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EXECUTIVE SUMMARY

TheBioeconomys an important componenh creating a sustainable resources based future.
It has beeremphasigd worldwide and recently given priority in Malaysia as well. Principally,
Malaysia is looking fdBioeconomybasedon sustained biodiversity and natural resource for

thecountry s future economic devel opment.

To achieve this e BioeconomyTrandormation Programme (BTP) has been initiated by the

national government which is second in Asia and first in ASEAN régimugh BTRMalaysia

has planned to provida favourable platform for the sustained developmentRBibeconomy

and to pledge effectw initiatives for the bieb a s e d industries to i m

competitiveness to contribute more to the national development.

Based on national statistics 2010, tBeoeconomytoday here is about 13.4 per cent of total

Gross Domestic Product (GDP) ascturrent value is RM106.66 billiohhis comprises of all

economic activities involving production of bioresources and its conversion into food, feed,
chemical s, energy and healthcare & wellnes:
economic impact ofthese activities through the application of innovative and efficient

technologies.

This report applies twseparatemethods of analysis to the Malaysi&mneconomyto model
the conditionand multiplier impactf the sector as well as project possible saeos of
growth in the future: dynamic computable general equilibrium mdidgl(DCGE) and Input
Output modelling(lO). It also attempts to identify implications for poheyakers to guide the
strategic direction for growth of the sector. Data waltained from the Department ©

Statistic (DOS), Malaysia.

Through DCGEof 23 sectors sectoral quantity ofBioeconomyand its share has been
identified by three scenario analysgsper cent growth ratgl0per cent growth rate and5
per cent growth rate). fie objective isto explore the effectiveBioeconomyrelated
investments in Malaysia from year 2010 to 208t potentials to leverage on the existing

strength of most robust sectsiin the Bioeconomy
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Based orturrentgrowth rate MalaysiarBioeconomyGDRcould increaséo RM117.60 billion

by 2015RM129.65 billion by 2020 and RM157.60 billion by 203@geted growth rate of 10

per cent could increase GDP to RM129.36 billion by 2015, RM142.62 billion by 2020 and
RM173.35 billion by 2030A stimulatedgrowth rate of 15per centcould increase the
BioeconomyGDP estimates to RM135.23 billion by 2015, RM149.10 billion by 2020 and
RM181.23 billion by 2030.

In each scenario,ilppalm, rubber, oil & fat processing, fishing, forestry & logging, food crops,
andwao d pr o d uswers foundte lave the capability to produtiee mostsignificant
amounts ofBioeconomyshare with lower results from sectors like blmased chemicals and
biofuels (classified as a component of refined petroleum produsitsaiccurateand efficient
strategic direction and sectoral investment targets can increase the growth rate of the

Bioeconomy

Further analysis was completed to identdyecificcontribution of biecbased technologies or
biotechnology to Bioeconomy. Based on ratiosjected by the Organisation for Economic
Cooperation and Devel opment ( OECD) , 46. 8% of
based technologyn 203Q This means that the remaining 53.2%, (equivalenbébwveen

RM83.8 million and RM96.4 millipwlependingon rate of growth)worth of Bioeconomy

activity willstill beutilising conventional processes and technologies.

Thi s bidenmomanced” portion of f&intooductiomobbialyased an b e
technologies to catalyse and improve value ancbremic contribution beyond initial

forecast.

In order to gauge theurrent contribution and multipliersof Bioeconomyevenueas well as
the interdependence of its sectaran InputOutput (IO)model was employed to estimate
multipliers of six sectors @. Agriculture, Fishing, Forestry & LoggingstRof Sector,
Manufacturing,and ®rvices) in terms of output and employmeifithis method gives a more
wide-ranging view of theBioeconomyby capturing indirect and induced effects, in addition

to the direct mpacts of sectors.
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Overall, the total amount of output impact generated by the six sectors of Malaysian economy
from the Bioeconomyrevenue is RM1,36,079,332.90. This is coupledttwan employment
impact of 12548.78.

Agriculture sectomwas shown to beone of the highesbutput generating sect@ with the
multiplier of 2.13297Impact per RM spentOf this multiplier, 0.513119 Ringgit created by
direct effect, 1.533826 Ringgit by indirect effect and 0.086027 Ringgit by induced effect.
Output impact was alculated at RM22505963.44 or 23.06% of GDP.

Only he Srvices sector contributed higher impact with multiplier contribution of direct,
indirect and induced effects equal to 0.579539, 1.620282 and 0.146732 Ringgit respectively
(total multiplier = 2.34553) Outputimpact was calculated at RM2286, 913.96 or 25.37%

of GDP However, it is important to mention thain the 10 computationnot all sectors
considered irthe Srvices sector are linked to ti&oeconomylf Services was limited tthe

Healh sector(sector no. 116f the Malaysian 10 tableits impact would not be much larger

than the Agriculture sector

Employment multiplier analysis yielded similar results, with hghitipliers for Services
(0.00003900, or 1 million of output generate8.@0 jobs) and Agriculture (0.00002887).

For analysis purposéocusing on sectors that were classified 1009%B@a&conomy(e.g. not
considering Services sectoAgriculture appeared as the most vital sector for Malaysian
Bioeconomy Furthermore, the seaalary (Indirect + Induced) output impact of Bevenue

is found to be significantly higher than the primary (did)eanhpact. This means that
Bioeconomyrevenue contributes more to the Malaysian economy through Hitetustrial

linkages together with hous®ld consumption.

Although Forestry & Logging sector yielded the lowest total output impact, the secondary
output impact 124919079.69) generated by this sector is found to be about nine times more
than the primary (direct) impact. Thus, this sector retathe higher propensity to generate

more impact through secondary impact among the 1@i#&economyelated sector.

In the case of employmemultiplier of 200¥8ioeconomysectors, he Agriculture sector and
Fishing sector contributed in generating abod6% of the total employment from

Bioeconomyrevenue and ranked " and 39 largest employment generating sector
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respectively (after Services sectar)Agriculture appeared to be the most important
employment generating sector among directly linkBtbeconony sector for both primary
and secondary employment generation. Hence, this sector be consideredo be welt
integrated with other sectors of Malaysian economy as appeared from the ratio impact

analysis

The execution of these two studies provides pofi@akers with useful insights on the state of
Ma | a yBsoecanonsyoday, illustrating impacts and trends of individual sectors. The results
are a resource that can be used as bases for key policy decisions like which individual sector

to emphasise and irest in to maximise future impatt

I In drawing conclusions from this report, it is importantrtote the differingcharacteristics ofhe two models
conducted. DCGE was computed based on 2010 social matrix whereas 10 utilised 20@utpptitablesfrom

DOS Additionally, DCGE involved 23 {identified BioeconomysubsectorslO involved 6 sectors from the Input
Output tables. Finally, the DCGE only computes direct impacts, whereas 10 considers direct, indirect, and

induced impacts.
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1. INTRODUCODN

The contribution ofBioeconomyis increasing worldwidevith on-going momentum The
concern about global climate chanpasresulted in demand for environmental goods and
servicesandis attractingBioeconomyand biabased investors. Biomedical, bioirgtty, food,
feed, fiber, alternative fuel, chemicals and renewable energy are thedetprsof the global
Bioeconomywhich is recently a subject of focused attention from decision makers,
researchers and public policymakers in the biophysical scienaksauial sphere (Wesseler

Spielman& Demont2010).

Due to Mal aysia’s nat ur al Bicednomyas lbeendderdiffed bi ol o

as a potential key contributor to the national economy. In addition to being a key contributor
to economic gravth, Bioeconomybenefits the society and nation through breakthroughs in
agricultural productivity, discoveries in healthcare and the adoption of sustainable industrial
processes, while helping to meet the most pressing global challenges, such as thsimgre
global population, depletion of fossil fueland natural resources, and increasing

environmental pressures and climate change.

The Malaysian government acknowledgBibeconomyas one of the key strategic drivers to
upl i ft t he nat i ahe’ adoptiheol sulstainabtee industriab processes,
discoveries in healthcare and agricultural productivity. The National Biotechnology Policy
(NBP) has launched in 2005 to oversee this developing sector aadhtevethe target

contributionto the nationalGDP.

The NBP consists of three phases including national capacity buildirZ052010,
commercialisation ofechnology (science) to business2011-2015 and globagxpansionn
20162020. Malaysian Biotechnology Corporation (BiotechCorp) is set up agency to

drivethe industry growth anéxpansioraswellas o assi st the nati onal

BiotechCorp igurrently stimulating the transition of science to business under the second
phase by providing a suitable environment to initiatdh e  n 8ibecoonamy This transition
is encapsulated further by thBioeconomyTransformation Programme (BTP), launched in

October 2012. The BTP has planned to foresee to boost up naBaredonomydevelopment
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in agriculture, healthcare and industti@rocesses. The BTP is projected to result in an
increase @ss National Income (GNI) &MW48 billion in 2020, creation of 07000 job
opportunities am a cumulative attraction of RBD billion domestic and foreign investments.
This estimation is made basen the current condition of thdioeconomyinvolvement,
sectoral bieshare to the other sectors and egoing projects added with egoing

engagement with private sector involvement a\tee period from 2013 to 2028nd beyond

These quantified goals wefermulated as foundations to nurturBioeconomyinto a pillar

of the national economy, suppeancdmestagushythe nat i
year 2020. Further to this, within the context of the greater global economy, the Organisation

for Economic Cooperation and Development (OECD) estimates that byBRESHnomywill

contribute a global average of 2.7 per cent to GDP. The &itRlutes to this by nurturing

the growing impact of the agricultural, industrial and biomedical sectors.

The g@vernment has provided healthy pledge and support to-fiésed industries through
pro-business policies, improvements of human resource development and infrastructure
building. Further providing attractive incentives, the government has also invested
extersively in logistic support, building infrastructure, and technology to bring the indtgstry

parwith advanced economies.

Recently, BiotechCorp hadentified four flagship agendas to accelerdd&economyThese
are namelyBionexus Go GlobaBioEntrepreneurship Programmelechnology Development
and Innovation andthe BioeconomyCommunity Development ProgrammBQDP). Thee
accelerator programme , ofAc t Bl e catlyse grevith of the industry through
various means including developing SMEs, enmgnmarket accessnprovinglinksbetween
industry stakeholders and optimising tliBoeconomysupply chain. These programmes will
support efforts toefficiently leverage otocal R&D as well dgreign technology to bridge the

gap and teensuresustainedgrowth.

