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Abstract

This report presents a description of the economic model-
ling tool MAGNET employed by the Joint Research Centre
(JRO) to perform assessments of, among others, the bio-
economy. Additional sector splits of the bio-based sectors
as well as the launch of the MAGNET Sustainable Devel-
opment Goal Insights Module, has further consolidated

! European Commission, Joint Research Centre (JRC), Spain
2 Wageningen Economic Research Institute (WECR), Netherlands

MAGNET as an attractive option for policy coherence as-
sessments of different scenarios through the evaluation
of synergies or trade-offs. To illustrate the flexibility of the
model, a detailed medium-term baseline to 2030 is de-
scribed, replete with numerous economic-, demographic-,
biophysical- and policy-drivers.
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@ INTRODUCTION




(1) Introduction

Launched and adopted on 13 February 2012, Europe’s
Bioeconomy Strategy addresses the production of renew-
able biological resources, or biomass, and its conversion
into high-value material products and bio-energy. In broad
terms, the core principles behind this strategy are to pro-
vide “a long-term balance of social, environmental and
economic gains by linking the sustainable use of renew-
able resources for food, feed, bio-based products and bio-
energy, with the protection and restoration of biodiversity,
ecosystems and natural capital across land and water™.
Under the lead of DG Research and Innovation, the Strat-
egy was co-signed by several other Commission depart-
ments, namely DG Agriculture and Rural Development, DG
Environment, DG Maritime Affairs, and DG Industry and
Entrepreneurship, with a view to greater harmonisation
between existing policy approaches in this area.

The Bioeconomy Strategy therefore represents a coordi-
nated response to the key societal challenges faced both
in Europe and throughout the world. In particular, it pro-
poses solutions to alleviate the pressures of increasing
food demand from a growing population; circumvent en-
vironmentally unfriendly industrial practises and climate
change through technological innovation and present sus-
tainable energy alternatives which aid the transition to-
ward a post-petroleum society. In 2017 a review? of the
Strategy was undertaken to provide a major opportunity
for a new political impetus and orientation.

Early 2018, the roadmap® “Update of the 2012
Bioeconomy Strategy” was published, outlining the main
purpose of the strategy and providing an updated plan
for concrete actions. While delineating, as a key objective,
the balance of all three sustainability dimensions
(economic, social, environmental) it re-emphasises the
need for a system-wide approach, which encompasses
pan-European and globally interconnected challenges
such as climate change; biodiversity loss; unsustainable
production and consumption patterns; demographic

growth and migration; urbanisation; the double burden of
malnutrition and undernutrition and the evolving attitude
and behaviour of European consumers.

In tandem with the development of the Bioeconomy
Roadmap, the actions as outlined in the Roadmap are con-
comitant to the Sustainable Development Goals (SDGs),
which the EU, along with other key world players, is com-
mitted to implementing within its portfolio of domestic
and foreign policy initiatives. Inaugurated under the aus-
pices of the ‘2030 Agenda for Sustainable Development’,
aset of 17 SDGs and 169 associated targets were formal-
ly adopted in September 2015. On 22 November 2016,
the European Commission published a Communication on
the ‘Next steps for a sustainable European future’, encom-
passing the dimensions of sustainable development, as
well as governance, within the EU and globally. The related
staff working document (SWD(2016) 390 final) outlines
the “Key European action supporting the 2030 Agenda
and the Sustainable Development Goals” and links the dif-
ferent policy areas to specific SDGs.

In addition to the global SDG and Paris climate agree-
ments, the 2018 Bioeconomy Roadmap refers to EU polit-
ical initiatives such as: the Commission Work Programme
for 2018-2020 (COM(2017) 650 final); the EU Plastics
Strategy (COM(2018) 28 final); the Energy Union; the EU
Communication on the Future of Food and Farming (2017)
713 final); the renewed EU Industrial Policy Strategy
(COM(2017) 479 final); the EC Communication on Accel-
erating Clean Energy Innovation (ACEl) COM(2016)0763
final); the FOOD 2030 Research and Innovation agenda
(SWD(2016) 319); the ongoing implementation of the EU
Action Plan for the Circular Economy (COM(2015) 614 fi-
nal) and the proposals for a new waste legislation; the EU
Biodiversity Strategy Mid-Term Review (COM/2015/0478
final); the Common Fisheries Policy; the EU Forest Strategy
(COM(2013) 659 final); the Multiannual Implementation
Plan (SWD(2015) 164 final) and Mid-term Review; the

! Ref. Ares(2018)975361 - 20/02/2018; https://ec.europa.eu/research/Bioeconomy/index.cfm?pg=policy&lib=strategy

2 https://ec.europa.eu/research/bioeconomy/pdf/review_of _2012_eu_bes.pdf

3 Ref. Ares(2018)975361 - 20/02/2018; https://ec.europa.eu/research/Bioeconomy/index.cfm?pg=policy&lib=strategy
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Blue Growth Strategy (COM(2012) 494 final) and the Con-
vention on Biological Diversity.

Looking forward, as a broad sector of highly diverse eco-
nomic activities, the bioeconomy provides an ideal plat-
form for mobilising a system-wide framework balancing
the social, environmental and economic dimensions of
these European and international initiatives. Inevitably,
a flagship initiative with multiple policy goals inevitably
leads to potential trade-offs and even potential policy
incoherence. Through its very definition, the discipline of
economics is rooted to the principle of efficient scarce re-
source allocation in a world of unlimited wants. According-
ly, applied forward-looking, or ex-ante, economic analy-
sis is an essential component of the policy prescription
process by employing impartial tools of assessment to
examine ‘second-best’ alternative market outcomes.

One attractive option for such a task is the use of the-
oretically consistent economy-wide global market simu-
lation models, known as computable general equilibrium
(CGE). This class of research tool is well geared toward
the explicit representation of multiple bioeconomic activ-
ities with numerous input- and output interlinkages with
the broader macroeconomy. Thus, CGE models recognise
trade-offs between diverging uses and applications of
available biomass, as well as the competition that exists
between bio-based and non-bio-based activities for pri-
mary resources such as labour and capital. Moreover, with
an explicit representation of gross bilateral trade flows,
CGE models directly consider the essential access to third
country sources for vital supplies of both biomass and en-
ergy to meet internal market requirements. Finally, a key
strength of this approach is the ability to explicitly treat a
range of economic policies simultaneously (albeit as an
approximation of existing, or expected, real-world market
intervention) or other market shocks, with a view to isolat-
ing the marginal impact of any specific market driver on a
set of targeted indicators.

As a vehicle for operationalising this CGE analysis, the
Modular Applied GeNeral Equilibrium Tool (MAGNET) is
employed. In the peer-reviewed literature, the model has

featured as an impact assessment tool within a broad
variety of areas including: land-use change (e.g., Verburg
et al. 2009, Schmitz et al,, 2014); agricultural trade and
policy (e.g,, Boulanger and Philippidis, 2015, M’barek et
al. 2017); Biofuels (e.g, Banse et al,, 2011; Kavallari and
Tabeau, 2014, Smeets et al., 2014); Food Security (Rutten
et al, 2013) and Climate change (Nelson et al,, 2014).

Over the last few years, MAGNET has been further devel-
oped with a focus on the bioeconomy and the climate-en-
ergy-water-food nexus (Philippidis et al., 2018; van Meijl et
al, 2018). As a fundamentally economic tool of analysis,
the representation of biophysical limits are restricted at
the current time to sustainable land and biomass avail-
ability, whilst further modelling to capture other natural
resource availability is still to be done. Nevertheless, as a
system-wide overview of economy-wide bio-based activi-
ty, from the perspective of the Joint Research Centre (JRC),
the MAGNET model is an ideal complement to narrower,
more highly detailed sector-specific partial equilibrium (PE)
models of the agricultural and forestry sectors. Indeed, as
part of an integrated assessment of biomass usage con-
sisting of links with specialist energy and land-use model
representations, the aim is to provide more in-depth in-
sights on developments on biomass availability, produc-
tion, consumption and trade trends (Camia et al, 2018).

With a view to conducting rigorous scientific assessment
of different medium-term scenarios, the current technical
report serves as a point of reference. Thus, the rest of this
report is structured as follows. In Section 2, a detailed de-
scription is given of the MAGNET bio-based database and
medium-term baseline to 2030. In Section 3, a commen-
tary of the main market outcomes from the baseline is
provided. At a time when the international language of
integrated policy assessment is framed in terms of the
SDGs, section 4 examines a selection of output from the
launch of a new module, known as the MAGNET SDG In-
sights Module (MAGNET SIM). This module is still under de-
velopment, although it is envisaged that a more detailed
description of the modelling and the accompanying results
in scenario analysis will be forthcoming. A final section
concludes.

14  The MAGNET model framework for assessing policy coherence and SDGs - Application to the bioeconomy
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METHODOLOGY




@ Methodology

2.1 | Database Overview

With its unrivalled global coverage of countries (140
regions) and activities (57 sectors), the Global Trade
Analysis Project (GTAP) database has become a de
facto source of data for conducting economic impact
assessments. In its latest incarnation (version 10), the
database includes detailed information on production,
gross bilateral trade flows, transport costs and trade
protection data for a 2011 benchmark year. As a principal
secondary data source for characterising the technology
and final demand structures within each country or region,
input-output national accounts data adhere to broad
industry classifications. Importantly, efforts by the GTAP
centre to disaggregate certain bio-based activities (i.e.,
primary agriculture and food processing) are undertaken,
although inevitably, more contemporary uses of biomass
for feed, fuel and even material applications remain
subsumed within their parent industry classifications.

Thus, a clear challenge for modelling in detail the sources
of biomass and the interrelationships and potential

I Biomass supply |

TN

Livestock Crops erg

erosene Petroleum Bioche 3 ga
(blending) 0

conflicts that arise between competing uses, requires an
explicit representation of established and emerging bio-
based activities within the GTAP database. The Modular
Agricultural GeNeral Equilibrium Tool (MAGNET) (Woltjer
& Kuiper, 2014) is a multi-region computable general
equilibrium model which is a derivative of the above
mentioned Global Trade Analysis Project (GTAP) model
and database. As a reaction to the challenge for more
detailed modelling of sources of biomass, MAGNET
contains a significant number of bio-based activities and
sectors. MAGNET represents the complexities of the supply
chain from sources of biomass (e.g., agricultural crops,
residues, energy crops, pellets), to different innovative
technological biomass processes, to end uses e.g. food,
feed, biofuels (first and second generation), bioelectricity
and biochemicals (e.g. PLA, PE, etc.). With this database
combined with a GHG emission database, at its disposal,
the MAGNET model provides unique insights on (inter
alia) the impacts of energy prices on e.g. biomass use,
fertiliser inputs for agricultural activities, etc.; the effect of

p Forestry

Electricity:

Coal

Gas

Wind/solar
Nuclear
Hydro/geothermal

Intermediate and final
demands

|
[ Electricity distribution ] |
|

FIGURE 1. OVERVIEW OF BIO-BASED SECTORS AND LINKAGES IN MAGNET
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competing land uses (food, feed, energy) for agricultural
crop prices. Or more generally speaking the economy-wide
implications and feedback effects arising from the broad
collection of diverse activities identified with the concept
of the bioeconomy.

