the loss of biodiversity
and ecosystem services under business-as-usual scenarios could
be of the order of US$5 trillion per year (Omar 2018). The main
direct drivers of this loss have been land degradation and land-use
transformation, climate change, pollution, over-exploitation and in-
vasive alien species (Bustamante et al. 2018). Industry is indirectly
or partially complicit in some of these, and directly complicit in
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others. Land-use and land-cover change associated with rapid in-
dustrialisation have degraded land resources through pollution and
soil erosion (Bustamante ef al. 2018). Air pollution from the com-
bustion of fossil fuels in industrial areas is responsible for forest
damage and industrialisation has resulted in increased atmospher-
ic nitrogen deposition, which threatens some marine environments
(Bustamante et al. 2018). The major sources of water pollution,
other than agriculture, are from industries involved in the produc-
tion of metals, paper and pulp, textiles, food and beverages, and
mining (Bustamante et al. 2018). Quarrying for cement threatens
the survival of about 30 species in Southeast Asia alone (Clements
et al. 2006), while eight out of 10 most polluted rivers in terms of
plastic waste are in Asia (Lebreton ef al. 2017). Yet, the scientific
literature is brimming with a multitude of examples in medicine
and in technology, of how society and industry rely on nature’s
phenomenal diversity for materials and ideas.

New threats are emerging. Unfortunately, it is not only es-
tablished threats that endanger biodiversity — new ones are also
emerging, such as industrial-scale manufacturing and use of
nanomaterials. Some nanomaterials have the potential for bioac-
cumulation in plants and microorganisms as well as through the
food chain (IPBES 2018; CDC-NIOSH 2014; Kwazo et al. 2014;
Scrinis 2006). Biotechnology is another modern phenomenon that
is widely considered to threaten biodiversity. Although well estab-
lished, advances in this field are rapid, further fuelling concern.
And yet its proponents suggest that it may offer the best solutions
for some of biodiversity’s greatest challenges, as discussed later.

Our reliance on biodiversity is not diminishing. Biodiver-
sity consists of ecosystem diversity, species diversity and genetic
diversity. Ecosystems, and the species and genes that constitute
their living components, provide a variety of services to humankind.
These are commonly referred to as ecosystem services and, more
recently, nature’s contributions to people (IPBES 2018). These ser-
vices, or contributions, include raw materials such as the processed
timber used for building and the raw timber used to produce heat
and energy in many of the developing parts of the region. They also
include the provision and flow regulation of water that is required
by all industries in their manufacturing processes and the plants

that help to purify water polluted by industry. It is expected that
water withdrawals in the region will increase by 55 per cent due to
growing needs for domestic water, food production, manufacturing
and thermal electricity generation (IPBES 2018; ADB 2016).

Medicinal advances rely on biodiversity. Biodiversity in-
cludes the genetic resources that constantly fuel the pharmaceutical
industry’s quest for more and better medicines, with an estimated
minimum of 70 per cent of new small-molecule drugs introduced
worldwide from about 1982 to 2007 originating from, or inspired by,
a natural source (WWF 2018; Newman and Cragg 2007).

Another interesting emerging example of mimicking na-
ture is artificial photosynthesis. Traditional photosynthesis is
the process by which plants convert carbon dioxide from the air into
carbohydrates and oxygen, in the presence of water and sunlight.
Artificial photosynthesis is a synthetic process that replicates this,
typically to store energy from sunlight in fuel — a new method with
promising potential (Fukuzumi et al. 2018; El-Khouly et al. 2017).

Mobilising industry for sustainability transitions is an ur-
gent challenge. Sustainability transitions are widely recognised
as essential to address biodiversity loss and to the achievement
of the SDGs. They have been defined as fundamental changes in
socio-technical systems towards sustainability (Bijker ef al. 1987).
As socio-technical systems are the configurations of hardware,
software, social, psychological, political, policy and legal systems
that underpin economies (Whitworth and de Moor 2009), industry
clearly has a critical role to play in sustainability transitions.