Today, Malaysia sank for Bioeconomyis currently & among 189 economiethat are
involved inBioeconomyand related activitiesan improvement fronl8" positionin 2012and

12" positionin 2013. Malaysia has been placed in the same leaguewasoped nationsin

2According toBiotechCorpresource and information
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terms of Bioeconomyranking by World Barik Boing Business Report 20@3oing Business,
2014). Particularly, gradual improvement is made by BTP initiatives to facilitate busiess a
investments with governmergupport. HoweverResearct& Development (R&D) spending,
capitalraised and commercialisatioof researchis still lacking in Malaysia. Recent figures
show that theResearcl& Development spending in United States is USD73.2 billion whereas

in Malaysia USD 0.03 billion (Battelle 2012).

Toachievethe targets setand maintain the objectives of vision 2020stainablyin the long
runis not an easy taskheimplementation ofaccelerat@ programmes andprecise allocation
of investments in the corm sectors both in the short and logrm are necessarsteps to
work toward our goalsin addition, to reach the targeted goalhe governmentmust
implement a cohesiveolicy, governance and regulatidor the Bioeconomyaddressing

guestions like

i) How best to characteristhe scope oBioeconomywithin the national structure,
as well adinkages with other sectors

i) How Bioeconomy nt egr at es wexistihgipolicyiviests angt agyenda’ s

iii) What is the longerm aggregated impacts &ioeconomyin the society

iv) What is its current and future impact tbevelopment processesnd

V) What model is to be used for capacity findin@scluding consideration of its

limitations)?

Byansweringhesequestiors, Malaysiacanprovidea platform to initiate effectve initiatives

forthe biobased industries to improve industry’s
sustained development. Today, transition Booeconomyneeds an integrated response to

several drivers such as environment, fuels, population and I¥pe&tancy, emerging

environmental sustainability, and expansion adliased food stock (JRC, 2013).

Accurate and ugio-date assessments &ioeconomy s contri buti on to the
can serve tguide us in answering these questions. Simultaneotisyresults help to ensure

that initial goals and targets are still relevant, and to provide insight as to possible ibsies t

may arise in the programmienplementation.In this respect, @gular monitoring provides an

ample timeframe for any remediativactions that may be necessary from the perspective of
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policymaking.The following report is produced with that objective in mind: a snapshot of

Ma | a yBsoecanomsytoday, i n or der f or uBseconomyprniogow. f or Ma

2. BENCHMARKING THEOEONOMY

In its handbooK heBioeconomyo 2030: Designing a Policy Agen@ECD has estimated that
by 2030, biotechnology applications would contribute to 35% of output of chemicals and
other industrial intermediates, up to 80% of pharmaceuticals and disfimproducts, as well

as up to 50% of agricultural produce in OECD regions.

In anticipation of the growing importance of tH&ioeconomysector, economies like the
United States, the European Union, Canada, and South Africa have announced

comprehensive radmaps to develop bibased industries as engines of economic growth.

It should be mentionedthala | ay si a’ s i ntr oduBioeconomysioline a f r a|
with similar initiatives.In this regard, he Bioeconomy Transformation Programme is
envisiored as a platform to contribute towasdshapingvialaysia as a high income natibg

20200 As such it would be of v&AAKf &@oRSGBSECAL
“RSPSt,2 LARRKD S { adiinsastkssifed in the following

2.1Highly Developed: bited States of America

The development oBioeconomyin the United States is predicated on robust, well
funded biotechnology research and development. This is demonstrated through
numerous metrics including total R&D spending, biotechnology capital razed

patents filed.
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Table 1: Comparison of Bioeconomies: USA vs Malaysia

Metric USA (2011) Malaysia (2013)
Researclt& Development Spending USD 73.2 billion USD 0.03 billion
CapitalRaised (Biotechnology) USD 29.8 billion USD 0.8 billion
Numberof Biotechnology Companies (entire

. 4,343 229
value chain)
Numberof Biotechnologyrelated Jobs Create( 7.2 million 3,006
Patentslssued 121,247 54

(Sources: Battelle 2012, E&Y Beyond Borders 2011, BiotechCorp, FPA analysis)

In thisrespecttamparing Mal aysia’s nascent biotech

k e Uni ted

adopted by our nation. The metrics assessed in the table above suggest that research and

one | i t he St at eest'pracficeethat can deey i n
development is the basis of revenue generation in the biotech sector, of which the United
States recorded USD 146 billion in 20Mafketline 2012). Malaysia, by comparison,

recorded approximately USD 0.4 billion in 20B®Nexus data, BiotechCorp

Further, tie impacts of the biotech sector ripple through the rest of Bieeconomydue
to its deeply integrated and crogsitting nature. The tehnologies developed in the
biotechnology space can be applied to enhansectors like crop production,

manufacture of chemicals, healthcare and diagnostics.

Significantly contributing to the prosperity @&@ioeconomyin the United States is the
policy framework recently introduced which lays out trends and objectives for
development of the sector and serves as a platform for greater drmhsstry

cooperation: The Nationd&ioeconomyBlueprint 2012.

This initiative was designed to establidBioeconomy as a priority of the US

administration, with strategies for:

1 Supporting coordinated and integrated R&D investments;
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9 Facilitating the transition of inventions from research lab to market;
1 Developing and reforming regulations to reduce barriers to commerciaisati

1 Addressing national workforce needs through training programmes and academic

institution incentives; and
1 Developing and supporting publprivate partnerships.

These strategies focus on key areas like Health, Energy, Agriculture and Environment,
with the ultimate goal of improving quality of life for the average citizen. This includes
displacement of fossil fuel usage, improving nutrition and Wwelhg of the population,

and creating high value revenue streams for economic producers.
2.2.Developed: Néherlands

The European Union has established an action plan f@id@sconomy Inrfovating for
sustainable growth: Bioeconomy{ (i NI (1 S3 & WighNIhe fdaMBvoIs df this

roadmap, the Netherlands is a major component of Europ@imeconomy

The Dtch biotechnology sector is expected to continue expandimgth approximately
400 firms involved and a revenue growth rate of 3.3% CAGR overZZd7 it is a
cornerstone of the estimated USD 2.7 trillion EU biosciences indhdamkétline 2012)

Simibr to the US, the emphasis on research & development and scientific knowledge
creation contribute to growth of commercial biotechnology and subsequently the
Bioeconomyas a wholeFrom20042010, R&D expenditure andimberof patents rose
through focused effod at publieprivate partnerships (PPP) at rates ircess of 2% and

9% respectivelyfFrontier Private Advisoemalysis)

Through cooperation between private companies, academic institutions and the public
sector, a system has been developed in which camemts from each stakeholder are
made on a projecby-project basis. In such PPHRsyestments willeventuallybe driven

by the private sector. The Government mainly plays a coordinating role through launch
of initiatives like Netherlands Genomics Initieti and Netherlands Federation for

Innovative Drug Research.
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2.3.Developing: Thailand

Thailand has yet to launch a strategy roadmapBmeconomy Instead it implements a
top-down policy framework for biotechnology: the National Biotechnology Policy
Frameavork (NBPF). It quantifies goals and details key objectives for the sector but despite
clear targets and resource allocation, achievements have been underwhelming.
Revenues fell short of 2011 target®nly 22% of the targeted USD 972 million. Only an
estimated USD 36 million has been invested in biotech R&D in 2010, with 60% allocated
by the public sector. Furthermore, only 17% of the committed public spending has been

spent (National Center for Genetic Engineering and Biotechnology (BIOTEC)

Compared tdhe more developed economies described in previous sections, progress of
the biotechnology sector is limited by R&D funding. As a result, the potential for
enhancing value oBioeconomythrough application of technology is also hindered.

Existing activitie like shrimp, rice, and cassava cultivation are candidates for application

of agriculture biotechnologies but suffer from the lagging investment.

Additionally NBPF is a policy that singles out biotechnology from the overall economy. A
more holistic roadrap, like the initiatives launched by th&/Sand the EU, pushes for
greater synergy, collaboration and cooperation between industries and agencies. This is

particularly crucial in light of the crossitting nature ofBioeconomy

In examining the three bioenomies above, several trends can be identifiesipecially the
importance ofa strong, guiding mandafer inter-agency coordination. This is due to the fact
that Bioeconomy or the application of biotechnologies to improve economic activity, is

applicabé across numerous sectors.

Biotech applications can involve primary production in agriculture, health, energy,
environment, and industriakctivities These sectors are governed by authorities with
differing perspectives, objectives, and domains of expert A comprehensive policy
instrument can improve synergy between multiple stakeholders within the public sector. In
addition, this will create a foundation for the establishment of pubplivate partnerships to

greater increase the role of piate invesment in Bioeconomy
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ABioeconomyncreasingly driven by the private sectmcourageshe sustainable growth of

the industry. Based on the comparison in the previous sections, there is a strong correlation
between biotechnology R&D investment and matuofyan economy. More mature markets

like the US and the Netherlands derive up to 70% of investment from private sources. In
comparison, newer entrants like Thailand and Malaysia obtain the majority of their R&D
funding from public sources. The table belmdicates the contribution oBioeconomyto the

national GIP of several selected economies:

Table 2: Comparison @dioeconomycontribution as a percentage of total country GDP

Bioeconomy
GDP

Contribution

Economy Year | Source

usD
%
billion

Thailand 95 24.6 | 2012 | Calculated from United Nations data (www.data.un.org)

Indonesia | 152 | 17.3| 2012 | Calculated from United Nations data (www.data.un.org)

Malaysia 34 13.4| 2010 | BiotechCorp internalSee Appendix A)

. Dept of Science and Tlenology, South Africa (2013)he
South Africaj 48 | 12.0| 2012

Bioeconom\Strategy.

Pellerin W. and Wayne Taylor D. (2008gasuring the bie
Canada 70 6.4 | 2007

based economy: A Canadian Perspective.

Pellerin W. and Wayne Taylor D. (2008gasuring the bie
usS 1125 | 8.5 | 2007

based eonomy: A Canadian Perspective.

Ecorys (20095tudy on the competitiveness of the EU-eco
EU 431 | 2.5 | 2008| o T
industry, commissioned by the European Commission

Ecorys (20095tudy on the competitiveness of the EU-eco
Netherlands| 28 3.6 | 2008

industry, commisioned by the European Commission
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Pellerin W. and Wayne Taylor D. (2008gasuring the bie
Germany | 130 | 4.3 | 2007 _ _
based economy: A Canadian Perspective.

(Sources: FPA analysis)

It is noteworthy that developing countries likdailand, Indonesidllalaysa and South Africa
have Bioeconomysectors that contribute a significargercentage ofthe national GDP.
Specifically in comparison with economies in Europe, this is largely due ¢pahterimpact

of the agriculture sector in emerging economies.