An overview of the new bio-based sectors in MAGNET and
their linkages with the existing GTAP database is provided
in Figure 1. The new bio-based sectors are highlighted in

blue, and the standard GTAP sectors in white. The arrows
indicate the direction of biomass and bio-based energy
and chemicals flows. Furthermore, the dashed lines
indicate where production processes produce secondary
by-products. The principal sources of data supply to
capture these additional sectors are provided in Table 1.
A further discussion of these sectors is provided in the
following sections.

Biomass supply sectors: residues, plantations, pellets

Production volume
efficiency.

Sustainable potential
of residues

Cost-structure
Trade

Derived from the production and consumption of bioenergy and biochemical and biomass conversion

Europe: Biomass Policies project (Elbersen et al, 2015).

Rest of the world: IMAGE (Integrated Model to Assess the Global Environment) (Daioglou et al., 2015).
IMAGE (Integrated Model to Assess the Global Environment) (Daioglou et al.,, 2015).

Trade of biomass from plantations and residues is assumed to be zero. Pellet trade data is taken from

UN Comtrade database (Comtrade 2015).

Transport costs

Targets IMage Energy Regional simulation model (IMAGE-TIMER) (Stehfest et al, 2014).

Biomass conversion sectors: bio-electricity, second generation biofuels and bio-chemicals

Production
et al, 2014).

Biofuels: assumed; based on Targets IMage Energy Regional simulation model (IMAGE-TIMER) (Stehfest

Bioelectricity: Energy Information Administration (EIA) database (EIA, 2014).
Biochemicals: assumed; based on MARKet ALlocation model (MARKAL-NL-UU) (Stehfest et al, 2014;

Tsiropoulos et al., 2016).

Cost-structure
Brouwer, 2015).

Biofuels: MARKet AlLlocation model (MARKAL-NL-UU) (Tsiropoulos et al., 2016; van Vliet et al, 2011;

Bioelectricity: International Energy Agency (IEA) database and the MARKet Allocation model (MARKAL-
NL-UU) (Tsiropoulos et al., 2016; van Brouwer, 2015; IEA, 2010).
Biochemicals: MARKet ALlocation model (MARKAL-NL-UU) (Tsiropoulos et al., 2016).

Trade
Transport costs

TABLE 1. OVERVIEW OF DATA SOURCES FOR NEW BIO-BASED SECTORS

2.1.1 Biomass supply

Aside from primary agricultural activities, an additional
three activities and one by-product commodity in MAGNET
represent the supply and trade of raw biomass; namely
energy crops, residues, pellets and municipal solid waste,
respectively. The energy crop sector produces biomass for
energy production using dedicated woody or grassy ener-
gy crops. Residues are modelled as by-products from the
activities of the existing GTAP database crop and forestry
sectors. Crop residues include residues from harvesting
and processing of wheat, other grains, rice, horticulture,
oilseeds and other crops. The latter includes residues from
forest management and logging that are usually left in the

By assumptions: no trade of bioelectricity, trade of second generation biofuels equal to 5% of production.
Targets IMage Energy Regional simulation model (IMAGE-TIMER) (Stehfest et al, 2014).

field, and residues from the wood processing industry, such
as bark, shavings, sawdust, etc. A separate residue pro-
cessing sector collects and transports both crop and forest
residues (including municipality solid waste).

Data for the MAGNET base year (2011) on conversion ef-
ficiencies, costs of capital, operation & maintenance and
transport costs are taken from the IMAGE model from the
Netherlands Environmental Assessment Agency (Daioglou
et al, 2015). The sustainable supply potential of (ligno-
cellulose) residues in the EU28 in the benchmark year of
2011 is taken from Elbersen et al., (2015). Data for other

18 The MAGNET model framework for assessing policy coherence and SDGs - Application to the bioeconomy



regions in the world were taken from the Integrated As-
sessment of Global Environmental Change (IMAGE) (Daio-
glou et al,, 2015; Stehfest et al., 2014).

Pellets are assumed to become an important primary en-
ergy carrier for bioenergy and biomaterial production, as

2.1.2 Biofuels

Following previous work by Banse et al. (2008, 2011), first
generation biofuels are split out from the parent ‘chemicals,
rubbers and plastics’ industry in the GTAP database.
Thus, bioethanol production relies on substitutable first-
generation feedstocks such as sugar cane/beet, wheat,
and maize, whilst for biodiesel, (crude) vegetable oil and
oilseeds are used as inputs. The production of ethanol
allows for by-products like distiller's dried grains with
soluble (DDGS) that can be used for animal feeding.
For biodiesel vegetable oil is used, where the (crude)
vegetable oil sector has oilcake as a by-product. The
animal feed sector and the animal sectors themselves are
able to substitute between different types of feed through
a nested CES structure. In this manner also the indirect
effects of biofuel production through its by-products is
taken into account. In addition, production and use of first
generation bio-fuels in the petroleum (blending) sector
were taken from IEA (2010) and WEC (2014).

The identification of two promising second-generation
biofuel technologies and associated cost shares in MAGNET

2.1.3 Kerosene

The MAGNET database is extended to include both
conventional (fossil based) kerosene and bio-kerosene
production from lignocellulose sources of biomass from
agriculture and forestry. The conventional kerosene
produced from oil, is assumed to have the same cost
structure as the original GTAP sector P_C (Petroleum &
Coke: coke oven products, refined petroleum products,

they can be easily stored, transported and traded. The
pellet sector delivers biomass to using activities, such as
the bioelectricity sector and the second-generation biofu-
el sectors. The pellet sector uses raw, untreated biomass
from energy crops and residues. Data on the trade of pel-
lets are taken from the UN COMTRADE database (2015).

is based on a cost-minimising linear programming energy
model of the Netherlands (MARKAL-NL-UU). Firstly, a
thermochemical biomass conversion process* based
on the gasification of solid lignocellulose biomass and
synthesis to Fischer-Tropsch fuels is considered. Secondly,
a biochemical conversion® technology employs hydrolysis
of lignocellulose biomass and fermentation of sugars
to ethanol. Data on current and future conversion costs
(exc. feedstock costs) and conversion efficiencies were
taken from the Dutch variant of the market allocation
model (MARKAL-NL-UU) platform. Given the choice of
benchmark year (2011), blending rates in the downstream
petroleum sector for second-generation biofuels assume
very small (non-zero) values. On the other hand, the cost-
disadvantage of biofuels (first- and second-generation)
compared with conventional fossil technologies is reflected
in the subsidy rates to end-users based on differences
between crude oil and biofuel (actual and assumed) prices
per litre.

processing of nuclear fuel). Bio-kerosene is ‘blended’ in
the kerosene, which is subsequently sold to the aviation
sector. The cost of bio-kerosene is assumed equal to the
cost of 2™ generation thermal technology biofuel (ft_fuel).
This is the cheapest technology according to a review of
the future costs of bio-kerosene production pathways by
De Jong (2015).

4 Thermochemical conversion technologies include combustion, gasification or pyrolysis.

°> Biochemical conversion technologies include fermentation or anaerobic digestion.

The MAGNET model framework for assessing policy coherence and SDGs - Application to the bioeconomy 19



2.1.4 Electricity

In the MAGNET model, the generation of electricity is
split into fossil based (gas-fired, coal-fired), nuclear and
renewable (wind and solar, hydroelectric and geothermal,
bioelectricity). In addition, an electricity transport and grid
distribution sector is subsequently included which meets
electricity demand for final and intermediate uses.

Data on the production and consumption of electricity are
taken from energy statistics from the International Energy
Agency (IEA) and the Energy Information Administration
(EIA). Secondary data on the total production of electric-
ity from biomass and waste in billion kWh per country in
2011 are taken from the Energy Information Administra-
tion International Energy Statistics (EIA 2014). In these
statistics, the production of bioelectricity is split into bioe-
lectricity from biomass (residues from agriculture and for-
estry, biomass from lignocellulose energy crop plantations

2.1.5 Chemicals

In the absence of any detailed cost structures, a collection
of promising technologies and cost shares were selected
using estimates from the biophysical MARKAL-UU-NL
model. Each of these sectors are split out from the parent
‘chemicals rubber and plastics’ sector in the GTAP database.
In short, three promising representative technologies
(two biochemical conversion and one thermochemical
conversion) are selected as bio-alternative processes
into plastics production; (i) a biochemical fermentation
conversion process of direct sugar to chemicals or

2.1.6 Carbon capture and storage

In this project the impact of carbon capture and storage
(CCS) is not considered within the MAGNET model. The
reason is that the role of CCS will, according to the EU ref-
erence scenario (EC, 2016), remain highly limited by 2030.
More specifically, “Under the projected ETS prices, CCS for
the reduction of process CO, emissions only becomes a
viable option at the end of the time period in 2050.” (EC,
2016, pp79). Moreover, it is stated that, “by 2050, more

and pellets) and bioelectricity from the organic fraction of
municipal solid waste.

The production value of bioelectricity from biomass in the
MAGNET data is calculated assuming a producer price of
electricity of 7.93 US$cent/kWh and a cost share of bio-
mass, capital and other costs of 63%, 31% and 7% for all
regions (KIS 2016). These values are based on bioelectric-
ity from biomass (residues from agriculture and forestry,
biomass from lignocellulose energy crops and pellets).

The use of biomass from Municipal Solid Waste (MSW) is
currently under development and is expected to appear in a
future version of the MAGNET model within the next twelve
months. Similarly, biomass for the production of heat is not
currently considered as a separate sector in MAGNET. This
also constitutes a priority for further research.

polylactic acid (pla) polymers which employs conventional
(i.e., first-generation) sugar from sugar beet and cane
and/or second-generation lignocellulosic fermentable
sugars (see Figure 1); (i) as a proxy for ethanol usage
in the chemical industry, a biochemical fermentation
conversion process of first- and\or second-generation
ethanol into a bio-polyethylene (pe) polymer, and (i) a
thermochemical conversion of plant based feedstocks to
produce biochemicals for plastics (b_chem).

than half of solid-fuelled generation (approx. 66%) is
produced from facilities with installed CCS technologies;
but overall power generation from solids, including CCS,
only represents 5.19% of total net generation in 2050.” (EC,
2016, pp68). As a result of these underlying assumptions,
in the EU reference scenario only 0.2% of the electricity
generation in 2030 comes from power plants equipped
with CCS.

20 The MAGNET model framework for assessing policy coherence and SDGs - Application to the bioeconomy



2.2 | Model framework and closure

To carry out the analysis, an advanced multi-sector, mul-
ti-region recursive-dynamic global market model known
as the Modular Agricultural GeNeral Equilibrium Tool
(MAGNET - Woltjer and Kuiper, 2014) is employed. This
class of model employs constrained optimisation to char-
acterise agent behaviour (i.e., intermediate-, final- and
investment demands), whilst homothetic separability and
consistent aggregation permit a parsimonious ‘nested’
representation of consumer and producer behaviour. Pro-
ducers are assumed to operate under conditions of perfect
competition and constant returns to scale, whilst a series
of market clearing and accounting equations ensure that
all markets clear and national-income, -expenditure and
-output are equal. A series of price linkage equations with
exogenous ad valorem tax (or tariff) variables capture the
market distortions on domestic and imported markets. It
is assumed that savings rates are a fixed share of chang-
es in regional income, whilst investment to each region
is allocated as a function of relative changes in region-
al rates of return. A neoclassical closure rule is assumed
such that imbalances on the capital account (i.e., regional
savings less investment) are compensated by the current
account (exports minus imports), such that the balance of
payments nets to zero.