Technological transitions are extremely complex. Stud-
ies of historical technological transitions, for example from sail-
ing ships to steamships, have found that movement towards the
widespread acceptance of innovative technologies requires more
than just the technology; it also requires changes in user practices,
regulation, industrial networks, infrastructure and culture (Geels
2002). To support sustainability transitions, policy mixes that de-
stabilise established unsustainable regimes and promote radical
green niches as well as their mainstreaming are needed (Smith et
al. 2010). Opportunities, incentives, controls, support mechanisms
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and cross-sectoral policy coordination are all important for mobil-
ising industry for sustainability transitions.

Responsible consumption and production can be linked
through sustainability certification. A wide variety of volun-
tary schemes that certify the sustainability of industrial process-
es exist. These can be found in the forestry sector, where they
have been strongly promoted as a way of reducing the harm done
by industrial-scale logging in natural forests on biodiversity and
ecosystem services. Some schemes require the identification and
preservation of areas with high conservation values, while allow-
ing reduced-impact logging in other areas. There is evidence that
such schemes can contribute to improved biodiversity outcomes
(Dasgupta 2017). When these schemes include product labelling,
they link responsible consumption with production with (SDG 12:
Responsible consumption and production) by enabling buyers to
identify products from sustainable sources.

While voluntary sustainability-certification schemes
have been around for several decades, their uptake has
been slow, especially in developing countries. This is
evident in the forestry sector, with Africa, Latin America, Asia and
Oceania accounting for only 15 per cent of the total global certified
forest area (UNECE/FAO 2018). The reasons for this slow uptake
include lack of attractive price premiums to offset the high costs
of certification (UNECE/FAO 2009) and continued existence and
growth of new markets that do not demand sustainable extraction
(Scheyvens et al. 2015).

New technology may enhance sustainability certifica-
tion. For certification to be instrumental in a sustainability transi-
tion towards responsible consumption and production, rethinking
of technical elements and the concept itself are required. In terms
of technical improvements, there may be potential for blockchain
technology, made famous by the crypto-currency Bitcoin, to re-
place the complex chain-of-custody processes that certification
schemes use to control and document the movement of materials
(Figorilli et al. 2018). As a blockchain is a decentralised ledger,
anyone can access transaction records. This opens up the track-
ing process of materials and products to scrutiny and does away

with the need for a third-party monitor. Government support would
also help certification realise its full potential. Certification can help
governments achieve their own objectives for biodiversity and eco-
nomic sustainability in specific sectors, so there are good reasons
for governments to promote certification. They can explore the
possibility of various incentives for companies to acquire certifica-
tion, such as tax exemptions and public procurement policies for
sustainable materials and products.

Wastes and cultivated building materials can be used in
architectural applications. In the Asia-Pacific region, waste
generation is increasing and poor waste management has resulted
in harm to biodiversity and degradation of ecosystems (Davies et
al. 2018). At the same time, the region is experiencing growing
demand for housing and other buildings as a result of population
growth, urbanisation and rising affluence (UNEP 2016). Using
waste residues as inputs for building materials could both help
mitigate the harm caused to biodiversity by waste and address the
housing problem.