This paticular detail suggests a latent potential for the enhancement of value within the
Bioeconomyi n Mal aysi a. Agricul ture’s crddsedc al p C
industries can form the basifor development of the othekey areas inBioeconomy

enhanced agriculture Bioeconomy can provide a secure-dugtity supply of raw materials

for the Biolndustrial and BioMedicakctors.

These findings suggest that, like Thailand, Malaysia is still a deveRip@gpnomy A policy

like the BTP that cstacross the many sectors involved can serve as a framework to facilitate
the maximisation of our underlying potential. A coordinated vision and synced
implementation can then drive publarivate partnerships and ensure the transition toward

a mature, sutinable, privatesector driverBioeconomy
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3. ECONOMIC ANALYSES

This section demonstrates the empirical findingsBadeconomycontribution to Malaysia
economy based omynamic Computable General Equilibrium (DCGE) Modeling and Input
Output Modeling forthe Malaysian Bioeconomysector based on theBioeconomydata

obtained from the Department of Statistics, Malaysia.
3.1Findings: Dynamic Computable General EquilibrildCGEModeling

According to the national statiss 2010, theBioeconomyas a wholen Malaysia istimated
to beabout 13.4per cent of total Gross DomeastProduct (GDP) andvalued atRM106.68
billion (seeTable 3.

Table3: MalaysianBioeconomyscenario as of GDP share (RM Billion)

Year Scenario 1 Scenario 2 Scenario 3
2010 106.663* -- --
2015 117.596 129.356 135.236
2020 129.650 142.615 149.098
2025 142.939 157.233 164.380
2030 157.591 173.350 181.229

* Scenario 1. growth rate (5%8gcenario 2: growth rate (10%) aBdenario 3: growth rate
(15%)

The growth of MalaysiaBioeconomyhas been forecasted dt @rent rate” (Scenario 1, i.e.

5 per cent growth rate); drgetedr at e ” (2Si.e.elh @er gemt growth rate) and

“ @nulatedr a t(ScénarieB, i.e.15 per cent growth rate)According to the current growth

rate as perScenario 1 in Table BjalaysianBioeconomyas of GDP share would increase to
RM117.60 billion by 2015; RM129.65 billion by 2020 and RM157.59 billion by 2030. Scenarios
2 and 3 are more promising but require a more aggressive growth rate to be able to be

achieved.

Pagel7 of 60



. BIOECONOMY MALAYSIA REPORT

It is thus urgent that groper and efficient strategic directioand sectoral investment plan
within the Bioeconomysector itself be designedased onthe contribution of the

Bioeconomy sonstituent sectorsalong withoperational assistance iconverting biological
resources into high value productéinkages betwee public and private sector and

favourable infrastructurelevelopmentare alsokey enablers

Such planning isnportant to develop and enablselection ofpromising higher value acdl
technologies andthe identification and selection of sucinvestments based on its
contribution to the wholeBioeconomysector as a wholeThe selectiomf investmentbased
on necessityand higheswalueaddto the Bioeconomyas a wholds cruciako policy makers
as it will lead to the highest economic impact for the same anofieffort and investments

expended.

Further analysisdentifiesthe amount of economic impact that involves application of-bio
based technologies or biotechnology in the Bioemmry sectorsThis involves the utilisation
of ratios determined by the Organisation for Economicoperation and Development
(OECD) specifically forecasting the use ofdaised technology in 2030, i.e. 50% of primary

production sectors, 35% of industrigbplications, and 80% of healthcare.

By applying these ratios, it is determined that the impact of technoiotjye Bioeconomyof
2030ranges from RM73.8 billion to RM84.9 billion under differing scenafibs meanghe
remainder ofbetween RM83.8 bitbn and RM96.3 billion of Bioeconomy activity in 2030 is
“nonemhanced” . cahhetagetpddar devetopment through policy direction

and facilitation to increase uptake of technology

Application of technology improves quality, yields anddarctivity of upstream activities and
develops highmargin, highvalue markets through downstream activities. Téigbsequently
can improvetotal Bioeconomycontribution beyond initial forecasts of between RM 157.6
billion and RM181.2 billion.
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Table4: MalaysianBioeconomyby utilisation of biobased technology or biotechnology

(RM Billion)

Scenario 1 Scenario 2 Scenario 3

Enhanced through technology 73.8 81.2 84.9
Conventional processes
_ 83.8 92.2 96.3
(potential for enhancement)
Total 157.6 173.4 1812

* Scenario 1: growth rate (5%), Scenario 2: growth rate (10%3¥paadario 3: growth rate
(15%)

3.1.1Sectoral @Qantity (Current, Targeted and Stimulated Growth

Through scenario analyses, the DCGE modeling exercise @idbeonomyhas identified

areas within theBioeconomyto guide effective investment and resource allocation over a 20

year period (from year 2010 to 2030) as per Tables 4, 5 amti$.carenabk policy makers

to |l everage on the exi st i nBioemhonysectgrsohfacusof Ma l

on lowercontributing sectors

For instance policy maker will have to choose between investing into the on palm oil sector
now which suggest the highest potential for returns in the year 2015 (Table 4. RM41.194
billion) or into biofuelqclassified as refined petroleum products) which shows the lowest
potential sector in year in 2015 (Table 4: RM 0.035 billion). A correct identification of
investment areas within th&8ioeconomysector as a whole stimulates effectiB&oeconomy
growth andchannels resources to areas that are important in intensifying national efforts to

har ness Ma Biaegomaomgpotentiah u g e
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Table5: Senario-1 (Qurrent): Sectoral quantity ofBioeconomyin Malaysia

(RM Billion)

Sectors 2010| 2015 2020| 2025| 2030
Paddy 1.528| 1.685| 1.858| 2.048| 2.258
Food Crops 2557 2.820) 3.109| 3.427, 3.779
Vegetables 4.197| 4.627| 5.102| 5.625| 6.201
Fruits 2444 2.695 2971 3.276| 3.612
Rubber 9.741| 10.739| 11.84| 13.053| 14.391
Oil Palm 37.365| 41.194| 45.417| 50.072| 55.204
Livesto& 6.810| 7.508| 8.277| 9.126| 10.061
Forestry & logging 8.521| 9.395| 10.358| 11.419| 12.590
Fishing 8.871| 9.780| 10.783| 11.888| 13.106
Other Agriculture 0.582| 0.642| 0.708| 0.780| 0.860
Oil & Fat Processing 9.156| 10.095| 11.13| 12.27| 13.528
Food Processing 8.215| 9.058| 9.986| 11.009| 12.138
Beverage Processing 3.816| 4.208| 4.639| 5.114| 5.639
Wood Products 2.348| 2.589| 2.854| 3.147| 3.469
Refined Petroleum products 0.035| 0.038| 0.042] 0.047| 0.051
Chemicals & Chemical productgy 0.475| 0.524| 0.578| 0.637| 0.702

*Scenario 1: Cuent growth rate (5%)

Table6: Senario-2 (Targeted) Sectoral quantity oBioeconomyin Malaysia

(RM Billion)

Sectors 2010 2015 2020 2025 2030
Paddy 1.528| 1.854| 2.044| 2.253| 2.484
Food Crops 2.557| 3.102| 3.419| 3.770| 4.156
Vegetables 4.197| 5.090| 5612| 6.187| 6.821
Fruits 2444 2964 3.268| 3.603| 3.973
Rubber 9.741| 11.813| 13.024| 14.359| 15.83
Oil Palm 37.365| 45.314| 49.959| 55.079| 60.725
Livestock 6.810| 8.259| 9.105| 10.038| 11.067
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Forestry & logging 8.521| 10.334| 11.393| 12.561| 13.849
Fishing 8.871| 10./A8| 11.861| 13.077| 14.417
Other Agriculture 0.582| 0.706| 0.778| 0.858| 0.946
Oil & Fat Processing 9.156| 11.104| 12.243| 13.497| 14.881
Food Processing 8.215| 9.963| 10.985| 12.110| 13.352
Beverage Processing 3.816] 4.628| 5.103| 5.626| 6.202
Wood Products 2.348| 2.848| 3.140| 3.462| 3.816
Refined Petroleum products 0.035| 0.042| 0.047| 0.051| 0.057
Chemicals & Chemical producty 0.475| 0.576| 0.635| 0.701| 0.772

*Scenard 2: Targeted growth rate (20)

Table7: Senario-3 (Rimulated): Sectoral quantity oBioeconomyin Malaysia

(RM Billion)

Sectors 2010| 2015/ 2020| 2025| 2030
Paddy 1.528| 1.938| 2.136| 2.355| 2.597
Food Crops 2557 3.243| 3.575| 3.941| 4.345
Vegetables 4.197| 5.321| 5.867| 6.468| 7.131
Fruits 2444 3.099| 3.417| 3.767| 4.153
Rubber 9.741| 12.350| 13.616| 15.011| 16.55
Oil Palm 37.365| 47.374| 52.229| 57.583| 63.485
Livestock 6.810| 8.634| 9.519| 10.495, 11.57
Forestry & logging 8.521| 10.804| 11.911| 13.132| 14.478
Fishing 8.871| 11.247| 12.400| 13.671| 15.072
Other Agriculture 0.582| 0.738| 0.814| 0.897| 0.989
Oil & Fat Processing 9.156 | 11.609| 12.799| 14.111| 15.557
Food Processing 8.215| 10.416| 11.484| 12.661| 13.959
Beverage Processing 3.816] 4.839| 5.335| 5.881| 6.484
Wood Products 2.348| 2977 3.282] 3.619| 3.990
Refined Petroleum products 0.035| 0.044| 0.049| 0.054| 0.059
Chemicals & Chemicproducts 0.475| 0.603| 0.664| 0.732| 0.808

*Scenario 3: Stimulated growth rate (15%)
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3.1.2 Policylmplicationsof DCGE Modeling Output

The scenario forecastsom the DCGE modaelill allow for effective investment selection

choice to boost theBioeconomy sontribution and to strengthei n Ma | aoyaseda’ s b i
industries. The areas/sectorassociation share @dioeconomyhas been analysed for a long

run i.e, over 20 year$o identify the correct areas of investment focughe forecasts and

sectoral sharesvould help in developing regulatory frameworks, strategic thrust, public
commitment, support and assistance between technology developers, businesssatgars

and policy makers to reach the national target for the sustain&beconomy

Under the BTRylalaysia is looking for appropriate and effective niche areas that would have
the best opportunities for growth and development from the short run to long run. Thus, it is
important to know whether the government should emphasise or invest in Oil Palm{RKI3
billion), Oil & Fat Processing (RM9.16 billion), rubber (RM 9.74 billion), Forestry & logging
(RM8.52 billion), or Food Processing (RM8.22 billion) related sectors which are highly
potentials, or would invest on refined petroleum products (RM 0.0kbhijl lowest potential

sector in year 2010 and beyond.