A key strength of the model is its” modular structure which
allows the user to easily activate those modules of most
relevance to the study at hand. With a focus on biomass
sources and usage, the model follows the same structure
as in Philippidis et al. (2018). Thus, as a key producer of
biomass for food, feed and energy, the agricultural sector
is fully disaggregated into cropping and livestock activi-
ties. An agriculture specific module is included which cov-
ers production function nesting structures for cropping and
livestock production technologies, rigidities in agricultural
l[abour and capital markets and agricultural policy model-
ling (Boulanger and Philippidis, 2015). A further significant
area where public policy influences the use of biomass is
in the liquid biofuels market, where a fiscal neutral ap-
proach is taken (Banse et al., 2008). Thus, a further mod-
ule exogenously imposes mandates by the (blending) pe-
troleum sector on purchases of biofuels, where taxes on
demand finance the subsidy to biomass providers for ener-
gy to meet said targets. An environmental module akin to

the work in GTAP-E (Burniaux and Truong, 2008) captures
carbon taxes and physical limits on all greenhouse gas
(GHG) emitting activities. This work is supported by further
production nests to capture the capital-energy substitu-
tion possibilities inherent within the refining and power
generation sectors (e.qg., electricity, petroleum) based on
Golub, 2013).

Further modelling of biomass markets is captured through
the modelling of joint (i.e., Leontief) production technolo-
gies which acknowledge the important role of by-products
as additional sources of raw biomass inputs in other pro-
duction technologies (i.e., energy, animal feed, bioindustry).
More specifically, agricultural and forestry sectors produce
‘residues’; first-generation bioethanol produces distiller’s
dried grains with soluble (DDGS) animal feed, and crude
vegetable oil, largely employed in first generation biodies-
el production, produces an oilcake animal feed.

To capture the sustainable limits on the usage of resi-
dues, an asymptotic supply function is modelled (Figure
2), where the equilibrium market price change (P*) reflects
the usage position on the supply curve up to a maximum
‘sustainable potential’. This available maximum excludes
residues for fibre board and animal feed, whilst also ac-
knowledging that a fraction of residues must be left on
the field to maintain soil quality and avoid degradation.
Both the residue asymptote and the ratio of the equilib-
rium supply of residues to the maximum sustainable po-
tential is provided as a input from the IMAGE biophysical
model (Daioglou et al,, 2015). With changes in residue de-
mands by using sectors, adjustments in equilibrium prices
and quantities are a function of the point supply elastic-
ity which in MAGNET is a function of changes in the ratio
of total derived residue demand in biomass applications
(see) to residue supply and the residue market price.

Finally, to improve the tracking of final demand patterns
over medium- to long-term time frames, particularly in
relation to food biomass demand in regions with rapidly
increasing per capita real incomes, calibrated income elas-
ticity parameters are endogenously adjusted downwards
in successive time periods with rises in real (PPP corrected)
GDP per capita (Woltjer and Kuiper, 2014)°.

& As a result, in regions/countries where real incomes are rising rapidly (i.e., China, India, Mercosur), a more realistic rise in food demands (vs. the standard GTAP treatment)

moderates pressure on food prices, and by extension biomass prices and land rents.
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Price of
residue

P*

Q* Sustainable potential of residues

FIGURE 2. AN EXAMPLE OF THE MARKET FOR SUSTAINABLE RESIDUE USAGE IN MAGNET

2.3 | Aggregation

In section 2.1, it is noted that the model has global cov-
erage of ‘i’ tradable commodities, between ‘r' exporters
and ‘s’ importers. It quickly becomes apparent that if the
number of regions is left unchecked, simulation times can
increase significantly. Thus, to avoid this computational
burden, a careful selection of regions is required to ad-
equately reflect the focus of the study. The choice of EU
regions therefore captures geographical diversity whilst
identifying some of the individual larger players on EU
bio-based markets (Table 2). In the same way, the non-EU
region choices includes a European residual region of EU
neighbours including Russia) and ‘large’ third-country dis-
tributors of raw and processed biomass products on world
markets.

Commodity disaggregation (69 commaodities):

At the current time, the coverage of the bioeconomy
commodities in the MAGNET model remains an ongoing
work-in-progress, although it goes far beyond the typical
classification of sectors commonly found in the standard
classification of national accounts which underlies the GTAP
database. Table 2 presents the classification of commodi-
ties employed in the current study. As expected, the empha-
sis is on the disaggregation of the different sources of sup-
ply and uses (i.e., food, feed, bioenergy and bio-industrial) of
biomass. To enhance the model treatment, additional agri-
cultural inputs are also explicitly split out, whilst the disag-
gregation of sectors also encompasses the representation
of energy markets in terms of supply (fossil and renewable)
and usage (i.e., transport, chemicals, industry, services etc.).

Arable and horticulture (9): paddy rice (pdr), wheat (wht); other grains (grain); oilseeds (oilsd); raw sugar (sug); vegetables, fruits
and nuts (hort); other crops (crops); plant fibres (pfb); crude vegetable oil (cvol).
Livestock and meat (7): cattle and sheep (cattle); wool (wol); pigs and poultry (pigpoul); raw milk (milk); cattle meat (meat); other

meat (omeat); dairy (dairy).
Fertiliser (1): fertiliser (fert).

Other food and beverages (4): sugar processing (sugar); rice processing (pcr); vegetable oils and fats (vol); other food and

beverages (ofdbv);

Other ‘traditional’ bio-based (5): fishing (fish); forestry (frs); textiles, wearing apparel and leather products (texapplea); wood

products (wood); paper products and publishing (ppp).
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Bio-mass supply (11): energy crops (energy); residue processing (res); pellets (pel); by-product residues from rice (r_pdr); by-prod-
uct residues from wheat (r_wht); by-product residues from other grains (r_grain); by-product residues from oilseeds (r_oilsd); by-prod-
uct residues from horticulture (r_hort); by-product residues from other crops (r_crops); by-product residues from forestry (r_frs).
Bio-based liquid energy (5): 1st generation biodiesel (biod); 1t generation bioethanol (biog); 2™ generation thermal technology
biofuel (ft_fuel); 2" generation biochemical technology biofuel (eth), bio-kerosene (bkero).

Bio-based industry (4): lignocelluose sugar (Isug); biochemical (fermentation) conversion of sugar biomass to polylactic acid
chemicals (pla); biochemical (fermentation) conversion of bioethanol to polyethylene chemicals (pe); thermochemical conversion of
biomass to chemicals (b_chem).

Bio-based and non-bio-based animal feeds (3): 1st generation bioethanol by-product distillers dried grains and solubles
(ddgs); crude vegetable oil by-product oilcake (oilcake); animal feed (feed).

Renewable electricity generation (3): bioelectricity (bioe); hydroelectric (ely_h), solar and wind (ely_w).

Fossil fuels and other energy markets (10): crude oil (c_oil); petroleum (petro); gas (gas); gas distribution (gas_dist); coal
(coa); coal-fired electricity (ely_c); gas-fired electricity (ely_g); nuclear electricity (ely_n); electricity distribution (ely); kerosene (kero).
Other sectors (7): chemicals, rubbers and plastics (crp); other manufacturing (manu); aviation (avi); other transport (trans); busi-
ness services (foodserv); other services (svcs).

Regional disaggregation (17 regions):

EU members (12): France (FRA); Germany (GER); Italy (ITA); United Kingdom (UK); Ireland (IRE); Austria (AUT), Spain, Greece,
Portugal (Rest of the Mediterranean); Sweden, Finland, Denmark (Scandinavia), Belgium, Netherlands, Luxembourg (BeNeLux),
Latvia, Lithuania, Estonia (Baltics); Poland, Czech Republic, Slovakia, Hungary (East EU); Bulgaria, Romania, Croatia, Slovenia,
Cyprus, Malta (South East EU).

Non EU regions (5): Rest of Europe (RestEurope); North America (NorthAmerica); Central and South America (SouandCen-
tAme); African continent (Africa); Asia, Oceania and Middle East (ROW).

TABLE 2. STUDY DISAGGREGATION OF COMMODITIES AND REGIONS

2.4 | Baseline

From the benchmark year of 2011, and examining avail-
able sources of historical and projections data, a baseline
scenario is developed distinguishing three different peri-
ods: namely 2011-2015, 2015-2020 and 2020-2030.
The first time period is an update to capture, as faithfully
and feasibly as possible, the structural economic and po-
litical trends. To this end, shocks to agricultural spending
and agricultural policies (Boulanger and Philippidis, 2015)
as well as biofuel mandates and global GHG emissions

reductions capture relevant policy developments (see
next sections). The implementation of EU bioenergy policy
developments also has implications for fossil based and
non-biological renewable energy markets. For this reason,
macroeconomic, energy market and GHG emissions trends
are from a single consistent source (European Commis-
sion, 2016). In the following sections, each of the baseline
drivers are discussed, whilst all of the shocks employed
are summarised in Table 3.

Periods: (2011-2015; 2015-2020; 2020-2030)

i Real GDP and population growth projections from European Commission (2016) for each period.
B Land productivity growth: projections from von Lampe et al,, (2014).

1 Global fossil fuel price projections for coal, crude oil and gas (World Bank, 2017) for each period.
I Greenhouse gas emissions reductions from European Commission (2016) for each period.

(2011-2015 period)

Trade Policy (Trade)

I EU28 Enlargement elimination of border protection between incumbent EU27 members and Croatia.
I Extension to Croatia of an EU common external tariff (CET) on third country trade and reciprocal third country CETs

extended to Croatia as an EU28 member.
Agricultural Policy

I Continued phasing in of decoupled payments for 2004 and 2007 accession members.
M Targeted removal of specific pillar 1 coupled support payments: Seeds, beef and veal payments (except the suckler cow
premium) decoupled by 2012, Protein crops, rice and nuts decoupled by 1 January 2012.

M Re-coupling of support under the article 68 provision.

TABLE 3. BASELINE ASSUMPTIONS OVER THE THREE TIME PERIODS DISAGGREGATION OF COMMODITIES AND REGIONS

TABLE CONTINUES ON NEXT PAGE —
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(2011-2015 period) (cont.)

I Greening of 30% of first pillar payments.

I Pillar 2 payments to the EU Member States under the financial framework.

M Abolition of raw milk (2015) quota.
Biofuels Policy (BF)

W EU-wide 1t generation EU average bio-fuel mandate of 5.75%.

(2015-2020 period)

Trade Policy (Trade)

B EU-Canada trade shocks with HS6 product exceptions tariffs.
B EU-Vietnam trade shocks with HS6 product exceptions tariffs.

Agricultural Policy (CAP)

I First and second pillar payments follow financial framework budget envelopes.

M Abolition of raw sugar (2017) quotas.
Biofuels Policy (BF)
[ EU28-wide 1°t generation bio-fuel mandate of 7%.

