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Abstract

The bioeconomy is a collective of activities charged with the production of biologically
renewable resources or ‘biomass’ (e.g. agriculture, forestry), its diverse application (e.g. food,
textiles, construction, chemicals) and subsequent reuse (e.g. compositing, waste manage-
ment). Since the European Union (EU) launched its bioeconomy strategy in 2012, further
bioeconomy policy initiatives have proliferated at regional, national and pan-European levels.
Moreover, the EU Green Deal announced in 2019 targets a transition towards a low-carbon
sustainable model of growth, food and energy security, biodiversity and natural resource
management, where it is envisaged that the bioeconomy will play a key role. Despite a pau-
city of available data, the surge in policy interest has triggered the need for evidence-based
monitoring of bioeconomy sectors and the efficient tailoring of policy support. Thus, on a
Member State (MS) basis for the period 2008-2017, we (1) adopt an ‘output-based’ approach
to construct a panel data of performance indicators and (2) characterise the sources of growth
and transitional stage of the bioeconomy. Results reveal that the bioeconomy has maintained
its relative importance within the total EU27 economy. At the EU level, agriculture and the
food industry have played a key role in driving a transition in the primary and industrial bio-
economy sectors due to their significant labour productivity-enhancing impact. Four North-
ern MS exhibit a bioeconomy transition by modernising their bioeconomy activities and
operating structural changes. Other Northern and Western EU MS are still in the early stages
of a transition, whilst in Eastern and Central Europe, such a transition remains elusive.
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1 Introduction

The bioeconomy has emerged in the last decade as a new economic paradigm founded on
the use and recycling of biological resources in place of fossil resources to help achieve
multiple policy objectives relating to employment generation and growth, climate neutral-
ity, food security, energy security, biodiversity and natural resource management (Wesseler
& von Braun, 2017). To achieve these goals, governments have implemented bioeconomy
strategies or similar policy initiatives targeting the different stages of traditional and emer-
gent bio-based value chains.

For its part, the European Union (EU) launched its first bioeconomy strategy in 2012 to
kickstart a transition towards a low-fossil economy whilst promoting job creation and com-
petitiveness (European Commission, 2012). The second EU bioeconomy strategy, released
in 2018, strengthens its territorial development and environmental objectives (European
Commission, 2018; Kardung et al., 2021). Moreover, since 2012, the bioeconomy has been
placed at the heart of several new EU political initiatives such as the Sustainable Develop-
ment Goals (2015), the climate ambitions of the Paris Agreement (2015), the European
Green Deal (2019) and the Circular Economy Action Plan launched in 2020. As further
evidence of the rising strategic importance of the bioeconomy, nine EU Member States
have publically released dedicated bioeconomy strategies, and in seven others they are
under development. Macro-regional and micro-regional bioeconomy initiatives have also
been launched (Lusser et al., 2018).

As the changing landscape has introduced the virtues of the bioeconomy into the main-
stream of political thought, this has also unlocked greater business confidence (Gatto &
Re, 2021). Research and innovation target the ramping up of new biomass conversion pro-
cesses, whilst industrial policy measures seek to bring bio-based innovations to market. On
the demand side, despite the potential challenges (Sijtsema et al., 2016), consumer aware-
ness campaigns, product labelling (Confente et al., 2020) and green public procurement
initiatives (International Advisory Council on Global Bioeconomy, 2020) have sought to
create high value market outlets for emerging bio-based products.

In tandem with the rise of the bioeconomy on the EU policy agenda, there is an urgent
need for a transparent and consistent monitoring framework to assess the development
of bioeconomy activities. The ambitions of this study are thus to (1) consolidate basic
socio-economic indicators for the monitoring of the job and growth objectives of the EU
bioeconomy and (2) to tentatively identify the drivers of bioeconomy growth in order to
ultimately suggest policy options for realising the growth potential of EU Member States’
bioeconomies. A key challenge facing objective (1) is the lack of official secondary data as
bioeconomy activities are often subsumed within broad activity or product classifications.