It is also important to recogres whether BTP or public & private partnership should transfer
technology from highly potential sectors to lower potential sectors ¢éb maximum gains

(e.g. by utili;mg lower potential sectors as well). However, that depends on the spending R&D

and new innovation and technology. Principally, a correct identification of investment
stimulates effectively and channels resources to other related sectors that are impantant
intensifying national efforts to harne@&oeconomy s pot enti al s. That mea
and effectve R&D investments, commerciai®n support and facilities influence new

technologies utilising biological resources.

According to thdDCGE modébrecastst was determinedthat he r anking for po
focus in policy desigand investmento drive the Malaysiamioeconomyrankedin order of

importance with no. 1 being the most important are:

1) Oil Palm
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2) Rubber

3) Oil & fat processing
4) Fishing

5) Forestry & logging
6) Food processing

7) Livestock

8) Vegetables

9) Beverage processing
10)Food crops

11)Fruits

12)Wood products
13)Paddy

14)Other Agriculture
15)Chemicals & chemical products

16)Biofuels (Refined petroleum products)

For policy makerm the Bioeconomythe big five for focused targeting will be gikhlm, rubber,
oil & fat processing, fishing and forestry@ging sectors thatave the capability to produce

significant amounts oBioeconomympact.

Thiscreatesvalue for the future ashese ndustries can play atail role in Malaysia moving

up the value chainActions can be taken to stimulate improvement in yield, quality and
efficiency of outputs. Particularly, the application of innovative and advanced technologies
can g$rengthening these upstream portiors of the Bioeconomyindustry supply chain
providing a steady supply diigh-graderaw materials and a foundation for the development

of higher value, higher technology downstream atiiens.

Development of these downstream technologies can form another commoé the
strategic direction ofBioeconomy Value added economic processesn extract the
maximum benefits for the national economy through technologies enabling converting waste
to wealth, producing high value chemicals from low value sustainable injkgsnonfood

based renewable feedstock and cultivating biological resources into higher value products.
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This can capture the significant potential of the currently (predicted}itopact sectors like

bio-based chemical products.

To meet the targetedgods, operational assistance, strategic direction and specialised
infrastructureis required, with an initial focus amil palm, rubber, oil & fat processing, fishing
and forestry & logging sectar$his will servéo create immediate impact tthe Bioeconony

share of GDRo achievea “ argeted  t tonuldte8’ rate asshown in Scenarios 2 and 3

(Table ).

As part of a holistic approach to develop the entire industry value chain, developing upstream
sectors like oil palm and rubber can then form a foundatifor exploration and
commercialisation of higher value downstream processing secitiismust be driven by an
emphasis on investment in research & development anlll enable thefulfiilment of the

Bioeconomygoak set by Malaysia for 2020 and beyond.
3.2 Findings: InputOutput Modeling

TheBioeconomye ont ri buti on to Mal aysia’s economy
Impact was determined using Inp@utput modeling (10). This allows for policy makers to
gauge precisely the impact of investmentdoina particular constituent sector of the

Bioeconomyfrom a multiplier and financial impact dimension.
3.2.10utput Multipliers

The output multipliers of Malaysi8ioeconomycontribution to the Malaysian economy
through the classifie@ioeconomysectas are shown imable8 belowincluding normal and

ratio multipliers.

Table8: Output Multipliers for the MalaysianBioeconomy

SECTOR Normal Multipliers Ratio Multipliers
Direct Indirect | Induced | Total Rank| Type | Type Il Rank
1 2 3 (1+2+3) (1+2/1 | (1+2+3)/1
Output:
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Agriculture 0.513119| 1.533826| 0.086027| 2.132971 3.989221 | 4.156875
Forestry &

Logging 0.128112| 1.120858| 0.050315| 1.299285 9.749033 | 10.141772
Fishing 0.344275| 1.261164| 0.067226| 1.672665 4.663242 | 4.858510
ROS* 0.163218| 1.171958| 0.024300| 1.359475 8.180320 | 8.329197
Manufacturing| 0.421292| 1.368116| 0.050900| 1.840308 4.247432 | 4.368251
Services 0.579539| 1.620282| 0.146732| 2.346553 3.795813 | 4.049000
Average 0.358259| 1.346034| 0.070916| 1.775210 5.770844 | 5.983934
Multipliers

*ROS = Rest of the Sect¢ROS is defined as Crude Oil and Natural Gas sector, Metal Ore Mining sector, Stone

Clay and Sand Quarrying sector, and Other Mining and Quarrying sector.)

Note: Rank 1 and rank 2, in terms of normatiaatio multipliers, signify the relative significance of each of the
sixBioeconomysectors, where 1 is the most important and 6 is the least important correspondidipalmis

included in Agriculture sector and Healthcare is included in Services .sec

Based on 10 modeling, amongst tBB®economysectors, the Services sector yields the largest
output multiplier of with multiplier of 2.346553. That is, an injection of RM1 generated
RM2.346553 amount of output by the Services sector. It should bdiamsd that out of the

total output multiplier generated by Services sector, the corresponding contribution of direct,
indirect and induced effects are 0.579539, 1.620282 and 0.146732 Ringgit respectively. This
outcome also indicates that the secondarydjmect + induced multiplier) multiplier effect

generates more output than the primary (direct) multiplier effect.

Meanwhile, the components of th@&ioeconomyin the Agriculture sector contribution
considered to be the second most important output genargtsector with the multiplier of
2.132971. Of this multiplier, 0.513119 Ringgit created by direct effect, 1.533826 Ringgit by
indirect effect and 0.086027 Ringgit by induced effect. MoreoverBioeconomyeconomy
components of the Manufacturing secta ¢onsidered to be the third most important sector

generated the multiplier of 1.840308. It should be recalled, that the other remaining
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Bioeconomysectors, such as Fishing (1.672665), Rest of the Sectors (ROS) (1.359475), and
Forestry & Logging (1.29928&) a comparative basis retained low output multipliers with

|l ess than the economy’s average multiplier o

On the other hand, although the Forestry & Logging sector yielded the lowest output
multiplier, this sector generated the largest Type91749033) and Type Il (10.141772)

multipliers, in fact, which are greater than the industry average of 5.770844 and 5.983934
respectively, reflecting the high degree of interdependence of this sector with all sectors of

the economy.

Finally, among the olined multipliers, it is noticeable that the sectors that generate high
normal multipliers yield low ratio multipliers which are even lower than industry average.
Notwithstanding of high normal output multipliers, the services sector yields low ratio
multipliers of Type | (3.795813) and Type 1l (4.049000) that implies that this sector has
relatively weak linkages with other sectors of the economy. The sector of Agriculture yields
the second lowest ratio multiplier of Type | (3.989221) and Type Il (4.156@T&eas
manufacturing sector generates the third lowest ratio multiplier of 4.247432and 4.368251 for

Type | and Type Il respectively.
3.2.20utput Impact

The output impact illustrates the amount of output generated by six economic sectors (see
table 8) fom the revenue earned bBioeconomyof Malaysia which is RM106, 661, 520 or
13.4% of GDP (RM797,327,000).

Table9: Output Impactfor the MalaysianBioeconomy(RM million)

SECTOR General Impact Ratio Impact
Direct Indirect Induced | Total Rank| Type | Type Il Rank
1 2 3 (1+2+3) (1+2)/1 (1+2+3)/1

Output:

Agriculture 54.73004 | 163.60020| 9.17572 | 227.50596 | 2 425.4964047| 443.3786565 5
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Forestry & 13.66465 | 119.55244| 5.36664 | 138.58373 1039.846679| 1081.736794
Logging

Fishing 36.72092 | 134.51765| 7.17041 | 178.40898 497.3885307| 518.2160794
ROS* 17.40908 | 125.00279| 2.59182 | 145.00370 872.525316 | 888.4048282
Manufacturing| 44.93562 | 145.92538| 5.42905 | 196.29005 453.037572 | 465.9242464
Services 61.81450 | 172.82177| 15.65064| 250.28691 404.8671573| 431.8724908
Total Impact | 229.27482| 861.42023| 45.38428| 1136.07933 3693.16166 | 3829.533095

*ROS = Rest of the Sectors (ROS is defined as Crude Oil and Natural Gas sector, Metal Ore Mining sector, Stone

Clay and Sand Quarrying sector, ande€dtklining and Quarrying sector.)

Note: Rank 1 and rank 2, in terms of normal and ratio multipliers, signify the relative significance of each of the
sixBioeconomysectors, where 1 is the most important and 6 is the least important correspond@giam is

included in Agriculture sector and Healthcare is included in Services sector.

The total amount of output impact generated by the six sectors of Malaysian economy from
the Bioeconomyrevenue of RM106, 661, 520 is RM1, 136,079,332.90. The components of
Malaysian Services sector had obtained theagest output impact of RM25086913.96

from the Bioeconomyrevenue of RM10661520. In fact, this sector contributed about
22.03% of total output impact and 25.37 % of Malaysian Domestic Product (G tQal
output impact generated by Services sector, the amount of secondary (indirect + induced
impact) impact (188472412.58) is found to be about three times higher than primary (direct)
impact (61814501.39). The Agriculture sector components maiaththe seond largest
contributor (RM227%0596344 or B.53% of GDP), representing about 20.03% of total
output impact generated byBioeconomyrevenue. Meanwhile, the third and fourth vital
sectors in terms of business turnover were constituted by thaidacturing sector (RM196,
290048.82) and Fishing sector (RM1488981.67) respectively. The contributions of these
two sectors were 17.28% and 15.70% of output impact generatelibgconomyrevenue
contributions which were24.62% and 22.384Wf GDPrespectively. Finally, the least output
impact generating sectors were &eof the Sectors (ROS) (RMRIE698.82 0r18.19% of

GDB and Feoestry & Logging sector (RM1383,726.18 orl7.38% of GDPboth contributed

a total Bioeconomyoutput impact 0f12.76% and 12.20% respectively.
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It is important to mention here that the secondary (indirectntluced) output impact of
RM106661520 of Bioeconomyrevenue is found to be significantly higher than primary
(direct) impact. Most important to mention herthat although Forestry & Logging sector
yielded the lowest total output impact, the secondary output impact (124919079.69)
generated by this sector is found to be about nine times more than the primary (direct)
impact. Similarly, The ROS (a sector thelided the second lowest output impact in terms of
normal impact) also yielded about seven times higher secondary (127594614.10) output

impact than the primary (direct) output impact.
3.2.3 Employment Multipliers

The number of employment generated for agm unit of output produced can be estimated

by employment multiplier. The indirect employment effect represents the additional
employment resulted from production effect and the induced employment effect describes
the induced number of employment createresulting from household consumption.
According to our findings in (Table 9), the highest employment multipli@r@f00390thas

been retained by the Services sector. This is meaning that per unit of output produced

generates).00003900 amount of employmeéor 1 million of output generates 39.00 jobs.