(2020-2030 period)

Agricultural Policy (CAP)

M 2% p.a. reductions in CAP budget payments. Pillar 1 (coupled/decoupled) and pillar 2 (by rural development measure)

payment structures assumed unchanged from 2020.
Bio-energy Policy (BF)

W EU28-wide 1% generation bio-fuel mandate of 7 % EU28-wide 2™ generation bio-fuel mandate of 1.5%.

TABLE 3. BASELINE ASSUMPTIONS OVER THE THREE TIME PERIODS DISAGGREGATION OF COMMODITIES AND REGIONS

2.4.1 Macroeconomic drivers

The real GDP and population trend for each of the three
periods of the study is detailed in Table 4. Real GDP tar-
gets are used to calibrate region wide technology change
across all activities with scaling weights to calculate tech-
nology shifters for agriculture, manufacturing and ser-
vices sector classifications’. In addition, agricultural land
productivity shocks consistent with a ‘middle of the road’
time trend are based on shared socio-economic pathway
2 (SSP2 — von Lampe et al, 2014). In the MAGNET model|,
labour force projections follow regional population trends
(i.e., fixed medium to long-term employment rates); cap-
ital endowment growth rates are equal to regional mac-
ro growth forecasts (i.e., fixed medium to long-run capi-
tal-output ratio), whilst to avoid unrealistic supply price
increases over medium-term time frames, the exploitation
rate of the natural resource endowment is assumed to
grow at one-quarter the rate of the change in the capital
stock.

Data on historical global fossil fuel price trends (historical
and projected) for coal, gas and coal is taken from the
website of the World Bank commodities prices pink sheets
for the years 2011 to 2015 (World Bank, 2017). On the
basis of this data, five year midpoint averages are calcu-
lated for 2011 and 2015 to smooth the dramatic change
in fossil energy prices which occurred in the 2011 (peak
prices) to 2015 (trough prices) period®. Projections of mar-
ket developments to the period 2030 are provided in the
March 2017 edition of the pink sheet with point estimates
for the periods 2020 and 2030, which correspond to the
periods employed in this study. On the basis of these data,
the exact price assumptions used for global fossil fuels
prices are displayed in Table 5.

7 The selected values for the weights are based on previous MAGNET model medium- to long-term baseline work in other large consortium studies (VOLANTE, 2010;

FoodSecure, 2012; von Lampe et al, 2014; van Meijl et al,, 2017).

8 In an initial experiment, large global oil price shocks employing the 2011 and 2015 annual averages led to implausible outcomes in the EU biofuel markets. More specif-

ically, extremely high government support rates were needed to maintain historical mandates.
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Real GDP (%)

Population (%)

FRA 4.62 581
GER 5.39 6.78
ITA 1.29 1.62
UK 6.52 821
AUT 5.99 7.54
IRE 9.59 12.13
RoMedit 2.50 3.13
Scand 6.53 8.23
Baltic 1373 17.45
BeNeLux 4.06 511
East_Central 9.76 12.35
East_South 6.73 8.48
RestEurope 9.22 11.65
NorthAmerica 9.15 1157
SouandCenAme 9.67 12.24
Africa 17.83 22.76
ROW 17.85 2279

14.47 191 240 4.03

9.34 -0.58 -0.73 -1.15
1251 191 240 3.49
1431 275 345 561
16.05 2.20 276 537
17.70 3.24 4.07 0.14
17.94 -1.03 -1.28 -3.29
20.36 267 335 6.46
1294 -3.49 -4.35 -13.21
13.42 247 3.10 549
25.07 012 0.15 -1.57
1841 -1.22 -1.53 -3.69
32.04 2.16 270 1.76
21.27 3.08 3.87 6.73
38.32 431 541 8.19
71.40 10.50 13.29 2531
47.92 3.96 4.98 7.09

TABLE 4. BASELINE ASSUMPTIONS OVER THE THREE TIME PERIODS DISAGGREGATION OF COMMODITIES AND REGIONS

Source: Euronean Commission (2016)

Coal Australia 94.6
Crude oil, avg, spot _ 90.8
Gas ave. Simmbtu 91

TABLE 5. FOSSIL FUEL PRICES BETWEEN 2011 AND 2030
Source: World Bank pink sheet (march 2017) and own assumptions,

2.4.2 GHG emission trends

The global greenhouse gas (GHG) emissions trends em-
ployed are taken from the European Commission (2016)
reference scenario for energy, transport and GHGs, and are
shown in Table 6. The projection to 2030 assumes a 30%
drops in EU28 emissions compared with 2000. Comparing
with the International Monetary Fund (IMF, 2013) which
assumes a $95 per tonne carbon price consistent with a
fall in EU28 emissions of 52% in 2030 (compared with
1990 levels), and assuming proportionality based on the
emissions cuts, it is assumed that the EU-wide carbon tax
reaches a price of $62 per tonne by 2030.

Following the assumption in European Commission (2016,
pp82), EU agricultural emissions of nitrous oxide (N20)
and methane (CH4) to 2030 remain stable. In the case of

696 554 60.0
69.8 629 80.0
7.4 57 7.7

N20 emissions, this is justified by the declining usage of
mineral fertilizers, particularly after 2025 in line with an
expansion of new energy crops that require significantly
reduced fertiliser quantities. In terms of EU’s CH4 emis-
sions, stable levels are attributed to the capacity to treat
manure in anaerobic digesters (ADs) to recover heat and
electricity for on-farm and off-farm use. In the EU refer-
ence scenario, the capacity of farm ADs increases gradu-
ally over time due to existing incentives to stimulate farm
AD technologies in several Member States as well as ex-
pected future implementation of additional policies also
in other Member States as part of national strategies to
meet the agreed renewable targets for 2020.

The MAGNET model framewaork for assessing policy coherence and SDGs - Application to the bioeconomy 25



FRA -468
GER -1.14
ITA -8.39
UK -6.40
AUT -561
IRE -2.35
RoMedit -4.20
Scand -15.89
Baltic -9.08
BeNeLux -3.47
East_Central -374
East_South -6.42
RestEurope -0.20
NorthAmerica -3.06
SouandCenAme 344
Africa 1150
ROW 10.72

-7.80 -11.83 -22.51
-5.35 -12.69 -18.30
0.42 -14.27 -21.14
-19.20 -18.12 -38.08
-1.21 -8.80 -14.96
-3.01 -3.27 -8.38
-7.12 -20.38 -29.16
-5.05 -12.25 -29.93
-4.21 -9.85 -21.48
-9.01 -6.78 -18.12
-3.22 -/7.55 -13.88
-2.10 -13.84 -21.06
0.30 10.21 10.32
-3.79 -27.08 -32.00
442 12.10 21.07
14.99 24.89 60.13
14.00 11.34 40.53

TABLE 6. GREENHOUSE GAS REDUCTIONS 2011 TO 2030 BY REGION (% CHANGE).

Source: Euronean Commission (2016)

2.4.3 EU Biofuels Policy

Consistent with the Renewable Energy Directve (RED1),
a series of first- and second-generation biofuels blend-
ing mandates are assumed. In the MAGNET model, these
blending mandates are imposed exogenously in the blend-
ing (petroleum) sector, where the policy induced cost (i.e.,
subsidy) of meeting said blending targets is financed by a
tax on petroleum usage. Thus, the modelling follows a fis-
cal neutral treatment akin to that of Banse et al. (2008). In
the baseline it is assumed that the EU-wide average first
generation biofuel mandate reaches 7% by 2020 and is
maintained to 2030. In recognition of the different adop-
tion rates of biofuels across the EU Member States, it is
assumed that the relative distribution of blending rates in
2011 is maintained across the entire scenario period. In

2.4.4 Common Agricultural Policy

As primary agriculture is a key actor within the bioecono-
my, significant efforts are made to plausibly represent the
policy drivers behind this sector. Thus, a detailed Common
Agricultural Policy (CAP) module in MAGNET implements

the second-generation biofuels market, from very small
arbitrary values in 2011 (reflecting a technology in its in-
fancy), the mandate is steadily increased in a time linear
fashion and is assumed to reach a blending limit of 1.5%
by 2030. As a supporting policy initiative to the EU’'s Re-
newable Energy Directive, the ‘European Advanced Biofu-
els Flightpath’ seeks to speed up the uptake of advanced
biofuels to the aviation industry. In recognition of this, a
fiscal neutral blending mandate operated by the kerosene
sector (blending) is also modelled, and sold entirely to
the aviation industry. Thus, implementing time-linear pro-
portional increases in the mandate, it is assumed that a
‘moderate’ blending rate of 0.5% is reached by 2030°.

a detailed medium-term baseline to 2030 for first pillar
(‘coupled’ and ‘decoupled’ splits) and second pillar pay-
ments (by five broad payment schemes) (see Boulanger
and Philippidis, 2015). Second pillar payments on agri-en-

 Our 0.5% assumption should be considered as an upper limit. Indeed, given the cost disadvantage of bio kerosene next to fossil based kerosene (IATA, 2015), it is noted

in European Commission (2016) that, “.only after 2035 (will) biofuels (bio-kerosene) slowly start penetrating the aviation fuel mix” (pp.64).
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vironmental schemes, human- and physical-capital in-
vestments and broader rural measures, are assumed to
incur endogenous productivity effects (see Boulanger and
Philippidis, (2015) for a fuller discussion).

To capture the expected heterogeneity of coupling fac-
tors across EU MS linked to the application of the single
payment scheme within the first pillar, the allocation of
this payment across the factors of production follows es-
timates taken from a relevant literature review conduct-
ed by Boulanger et al. (2017). Thus, the proportion of the
payment which is considered to be decoupled is allocated
as a uniform subsidy rate to the agricultural land factor
in function of the capitalisation rate into land rents. The
remainder is allocated to agricultural labour, capital and
land as a single uniform subsidy, where the degree of cou-
pling is a function of the cost share of labour and capital
within agricultural sectors and the degree of mobility of
both factors to non-agricultural uses. It should be recog-

2.45 Trade Policy

A comparison of the aggregated HS6 tariff rates in the
2011 benchmarked Tariff Analytical and Simulation Tool
for Economists (TASTE) tool (Horridge and Laborde, 2008)
with the corresponding GTAP applied ad valorem tariff
data revealed some discrepancies in applied tariff rates
between the two sources. Thus, as part of the pre-simu-
lation calibration step, GTAP tariffs were targeted to mim-
ic those of the TASTE database. Furthermore, additional
adjustments to EU applied tariffs on red meat, processed
sugar and wheat consistent with expert knowledge at DG
AGRI were also incorporated into this recalibration exercise.

2.4.6 Energy market assumptions

To complement the assumptions for biofuels policies,
further assumptions are also implemented into the
baseline regarding the evolution of electricity generation
(fossil and renewables) consistent with RED | and
projected residential demand for energy to the year 2030.
Concerning the latter, Table 7 shows calculated changes

nised that these ‘coupling factors’ are based on literature
which does not contemplate recent CAP reforms to the
payment convergence criteria.