Different methodologies that seek to disentangle bioeconomy activities from their
respective parent industry classifications are discussed in the literature (e.g. Cingiz et al.,
2021; M’Barek et al., 2018; Piotrowski et al., 2018). On the one hand, the ‘input-based’
approach measures the proportion of biomass in the inputs used for producing bio-based
products and applies this proportion to value added or job statistics for that sector (Efken
et al., 2016; Heijman, 2016; lost et al., 2019; Kuosmanen et al., 2020; Meesters et al., 2013;
Robert et al., 2020b). For example, in the input-based approach the food industry is only
partially considered bio-based because it uses a mix of bio-based and fossil inputs, whilst
under this criterion, even mining activities are ‘part’ bio-based. In contrast, the ‘output-
based’ approach measures the biomass content of the bio-based products of a given sector
(Luke, 2019; Pellerin & Taylor, 2008; Porc et al., 2020; Ronzon et al., 2020; Vandermeulen
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et al., 2011). Thus, under this classification, food industry activities are completely bio-
based since their output is fully (edible) biomass, whilst mining activities are not consid-
ered bio-based as the core output does not contain biomass.

In seeking to make a judgement on the choice of measurement method, we take a policy
perspective. More specifically, biomass producing activities (i.e. agriculture, forestry, fish-
ing and aquaculture), food and beverages and other bio-based sectors (i.e. wood, paper,
textile and bioenergy products) are under the remit of the EU bioeconomy strategy. In con-
trast, mining activities, despite employing biomass inputs, are not. From this perspective,
the output-based methodology is entirely consistent with the EU’s bioeconomy strategy.
Having taken the decision on the methodology of bioeconomy activity measurement, the
output-based approach is also applied to quantify so-called hybrid sectors, which mix bio-
based and non-bio-based activities. As an insightful extension to the input-based approach,
in their measurement of the bioeconomy Cingiz et al. (2021) also account for the influence
of non-bio-based upstream industries sectors (e.g. financial, insurance, etc.) that provide
inputs to bioeconomy sectors. Once again, however, since said upstream industries do not
constitute part of the EU bioeconomy strategy, this approach is also discarded in favour of
the output-based approach.

As a key novelty of our output-based approach, new data sources and calculation meth-
ods are proposed to quantify employment and value added in specific bio-based activi-
ties—such as waste management or construction—that were not addressed in previous
studies (Porc et al., 2020; Ronzon et al., 2020). The resulting panel dataset comprises of 24
activities from the System of National Accounts (SNA)! and covers the EU-27 (i.e. exclud-
ing the UK) over the period 2008-2017. The ratio of these two concepts is used to calcu-
late labour productivity change for bio-based activities. The combination of value added,
employment and productivity forms the basis of a further novel analytical step, namely to
isolate sectoral and structural sources of labour productivity growth, which are central for
the tailoring of bioeconomy policy measures.

In view of the concept of ‘transition’, progress is measured through changes in bioecon-
omy sectors’ labour productivity. Furthermore to understand the structural basis motivating
labour productivity in transition, two concepts are explored. On the one hand, we examine
the premise that the modernisation and diversification of bio-based value chains arising
from the adoption of new biomass conversion pathways, industrial renewal and growing
markets for bio-based goods, should translate into labour productivity growth (i.e. intra-
sectoral or ‘within-sector’ effect). Secondly, the emergence and development of bio-based
industries also implies ‘structural change’ resource reallocations (e.g. in this study repre-
sented by employment shifts) ‘between-sectors’, where such a reallocation generates labour
productivity growth if resources are directed towards more productive activities (‘produc-
tivity-enhancing’) or vice-versa (‘productivity-reducing’).

To measure these concepts, a ‘shift-share’ analysis decomposes labour productivity into
those stemming from ‘within-sector’ and ‘structural change’ effects. The shift-share meth-
odology is commonly used in economic transition studies (de Vries et al., 2015; Dobr-
zanski & Grabowski, 2019; Erumban et al., 2019; Kuusk et al., 2017; Moussir & Chatri,
2020) and in development economics (McMillan et al., 2017). Given its parsimonious data
requirements, it is particularly suited to monitor the bioeconomy as a case in point where

! SNA activities are defined by the Statistical Classification of Economic Activities in the European Com-
munity (NACE) (Eurostat 2008).
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data scarcity prevents the use of more sophisticated econometric approaches (Havlik,
2015).2

Section 2 describes the methodological approach followed for the generation of panel
data on value added, employment and labour productivity in bioeconomy sub-sectors in
the EU and its Member States over the period 2008-2017. Section 3 is structured around
three research questions: (1) Has the EU bioeconomy created jobs, economic growth and
competitiveness? (Sect. 3.1), (2) What role did modernisation and structural change play
in the EU bioeconomy transition? (Sect. 3.2), and (3) What were the sectorial sources of
labour productivity gains in the EU bioeconomy (Sect. 3.3)? Section 4 highlights policy
options according to the EU Member States’ progress into the bioeconomy transition and
acknowledges the interest of complementary indicators for the sustainability assessment of
bioeconomy transitions. It also provides some reflections on the choice of methodology.
Section 5 concludes.