Biomass residues are a potential source of new building
materials. In particular, residues from the harvesting of cereal
crops and agro-industrial processes are a huge potential source
of fibres that could be used to produce environmentally-friendly
building materials (Hebel and Heisel 2017). This notion has been
supported by various research into bio-composites that have led
to new environmentally superior, high quality building materials.
With funding from the European Regional Development Fund, for
example, a team of materials scientists, architects, product de-
signers, manufacturing technicians, and environmental experts
collaborated to develop a new material for fagade cladding using
raw agro-fibres. Agro-fibres from barley, maize, oats, rice, rye and
wheat straw can be used and contribute up to 90 per cent to the
final material by weight (Dahy and Knippers 2017). This project
developed a type of bioplastic granule that can be extruded into
sheets and further processed. The sheets were used to develop
a flexible, recyclable and compostable high-density fibreboard for
use in buildings. Another example is the structural composite panel
ECOR manufactured by Noble Environmental Technologies using
forest waste, agricultural fibres, bovine process fibre, and paper
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and cardboard waste. ECOR has been commercialised and used in
a broad spectrum of industries and applications by global brands
wanting to promote their environmental credentials. Applications
include wide format printing, furniture and fixtures, and building in-
teriors (https://ecorglobal.com). Production of such bio-composites
does not rely heavily on petroleum-based components and addi-
tives, which means they can contribute to a healthy living environ-
ment, at the same time as reducing harmful waste from farming,
forestry, manufacturing and building demolition.

There is also a strong argument for the cultivation of
building materials. This means not just the growing of trees,
but also new ideas such as purpose built breeding farms, using
micro-organisms that until recently had not been considered useful
for the building industry (Hebel and Heisel 2017). Using recycled
agricultural fibres and cultivated building materials would help the
construction sector move away from a system that relies on the
unsustainable mining of materials, which harms biodiversity, to a
closed loop system using renewable and recycled materials ((Hebel
and Heisel 2017). Further research into the use of recycled agri-
cultural fibres and cultivated building material is likely to be most
productive when conducted by teams of scientists from various
disciplines, product developers and practitioners. In addition to
new product breakthroughs, modification of the existing industrial
setting to accept new materials and construction methods will be
needed for bio-composites to contribute to a sustainability transi-
tion in the building industry.

Synthetic biodiversity is also developing rapidly. The rap-
id advancement of biotechnology and its potential risks to biodiver-
sity led governments to adopt the Cartagena Protocol on Biosafety
to the Convention on Biological Diversity (CBD 2000), which aims
to ensure the safe handling, transport and use of living modified
organisms (LMOs) resulting from modern biotechnology that may
have adverse effects on biological diversity, also taking into ac-
count risks to human health. More recently, advances in gene ed-
iting and CRISPR technology have revived these concerns, with
successive decisions on the topic of synthetic biology featuring at
the three most recent meetings of the Conference of the Parties to
the Convention on Biological Diversity (CBD 2014; 2016; 2018).

Synthetic biology both offers great hope and raises great
concern. Synthetic biology is defined as “a further development
and new dimension of modern biotechnology that combines sci-
ence, technology and engineering to facilitate and accelerate the
understanding, design, redesign, manufacture and/or modification
of genetic materials, living organisms and biological systems” (CBD
2016). It involves the alteration of natural genomes with extreme-
ly precise editing (Piaggio et al. 2017). On the one hand —this
creates the possibility of natural organisms being “tweaked ...to
allow for patent monopolies beyond the reach of state sovereignty
or of indigenous peoples” (ETC Group 2010). On the other, it holds
the potential to resolve some persistent conservation problems,
such as invasive species. Certain species of rodents, for example,
have been responsible for the extinction of hundreds of species
of birds, especially on islands where fauna is more susceptible
to aggressive introduced species (Blackburn et al. 2004). Current
methods are limited in their effectiveness and have proven side
effects, so work is being conducted to explore the feasibility of
creating mice with a gene from the Y chromosome inserted onto
chromosome 17 (autosome) that results in the production of only
male offspring — thereby rendering the island population eventually
incapable of reproducing (Piaggio et al. 2017). An even more con-
troversial application involves de-extinction, bringing back animals
that no longer exist by editing the genome of similar extant species
to incorporate genetic code from the extinct species (Piaggio et al.
2017; Redford et al. 2014; Sutherland et al. 2014).