Following the description in Boulanger and Philippidis
(2015), a pre-simulation recalibration of the database
is performed to represent the degree of coupling of first
pillar decoupled support to primary agricultural factors by
Member State and to remove existing OECD second pil-
lar payments in the standard GTAP database and replace
them with a more comprehensive representation based
on DG AGRI CATS second pillar payments. Finally, with the
greening of the CAP, the (first pillar decoupled) greening
payment is modelled akin to an agro-environmental pay-
ment with associated negative productivity effects relat-
ing to extensive production techniques (Boulanger and
Philippidis, 2015), whilst the baseline also features the
removal of the EU milk (2015) and sugar (2017) quotas in
the first- and second periods, respectively.

Subsequently, in the first period (2011-2015) border pro-
tection variables are shocked to capture EU enlargement
to 28 members and the elimination of EU export refunds
(2011-2015 period). In the second period (2015-2020),
additional border protection shocks were implemented
to simulate the EU-Canada and EU-Vietnam free trade
agreements (FTAs)®. Since both FTAs include sensitive
product exceptions at HS6E level, the relevant shocks at
GTAP sector concordance are calculated using TASTE (Hor-
ridge and Laborde, 2008).

in residential energy use intensity based on European
Commission (2016) which reflect reducing private energy
demand intensities. In the MAGNET model, these EU28
aggregate shocks are exogenously reflected in the private
household ‘taste share shifters’ for a renewable and fossil
energy composite.

19 Only free trade agreements which have been ratified, or are close to ratification, are included in the study.
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EU Residential Energy Intensity mm 2020-2030

Energy composite

-6.98

-9.33 -17.20

Electricity source: 2011-2015 2015-2020 2020-2030
Coal 1.58 -9.39 -26.66
Gas -25.00 -0.36 1185
Nuclear -4.27 -10.88 0.62
Hydroelectric -2.84 364 0.90
Wind and solar 8797 63.31 36.14
Bioelectricity 3312 416 4493

TABLE 7. EU PRIVATE ENERGY CONSUMPTION AND GROSS ELECTRICITY GENERATION OUTPUT BY TECHNOLOGY (%)

Source: Euronean Commission (2016).

Taken from the same source (European Commission,
2016), Table 7 also shows the EU28 electricity generation
for each of the three periods of the study, which implicitly
sets a roadmap for the expected contribution of both
fossil and renewable-energy technologies within the EU'’s
electricity generation portfolio and consistent with the
EU’s renewable energy targets. In an initial simulation
run, EU-wide electricity production in each of these
technologies is exogenously shocked to calibrate the
EU28-wide productivity shifters for coal-fired, gas-fired,
nuclear, hydroelectric, wind and solar. In the baseline (and
all other policy scenarios), the resulting EU28 productivity
shifters are implemented exogenously for coal-fired, gas-

28

fired, bio-electricity and the wind and solar composite,
whilst production adjusts endogenously in scenarios. This
implies that production in these EU electricity generating
sectors have leeway to incrementally rise or fall relative
to the baseline in response to changing biofuel policies.
Due to the political sensitivity of nuclear power usage
and the physical endowment constraints on hydroelectric
electricity generation, production volume in these two
sectors is assumed to remain unchanged between the
baseline and any hypothetical policy scenario. It should be
noted that at the current time, bio-heat is currently not
included within the MAGNET database.
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(3) Baseline Results 2015-2030

In this section, results are presented for the baseline (3.1)
for the period 2015-2030. Unless otherwise stated, all

3.1 | Output and market prices

The impact of the baseline scenario (BASE) on EU28 bio-
based sector output volumes and market prices over the
period 2015 to 2030 is presented in Table 8. In terms of
the market price effects, the general trend is downward
due to land and output productivity gains in the EU28,
a finding consistent with other studies (e.g., Baldos and
Hertel, 2014, OECD FAO 2015). As expected, the dominant
drivers of market trends are the technology projections
to region wide output and land productivities, capital
accumulation and labour force growth. Despite these
macro-driver effects, in the bio-based sectors, further
change is also driven by EU policy. In particular, the
increase in EU first-generation biofuel (BF1st) blending
targets to 2020 (consistent with RED1) which are then
assumed maintained to 2030. Also, the gradual rise in
second generation biofuels (BF2nd) to 2020, which is
increased significantly toward an average 1.5% blending
limit by 2030 under the assumption that technological
innovations in biomass conversion are incremental up to
2030 (better process yields and energy efficiency).

As a result, in first-generation biofuel sectors, there is
an output volume increase of 40% in the period 2015-
2020 (Table 8). Moving up the vertical supply chain, these
production volume increases drive crude vegetable oil
and oilseeds production (used in biodiesel), as well as
production in wheat, grains and sugar (used in bioethanol).
Furthermore, there is a knock-on effect as by-product
animal feeds also rise 9% in this period. As the blending
mandate reaches a plateau in the 2020-2030 period, the
production of first generation biofuels stagnates and even
falls due to the contraction in the downstream blending
sector, which results from the assumed rise in the oil
price over this period. Qilseeds and crude vegetable oil
production also drops off slightly, whilst cereals production
remains strong, although this is due to population growth
and real income driven food demand rises.

results are in percentage changes or millions of euros in
2011 constant prices.

In second-generation biofuels, large percentage increases
in production volumes in thermal- and chemical-based
technologies sectors are observed (albeit from very small
bases). More specifically, policy-induced mandates drive
output volumes to grow by a factor of twenty over the
2015-2020 period. As a result, relevant bio-feedstocks from
energy crops, pellets and residues grow 1%, 21% and 7%,
respectively. In the 2020-2030 period, despite the contraction
in the downstream blending sector, the rate of acceleration in
second-generation biofuel production volumes still increases
significantly (approximately 300%) as the policy induced
mandate rises to a 1.5% blending limit. Once again, this
drives strong production volume growth in upstream biomass
feedstock sectors (average of 70% increase).

Inthe absence of any concrete EU support policies; standard
rates of technological growth; and a continued decline in
the oil price over the 2015-2020 period, bio-industrial
output volumes (i.e., biochemical- and thermochemical-
conversion technologies) contract (from a small base).
In the 2020-2030 period, moderate output volume
growth in these bio-based sectors (approximately 30%)
is the result of a substitution effect due to the declining
competitiveness of conventional carbon technologies
from assumed rises in fossil fuel prices.

Bioelectricity volume growth in the baseline (Table 8)
is modelled following the description in section 2.4.6,
which also drives biomass provision from pellets and
residues. Similarly, with growth in the aviation sector
of approximately 12% and 9% in the periods 2015-
2020 and 2020-2030, respectively, there are notable
percentage increases in production volumes from the
(small) bio-kerosene sector, with an overall growth in
volume size by a factor of almost ten over the period
2015-2030.
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(€millions, 2011 prices) Output (%) Prices (%)
I. Agriculture, fishing, forestry:
wheat 26588 27820 30145 46 84 -23 -23
other grain 27944 29037 30558 39 52 -2.8 -2.7
CEREALS 55332 57668 61480 42 6.6 -25 -2.5
oilseed 13976 14767 14767 57 -0.1 -2.5 -5.0
Sugar beet 3727 3866 3930 3.7 1.7 -5.1 -56
CROPS 188248 194329 200888 32 34 =27 -34
LIVESTOCK 156260 161760 169774 35 5.0 -0.5 13
AGRIC 344816 356392 370600 34 4.0 -17 -1.2
fishing 16679 17247 18450 34 7.0 0.8 -6.1
forestry 38935 39628 40439 18 2.0 2.5 -49
Il. Food industry:
MEAT 188660 195276 204450 35 4.7 -10 -03
DAIRY 195192 200556 207914 2.7 37 -1.2 -0.4
FOOD 972856 1010271 1067203 38 56 -1.2 -06
11l. Lignocellulose biomass, processed intermediates and biomass by-products
Energy crops 263 264 288 0.5 93 0.0 6.2
residue 6496 7827 13588 20.5 736 -16 14
pellet 256 275 419 73 525 0.7 16
BIOMASS 7015 8366 14182 193 69.5 -14 16
crude veg oil 14323 15576 15511 87 -04 -13 -46
feed by-prod 5776 6304 6251 9.1 -0.8 -49 -1.8
IV. Bio-industry:
ligno. sugar ] 7 10 -16.7 40.0 -3.1 -3.0
polyethylene 9 6 9 -25.0 333 -35 -5.2
polylactic acid 119 94 125 -20.6 32.8 -2.7 -2.7
thermochem 11 8 11 -26.7 36.4 -25 -1.2
V. Bioenergy
bioethanol 1G 618 870 766 40.7 -119 -16 -15
biodiesel 1G 3617 5012 4657 38.6 -7.1 -15 -34
BF1G 4235 5881 5426 38.9 -7.7 -1.5 -3.2
thermal 2G 37 776 3121 1973.1 3024 -14 0.2
biochem 2G 37 793 3199 2019.2 3034 -17 0.2
BF2G 75 1568 6298 1996.2 301.6 -16 02
bkerosene 103 387 960 276.2 147.9 21 -0.0
bioelectricity 11357 11824 17138 41 449 -1.0 0.5

TABLE 8. BASELINE EU OUTPUT AND MARKET PRICE TRENDS (2015-2030)
Note: Block capitals are sector acareaates.

Turning to the energy sectors, the output trends between
2015 and 2030 in electricity production technologies
(fossil and renewables) reflect the source report of the EU
reference scenario (see section 2.4.6). In the liquid fossil
fuel sectors, the exogenous assumptions regarding price
falls (rises) between 2015 and 2020 (2020 and 2030)
drive EU demands, which in turn drive output rises (falls).
In the case of coal, electricity generation demand accounts
for approximately 75% of coal production. Thus, derived
demand trends in the coal-fired electricity plants drives

the output trends in the coal mining industry. Examining
the market price trends, liquid fossil fuel changes are in
large part driven by the world price assumptions (see
Table 5). Furthermore, fossil and renewable energy market
prices are driven by technological change which drives
the assumed portfolio of electricity capacity in each
period, and demand for electricity in each period which
is motivated by the macro projections and the resulting
changes in real incomes.
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3.2 | Trade effects

Table 9 presents baseline changes in intra- and extra-
EU trade volumes on the left hand side. The associated

€ millions, 2011 constant prices

Extra-EU in 2030

percentage changes for intra-EU and extra-EU trade
appear on the right side of the table.