2 Methodology and data
2.1 Selection of bio-based sectors of activity

Activities are reported according to the NACE classification in European statistics (see
glossary in supplementary Information SI1), where the current study focuses on the pri-
mary (NACE sector A) and industrial bioeconomy (NACE sectors C to F) (hitherto referred
to as ‘the non-service bioeconomy’). Based on a literature review, the Horizon 2020 Euro-
pean project ‘BioMonitor’ has elaborated a list of NACE divisions that encompass bio-
based activities (Kardung et al., 2019, 2021). As a starting point, our study follows the Bio-
Monitor list for those relevant activities in NACE sections A and C to F, although NACE
division C19 is excluded and NACE divisions C18 and C32 are included. In the case of
NACE C19 for ‘manufacture of coke and refined petroleum products’, whilst it employs
bio-based materials, it only produces fossil-based outputs. It is therefore not considered
as part of the bioeconomy. The NACE C18 classification for printing activities and NACE
C32 that includes, among others, the manufacture of (wooden) toys and musical instru-
ments, are considered as bio-based activities in the German bioeconomy monitoring sys-
tem (lost & Weimar, 2020). Thus, although not included within the list of candidate sectors
from the BioMonitor project, these activities were added to our bioeconomy definition.

The final detailed list of bio-based activities falling under the scope of this study is
therefore as follows:

e biomass producing sectors: agriculture (A01), forestry (A02) and fishing and aquacul-
ture (A03),

the food, beverage and tobacco industries (C10-C12),

the textile industry (C13-C15),

the wood products (C16), furniture (C31), paper (C17) and printing (C18) industries,
the chemical (C20), pharmaceutical (C21) and plastic (C22) industries,

2 To further illustrate, the lack of data on bioeconomy capital resources obstructs the calculation of bioec-
onomy total factor productivity (Solow 1957).
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e the manufacture of other non-metallic mineral products (C23) and other manufacturing
(C32),

e the water (E36), sewerage (E37) and waste (E38) collection and treatment as well as
other waste management services (E39),

e the construction industry (F41-43).

2.2 Computation of bio-based output shares for value added and employment

Among the bio-based NACE divisions listed in the previous section, some activities are
so broadly defined that they comprise of bio-based and non-bio-based components, which
in some cases may even be rival technologies of the same end product. To extract a meas-
ure of bio-based activities only from the NACE official statistical divisions, it is necessary
to determine the biomass content share b, . —the bio-based output share—at the NACE
2-digit level n and for each Member State ¢ and year y (y=2008, ..., 2017). The biomass
content ranges from 0% (the output of n is not bio-based) to 100% (the output of n is fully
bio-based). When information is missing at the 2-digit NACE industry level n, bio-based
output shares are determined at the NACE sub-level m (NACE 3- or 4-digits code) and
then aggregated up to the 2-digit level n (see below). Thus, value added (VA) and employ-
ment (E) bio-based shares are given as:

VA Zm (bm,c,y X VAm,c,v)

nc.y = VAn,c,y (1)
bE _ Zm (bm,c,y X Em,c,y)
A )

Note that when assuming NACE 2-digit bio-based output shares, both employment and
value added share values are assumed the same. However, when aggregating up from
NACE 3- or 4-digit classifications, because the employment distribution across activity
sub-divisions ‘m’ differs from the corresponding value added distributions, this leads to
different 2-digit ‘n’ bio-based output shares for employment and value added:

Zm (bm,c,y X VAm,c,_\') + Zm (bm,c,y X Em,c,y)
VA E

nc.y nc,y

3

Thus, the 2-digit NACE biobased output share for value added and employment is 100% in
the case of biomass producing activities (n=NACE divisions A01, A02, A03), the agro-
food industry (n=C10, C11, C12), water treatment (n=E36) and sewerage (n=E37)°
(green rows in Table 1).