The second highest important sector in generating employment is the Agriculture sector with
a multiplier of 0.00002887, i.e. Agriculture sector generates 28.87 unit of employment per 1
million of output produced followed by the Fishing sector with employment multiplier of
0.00002542 The Manufacturing sector, Forestry & Logging sector, and ROS (a sector) ranked

fourth, fifth and sixth in terms of employment multiplier.

The employment multipliers of Servicesctor, Agriculture Sector, and Fishing sector were
found to be higher than the ec®600000361Tous,aver ag
it can be concluded that the propensity to generate employment is higher for these sectors
compared to other econom sectors. This also explains that these three sectors are more
labourintensive than any other sector of the economy. When ratio multipliers are taken into
consideration, the ROS with lower normal multiplier has relatively strong linkages with the

rest d the sectors of the economy. While Services sector retains the highest normal
multiplier, it has relatively low ratio multipliers as it rankelia terms of ratio multipliers. It

is also evident that the Agriculture and Fishing sector with second ardi rdmked normal
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multiplier has relatively weaker linkages with other sectors as they ranked third and sixth in
terms of ratio multipliers. Similar to the results found for the output and income multiplier,
the contrary results between normal and ratio ttipliers are also apparent in employment

multiplier analysis.

Tablel0O: The direct, indirect, induced normal multipliers and Type | and Type Il ratio

employment multipliers of Malaysian economy

Normal Multipliers Ratio Multipliers
SECTOR | Direct Indired Induced Total Rank| Type | Type |l Rank
1 2 3| (1+2+3) (1+2)/11 (1+2+3)/1

Agriculture 0.00001370} 0.00001411| 0.00000107| 0.00002887 2| 2.02961219| 2.10737594 3

Forestry &

Logging 0.00000466| 0.00000260( 0.00000062| 0.00000788 51| 1.55747970] 1.69119275 5
Fshing 0.00001684| 0.00000775| 0.00000083| 0.00002542 3| 1.46002282| 1.50946065 6
ROS* 0.00000091| 0.00000452( 0.00000030| 0.00000573 6 | 5.96634561| 6.29703592 1

Manufacturing| 0.00000239| 0.00000773| 0.00000063| 0.00001075 4 | 4.23411455| 4.49785908 2

Services 0.00002@6 | 0.00001682| 0.00000182| 0.00003900 1| 1.82621862| 1.91546938 4

Average 0.00000981| 0.00000892| 0.00000088| 0.00001961 1.90929402| 1.99881870

*ROS = Rest of the Sectors (ROS is defined as Crude Oil and Natural Gas sector, Metal Ore Mining sector, Stone

Clay and Sand Quarrying sector, and Other Mining and Quarrying sector.)

Note: Rank 1 and rank 2, in terms of normal and ratio multipliers, signify the relative significance of each of the
sixBioeconomysectors, where 1 is the most important and 6 is the {éagportant correspondinglyPalm Oil is

included in Agriculture sector and Healthcare is included in Services sector

3.2.4 Employment Impact

The ability to create full time equivalent employment by RM106, 661, 52Biagconomy
revenue in 2013 is reprenaeed in table 6. The number of employment in the labour force was
13.21million (DOS, 2013). The total number of employment generated by RM106, 661, 520

of Bioeconomyrevenue is found to bel2, 548.78. Of the total employmenthé most
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important contributng sector in terms of employment generation was supported by Services
sector. This sector supported approximately 3978.47 jobs through primary and secondary
impact ofBioeconomyevenue. The amount of employment generated by this sector through
the Bioecoromy revenue of RM106, 661, 520 was abdu031% of total employment of
Malaysian economy. The direct employment created by this sector was found2tb#ie63

while indirect and induced employment impacts generated by this sector were about 1794.24

and193.82jobs respectively.

The second largest contributor in generating employment was Agriculture sector which
supported 3079.43 employments from ti&oeconomyrevenue of RM106, 661, 520. This
sector contributed0.0233% of employment into the total employme of 13.21 million for

the Malaysian economy through RM106, 661, 520 amounBiokeconomyrevenue. The
Fishing sector and Manufacturing sector accounted for the tHiifl{.26§ and forth largest
(1146.60) employment generating sectors respectively. Tises¢ors contributed 0.0205%
and 0.0087% of total employment of Malaysian economy in 2013 fromBibeconomy

revenue of RM106, 661, 520.

The Services sector (33.15%), Agriculture sector (24.54%) and Fishing sector (21.61%)
supported 79.29% of the total erfgyment generated byRM106, 661, 520 dBioeconomy
revenue. This indicates that these three sectors together were seemed to be highly effective
in employment generation frorBioeconomyevenue. The ROS (a sector) with 4.87% of total
employment and Forestr§ Logging sector with 6.70% of total employment were conceded
the least two important employment generating sectors, both contributed less than 12% of
total employment impact contributed by thBioeconomyrevenue of RM106, 661, 520. The
examination of thaable 6 also reveals that the sectors with lower direct employment impact
do have the ability to generate more employment through secondary (indirect + induced)
impact. For example, although direct employment generated by ROS (a sector) is found to be
9706 jobs, this sector generated more employmedA82.04 + 32.10through secondary
(indirect + induced) impact dioeconomyrevenue (RM106, 661, 520). The similar results
were also evident for the sector of Manufacturing and Agriculture. The potentiatyatal
generate more employment through secondary employment impact outlines the importance

of inter-industrial linkages dBioeconomysectors with these sectors.
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Table 11 The direct, indirect, induced normal impact and Type | and Type Il ratio

employmentimpact of RM106, 661, 52Bioeconomyrevenue

Normal Impact Ratio Impact
SECTOR | Direct Indirect | Induced | Total Rank | Type | Type Il Rank

1 2 3| (1+2+3) (1+2)/1 (1+2+3)/1
Agriculture 1461.26| 1504.53 113.63| 3079.43 2 216481521.27) 224775920.80 3
Foresty &
Logging 497.04 277.09 66.46 840.59 5 166123152.60f 180385189.73 6
Fishing 1796.18 826.28 88.80| 2711.26 3 155728253.14 161001367.80 5
ROS* 97.06 482.04 32.10 611.20 6 636379491.16 671651422.21 1
Manufacturing| 254.92 824.44 67.23| 1146.60| 4 451617093.6 | 479748486.25 2
Services 2171.63| 1794.24 193.82| 4159.69 1 194787254.220 204306875.57] 4
Total 6278.10| 5708.64 562.04| 12548.78 1821116766.05 1921869262.37

*ROS = Rest of the Sectors (ROS is defined as Crude Oil and Natural Gas sector, Metal GrechMiniSgpne

Clay and Sand Quarrying sector, and Other Mining and Quarrying sector.)

Note: Rank 1 and rank 2, in terms of normal and ratio multipliers, signify the relative significance of each of the
sixBioeconomysectors, where 1 is the most importaand 6 is the least important correspondingBalm QOil is

included in Agriculture sector and Healthcare is included in Services sector

3.2.5Palicy Implicationsof IO Modeling Output

This section is reserved for policy implication of Bieeconomyinput-output modeling. The
input-output model is used to estimate the multipliers of economic sectors in order to
determine the key sectors of an economy as well as to examine the quantitative
interdependence of economic sectors. This is because the framewanpwfoutput model
explains the transaction of sales and purchases of goods and services from manufacturing to
consumer (Leontief, 1966). The framework of iputput model gains much acceptability in

the literature as the model has the applicabilitynomerous research fields. Inpoutput
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methods have been proposed and extensively used, since its debut, for measuring key sector
determination analysis, structural analysis, and impact analysis (Miller & Blair, 1985; Miernyk,
1965). Analysts and polieyakers have been utilisg the model in knowing the total
economic impact upon the generation of output and employment generated from a particular
change in final demand or investment (Miller & Blair, 1985). lmquuput is the predominant

model in assessinipe impact of any change in final demand (in this report, the revenue of
Bioeconomys considered as final demand) in a particular period of time which help the policy
makers to trace how multiplier effects are worked out within the economy. The sizeeof t
multiplier does have important implication for the policy purposes as they determine the

relative contribution of each sector in the economy.

The results of inpubutput modeling reveal that the Services sector produced the highest
economic impact gegrated fom the Bioeconomyrevenue. Based on this, Servicgector
should be given the highest priority when formulatiBmpeconomyproduction related policy
while Agriculture and Manufacturing being the second and third highest output generating
sector respectively.However, it is important to mention that in the 10 computation, not all
sectors considered in the Services sector are linked t@®tbheconomy|f Services was limited

to the Health sector (sector no. 117 of the Malaysian 10 table), its invypaaid not be much

larger than the Agriculture sector.

The Bioeconomyrevenue generated more direct output impact into the above mentioned
sectors while the Forestry & Logging, ROS (a sector), and Fishing sector has the ability to
generate more output impdcthrough secondary (indirect + induced) impact. The policy
implication from the above analysis is that if the aim of the government or policy makers to
generate more output impact through direct impact Bioeconomyrevenue, it is important

to formulate gpropriate policies in order to increase the amount of output of the Services,
Agriculture, and Manufacturing sector. On the other hand, if policy mgkesfer to generate

more output impact through secondary impact, appropriate policies has to be dekigne

increase the output of the Forestry & §ging, ROS, and Fishing sector.

However, according to the ratio multipliers and ratio impake importance of Forestry and
Logging sector should not be ignored as it produces the largest ratio multiplielisnpadt;

meaning that the sector has a very strong relationship with other sectors although it produces
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the lowest normal multiplier and impact. The nature of strong intationship of the
Forestry & Logging, ROS, and Fishing sector is also evidentheoamalysis of secondary
impact generating ability of these sectors. This is meaning that these sectors are well
integrated with other sectors of the Malaysian economy, although yielded comparatively
lower output impact, than the Seices, Agriculture, ash Manufacturing sector. In order to
increase the output impact, it is important to look at the leakages that are occurring due to
import, household savings and taxes. For example, if there is a more tax rebate policy adopted
to increase the output of For&y & Logging sector, this will definitely increase the output
impact of this sector. Or, if the government allocates more incentives to import substitute
Manufacturing sector, this will essentially extend the output impact of Manufacturing sector.
To a lage extent the consideration of giving more or less importance to a particular sector is
depending the direction of respective polioyakers or governments intention or the

objective of the corresponding stakeholders discretion.