Lab-grown meat is a potential solution to excessive live-
stock rearing. Lab-grown meat is an example of how biodiver-
sity provides the seeds of a solution to a problem that threatens
biodiversity itself. Meat production, especially through large-scale
industrial agriculture driven by the increasing global demand
for meat, has a major impact on biodiversity simply through the
amount of land it requires. Globally, the land area taken up by the
pasture required by livestock is double that of the area taken up
by crops grown directly for human consumption. In addition, live-
stock consume around a third of the crops harvested specifically
as feed (Alexander et al. 2017; Machovina et al. 2015; FAO 2006).
Land-use change, and other aspects of livestock production also
contribute significantly to the emission of greenhouse gases (FAO
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2006). These considerations make meat consumption a major
environmental concern as well as an ethical and health-related
one. One innovative solution is the production of meat in the lab-
oratory using only cells from the original animal. This approach
requires significant reduction of land use, (Stephens and Ruiven-
kamp 2016; Tuomisto and de Mattos 2011). The cost of lab-grown
meat is still prohibitive at about US$ 600 for a hamburger. This is,
however, down from a somewhat more expensive US$ 340 000
only five years ago (Stephens and Ruivenkamp 2016) and is ex-
pected to reach US$ 5 in the foreseeable future. Another challenge
iS unsurprising conservatism of cultural norms in accepting such
an unusual alternative, but this is expected to change gradually. A
final challenge regards the climate impacts of lab-grown meat. The
new technology may offer a significant improvement over tradition-
al meat production only if it is accompanied by sustainable forms
of energy production.

Implications for industry.

While the externalisation of costs benefits the profit margins of
industry in the short term, it poses a risk to industry — and society
as a whole — over the long term by reducing the potential to use
biodiversity for R&D. The planetary boundary for biodiversity may
already have been passed and without transformational changes in
industrial production systems and consumption patterns, the basic
functioning of vulnerable ecosystems could start to break down.
The likelihood of exceeding a 1.5°C increase in global temperature
above pre-industrial levels (IPCC 2018) is a high-profile and mac-
ro-scale example of the serious consequences of transgressing
these boundaries.

Policy implications.

With 60 per cent of the world’s population, 52 per cent of the
global poor and a rate of economic growth double that of the global
average, Asia and the Pacific’s significance in the planet’s future
is not to be underestimated. Technological advances and progress
in economic development ignoring consideration of biodiversity
and ecosystem conservation is unlikely to lead to improved human
well-being and a good quality of life (IPBES 2018). Policymakers

and industry will need to work together towards a more desirable
scenario of progress. While industry is a driver of both biodiversity
loss and of innovation that may contribute to conserving biodiver-
sity, biodiversity is a driver of industrial innovation and a resource
base for industry. A relationship of such crucial mutual interdepen-
dence, and such consequential risks and benefits, is deserving of
special attention.

Photo by Bonnie Kittle on Unsplash

51 1 GEO-6 FOR INDUSTRY IN ASIA-PACIFIC



References

e Alexander, P, Brown, C., Arneth, A., Dias, C., Finnigan, J., Moran, D. and Rounsevell, M.D.A. (2017). Could consumption of insects, cultured
meat or imitation meat reduce global agricultural land use? Global Food Security 15, pp. 22—32. https://www.sciencedirect.com/science/
article/pii/S2211912417300056 (Accessed 10 December 2018).

e ADB.(2016). Asian Water Development Outlook; Strengthening Water Security in Asia and the Pacific. Asian Development Bank. https://
www.adb.org/sites/default/files/publication/189411/awdo-2016.pdf (Accessed 28 March 2019)

e Barnosky, A.D., Matzke, N., Tomiya, S., Wogan, G.0., Swartz, B., Quental, T.B., Marshall, C., McGuire, J.L., Lindsey, E.L., Maguire, K,C.,
Mersey, B. and Ferrer, E.A. (2011). Has the Earth’s sixth mass extinction already arrived? Nature 471(7336), pp. 51-57. https://www.
nature.com/articles/nature09678 (Accessed 29 March 2019)

e  Bijker, W.E., Hughes, T.P. and Pinch, T. (eds.). (1987). The Social Construction of Technological Systems: New Directions in the Sociology and
History of Technology. MIT Press. https://bibliodarg.files.wordpress.com/2015/09/bijker-w-the-social-construction-of-technological-sys-
tems.pdf (Accessed 28 March 2019).