For NACE divisions C13-C17 (manufacture of textiles, paper and wood products),
C20-C22 (manufacture of chemicals, pharmaceuticals and plastics) and C31 (manufacture
of furniture), we take the minimum and maximum bio-based output share b, . , from Ron-

zon et al. (2020) and Porc et al. (2020) (blue rows in Table 1). These studies define the bio-
mass content of the products (8-digits Prodcom code) produced by the industries C13-C17,

3 The status of water as a bio-based product remains debated. Water is for example considered a biological
resource and therefore 100% bio-based in Finnish bioeconomy statistics (Luke, 2020).
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Table 1 Assumptions and data sources for the quantification of sectoral bio-based output shares, value
added and number of people employed in the bioeconomy (sector n or sub-sector m, country c, year y)

NACE Range of bio-based output shares by, Eurostat codes for value
division or literature source added VA, and

codes (‘n" denotes 2-digit NACE codes, ‘'m’ denotes 3-or 4-  employment EpJn.cy

digit NACE codes)
A01-A03 100% Eurostat nama_10_a64,
Eurostat nama_10_a64_e

C10-C12 100% Eurostat sbs_na_ind_r2
C13-C17 Eurostat Prom DS-066341, Eurostat sbs_na_ind_r2

Product bio-based shares from nova-Institute*
C18 100% C1811,0-100% C1812- C1814 Eurostat sbs_na_ind_r2
C20-C22 Eurostat Prom DS-066341, Eurostat sbs_na_ind_r2
Product bio-based shares from nova-Institute*
c23 0-100% C2365 Eurostat sbs_na_ind_r2
Cc31 Eurostat Prom DS-066341, Eurostat sbs_na_ind_r2

Product bio-based shares from nova-Institute*

C32 0-100% C3212 and C3213 Eurostat sbs_na_ind_r2

D35 Eurostat nrg_bal_c (section 2.2) Eurostat sbs_na_ind_r2

E36-E37 100% Eurostat sbs_na_ind_r2

E38 Eurostat env_wasgen, Eurostat env_wastrt (section Eurostat sbs_na_ind_r2
2.2)

E39 0-100% Eurostat sbs_na_ind_r2

F41-F43  Eurostat Prom DS-066341, Product bio-based shares  Eurostat sbs_na_con_r2
from nova*, 0—-100% missing Prom codes sect.2.2
*See Ronzon et al. (2020)

The NACE groups (3-digits NACE codes) and classes (4-digits NACE codes) that are not reported in the
table do not belong to the bioeconomy

b,.y,=100% in green rows, b, ., is taken from Ronzon et al. (2020) and Porc et al. (2020) in blue rows,
0%<b, ., <100% in yellow rows (unavailable information) and b,, ., is computed as explained in Sect. 2.2
in white rows. A glossary of NACE codes is provided in supplementary information section SI1

C20-C22 and C31. For each product, the multiplication of its production value by its bio-
mass content share is an estimate of its bio-based production value (data from Eurostat,
2020g). At the industry level n, the sum of the bio-based production values over the total
production value of that industry gives the bio-based output share b, ..

For NACE division D35 (energy production), b, , is the proportion of bioenergy in
total energy supply expressed in tonnes of oil equivalent as reported in Eurostat (2020c).
Bioenergy supply is comprised of solid and liquid biofuels (R52 sub-codes), biogases
(R5300), charcoal (R5160) and renewable municipal waste (W6210). In this case, the mini-
mum b, ., is equal to the maximum b,, . ..
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For NACE division E38 (waste management), we assume that the biomass content of
the wasted product is equivalent to the biomass content of the product itself. For example,
the biomass content range of wasted textile is assumed equal to the biomass content range
of textile (classification C13 above). Thus, the bio-based output share of the waste manage-
ment industry (E38) is the sum of the bio-based content of wasted products estimated by
type of waste from disaggregated waste statistics on waste generation (Eurostat, 2020d)
and waste treatment (Eurostat, 2020h) (see supplementary Information SI2).