Trade trends (% changes)
Intra-EU trade Extra-EU imports | Extra-EU exports

‘Traditional’ crop feedstocks:

CEREALS 11474 12263 6883 4046 9410 4437
oilseed 4609 4825 647 7558 731 8646
beet/cane sugar 65 72 4 10 4 12
Other biomass feedstock:

pellet 246 392 8 68 12 141
crude veg oil 5060 5593 1020 2766 1156 3337
Biofuels:

bioethanol 1G 10 11 43 113 6l 193
biodiesel 1G 195 250 25 621 74 729
BF1G 205 261 68 734 179 912
thermal 2G 0 19 1 2 213
biochem 2G 0 20 2 227
BF2G 0 40 2 5 440
bkerosene 1 10 1 5 2 53
feed by-prod 1674 1791 439 3304 519 3652
Other energies:

coal 1304 1066 58 21163 123 14791
crudeoil 13402 15649 2045 354395 2643 353882
gas 9980 10842 1179 85780 1904 80737
petroleum 9,064 98163 57,780 121,923 76851 120,587
electricity 25137 27474 9814 6950 19750 5807

TABLE 9. BASELINE TRADE VOLUMES (INTRA-EU AND EXTRA-EU TRADE)

The rise in the EU first-generation biofuel mandate
between 2015 and 2020, leads to approximately 30%
increases intra-community and extra-community
imports. The slight contraction in domestic production
of first-generation biofuels reported in the 2020-2030
time period, results in 4% and 7% falls in first-generation
biofuel intra-EU and extra-EU imports, respectively,
although there is some evidence of continued growth
in bioethanol imports in the 2020-2030 period. From
a very small trade base, the ratcheting up of the
second generation biofuel mandates and assumed
increases in bio-kerosene usage (between 2020 and
2030) increases intra-community and extra-community
imports of second-generation biofuels and bio-kerosene
dramatically in both periods.

in

1 Bjoelectricity is assumed to be non-tradeable.
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Traditional’ crop feedstocks:

CEREALS 31 35 21 70 110 229
oilseed 68 22 86 51 49 75
Sugar beet 129 -27 42 156 106 59
Other biomass feedstock:

pellet 66 494 -121 1172 104 230
crude veg oil 98 06 135 59 40 85
Biofuels:

bioethanol1G 368 -172 506 153 -137 649
biodiesel1G 324 -34 308 -105 -396 3903
BF1G 326 -40 335 -70 -280 2443
thermal2G 20630 2811 20854 3236 -267 3195
biochem2G 21033  28L5 21409 3245 236 3165
BF2G 2,083.2 2813 21131 3240 -25.1 3180
bkerosene 2663 1318 2773 1728 -176 2181
feed by-prod 107 -34 0.7 91 16.2 12
Other energies:

coal -188 07 -6.2 -255 131 87.2
crudeoil 111 51 6.1 -59 132 141
gas 177 -17 94 -140 559 36
petroleum 75 -5.0 40 -49 142 165
electricity 23 6.8 -45 -125 202 674

To meet the internal EU market needs for liquid bio-fuels
extra-community exports of first-and second-generation,
and bio-kerosene, fall in the 2015-2020 period. In the second
period, internal production surpluses of first-generation
biofuels and rapid production volume rises in EU second
generation biofuels and bio-kerosene result in extra-EU
export increases in this period. Pellet imports (dominated by
intra-EU flows) rise modestly in the first period as a principle
energy generator in response to rising bioelectricity demand,**
and, to a lesser extent, to growing second-generation biofuel
sectors. Increases in intra-community pellets trade displaces
extra-community imports, which fall by 12%. In the 2020-
2030 period, important output volume rises reported for
bioelectricity, second-generation biofuels and bio-industrial
activities, drive significant EU import requirements in intra-
and extra-community trade for pellets.
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Given the EU’s dependence on third markets for liquid fos-
sil fuels, extra-EU imports constitute the vast majority of
EU volume flows (Table 9). As expected, in the baseline
these flows are a function of the assumptions regarding
the trends in world prices. The exception is for coal imports,
where despite cheaper coal prices in the 2015-2020 pe-
riod, extra-EU coal imports fall due to the assumed con-
traction in the coal-fired electricity industry. Examining the

3.3 | Land use

Table 10 shows that land usage in the EU faces a gentle
decline of 9,484 km? (0.52%) and 17,431 km? (0.95%)
in the 2015-2020 and 2020-2030 periods, respectively.
The land use trends also reflect the impacts of bioenergy
policy. For example, in the 2015-2020 period, EU land
dedicated to first-generation biodiesel and bioethanol
rises 1,512 km? (34.75%) and 1,117 km? (30.16%),
respectively, with associated increases in EU land use
shares (Table 10, bottom).!? In the case of biodiesel, this
observation partly drives the rise in oilseeds land usage,
although in sugar beet, net land use still falls as land
in less efficient Member States are being dropped due
to the removal of the sugar quota and the subsequent
restructuring of the industry.r* Over the decade, 2020-

electricity market, in 2015 trade is predominantly intra-EU
in nature (see Table 9), although in the period to 2030, ex-
tra-EU exports of electricity grow significantly. This is due
to internal outward supply shifts from increased renew-
able generation capacity and relatively slower growth in
internal demand consistent with the residential energy use
intensity assumptions presented in section 2.4.6.

2030 land dedicated to conventional biofuels contracts.
Note, that bioethanol constitutes a considerably smaller
share of total demand for cereal feedstocks, such that the
impact of first-generation biofuels policy on land usage
in wheat and other grains is less obvious. What is clear,
however, is that there is some degree of land substitution
from oilseeds to cereals over the time frame of the
baseline, which is consistent with the DG AGRI outlook
(DG AGRI, 2016). Finally, with the assumed steady growth
in bioelectricity and, to a lesser extent, growth in second
generation biofuels and biokerosene, land use dedicated
to high energy crops rises from 898 km? to 958 km?
between 2015 and 2030.

EU28 land area (km?)

2015
wheat 294510
other grain 330,704
CEREALS 629,391
oilseed 130,394
sugar beet 16,349
CROPS 978,509
LIVESTOCK 859,258
energy crops 898
bioethanol 1G 3,216
biodiesel 1G 5,014
Total 1,838,666

Share (%) of EU28 total land area

2015
wheat 16.02
other grain 17.99
CEREALS 3423
oilseed 7.09

TABLE 10. LAND USAGE IN THE EU28 IN BASELINE
TABLE CONTINUES ON NEXT PAGE —

2| and use shares are only based on cultivated and pasture land.
13 |t should, however, be noted that sugar yields rise.

2020 2030
293,905 295,119
331,725 333,894
629,738 632,918
132,096 126,138

16,059 15,097
977,619 969,615
850,662 841,177

901 958
4,333 3,537
6,526 5,608

1,829,181 1,811,750
2020 2030
16.07 16.29
18.14 18.43
34.43 3493
7.22 6.96
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Share (%) of EU28 total land area (cont.)

sugar beet 0.89 0.88 0.83
CROPS 53.22 53.45 53.52
LIVESTOCK 46.73 46.51 46.43
energy crops 0.05 0.05 0.05
bioethanol 1G 0.17 0.24 0.2
biodiesel 1G 0.27 0.36 0.31

TABLE 10. LAND USAGE IN THE EU28 IN BASELINE

3.4 | Estimated employment effects

Estimated employment trends in each of the bio-based
sectors are shown in Table 11. Estimates of starting year
employment data in thousands of head are based on the
Labour Force Survey (Eurostat, 2016a), although for spe-
cific primary agricultural activities, they are combined with
data from the Economic Accounts for Agriculture (Eurostat,
2016b). For non-agricultural bio-based sectors, estimates
from JRC (2017) are employed.

Once again, despite the increases in production reported
above due to macro-economic growthin the EU, productivity

rises and a shift in EU comparative advantage toward non-
agricultural activities implies that employment contracts
in primary agriculture (-585,000), food (-258,000)
and (consequently) bioeconomy (-1,443,000) over the
2015-2030 period. In first-generation biofuels and
second-generation bio-chemicals activities, employment
generation remains static over this same period. In bio-
electricity there is limited employment growth of 25,700,
whilst with the rise in the blending mandate, second-
generation biofuels is estimated to generate an additional
16,700 jobs.

wheat 330 3332 3286
other grain 4434 4439 4183
CEREALS 784.8 789.2 761.1
oilseed 688.7 700 626.3
beet/cane sugar 206.9 205.8 189.3
CROPS 5974.7 5965.3 55509
LIVESTOCK 3586.2 3587.2 3425
AGRIC 9560.9 95525 8975.9
fishing 1726 1778 1799
forestry 507.4 4959 4545
Food:
MEAT 12116 12106 11338
DAIRY 1340.3 1331.2 12504
FOOD 4688.6 4694.3 4430.7

bioethanol 1G 112 15 116
biodiesel 1G 176 224 173
BF1G 28.8 374 29
BF2G 0.2 4.6 16.9
bioelectric 100 98.4 1257

BIOCHEM2G 04

0.3 0.4

TABLE 11. EMPLOYMENT (1000 HEAD) IN EU28 BIO-BASED SECTORS IN BASE
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LOOKING AT THE BASELINE
SCENARIO FROM
AN SDG PERSPECTIVE




@ Looking at the baseline scenario from an SDG

perspective

4.1 | The MAGNET SDG Insights Module (MAGNET SIM)

— background

The use of the MAGNET global neoclassical computable
general equilibrium (CGE) model has emerged as a useful
framework for providing insights on future trends in the
Sustainable Development Goals (SDGs). With a multi-
sector, multi-region coverage, these simulation models
have the flexibility to provide market impact assessments
arising from one or more policy shocks simultaneously,
which serves as an ideal complement for the enumeration
of policy coherence analysis.

A key area of development is the implementation of
a MAGNET SDG module which can provide a series
of metrics (i.e, levels, shares, indices) for an array of
indicators covering, as far as feasibly possible, the spirit
of the 17 SDG definitions. As the scope of the MAGNET
model is clearly centred on economic indicators, it was
deemed implausible to attempt a full coverage of all SDG
indicator groupings. Indeed, a mathematical simulation
model is found wanting when one is interested to
examining concepts of ensuring healthy lives, educational
quality, gender equality, or the promotion of peaceful
societies. As a result, the ambition of this first step was
to narrow the model'’s interpretation of the SDG indicators
to those relating principally to energy usage, consumption,
competitiveness, employment and growth, climate and
land usage.

In line with the ethos of the model’s modularity, the
MAGNET SDG Insights Module (MAGNET SIM) is an add-on
to the core model’s behavioural equations, and employs
market variables based on value flows, and where
possible, some use of physical units (i.e., land use hectares,
calorie consumption), to enumerate the descriptors of the

SDG indicators. In large part, these indicators have been
calculated using the model’s underlying database on
production, consumption and trade flows. Given the law
of one-price which typically underlines the benchmarking
of data for this class of simulation model, it is recognised
that over time, “value” based flows do not track aggregated
physical quantity changes which underlies many of the
SDGs. This point has particular pertinence when one
considers issues of energy efficiency or employment
changes between sectors.

Accordingly, this caveat should be understood when
interpreting the MAGNET SDG indicators which emerge
from the medium-term baseline scenario presented in this
report. Indeed, a key priority for the further development of
this module is to remedy this methodological shortcoming
through recourse to actual physical data quantities
accompanied by some form of validation method. The
selection of indicators is deliberately spread across
different SDGs as an illustration of the potential variety of
indicators covered in MAGNET.

It should be noted that the next section is purely descriptive
in nature. There is no attempt to target SDG indicators or
evaluate in depth the desirability of said outcomes based
on our baseline assumptions. As noted above, all results
are presented as levels (i.e., values, calories per capita per
day), shares or indices for the time period 2015-2030.
Notwithstanding, the selection of SDG indicator results
presented serves as a useful precursor of what can be
achieved using this modelling framework in the coming
months and years.
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4.2 | Economic growth development in the baseline scenario

and SDGs 8 and 10

From the assumed changes in real GDP growth and popu-
lation (see Table 4), for the regions under consideration in
this study, an index of changes in real per capita income
(utility) and normalised nominal income per capita are
computed to provide a global insight on component parts
of SDG 8 (on decent work and economic growth) and SDG
10 (reduced inequalities).