e Blackburn, TM., Cassey, P.,, Duncan, R.P,, Evans, K.L. and Gaston, K.J. (2004). Avian extinction and mammalian introductions on oceanic islands.
Science 305, pp. 1955-1958. http://people.umass.edu/bethanyb/Blackburn%20et%20al.,%202004.pdf (Accessed 28 March 2019).

e Bustamante, M., Helmer, E.H. Schill, S. et al. (2018). Direct and indirect drivers of change in biodiversity and nature’s contributions to
people. In Karki, W., Senaratna Sellamuttu, M., Okayasu, S. and Suzuki, S. (eds.). The IPBES regional assessment report on biodiversity and
ecosystem services for Asia and the Pacific. Secretariat of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services. https://data.fs.usda.gov/research/pubs/iitf/bc_iitf_2018_bustamante001.pdf (Accessed 28 March 2019),

CBD. (2000). Cartagena Protocol on Biosafety to the Convention on Biological Diversity.

e Convention on Biological Diversity. https://www.cbd.int/doc/legal/cartagena-protocol-en.pdf (Accessed 28 March 2019)

CBD. (2014). Decision Xll/24: New and emerging issues: synthetic biology. Convention on Biological Diversity. https://www.cbd.int/decision/
cop/default.shtml?id=13387 (Accessed 28 March 2019).

e (BD. (2016). Decision XIIl/17: Synthetic biology. Convention on Biological Diversity. https://www.chd.int/doc/decisions/cop-13/cop-13-
dec-17-en.pdf (Accessed 28 March 2019).

e (BD. (2018). CBD/COP/14/L.31: Synthetic biology. Draft decision submitted by the Chair of Working Group II. Convention on Biological
Diversity. https://www.cbd.int/doc/c/2¢62/5569/004€9¢7a6b2a00641c3af0eb/cop-14-1-31-en.pdf (Accessed 28 March 2019).

e GDC-NIOSH. (2014). Filling the Knowledge Gaps for Safe Nanotechnology in the Workplace. Available from http://www.cdc.gov/niosh. Cen-
ters for Disease Control and Prevention and National Institute for Occupational Safety and Health. https://www.cdc.gov/niosh/docs/2013-
101/pdfs/2013-101.pdf (Accessed 28 March 2019).

e (Clements, R., Sodhi, N.S., Schilthuizen, M. and Ng, PK.L. (2006). Limestone Karsts of Southeast Asia: Imperiled Arks of Biodiversity.
BioScience 56(9), pp. 733—742. https://bioone.org/journals/BioScience/volume-56/issue-9/0006-3568(2006)56[733:LKOSAN2.0.CO;2/
Limestone-Karsts-of-Southeast-Asia-Imperiled-Arks-of-Biodiversity/10.1641/0006-3568(2006)56[733:LK0SAI]2.0.CO;2.full - (Accessed
28 March 2019).

e Dahy, H., and Knippers, J. (2017). Biopolymers and Biocomposites Based on Agricultural Residues. In Hebel, D.E. and Heisel, F. (eds.).
Cultivated Building Materials: Industrialised Natural Resources for Architecture and Construction. pp. 116—123. Birkhduser Verlag GmbH.
https.//www.researchgate.net/publication/318169733_Biopolymers_and_Biocomposites_Based_on_Agricultural_Residues_Industri-
alised_Natural_Resources_for_Architecture_and_Construction (Accessed 28 March 2019).

e Dasgupta, S. (2017) Does forest certification really work? Mongabay. https://news.mongabay.com/2017/09/does-forest-certification-real-
ly-work/ (Accessed 28 March 2019).