For NACE divisions F41-F43 (construction), the biobased output share is the propor-
tion of biomass embedded in constructed buildings and civil engineering. Following the
treatment of NACE divisions C13—C17, C20-C22 and C31, the biomass content of con-
struction materials that remain in final constructed buildings and civil engineering* (out-
puts) is defined at the product level. The sectoral bio-based output share for NACE divi-
sion F41-F43 is the proportion of bio-based materials in total construction materials in
value terms. The product list of remaining construction materials is derived from the 500
Eurostat Prodcom products established by the Centre for Industrial Study and Cresme
Ricerche (2017) for the European Construction Sector Observatory.’ Product biomass
content ranges are taken from Ronzon et al. (2020) and Porc et al. (2020), or are other-
wise assumed to be 0% bio-based.® The value of bio-based materials is measured by their
domestic sales as suggested by the European Construction Sector Observatory (Eurostat,
2020g data).

Unfortunately, there is a lack of information on the biomass content on the output prod-
ucts of the remaining NACE divisions, namely, printing (C18), manufacturing of other
non-metallic mineral products (C23), other manufacturing (C32) and remediation activ-
ities (E39) (yellow rows in Table 1). We therefore calculate time series values of value
added and employment at the most disaggregated 3- or 4-digit NACE sectoral level ‘m’
(E and VA, .) by assuming some sub-activities as fully bio-based (i.e. b, ., =100%

m,c,, m,c,, m,c,y
for thfe printing otX newspapers of C1811), partly bio-based (i.e. 0% <b,, ., <100% }for other
printing activities and services C1812—-C1814, the manufacture of fibre cement C2365, the
manufacture of jewellery and imitations C3212-C3213, other waste management services
E39) or completely non-bio-based (remaining NACE 4-digit C codes). Then, Eqgs. (1) and
(2) give the sectoral bio-based output shares for value added and employment.
Assumptions and data sources for the estimation of bio-based output shares are summa-

rised in column 2 of Table 1.

2.3 Indicators and data sources

The study computes the ratio of the number of people employed (variable ‘E’) to value
added (variable ‘VA’) to infer a measure of labour productivity (variable ‘P’) (also
called apparent labour productivity in Eurostat datasets). Within-sector labour produc-
tivity changes and structural changes are part of the shift-share analysis.

The computation of bio-based employment and value added by sector n, in country ¢
in year y (E, ., and VA respectively) is based on the multiplication of the bio-based

n,c,y n,c,y’

4 For example, wooden shuttering for concrete, or equipment for scaffolding are not considered as an out-
put of NACE section F because they do not remain in the final building.
5 https://ec.europa.eu/growth/sectors/construction/observatory_en

® Please see the list of bio-based and non-bio-based construction material in supplementary information
section SI3.
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output share by activity, Member State and time period by panel data observations of
employment and value added (in current prices) retrieved from the Eurostat structural
business statistics and from the Eurostat national accounts for the available period
2008-2017 (column 3 of Table 1, Eurostat 2020a, b, €, f). Thus:

VA ey = b:z/f»,y X VA ey )
and
E, . .=b XE
nc.y n,c,y nc.y (5)

It should be reminded that minimum—maximum ranges of bio-based output shares bl‘z/ﬁ,y
and bi oy AT€ determined in Sect. 2.2 to account for uncertainty. This therefore leads to the
computation of minimum and maximum bio-based value added and employment estimates
(see also Sect. 3).

The term P, ., refers to the value added generated per person employed given as:
Pn,c,y = VAn,c,y/En,c,y (6)

Location quotients (variable ‘LQ’) are also derived from employment data. For the non-
service bioeconomy (nsBE), the location quotient calculates the degree of labour concen-
tration of each Member State ¢ in those activities that produce biomass or supply bio-based
goods, proxied by each Member State’s bioeconomy employment share compared with the
corresponding figure for the EU27:

EnsBE,c,y /Ec,y

EnsBE,EU27,y/EEU27,y

)

L QnsBE ..y =

The term AP, gp ., refers to non-service bioeconomy labour productivity changes. Fol-
lowing other studies (de Vries et al., 2015; Dobrzanski & Grabowski, 2019; Erumban et al.,
2019; Kuusk et al., 2017; McMillan et al., 2017; Moussir & Chatri, 2020), it is decomposed
into a ‘within-sector’ effect (first additive term) and a ‘structural change’ effect (second):