Examining first SDG8, Figure 3 shows that the highest
growth of the per capita utility index is in the “Asia, Oce-
ania and Middle East” region, which combines high annu-
al GDP rates (4% p.a. in 2015-2020, 6.3% p.a. in 2020-
2030) and moderate population growth. With a per capita

190

utility index of 151 by 2030, the African continent ranks
second as high compound rates of real GDP growth are
moderated by high population growth (see Table 4). Inter-
estingly, particularly strong GDP growth in the African con-
tinent in the 2020-2030 period explains the steepening
of the slope of the per capita utility index. A similar slope
and 2030 per capita utility index is observed in the “Rest
of Europe”, arising from a plateauing of the expected
population. The two regions characterising the American
continent attain intermediate levels of per capita utility
indices by 2030, whilst the EU has the lowest growth in
per capita utility by 2030, which is further disaggregated
by Member States (MS) in Figure 4.

180
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FIGURE 3. EVOLUTION OF PER CAPITA UTILITY (2011=100)

As shown in Figure 4, the trends in the rest of the EU
are broadly split between east and west, with the latter
recording slower rates of relative growth. The per capita
utility index surpasses 145 in 2030 in the south-east
(excluding Greece), east and Baltic Member states thanks
to GDP growth rates which rank amongst the highest in the
EU, coupled with declining population growth. In contrast,
the per capita utility index trends to 2030 range between

2030

105 and 125 in western Member States, although in
Ireland and the Mediterranean sub-region, per capita
utility growth rates are slower in the post-economic crisis
period. In summary, the regional economic dynamics of
the baseline are contributing positively to SDG 8 (indicator
8.1.1). Below, one examines if the trends observed here
are translated into reduced global inequalities (i.e., income
convergence).

4 The “Rest of Europe” region is composed of the Commonwealth of Independent States (CIS), EFTA members, Turkey, non-EU Balkan states and remaining ‘small’ states

(e.g., Andorra, Faroe Islands, Gibraltar Guemnsey, Isle of Man, Jersey).
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Per capita utility index in 2030 (2011 = base 100)

<100
100-110
110-120
120-130
130 - 150
150 - 180
> 180
Non EU

-

EU regions: France, Germany, Italy, United Kingdom, Ireland, Austria, EU Mediterranean (Spain, Greece, Portugal), Scandinavia
(Sweden, Finland, Denmark), BeNeLux (Belgium, Netherlands, Luxembourg), Baltics (Latvia, Lithuania, Estonia), East EU (Poland,
Czech Republic, Slovakia, Hungary), South-East EU (Bulgaria, Romania, Croatia, Slovenia, Cyprus, Malta).

FIGURE 4. PER CAPITA UTILITY INDEX WITHIN THE EU

In Figure 5 and Figure 6, we assess the hypothesis of
possible income convergence, both across global regions
and within the EU, respectively. To perform this analysis,
in the former case we deflate all regions’ nominal per
capita income (in US dollars) corresponding to the time
intervals in the study, by a global average. In the latter
case, we deflate intra-EU nominal per capita incomes
by an EU28 average (all in US dollars). Thus, the closer
the ratio is to unity, the closer is the regional per capita
income to the average. Looking at the evolution of this
ratio over-time (Figure 5), it appears that the composite
‘Asia, Oceania and Middle East’ region is rising to the
global average over the period of the study. Nominal
per capita income is growing in the ‘Central and South
America’ and ‘Rest of Europe’ regions, such that they
both slowly pulls away from the global average.
Unfortunately, the nominal per capita income trend
recorded in the African continent is not envisaged to
be strong enough to close the deficit with the global

average. Finally, the gap between the EU and North
America nominal per capita income compared with the
global average widens, suggesting an increasing wealth
disparity (in absolute terms) throughout the world*®.
Indeed, by 2030, the North American per capita income
level grows from approximately five times the global
average, to almost seven times the global average.

Examining income disparities within the EU MS (Figure 6)
in 2015, the ratio of nominal incomes per capita to the
EU28 average ranges between 0.3 (south-east EU) to 1.6
(Scandinavia). This range narrows slightly by the end of
the period suggesting a slight convergence in the level of
intra-EU per capita income. In the Baltic and Mediterra-
nean sub-regions, per capita nominal incomes in 2030
more closely approximate the EU-wide average, reaching
0.8 and 1, respectively. On the other hand, in Austria and
the Benelux, there is a gentle fall in per capita nominal
incomes toward the EU average.

> North American and EU citizens earn on average €32,800 per capita income more than in the average of the remaining regions in 2015 vs. €41,800 per capita more

in 2030.
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4.3 | The implications for SDG2 of regional levels of food energy
consumption in the baseline scenario

Ending hunger is a strong aspiration of the SDGs - and  indicators related with food security. As an example of
of their precursor, the Millennium Development Goals  food security and nutrition, Figure 7 shows the recorded
(MDGs). As a result, the MAGNET SIM module also includes  trends in per capita calorie intaket®.

16 The per capita calorie availability calculated in MAGNET is used as a proxy of calorie consumption or energy consumption and compared to the FAQ's estimation of
“minimum energy requirements”. It does not net out the losses resulting from food waste in the home, or along the supply chain (from the farm gate to the point of sale).
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The food transition process described by Popkin (1994)
is reflected in the MAGNET model and follows Engel’s
Law!’. As such, regions showing a low level of calorie
consumption and undergoing particularly rapid growth
will (ceteris paribus) experience rapid increases in calorie

intake (step three of Popkin’s food transition). The relation
between economic growth and calorie intake will weaken
once regions have achieved high levels of income and
calorie consumption (step four), then plateau and possibly
reverse above a certain threshold (step five).
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FIGURE 7. EVOLUTION OF THE PER CAPITA CALORIE CONSUMPTION (2011 = 100)

In Figure 7, there are two distinct groupings of regions:
those regions with an average calorie intake below 3,000
kcal/cap/day throughout the period (i.e. ‘Central and South
America’, the African continent, ‘Asia, Oceania and Middle
East’) and those regions with an average calorie intake
above 3,000 kcal/cap/day (i.e., EU28, North America, ‘Rest
of Europe’)!®. The regions in the first group typically ex-
hibit the increase in income and calorie consumption of
step three of the food transition. For example, the African
continent starts step three with a very low level of calorie
consumption in 2015 (2,170 kcal/cap/day). In a context of
strong economic growth, calorie consumption in the Afri-
can continent increases rapidly in the decade 2020-2030
until it reaches 2,540 kcal/cap/day, although the calorie
consumption on African continent still remains below the
2015 level of the region ‘Asia, Oceania and Middle East’.
Step three of the food transition is already underway in
2015 in the ‘Asia, Oceania and Middle East’ and ‘Central
and South America’ regions. As a result, their 2015 level of
calorie consumption is higher and their expected increase
is less pronounced than in the African continent. Driven

by economic growth, average calorie consumption in the
‘Asia, Oceania and Middle East” and ‘Central and South
America’ regions grows steadily to 2,800 and 2,900 kcal/
cap/day in 2030 respectively.

The second group exhibits three different regional trajecto-
ries. The ‘Rest of Europe’ region starts at the lowest level
of calorie consumption (i.e. 3,300 kcal/cap/day in 2015).
Between 2020 and 2030, it presents a ‘step four’ type
of evolution: (i.e. increase in calorie consumption coupled
with rising income although at levels far above human en-
ergy requirements). It finally nearly catches up with the
EU level in 2030. Representative of “step five of the food
transition”, calorie consumption decouples from economic
growth, plateauing in the EU28 around 3,450 kcal/cap/day
and very slightly decreasing in North America from 3,690
kcal/cap/day in 2015 to 3,630 kcal/cap/day in 2030.

To summarise, the majority of the world population re-
mains at an average level of calorie consumption below
3,000 kcal/cap/day, which is an indicative threshold of

¥ Engel observed that with rising real incomes, the share spent on food decreases, even as total food expenditure rises.

18 Note that, while even the calorie intake in the African continent in 2011 is close to recommended daily intake levels, these averages represent a distribution of calorie

intake levels that cover both wealthier and poorer consumers across the entire African continent.
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minimum energy requirements*® 2%, Notwithstanding, re-
gional averages in calorie consumption levels clearly mask
intra-regional disparities within the population distribu-
tion. Therefore a varying proportion of the population in

MAGNET regions are likely to suffer from under-nourish-
ment even though the average regional level is above
minimum energy requirements.

4.4 | Share of renewable energy and levels of energy intensity

as insights into SDG 7

The take-up of renewable energies is another focus of
the SDG framework with SDG 7 aiming at the provision of
affordable and clean energy. In this regard, two indicators
are considered. Firstly, regional comparative advantages
in renewable energies, measured by the Balassa index
of revealed comparative advantage (RCA). This measure
refers to the ratio of a given region’s export market share
of renewable energies compared with the global export
market share in renewable energies. In this way, one gains
an idea of the relative comparative advantage of different
regions as they undergo structural economic change.
Secondly, we have regional energy intensity defined in
value terms, as the dollar value of energy requirements
per dollar of economic output (i.e., GDP).

Subject to the technology assumptions in the energy
sectors (i.e., elasticities of substitution between capital
and energy), incorporates  exogenous
assumptions regarding expected technical change and the
portfolio of both electricity generation and private energy
consumption in the EU, which are important drivers of
the measures discussed here?t. The assumed reduction
in oil price between 2015 and 2020 hampers the
competitiveness of renewable energies at the beginning
of the period, although Figure 8 clearly shows that the
relative competitiveness of energy in the relatively
wealthier (poorer) regions is toward renewables (fossil
energies). The exception is ‘Central and South America’,
which has a particularly strong bio-based energy resource.

the baseline

Balassa index of revealed comparative
advantage (RCA)
W

2_
) i B
0 . .

Rest of Europe  North America  Central & South African Asia, Oceania European
America continent and Middle Union
East

B RCA fossil fuel energies

RCA Renewable energies

FIGURE 8. TRADE COMPETITIVENESS OF FOSSIL FUEL ENERGY AND RENEWABLE ENERGY BY 2030
Note: If the RCA for region " is greater than 1, then the region exports, as a share of its portfolio, more of tradable i than the global average.

9 In their last revision (2006-2008), the FAO estimates minimum Dietary Energy Requirements ranging between 1,690 and 2,000 kcal/cap/day among the 178 countries

considered (FAO Statistics division 2009).

2% n Paillard et al. (2014): “According to the FAO (Bruinsma 2003), depending on the inequality of food access to food and the heterogeneity of food rations within the
population, and assuming that consumer waste is limited, an average availability of 3,000 kcal/cap/day would make it possible on the scale of a population to maintain
the proportion of under-nourished individuals at a relatively low level (of approximately 6% of the global population if inequalities are substantial)”.

21 See section 2.4 for a discussion of the assumptions behind the baseline.
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A breakdown of the EU28 aggregate Balassa index for

renewables is calculated in Figure 9. The clear pattem
that emerges is that those EU regions with a larger bio-re-

source base, or relatively less developed economies, reg-
ister higher levels of revealed comparative advantage in
renewable energy exports.