e Davies,K., Rajvanshi, A., Youn, Y.-C., Choe, J., Choi, A., Cooney, R., Dhyani, S., Fisher, J., Gautam, A., Ichikawa, K., Husain J.H., Jyothis,
S., Kolahi, M., Kusrini, M., Masoodi, A., Onishi, Y., Park, S., Sandhu, H.S., Togtokh, C. and Al-Assaf, A. (2018). Nature’s contributions to

52 | GEO-6 FOR INDUSTRY IN ASIA-PACIFIC



people and quality of life. In Karki, M., Senaratna Sellamuttu, S., Okayasu, S. and Suzuki, W. (eds.). The IPBES regional assessment report
on biodiversity and ecosystem services for Asia and the Pacific. Secretariat of the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem services. https.//www.researchgate.net/publication/328163553_Nature’s_contributions_to_people_and_quality_of_life
(Accessed 28 March 2019).

e El-Khouly, M.E., EI-Mohsnawy, E. and Fukuzumi, S. (2017) Solar energy conversion: From natural to artificial photosynthesis. Journal of
Photochemistry and Photobiology C: Photochemistry Reviews 31, pp. 36—83. https://www.researchgate.net/publication/313476910_So-
lar_energy_conversion_From_natural_to_artificial_photosynthesis (Accessed 28 March 2019).

e ETC Group. (2010). Synthetic biology: creating artificial life forms. Briefing and recommendations for CBD delegates to COP 10. http://Avww.
etcgroup.org/sites/www.etcgroup.org/files/publication/pdf_file/ETC_COP10SynbioBriefing081010.pdf (Accessed 28 March 2019).

e FAQ. (20006). Livestock's Long Shadow. Environmental Issues and Options. Food and Agriculture Organization of the United Nations. http://
www.fao.org/3/a0701e/a0701e00.htm (Accessed 28 March 2019).

e Figorilli, S., Antonucci, F.,, Costa, C., Pallottino, F., Raso, L., Castiglione, M., Pinci, E., Del Vecchio, D., Colle, G., Rosario Proto, A., Sperandio,
G. and Menesatti, P. (2018). A Blockchain Implementation Prototype for the Electronic Open Source Traceability of Wood along the Whole
Supply Chain. Sensors 18(9), pp. 1-12. https://www.mdpi.com/1424-8220/18/9/3133 (Accessed 28 March 2019).

e Fukuzumi, S., Lee, Y.-M. and Nam, W. (2018). Mimicry and functions of photosynthetic reaction centers. Biochemical Society Transactions 46(5),
pp 1279-1288. http://www.biochemsoctrans.org/content/early/2018/10/06/BST20170298.abstract (Accessed 28 March 2019).

e (eels, FW. (2002). Technological transitions as evolutionary reconfiguration processes; a multi-level perspective and a case-study. Research Policy
31(8-9), pp. 1257-1274. https://www.sciencedirect.com/science/article/abs/pii/S0048733302000628 (Accessed 28 March 2019).

e Hebel, D.E. and Heisel, F. (eds.). (2017). Cultivated Building Materials: Industrialised Natural Resources for Architecture and Construction.
Birkhauser Verlag GmbH. https://issuu.com/birkhauser.ch/docs/cultivated_building_materials (Accessed 28 March 2019).

e Industrial Research Institute. (2016). 2016 R&D trends forecast: Results from the Industrial Research Institute’s Annual Survey. Research- Technology
Management 59(1), pp. 30—38. https.//www.tandfonline.com/doi/abs/10.1080/08956308.2016.1117319 (Accessed 28 March 2019).