APnsBE,c,y = Z ShEn,c,yOAPn,c,y + Z Pn,c,yAShEn,c,y (8)

where ShE, ., denotes the bioeconomy employment share of sector n in Member State
c. Thus, the within-sector effect is the employment share weighted sum of ‘within-sector’
productivity growth AP, ... The structural change effect is the reallocation of bioeconomy
employment between activities n in Member State ¢ (AShE, ) weighted by the corre-
sponding productivity levels, P, . .. )
Note that some authors further split the structural effect into ‘static’ and ‘dynamic’
effects as expressed in the second and third terms of the following equation (de Vries et al.,

2015; Havlik, 2015; Kuusk et al., 2017):
AP, =)' ShE,  (AP,. + ) P,  AShE

n,c.y

+ ) AP, ASKE, ©)
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The interpretation of the three-component decomposition of labour productivity has been
subject to debate.” In this paper, we, therefore, analyse the two-component decomposition.
It is complemented with an analysis of the individual sector contribution to aggregate pro-
ductivity gains ShE, .o AP, ...

7 McMillan et al., (2017, p11) find difficulty interpreting the dynamic term ‘when, for example, reductions
in the employment share are accompanied by increases in productivity. This is because the term becomes
negative, seemingly acting as a drag on productivity, when in fact it could be viewed as a positive develop-
ment in such sectors as agriculture’.
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3 Results

3.1 Has the EU non-service bioeconomy created jobs, economic growth
and competitiveness?

From our results, the value added of the European non-service bioeconomy has grown at
a similar pace as the rest of the economy, maintaining a 6% contribution to EU27 value
added between 2008 and 2017 (not shown). Moreover, value added reached between €657
and €706 billion between the 2015 and 2017 period, half of which coming from agricul-
ture (AO1) and the food industry (C10) (three-year average, Fig. 1). The EU bioeconomy
employed between 18.7 and 19.9 million workers in the 2015-2017 period, with more than
the two-thirds coming from agriculture (AO1) and the food industry (C10) (three-year aver-
age, Fig. 1). However, largely due to the restructuring of the EU agriculture sector, between
2008-2010 and 2015-2017, the employment base has reduced by around 2 million workers
(of which —1.7 million are agriculture workers). As a result, the European non-service bio-
economy has struggled to maintain its share of total employment over the observed period.

Our dataset does not allow us to observe the price competitiveness of European bio-
based products, but it does indicate labour productivity gains of €7,100—€8,000 per worker
in the non-service bioeconomy between 2008-2010 and 2015-2017 (not shown). In
2015-2017, agriculture and the food industry both contribute approximately 24-26% to
aggregate labour productivity in the non-service bioeconomy and could have played a sig-
nificant role in this evolution. The manufacture of beverages (C11), paper (C17), wooden
furniture (C16) and bio-based pharmaceuticals (C21) each generates labour productivity
contributions of 4.5-6.5% (Fig. 1).

It is important to note that labour productivity developments were very uneven across
the EU27. Major gains occurred in Denmark, Ireland and Belgium (> €20,000 per person
employed between 20082010 and 2015-2017), Finland (> €19,000 per person), the Neth-
erlands, Austria and Sweden (> €10,000 per person), whilst Greece was the only Member
State experiencing a reduction in aggregate labour productivity of its non-service bioec-
onomy?® (y-axis of Fig. 2).

Although this study extends the sector coverage of Ronzon et al. (2020) to all non-ser-
vice bioeconomy sectors, we observe the same grouping of countries as that study (Fig. 2).
A dynamic representation of the scatter plot reveals variations in the level of labour con-
centration of national economies in the non-service bioeconomy in Eastern Member States
and Greece (green group), whilst it remains almost unchanged in the other EU Member
States between 2008-2010 and 2015-2017 (arrows in Fig. 2, x-axis variations). At the
same time, labour productivity has dramatically increased in the Western and Northern
Member States (orange and red groups, y-axis variations).

8 Greece has perhaps been the EU Member State most acutely affected by the 2008-2009 financial crisis.
The European Court of Auditors attributed the vulnerability of the Greek economy at that time to ‘growing
macroeconomic imbalances, large stocks of public and external debt, weak external competitiveness, an
unsustainable pension system and weak institutions’ (European Court of Auditors 2017, page 7). In a report
to the European Commission, Rodriguez-Pose and Ganau (2019) add that population ageing, the rigid
labour market and the possible low level of institutional quality are additional causes of poor labour produc-
tivity in Greece (2003-2015). They define a low level of institutional quality by a lack of transparency and
accountability, corruption, and poor governance performance.
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Fig.2 Evolution of the location quotient and apparent labour productivity in the non-service bioeconomy
of the 27 EU Member States between 2008-2010 and 2015-2017 (average estimates).