Balassa index of Revealed Comparative Advantage (RCA)
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If RCA > 1, then region exhibits
revealed comparative advantage

12 EU regions considered: France, Germany, Italy, United Kingdom, Ireland, Austria, EU Mediterranean (Spain, Greece, Portugal),
Scandinavia (Sweden, Finland, Denmark), BeNeLux (Belgium, Netherlands, Luxembourg), Baltics (Latvia, Lithuania, Estonia), EU
East (Poland, Czech Republic, Slovakia, Hungary, South-East EU (Bulgaria, Romania, Croatia, Slovenia, Cyprus, Malta).

FIGURE 9. TRADE COMPETITIVENESS OF RENEWABLE ENERGIES IN EU SUB-REGIONS IN 2030

In addition to the development of renewable energies,
lowering energy intensity (Figure 10) is another stated
aim of SGD 7?2, Indeed, relatively lower levels of per unit
energy purchases are already observed for the EU28,
North America and ‘Central and South America’. On the
other hand, the less developed regions of ‘Asia, Oceania
and Middle East’, the African continent and the ‘Rest of

Europe’, exhibit greater value purchases of energy per
dollar of GDP. A further observation is a rise in energy
intensity from 2011 to 2020, motivated in part by the
assumed fall in fossil fuel prices. In the EU, which faces
particularly tough greenhouse gas emissions reductions,
there is a greater price driven incentive to substitute
capital for energy inputs.

22 1n SDG target 7.3, it is stated that by 2030, we must double the global rate of improvement in energy efficiency.
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4.5 | Industrialisation process in the baseline scenario

and SDG 9

The final insight into the baseline scenario’s contribution
to SDGs discussed here is related to the industrialisation
process and its degree of decoupling with environmen-
tal impacts (SDG 9). In 2015, the share of manufactur-
ing value added as a proportion of total value added is
particularly high in the ‘Asia, Oceania and Middle East’ re-
gion (which includes China) (31%) and ‘Central and South’
America (289%) (Figure 11). Not surprisingly, the regions of
the EU28 and North America reveal a much larger services
based economy, with the value added share steadily rising
up to 80% by 2030.

The contribution of the manufacturing sector to GDP tends
to weaken in all regions between 2015 and 2020 (except
in the ROW region). There is evidence of a slight recov-
ery in the decade 2020-2030 except in the EU28 and in
North America where manufacturing loses further ground
to the service sector (see Figure 11) reflecting an ongoing
shift in global comparative advantages. In fact, the man-
ufacturing sector’s contribution to GDP is sustained only in
the ‘Asia, Oceania and Middle East’ region and the African
continent (1% point more in 2030 than in 2015).
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To complement this picture, estimates of tons of CO, resulting price signals and technology changes within
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The manufacturing sector is not an exception (see Figure
12). As a key emitting activity, the ‘Rest of Europe’ and
the ‘Asia, Oceania and Middle East’ regions as well as the
African continent drastically cut their emissions from the
manufacturing sector over the period. The emission reduction
is also impressive in North America, dropping from 905 tons
C0O2e/USD of value added in 2015 to 364 tons CO2e/USD

in 2030. At the end of the period, the manufacturing sector
in North America becomes the best performer in terms of
low emissions per value added of manufacturing products.
It should be noted that these GHG emissions reductions
for the USA are based on the Paris Agreement and do not
reflect the current position of the USA.
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@ Conclusions

This report presents a description of an economic modelling
tool currently employed by the Joint Research Centre (JRC)
to perform impact assessments of the Bioeconomy. More
specifically, a state-of-the-art variant of a neoclassical
recursive dynamic computable general equilibrium (CGE)
model — called MAGNET - is chosen. With its modular
structure, the MAGNET model has already been widely
used as a tool of analysis in the related fields of land-use,
agricultural policy, biofuels and climate change. Recent
developments of the database to perform additional sector
splits of the bio-based sectors, has further consolidated the
positioning of MAGNET as an attractive option for policy
coherence impact assessments of different scenarios
through the evaluation of synergies or trade-offs. In
addition to the state-of-the-art agricultural factor market
and policy modelling, MAGNET also includes numerous
sector splits covering first and second generation biofuels,
biokerosene, bioelectricity and promising biochemical
and thermochemical biomass conversion technologies.
Moreover, a strong base has been established on the
sustainable availability of biomass employing inputs from
biophysical models Furthermore, the launch of a MAGNET
Sustainable Development Goal Insights Module (MAGNET
SIM) is a co-ordinated response to quantify a series of
integrated and universally approved policy metrics using
the parlance of the international community.

To illustrate the flexibility of the model, a detailed
medium-term baseline to 2030 is described, replete
with numerous economic-, demographic-, biophysical-
and policy-drivers. In the baseline, the general trend for
the market price effects is downward due to land and
output productivity gains in the EU28, a finding consistent
with other studies (e.g., Baldos and Hertel, 2014, OECD
FAO 2015). As expected, the dominant price drivers are
the technical-change assumptions on output and land;
capital accumulation and labour force growth. In bio-
based activities, market trends are also strongly driven
by EU policy. Aggregate first-generation biofuel (BF1G)
output volume increases 38.9% in the period 2015-2020,
which in turn, drives upstream output increases in crude
vegetable oil and oilseeds (used in biodiesel), as well as
wheat, grains and sugar beet (used in bioethanol). As a

result, the production of by-product animal feeds also rises
9.1% in this period. As the blending mandate reaches a
plateau in the 2020-2030 period, first generation biofuel
production falls slightly as rising oil prices in this period
reduce the scale of the EU’s petroleum (blending) activity.
Oilseeds and crude vegetable oil production also drops
off slightly, whilst cereals production remains strong due
to population growth and rising real incomes which drive
food demand.

Second-generation biofuels (BF2G) output volumes
increase aggressively to 2030 with a ratcheting up of the
blending mandate to 1.5%. As a result, strong production
volume growth in associated upstream biomass cellulosic
feedstock sectors is observed (an average of 70%
increase). The assumed blending mandates for EU biofuels
therefore indicate the potential importance of such market
interventions for the promotion of EU biofuels activities. In
the absence of any concrete EU support policies; standard
rates of technological growth; and a continued decline in the
oil price over the 2015-2020 period, bio-industrial output
volumes (i.e., nascent biochemical- and thermochemical
biomass-conversion technologies) contract from a small
base.Inthe 2020-2030 period, strong output volume growth
in these bio-based sectors (approximately 30%) is the
result of a substitution effect due to the declining relative
competitiveness of conventional carbon technologies from
assumed rises in fossil fuel prices.

Bioelectricity output volume in the baseline also drives
biomass provision from pellets and residues. Similarly,
with growth in the aviation sector of approximately 12%
and 9% in the periods 2015-2020 and 2020-2030,
respectively (not shown), there are notable percentage
output volume increases in the (small) bio-kerosene
sector, with an overall growth in volume size by a factor
of almost ten over the period 2015-2030. Due to the
long standing decline in primary agricultural output,
employment decreases in the bio-economy as a whole,
a result consistent with Philippidis et al., (2018). Finally,
there is evidence that the assumed trends in fossil fuel
prices also drive market decisions on the allocation of
biomass for fuel and industrial applications.
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In tandem with the presentation of typical market
measures such as prices, outputs and values, additional
indicators of land quantity changes and post simulation
calculations of trends in employment are also presented.
In addition, as an illustration of the quantification of the
SDGs, a selection of further metrics are presented relating
to competitiveness, energy usage, calorie intake, structural
change and greenhouse gas emissions. It is envisaged in
the coming months that this module will be harmonised
further with the official SDGs list, whilst greater resources
will be dedicated to further data collection, refinement and
presentation of further ‘real’ or quantity metrics, starting
with energy and employment trends.

An analysis of the implications of baseline developments
for selected Sustainable Development Goals suggests
improvements in SDGs 2, 7, and 8, and to some extent
SDG 9. Progress is made towards Goal 8 (Decent Work
and Economic Growth) through convergence between
richer and poorer regions. Increases in average per capita
calorie consumption is consistent with progress towards
Goal 2, however, a lack of information on the population
distribution around the region means that one cannot
state whether progress has been made towards Zero
Hunger for all. We observe that progress is made towards
Goal 7 (Affordable and Clean Energy), however, it falls
short of meeting the ambitious targets set for renewable
energy and energy efficiency. Finally, the progress to
SDG 9 (Industry, Innovation and Infrastructure) is mixed.
On the one hand, there is no clear development trend of
the manufacturing sector to meet target 9.2 (Promote
inclusive and sustainable industrialization), whilst on the
other hand, progress is made in all regions towards target
9.4 (upgrade infrastructure and retrofit industries to make
them sustainable) when measured in CO, equivalent
emissions per unit of value added.

As with any modelling endeavour which attempts to
capture real-world behaviour, a study of this nature also
carries the usual limitations. With neoclassical computable
general equilibrium models, the standard structural
caveats apply, chief among them being the deterministic
(i.e., non-stochastic) behaviour of agents, the assumption
of equilibrium market clearing, the stylised representation

of investment, and the conditionality imposed on model
results by the choice of model closure.

To build on the scientific reputation of MAGNET already
garnered through extensive usage in various European fore-
sight projects and peer reviewed publications in high quality
research journals, there are further opportunities to enrich
the data and modelling framework for assessing both the
bioeconomy and for conducting policy coherence analysis.

Thus, in addition to the need for further bio-industrial sector
splits to characterise current technologies; the MAGNET
database is also lacking a representation of organic and
municipal waste streams in (inter alia) biogas and bio-
heating, which constitutes an important component of the
Member States’ National Renewable Energy Action Plans
driven by the renewable energy targets (Scarlat et al,, 2015a,
Scarlat et al, 2015b), which have been extended by the
European Council up to 2030. A further important omission,
alluded to above, is the lack of treatment of forestry land,
which has pertinence when examining issues of indirect
land use change (ILUC)*® and greenhouse gas emissions, as
well as an explicit treatment of water footprints.

From a modelling perspective, a better understanding is re-
quired of the uncertainty underlining expected technologi-
cal advancements in second generation bio-based sectors
and their quantification within a CGE framework, especial-
ly where longer time frames (i.e, 2050) are concerned.
Furthermore, the ‘small share’ problem which plagues CGE
modelling focusing on nascent or promising technologies
often leads to an understatement of the potential market
impacts of a given policy or technological change shock.
Finally, a more thorough characterisation of natural fossil
based resources which endogenously reflect sustainability
usage (i.e., price changes) subject to expected rates of ex-
traction and depletion, would also represent forward step
in improving the veracity of the model results.

A number of these research avenues are expected to be
incorporated into the model data and equations within
the next twelve months, which will further consolidate the
usage of MAGNET as a front line choice by policy makers
for cutting edge research in this rapidly changing area.

23 LUC occurs when agricultural land pressures occur from the displacement of previous activities resulting from changes in biomass. If land use displacement generates

more intense land use outside the system, the resulting ‘leakage’ has environmental repercussions as carbon stocks are released from land clearing.
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