Since Services sector, riglture sector, and Manufacturing sector yielded higher

empl oyment i mpact than t IBleecomanyevenoeyitgsvesarnv er a g €
indication to implement favorable policies in order to increase the output of these sectors.
However, since Agnulture & Manufacturing sectors contribution to Malaysian economy is

100% and 12.3%, therefore, favorable policies should be directed towards these sectors in

order to generate more output.

Nonetheless, when looking at the employment impact generateditbyeveals that the
manufacturing sector which yielded the third highest output impact retained the second
lowest employment impact while Services and Agriculture sector maintaining the similar
ranking as output impact. The ranking of Fishing sector imsesf employment generation

has been improved to the third most important sector, although it ranked fourth with respect
to outoput i mpact, and Forestry & Logging sc¢
generating employment. Therefore, it can be clhmled that the sectors that generated
higher output impact does not necessarily produce the highest employment impact except
Services and Agriculture sector. Therefore, policy makers need to be cautious when
formulating policies as the sectors that generabore output may not be efficient enough to
generate employment. The above analysis indicates that Fishing and Forestry & Logging

sectors have higher propensity to generate more employment than Manufacturing and ROS
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(a sector) regardless of the contriboiti of sectors like Services and Agriculture. As a result, it

can be concluded that iif the government’'s ol
the Bioeconomyevenue, it would be practical to increase the output of Fishing and Forestry

& Logging seor besides Services and Agriculture sector as these sectors generate more

employment than other sectors.

The secondary employment impact (indirect + induced impact) generated by ROS (a sector),
Manufacturing, and Agriculture sector is found to be highent primary (direct) impact from

the Bioeconomyrevenue of RM106, 661, 520. This is meaning that these sectors retain the
higher propensity to generate more employment through intedustrial linkages and
household consumption than the other sectors. Tikignplying that an increase in output of
other sectors will eventually increase the employment generating ability of these sectors as
these sectors are well integrated with the Malaysian economy while Services sector, Forestry
& Logging sector, and Figles sector are yet to build stronger linkages with the other sectors

of Malaysian economy. The results of ratio impact analysis also revealing the similar outcome.

As Services sector, Agriculture sector, and Fishing sector generates higher employment
impa c t t han t he econo Bigecanomaevenuea\ghen fdrmutatng t h e
policies, it is vital to adopt favorable policies in order to increase the output of these sectors.
However, since Agriculture & Fisheries sector contribution to Malaysian ecorsot§0%,
therefore, favorable policies should be directed towards these sectors in order to generate

more employment.
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4. SUMMARY

Based on the DCGE and IO analysis conducted, key information is obtained about the current
status of theBioeconomyas well agshe potential for its growth in the futureTablel2 shows
a summary of the focus sectors which policy makeisy emphasis for the Malaysian

Bioeconomy

Tablel2: Summary oBioeconomyFocusAreas/Sectordor Policy Makers

(in order of importance withl being the most important)

Dynamic Computable General Input Output (10) Modeling
Equilibrium (DCGE) Modeling

1) Oil Palm OUTPUT

2) Rubber 1) Services

3) Oil & fat processing 2) Agriculture

4) Fishing 3) Manufacturing

5) Forestry & logging

6) Food processing Highest linkage interrelationship secto
7) Vegetables Forestry & Logging sector
8) Beverage processing

9) Food crops EMPLOYMENT
10)Wood products 1) Services*
11)Paddy 2) Agriculture

12)Chemicals & chemical products| 3) Fishing
13)Refined petroleum products Highest Linlge interrelationship sector
ROS (Rest of Sectors)

*Not all sectors in Services involB&oeconomy

It can be determined that within the Agriculture sectar) palm, rubber, fishing and forestry
& | ogging appears t o be Bioécenomy€hys isketectedindshet o gr

results of both DCGE and 10 modelling. Taking into account the fact that IO Services sector is
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not entirelyBioeconomy Agriculture is the largest impact contributor for sectors considered

100%Bioeconomy

Itisimportant f or further del i ber at imakarstodecideife mad
they should focus on sectors like oil palm (which was found to be the highest potential sector),

or to improve further the biodiesel/biofuels sector (presently lowest potehtsector,
classified under “refined petroleum products
of oil palm cultivation would build on existing strengths, but commercialising innovative and
efficient technologies in sectors like biofuels creates envalueadd and allows a greater

ceiling for growth. An appropriate balance must be struck between the low adde

production and high valuadd production to ensure sustainable growth.

It shouldbe notedat this pointthat the DCGE model yiednore speificity for the current

and future contributiors whereas the 10 model which shows an overall account of current
contribution only. Furthermore, 10 captueindirect and induced effects of economic
activities, whereas DCGE computes direct impacts @dhigtwo models also utilised differing

baselines for computations: DCGE (Social Accounting Matrix 2010) vs. 10 (National Input
Output tables 2005). Regardlessp b h model s generally agree t
investment should be directed to Agriculturetivicertain key areas such as palm oil, rubber,

fishing including aquaculture and Manufacturing with a big focus on oil & fats processing.

Forestry & ogging must not be demphasigd to prevent side effects to other focus areas as

it has high linkages tother sectors although low in economic contribution in the current
scenario to theBioeconomy The Services sector today seems to be a key contributor to

t o d MglaysarBioeconomyaccording to the 10 model but based on the DCGE model going
forward it wil | have | ittl e c oBmoéeconorbyintthe dong runas itsMal ay s
contribution will be deemphasied. Additionally, with regards to the Manufacturing sector,

the oil & fats process iBogonamsedor.i s key to gro

Policy makes and related agencies should pay attention to the potential scope to create
sustainable resources based future by utilising business people, potential industry and society
for the country’s economic devel opmgonto. Thi s
the effective initiatives for the bidased industries to improve competitiveness to contribute

more to the development.

Page36 of 60



. BIOECONOMY MALAYSIA REPORT

Other enablers include operational assistance in converting biological resources into high
value products, improved linkagedsetween public and private sector and favourable
infrastructure which should be focused further in developing and enabling access to

technolagies and investment selection.
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6. APPENMIES

A. Quantitative Model EBtimate of BioeconomyContribution to GDP forMalaysia

Malaysian Biotechnology Corporation

Bioeconomy Development Division (BEDD)

Quantitative model to estimate Bioeconomy contribution to GDP of Malaysia
Work in Progress v0.22 (19.7.2014)

Summary Sheet

Total GDP of Malaysia: 797,327.00  [RM million]

Total GDP of sectors related to Bioeconomy; 106,661.5 [RM million]

Bioeconomy as % of Total GDP:

% of
respective
Malaysian Economic Sectors Bioeconomy? sector Bioeconomy GDP
RM million
Agriculture Yes 100.0% 65,224.00
Forestry & Logging Yes 100.0% 8,521.00
Fishing Yes 100.0% 8,871.00
Mining & Quarrying No 0.0% -
Manufacturing Yes 12.3% 24,045.52
Utilities No 0.0% -
Services No 0.0% -
Construction No 0.0% -
106,661.52
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B. Notes on Economic Analysis: Dynamic Catgble General Equilibrium (DCGE
Modeling

The DCGE model i ng was u n d Sipecandmy rand tito study
macroeconomic impacts which must ¢age national future thrust, agenda, structure of

production in the overall economy, industry demand and preferences, consumer demand

and preferences, exports, inuesent, and other related effect.

The DCGE technique was determined to be able to develapsaow these kinds of
interactions in a snapshot and thus was determined to be a suitable option to see the
impact ofBioeconomy

DCGE model ing att e mpBiccohomywith\seenatodoreeastdtlaat ay si a’ s
would allow for effective investment &ction choices by policy makers to boost the

Bioeconomy s contribution and t-based indusriesy fThee n Mal a
benchmark DCGE model representing the baseline economy constructed using a Social
Accounting Matrix (SAM) 2010 with Malaysianinmtnal account s’ datasets.

The SAM reflects a snapshot of economic interactions with complex economic dimensions

to evaluate the future outcomes. The DCGE technique is a dynamic quantitative approach

that develops complex interdependent relationship beeweBioeconomyand other

related actors in the Mal aysian nmgc dnodnhyo weyd c o
with further optimisation.

To fulfil the general equilibrium outooe several parameters has utdi such as:
a) nested constant elasticitf substitution (CES),

b) constant elasticity of transformation (CET) function,

c) function of government, industry and consumers, and

d) factor incomes based on fixed shares (derived from SAM based data).

The sectoral investment an8ioeconomy s es larad rcontributions are allocated in
proportions among various sectors and exogenously determined with national outcomes
and expenditure. In terms of closure, factors are assumed to be mobile across activities,
available in fixed supplies, and demandedobgducers at marketlearing prices.
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METHODOLOGY

In order to achieve the target of bieconomy: vision 2020 and beyond, this study use
dynamic computable general equilibrium (DCGE) model which is based on applied general
equilibrium framework (Robinsors., Yunekaude, A., Hinojos®jeda, R., Lewis, D. J. &
Devarjan, S. 1999; Relnert, K. A. & Roldotst, D. W., 1997; Robinson, S. 1990; Robinson,

S. 1989 and Sadoulet & Janvry. 1995). The general equilibrium framework has been chosen
for this study beause it has the capability to represent in a comprehensive way to see the
bio-economy: vision 2020 and beyond by sectoral scope of policy changes and responses.
It considers nodiner quantitative analysis that based on secondary data collected from
different institutions of Malaysia, mainly from BiotechCorp, Department of Statistics (DOS),
Economic Planning Unit (EPU), Household Income and Expenditure Survey (HIES) and Labor
Force SurveyLFS). These all data are ugitisto prepare Social Accounting Mixt(SAM)

for Malaysian economy to make a baseline study of year 2010. The originality of
approaching dynamic CGE model is that it captures the economyimijokects with each

policy changes, targets and economic effects simultaneously. Specifically, utesite
sectoral changes in bioshare output, domestic production, net consumption, government
revenue and other macroeconomic variables resulting from each policy changes.