e |PBES. (2018). The regional assessment report on biodiversity and ecosystem services for Asia and the Pacific. Summary for Policymakers. Karki,
M., Senaratna Sellamuttu, S., Okayasu, S., Suzuki, W., Acosta, L.A., Alhafedh, Y., Anticamara, J.A., Ausseil, G-A., Davies, K., Gasparatos, A., Gundi-
meda, H., Ibrahim, F-H., Kohsaka, R., Kumar, R., Managi, S., Ning, W., Rajvanshi, A., Rawat, G.S., Riordan, P, Sharma, S., Virk, A., Wang, C., Yahara,
T. and Yeo-Chang, Y. (eds.). Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. https://www.ipbes.net/system/tdf/
spm_asia-pacific_2018_digital.pdf?file=1amp;type=nodeamp;id=28394 (Accessed 28 March 2019).

e |PCC. (2018). Summary for Policymakers. In Allen, M., Babiker, M., Chen, Y. et al. (eds.). Global warming of 1.5°C. International Panel for
Cliimate Change. https://www.ipcc.ch/sr15/chapter/summary-for-policy-makers/ (Accessed 26 March 2019).

e Joy, M. (2017). Our deadly nitrogen addiction. In The New Zealand Land and Food Annual, Volume 2. Massey University Press. https://www.
researchgate.net/publication/317664769_0ur_deadly_nitrogen_addiction (Accessed 28 March 2019).

e Kwazo, H.A., Muhammad, M.U., Tafida, G. and Mohammed, S. (2014). Environmental Impact of Technologies. Academic Journal of Inter-
disciplinary Studies 3, pp. 83—-86.

e |eakey, R. and Lewin, R. (1992) The Sixth Extinction. Patterns of Life and the Future of Humankind. 6th edition. Doubleday.

e |ebreton, L.C.M., van der Zwet, J., Damsteeg, J.-W., Slat, B., Andrady, A. and Reisser, J. (2017) River plastic emissions to the world’s
oceans. Nature Communications 8, 15611. https://doi.org/10.1038/ncomms15611 (Accessed 28 March 2019).

e Lynch, J. and Pierrehumbert, R. (2019). Climate Impacts of Cultured Meat and Beef Cattle. Front. Sustain. Food Syst. 3:5. doi: 10.3389/
fsufs.2019.00005

e Machovina, B., Feeley, K.J. and Ripple, W.J. (2015). Biodiversity conservation: The key is reducing meat consumption. Science of The Total Envi-
ronment 536, pp. 419-431. https://www.sciencedirect.com/science/article/pii/S0048969715303697 (Accessed 10 December 2018).

e Newman, D.J. and Cragg, G.M. (2007). Natural Products as Sources of New Drugs over the Last 25 Years. Journal of Natural Products
70(3), pp. 461-477. https://doi.org/10.1021/np068054v (Accessed 28 March 2019).

53 | GEO-6 FOR INDUSTRY IN ASIA-PACIFIC



e Omar,K. (2018). Current and future interactions between Nature and Society. In Karki, M., Senaratna Sellamuttu, S., Okayasu, S. and Suzuki,
W. (eds.). The IPBES regional assessment report on biodiversity and ecosystem services for Asia and the Pacific. Secretariat of the Intergov-
ernmental Science-Policy Platform on Biodiversity and Ecosystem services. https://www.researchgate.net/publication/328416789_Chap-
ter_5_Current_and_future_interactions_between_nature_and_society_In_IPBES_2018_The_IPBES_regional_assessment_report_on_
biodiversity_and_ecosystem_services_for_Africa (Accessed 28 March 2019)

e (QUP. (2018). Oxford Dictionaries. Oxford University Press.

e hittps://en.oxforddictionaries.com/definition/industry (Accessed 28 March 2019).

e Piaggio, A.J., Segelbacher, G., Seddon, P.J., Alphey. L., Bennett, E.L., Carlson, R.H., Friedman, R.M., Kanavy,, Phelan, R., Redford, K.H.,
Rosales, M., Slobodian, L. and Wheeler, K. 2017. Is It Time for Synthetic Biodiversity Conservation? Trends in Ecology & Evolution 32, pp.
97-107. https://www.sciencedirect.com/science/article/pii/'S0169534716301975 (Accessed 10 December 2018).