Detailed Data sources

This study uses crosection data for alBioeconomysectas from the national economy

which gathered from recent Input Output@) table and industrial classification prepared

by DOS Malaysia. Among the data that usedBiceconomyShares (BS) to the national
economy, Intermediate Inputs (1), Final Goods &=tvices (FGS), Domestic Production
(DP), Total National Demand (TND), Total Supply (TS), Export and Import (E&I), labor and
capital and indirect taxes. In order to construct a SAM for year 2010, a time series data for
the year 2010 has been used as WBIDS, 2010; DOS, 2013a & b; MDP, 2006 & 2010). SAM
requires additional data following on thBioeconomytarget 2020 namelyBioeconomy

vision of 2020, government expenditure and investment Bd)oeconomy Bioeconomy
sectoral shares, total factor paymentstabhousehold income (by income category), total
government receipts (including intergovernmental transactions), institutional income
distribution, and transfer payments both to households and to production sectors. It is also
combined with the national amunts and Malaysian Household Income and Expenditure
Survey (HIES) data within a consistent framework for expenditures and savings patterns.
Specifically, the secondary time series data used to construct the SAM for year 2010 such
as by Malaysian Houselibincome and Expenditure Survey (HIES) for the year 2010 and
National Account Statistics data for the year 2010 published by the Department of
Statistics, Malaysia (DOS), Malaysian Government Expenditures and Revenues data for
1990- 2010 published by Majsia (DOS, 2010; DOS, 2013a & b).
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Instrument for Data Analysis

This study utilises several instrumental techniques for the data analysis. In order to develop
a benchmark database with Input Outpud) table with SAM framework, this study usage

the crossentropy method to update and balance SAM of year 2005 to year 2010 prepared
by DOS and Economic Planning Unit (EPU) Malaysia. The main instrument for analysis to
achieve the target is the General Algebraic Modelling System (GAMS) and Syntax
Programming(SP). The GAMS and SP is used to solvenoolinear and mixednteger
problems and make Malaysian econonvide mathematical models to construct. The
instrument for data analysis proceeds for 8 steps as by:

1. The first step is to delineate agents (pradus, consumers, state) and markets,
The second g is to organis the data for a computer program,

The third step is the market form development,

The fourth step is set an arbitrary benchmark price,

The fifth step is the functional forms efipply and demand to set up,

The sixth step is the calibration of the model,

The seventh step is the procedure with the analysis of dynamic effects, and

© N o g b~ WD

The eighth step is to compute the policy effects.

This study considers the circular flovapof Malaysia shows in Figure 1 which captures all
Bioeconomytransfers and transactions between sectors and institutions. Productive
activities including@ioeconomyinvolvement and capital inputs from the factor markets,
and intermediate inputs from comatity markets, and use these to produce goods and
services. These are supplemented by imports and commodity markets to households, the
government, investors, and foreigners. The household and government purchases of
commodities provide the incomes produseneed to continue the production process.
Additional interinstitutional transfers, such as taxes and savings, ensure that the circular
flow of incomes is considered closed. Importantly, all income and expenditure flows are
accounted for, and there are neakages from the system for SAM 2010. This study has
chosen 23 types of different sectors, and activities and commodities following on
Bioeconomytarget set by national government and BiotechCorp.

In the study modelling, government receives transfeymants from the rest of the world

(e.g. foreign grants and development assistance). This is added to all of the different tax
incomes to determine total government revenues. The government uses revenues to pay
for recurrent consumption spending and transfg¢o households. The difference between
total revenues and expenditures to the national economic vlBitbeconomyis the fiscal
surplus. Information on the government accounts is drawn from ptg#iior budgets
published by EPU. According to thepost accounting identity, investment or gross capital
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formation considered changes in stocks or inventories. The difference between total
domestic savings and total investment demand is total capital inflows from abroad in the
current account balance. Informatioon the current account (or rest of world) is drawn
from the balance of payments, which is published by DOS (2010). Finaigeedbnomy
related information has taken from BiotechCorp.

Factor S .
Domestic private saving

Taxes [ ‘ l l
Consumptions/ hous Institution) Savings/Investments
eholds Government

[ ‘

income

Factors of
production

Firms/ Productions

Government Demands for
Exports Imports spending Investments

International

transections/Rest of

the world : I
Remittances Forelgn loans, Capital inflow
grants

Figure 1. Circular flow map of Malaysian economy

Market Cleaance Condition

The market clearance conditions involve commodity market balance and factor market
balance in CGE modelling namely as:

a) Commodity market balance
b) Factor market balance

Basic structure of the model

This study ssumed that as a (relatively) small open economy Malaysia would be a price
taker country. Thus import price is considered as exogenously taken in the model.
Bioeconomys contributing to the national development with a certain share. The countries
export cemand function is downward sloping. The domestic prices of imports and exports
are determined by world prices, exchange rate and import tariff or export subsidy. The
price system of the model is ironic, primarily because of the assumed quality differences
among commodities of different origins and destinations (exports, imports, and domestic
outputs used domestically). The origin® ltables consist of 120x120 sectors. However, to
meet the Bioeconomyobjectives, all economics sectors were regrouped int@&8Rips of
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sectors. This study consists of four institutional agents, two primary factor productions, and
the rest of the world (ROW). The 23 sectors were aggregated from the 2005 Malaysian
Input-Output Table (and later updated to 2010) with detailBadeconomycontributions.

Calibrating the DCGE Model

Calibration technique is performed to estimate the related coefficient parameters in order

to find the desired bieoutcomes. The parameter and elasticity values (i.e. CES, CET) that
are employed in the sty model are vital to assess the impact of various policy effects.
Malaysian updated Social Accounting Matrix (SAM) for year 2010 has been used as a data
for calibration. The model and equation is written in General Algebraic Modeling System
(GAMS) langua&gto estimate the solving parameters with a nlimer programming.

MATHEMATICAL STATEMENT OF THE MODEL

Notation
aN A Aisactivities.
cv C Ciscommodities.

cN CM CMis imported commodities and is subset®f
cN CNMCNM ison-imported commodities and is subset .
CN CE CHsexported commodities and is subset@f

cN CNECNHsnonexported commodities and is subset®f

fyn F Fisfactors withf being labor or capital.

hv H non-government domestic institutions with.

iN institutions withi being household, enterprise, government, or rest of world.
ada production function efficiency parameter.

age shift parameter for composite supply (Armington) function.

ate shift parameter for output transformation (CET) function.

cpi consumer price index.

cwis commodity weight in CPI.

icac quantity ofcas intermediate input per unit of activity.

mps share of disposable income to savings.
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pwex
pwmc
4G
ginv
shryas
tec
tme
tgc
trase
tyn

Ofa

Ben

o1

od

Bac

P

od

ol

od

ygi
irepat
yfrepat
bs
PBIQ
BIOEct
PB:
BIQ

sumbios

export price (foreign currency).

import price (foreign currency).

governmen commodity demand.

baseyear investment demand.

share of the income from factdrin h.

export tax rate.

import tariff rate.

sales tax rate.

transfer from institutioni' to institutioni.

rate of income tax foh.

valueadded share for factafrin activitya.

share of commoditg in the consumption oh

share parameter for composite supply (Armington) function.
share parameter for output transformation (CET) function.

yield of commodityc per unit of activitya.

exponent for composite supply (Armington) functior], ( €< po) .

exponent for output transformation (CET) functiorl, ( &< po) .

elasticity of substitution for composite supply (Armington) function.

elasticty of transformation for output transformation (CET) function.

government investment income

investment surplus to ROW

factor income to ROW

Bioeconomyshares

price condition oBioeconomyfor commodity ¢
Bioecanomyabsorption for commaodity ¢

price ofBioeconomy

Bioeconomysectors

sum of share foBioeconomy
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bios Bioeconomyshare in the sectoral level from sectoral GDP

biostotc Bioeconomysectoral contribution from sectoral GDP

sumbiostot Bioeconomytotal contribution in base year

QB guantity ofBioeconomy

t time periods for dynamic option

EG government expenditure EXR foreign exchange rate

FSAV foreign savings IADJ investment adjustment factor

PA activity price PQ domestic price of domestic output
P& export price (domestic currency) PMc import price (domestic currency)

PQ composite commodity price PVA
PX producer price QA
QL gty of domestic output sold domestically
QFa quantity demanded of factofby activitya
QHn gty of consumption of commoditg by h
QINV  quantity of investment demand

QQ gty supplied to dmesticmarket
WALRAS8Summy variable (zero at equilibrium)
WFDISZ wage distortion factor fofina Yk

YG government revenue

A. The price ldck

Import and export price

PM, = pwm(l +m) EXF

PE = pwe(l -tg) BXI

Absorption

PQ@Q FPOQR (PM OM](I tq

valueadded price

activity level

QE quantity of exports

QFS$  supply of factoff

QINE quantity ofcused inactivity a
QM:  quantity of imports

QX quantity of domestic output
Wk average wage of factdr
transfer of income td from f

Yhh income ofh

(1)
(2)

3)

Pageb0of 60



. BIOECONOMY MALAYSIA REPORT

Domestic output value
PX. (X, PRQR  PE QF @
Activity price
PA =8 PXg. 5)
dc
Vdue added price

PVA = PA - PQica, (6)
dc

B. Production and commaodity block

Activity production function

QA =adO QR" ()

flF

Factor demand

WF, WFDIST, = 2aPVA QA (8)
QF,
Intermediate demand
QINT,, = ica,QA ©)
Output function
Qx, = ?Aqac% (10)

Composite supply (Armington) functions
_71
rd - q
QQ =aq(a?QM™ 4 -f)Qn f)" )
Import-domestic demand ratio

1

QM, _&PD, d¢ #:
(0]

C

QDC _g;IPMc (1_ dg) :

(12)

Composite supply for ndmported commodities
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QQ =QDO
Output transformation function
1
Q% =at(dQE € -pont): 14)

Exportdomestic demand ratio

QE _aPE1-d @
QDC (;*‘IPDC d{C 9

Output transformation for nom@xported commodities

QX. = QD0

C Institution block

Factor income

Yk, = sh%a WE WFDIS] QF
a A

Nongovernment domestic institution

YHh = a YFhf +trl.1 gov EXR tﬂQw

fi F
Household consumption demand

by, (1- mps)@ -ty) YH,
PQ.