e Redford, K.H., Adams, W., Carlson, R., Mace, G.M. and Ceccarelli, B. (2014). Synthetic hiology and the conservation of biodiversity. Oryx
48(3), pp. 330-336. http://www.journals.cambridge.org/abstract_S0030605314000040 (Accessed 10 December 2018).

e Scheyvens, H., Lopez-Casero, F. and Fujisaki, T. (2015). Sustainable management of natural forests in the Asia-Pacific region: Implications
of regional economic integration and measures to avoid potential environmental harm. In IGES (ed.). Greening Integration in Asia: How
Regional Integration Can Benefit People and the Environment. Institute for Global Environmental Strategies. https://pub.iges.or.jp/pub/
greening-integration-asia-how-regional (Accessed 28 March 2019).

Scrinis, G. (2006). Nanotechnology and the Environment: The Nano-atomic Reconstruction of Nature. Chain Reaction 97, pp. 23—26.

e Smith, A, Voss, J. and J. Grin. (2010). Innovation studies and sustainability transitions: The allure of the multi-level perspective and its
challenges. Research Policy 39(4), pp. 435—448. https://www.sciencedirect.com/science/article/abs/pii/S0048733310000375?via%3Di-
hub#! (Accessed 28 March 2019).

e Stephens, N., and Ruivenkamp, M. (2016). Promise and Ontological Ambiguity in the In vitro Meat Imagescape: From Laboratory Myotubes to the
Cultured Burger. Science as culture 25(3), 327-355. https://www.ncbi.nim.nih.gov/pubmed/27695202 (Accessed 28 March 2019).

e Sutherland, W.J., Aveling, R., Brooks, T.M., Clout, M., Dicks, L.V., Fellman, E., Fleishman, E., Gibbons, D.W., Keim, B., Lickorish, F., Monk,
K.A., Mortimer, D., Peck, L.S., Pretty, J., Rockstrom, J., Rodriguez, J.P., Smith, R.K., Spalding, M.D., Tonneijck, FH. and Watkinson, A.R.
(2014) A horizon scan of global conservation issues for 2014. Trends in Ecology & Evolution 29, pp. 15—22. https://www.sciencedirect.
com/science/article/pii/fS0169534713002772 (Accessed 10 December 2018).

e Tuomisto, H. L. and Teixeira de Mattos, M. J. (2011). Environmental Impacts of Cultured Meat Production. Environmental Science & Tech-
nology 45(14), 6117—6123. https://doi.org/10.1021/es200130u (Accessed 28 March 2019).

e UNECE/FAQ. (2009). Forest products annual market review, 2008—-2009. United Nations Economic Commission for Europe/Food and Ag-
riculture Organization of the United Nations. https://www.unece.org/fileadmin/DAM/timber/publications/Final_FPAMR2009.pdf (Accessed
28 March 2019).

e UNECE/FAQ. (2018). Forest products annual market review, 2017-2018. United Nations Economic Commission for Europe/Food and Agri-
culture Organization of the United Nations. https://www.unece.org/forests/fpamr2018.html (Accessed 28 March 2019).

e UNEP. (2016). GEO-6; Global Environment Outlook: Regional Assessment for Asia and the Pacific. United Nations Environment Programme.
http://wedocs.unep.org/handle/20.500.11822/7548 (Accessed 28 March 2019).

e Whitworth, B. and de Moor, A. (2009). Handabook of Research on Socio-Technical Design and Social Networking System. Information Sci-
ence Reference. https://www.ideals.illinois.edu/bitstream/handle/2142/9710/bruce%20article_whitworth.pdf?sequence=2 (Accessed 28
March 2019).

e WWF (2018) Living Planet Report 2018. World Wide Fund for Nature. https://wwf.panda.org/knowledge_hub/all_publications/living_plan-
et_report_2018/ (Accessed 28 March 2019).

54 | GEO-6 FOR INDUSTRY IN ASIA-PACIFIC