Investment demand

QH,, =

QINV, = giny, @\DJ
Government Revenue

YG=g ty, ¥4 EXR O, & PDQD  PM-QM)

h H cic

+a M EXRGwm @Y &G+te EXR pye Gt ygi

dcm ciCE

Government Expenditures

(13)

(15)

(16)

(17)

(18)

(19)

(20)

(21)
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EG=3 tr,, +aPQ 00, (22)

h H cic

D. System constraint block

Factor Markets
a QF. = QFS (23)
a A

Composite Commaodity &kets

QQ =4 QINT, +aQH, €g QINY (24)

hi H
Current Account Balance for ROW

a pweQE +at,, FSAV g pwm Qi¢+irepat + yfrepat
d CE il c icm

(25)
Savingdnvestment Balance

Amps@ ty)YH (¥G EG EXR FSE\V

h H

yoi+EXR i€epat & PQ QINY WALRA (26)

dc
Price Normaligtion

a PQGwts =p (27)
dc

E. Bioeconomyblock

Price oBioeconomy

PB, = shiog. PQ (28)
Value added price f@ioeconomy

PBVA = PB -a_ PQB icg (29)
dc

Intermediate demand dBioeconomy
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QBINT, = ica, QB (30)
Quantity of Bioeconomy

QB, = shiostaf. PRL + tg) (31)
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C Notes on Economic Analysis: Input Output Modeling

In order to determine the economic impactBifoeconomyof Malaysia, the multipliers should

be derived. There are a number of methodologieveloped to determine the multipliers.

The most widely used approach is the iqouttput techniques. The major strength of input
output analysis is that it provides detailed information on direct, indirect and induced effects
of any event on all economiceasures for different industries in the local economy (Loomis
and Walsh, 1997). Therefore, in order to satisfy the aforementioned objectives, the
methodology employed is based on Leontief imputput techniques where structure of an
economy is analysed iterms of interrelationships between economic sectors (e.g. Miller
and Blair, 1985)). The inpoutput techniques of a particular economy represent the flow of
goods and services among its different industries for a particular time period. In the
framework of inputoutput technique, the relationships between economic sectors can be
described in a system of linear equations where total output produced by each sector is either
consumed as an intermediate input by other sector, or , sometimes internally &y th
producing sector itself, or, by the final demand sector, or both. The presentation of the flow
of goods and services could be expressed either by physical units or in money terms. To
define, let there be an economy with-producing sectors and a final al@nd sector. Total
output of sector i will be:

n
Xi = YxijJ +Fi (1)
=1

where, Xi = gross output of sector i; Xij = the sales of sector i to sector j; F = the final demand
vector ; = 1, ... , n

Letaibe t he technical (input) coefficient whic
out put needed to produce one uni-t (one Rin
assumption of constant production coefficient, we get:

aij = xij/Xj or xij =ij Xj

Which means that the total value of purchases of goods and services by sector j from sector i
is equal to aij X].

Consequently, for a given target of final demand on goods and services, F, this relation defines
how much each producing sector miygoduce in order to satisfy a particular bundle of final
demand on goods and services, i.e., Equation (1) in reduced matrix form can be written as:

X =AX+F (2)
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Solving the equation (2) can be found as:
X=[-FAI'F 3)

In Equéion (3), X is the output vector; | is an identity matrix and A}-1 is the total
requirement matrix or mostly known as the Leontief inverse matrix.

The general solution of Equation (3) determines how much each sector of the economy must
produce in orer to satisfy a given level of final demand. It is mandatory thafJIshould be

a nonsingular matrix meaning that the determinant of [A] does not equal to zero to have

a unique solution in the form of fIA]-1. When the Leontief inverse matrixassumed to be

N-AF1 = 2z, then zij’'s stand for the el ements
the [I- A]-1 shows the direct and indirect requirements of output of sector i per unit of final
demand which is the total revenue of tli&oecaomy.

Multiplier Analysis

Central to any analysis related to measure the contribution of an activity are economic
multipliers, which are derived from the inverse coefficients or total requirements table. In
developing multipliers of MalaysiaBioeconomy the following procedures are followed.
First, Malaysian inpubutput transaction table is aggregated to 6 sectors. Followed by, the
construction of direct requirements matrix. Then, direct and indirect requirement matrixes
construction is done. In step fouwe develop the direct, indirect, and induced requirement
matrix. Sectoral multipliers are derived in step 5.

The 120X120 sectors of Malaysiimeconomytransactions table has been aggregated into

6X6 sectors. The sectors were aggregated based omthustrial classification and nature of

each sector. These sectors are Agriculture, Forestry & Logging, Fishing, Rest of the sectors
(ROS) (Such as Mining etc.), Manufacturing, and services. This means that theutpotit
transactions table that has beeronsidered in this study includes: (1) One hundred and
twenty processing sectors; (2) six final demand sectors; and (3) five payment sectors. The
equation can be expressed as:

Xz20x1= A120x120% X120x120+ F20x1 4)
Where,

X120X1 = the vector of gross output produced by each of 120 sectothddMalaysian
economy,

Ad120X120 = the direct requirements (input coefficients) matrix for 120sectors, which
represents domestic production,

X120X120 = the diagonal matrix with each of 120 sectors gross output on the diagonal,

F120X1= the vector of fihdemand sold by 120 sectors,
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The matrix of input coefficients, “Adl120X120
in Bioeconomyrevenue. To reflect the direct and indirect effects, the matrix of input
coefficients must be subtracted from an idégy matrix and then, the results are inverted as:

Xi20x1= (h20x120- A%120x120 " (F120x9) (5)

Where,

1120X120 = a 120X120 identity matrix,

X120X1, Ad120X120, F120X1 = as per equation (1),

(1120X1206 Ad120X120) = the direct and indirect requirements matrix for 120 sectors.

Revenue oBioecoromygenerates income for the economy. According to Keynes, if a certain

amount of income due to an exogenous expenditure were injected into an economy,

consumer spending would increase by less than the injection of income (Miernyk, 1965). In
the same way,an increase in household income (wages and salaries) resulting from

expenditure would lead to a rise in household consumption. This increase in household
consumption provides further impetus to the economic activity, such as income, employment
and businessurnover. This is known as induced effect of spendin@m®conomyproducts.

Therefore, this study expanded the inpotitput technique through the inclusion of the
household sector as one of the processing sectors. Because of the inequality between the
sum of compensation of employee and the sum of private consumption in the Malaysian
input-output transaction table, it is necessary to make a reconciliation of the household row
and the column totals by adjusting some of the other entries in the paymeshfiaal demand
sectors (Miernyk, 1965).

Once this adjustment has been made, the new matrix of technical coefficients yields a new
Leontief inverse matrix as

X1z21x1 = (l121x121 = A%21x121) (F121x1) (6)

Where,

X121X1 = the vector of gross output produced by each of 121 sectors including the
houselold sector,

Ad121X121 = the new direct requirements matrix for 121 sectors including the household
sector,

F121X1= the vector of final demand sold by 121 sectors,
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(1121X12% Ad121X121) = the direct + indirect + induced requirements matrix with being
the household sector endogenous.

Tools of Analysis

One of the most powerful mathematical analytical tool named MATLAB has been used to
compute the new Leontief inverse matrix, (1121X224d121X1213} which would measure

the direct, indirect, and induceeéffects of any change in expenditure or revenue in the
MalaysianBioeconomyOnce the direct, indirect, and induced requirements matrix has been
estimated, the output, income, employment, vakaeded, and import multipliers can be
derived for each of sixi@conomic sectors. The output multiplier shows how much one
additional unit of spending or revenue increases the level of output in the Malaysian
economy. By denoting the direct, indirect, and induced requirements matrix-akq}-1 as

“M” , t h eultiglerd fgr eath ofhsix sectors can be calculated as:

O1xs = i1x6 * Mexe (6)

Note of Normal and Ratio Multiplier

When comparing the use of normal multipliers against ratio multipliers, the measurement of
normal multipliers is considered to be more valuable if the obyecis to estimate overall
benefit. The reason is that they are able to offer a great deal of detail on to what extent a unit
of revenue earned by Bieconomic sectors helps in generating a certain amount of income,
output, employment etc. On the other handatio multipliers approach enables us to gauge
only the extent of the importance of secondary effect of tBéoeconomyrevenue in
generating output or income to the direct output or income received. The ratio multipliers
reflect the intersectoral/interinkage relationship of a sector with the rest of the sectors.
Therefore, this study has taken the scope of estimating both normal and ratio multipliers.

The calculation of “normal” multiplier i1s d
inducedlevels. And, theatio multipliers are categored into two types. The first type is

known as “Type | ratio multiplier” calcul at e
the direct effect. The ot her estimatedbysthedagof i ne d

of the direct plus indirect plus induced effects to the direct effect. Ranking of sectors are done
since the procedure of ranking allows identification of the key and favorable sectors of an
economy.

The normal multipliers are morenportant for policy making than the ratio multipliers since
they only shows the degree of intersectoral relationship of sectors.
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Limitations of 4O Model

The limitation of 4O model is its assumptions. The inguuttput model used in study is static
model in nature. The model is constructed based upon four fundamental assumptions:

1. The direct technical coefficients are fixed. In other words, production responds to a
fixed inputoutput ratio. This implies the change in the levels of inputs alwaysl|ézats to

the change, in the same proportion, in the level of output over time. This assumption also
implies that, when technology remains constant, no external or internal economies or
diseconomies exist, and no substitution effects occur due to changesative prices or
availability of new inputs. The production functions yield under constant returns to scale for
each sector.

Though technical coefficient is assumed to be fixed, it has been found that this technique
provides a comparatively reliable @ti-term economic forecast. This is because, economists
believe that technological changes affect the effectiveness of the ioptgut models over

time, therefore, periodic adjustments of the coefficient table or the creation of a new table
to reflect changes of structure that occurred in the economy, is recommended.

2. There is no problem of aggregation bias in combining sectors into industries or
disaggregation of sectors. This assumption implies that sectors within an industry are
homogenous and diffent from sectors in other industries; and each sector produces one
homogenous good or service. Also, if coefficients represent the value of production of all
sectors of the corresponding industry, inpoitput analysis will indicate average conditions

of sectors of each industry. Finally, the problem of aggregation bias can be reduced by
increasing the number of sectors.

3. There are inelastic product demand functions but supply functions of factors are
assumed to be elastic in all sectors of the econontys Theans that the requirements for
additional output to meet any increase in final demand must always be supplied by the
previous input sectors without any shortages.

4, The inputoutput model is based on linear homogeneous consumption functions. This
impl i es that, if the number of househol ds’ i n
proportions as in the previous period.

Concerning the restrictive assumptions of the model reflects the fact that the production of
goods and services does not facggly constraints of economic resources while production
takes place under constant returns sxale. The model is more flexible and reliable for
economic impact analysis in the sense that, the model considers the average and marginal
propensity to consumption or import is identical. The assumptions were taken into account
to evaluate the economiampact of Bieeconomy revenue appropriately. They also help to
refrain from complexity of the real world and enable researchers to deal with the problem at
hand.
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