Note: The coloured circle indicates four groups of Member States: (1) Green group: Eastern Member
States, Portugal, and Greece characterised by a labour market highly specialised in the non-service bioec-
onomy (1.5<LQ,pr.) and a below-average apparent labour productivity of the non-service bioeconomy
(Pspe <112 P, prruay); (2) Purple group: Estonia and Central Member States, less specialised in the non-
service bioeconomy, but more labour productive (LQ, g, <1.4 and 172 P, g pi27 < Ppr o < Prsprpunn)s
(3) Orange group: Western Member States with exacerbated characteristics compared to the purple group
(LQ,spr,<0.9 and P, pr g7 < Ppspe)» (4) Red group: Northern Member States with even higher labour
productivity (LQ,pr.<0.9 and 2.P, g 5yy27 < P,pe)- The EU27 Member States are represented by their
official country code: Austria (AT), Belgium (BE), Bulgaria (BG), Croatia (HR), Cyprus (CY), Czechia
(CZ), Denmark (DK), Estonia (EE), Finland (FI), France (FR), Germany (DE), Greece (EL), Hungary
(HU), Ireland (IE), Italy (IT), Latvia (LV), Lithuania (LT), Luxembourg (LU), Malta (MT), Netherlands
(NL), Poland (PL), Portugal (PT), Romania (RO), Slovakia (SK), Slovenia (SI), Spain (ES) and Sweden
(SE)

In sum, the non-service bioeconomy has maintained its position within the total EU27
economy and total labour force over the period 2008-2017 by creating net value added
but no net jobs. This entailed growth in labour productivity, especially in Northern and
Western EU Member States. Agriculture and the food industry are preponderant in the sec-
toral structure of the non-service bioeconomy, and their intra-dynamics are likely to have
influenced the whole aggregate of non-service bioeconomy. The next section will look at
the nature of labour productivity developments and verify whether they are related to the
grouping of countries observed in Fig. 2.
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between 2008-2010 and 2015-2017 (Euros per person employed and per annum, average estimates)

3.2 What role did modernisation and structural change play in the EU non-service
bioeconomy transition?

Table 2 presents the decomposition of EU non-service bioeconomy labour productivity
growth into within-sector and employment reallocation (or structural change) effects fol-
lowing Eq. (8). Excluding the 2008-2009 crisis period, both within-sector and employment
reallocation effects were productivity-enhancing (positive sign). The within-sector labour
productivity growth largely predominated, varying between O and 7 per cent per annum.
In comparison, the reallocation of workers across bioeconomy sectors triggered less than
1.5 per cent growth per annum which indicates that, to a certain extent, bioeconomy work-
ers have moved from low- to high-productivity activities on average. The preponderance
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of within-sector effects is consistent with observations made on macroeconomies’ (Fager-
berg, 2000; Kuusk et al., 2017; Peneder, 2003; Timmer & Szirmai, 2000).

For the EU as a whole, agriculture and the food industry played a significant produc-
tivity-enhancing role (Fig. 3). On the one hand, employment significantly contracted in
agriculture (x-axis), the largest employing sector and also the least labour productive
sector of the EU non-service bioeconomy (y-axis). On the other hand, the most signifi-
cant increase in employment share happened in the food industry, also characterised by
above-average productivity. The production of bioenergy (D35) and the manufacturing
of bio-based pharmaceuticals (C21) appear to be the most labour productive sectors of
the non-service bioeconomy, but their pull effect on aggregate labour productivity has
been less significant due to their relatively small employment base (size of the circles).

A closer look at the Member States’ dynamics reveals common traits in the produc-
tivity drivers (Fig. 4). The Member States of the red group from Fig. 2 (in red lettering
in Fig. 4), experience the highest within-sector productivity gains by some distance
(> €1,300 per worker per year). Such gains were accompanied by important productiv-
ity-enhancing structural effects in the case of four countries out of these six (Belgium,
Denmark, Finland and Ireland with annual productivity gains due to employment real-
location higher than €440 per worker). In the Netherlands, employment reallocation
hardly affects aggregate labour productivity of the non-service bioeconomy. In Swe-
den, workers appear to have moved to lower-productivity sectors (structural change
effect of -€200 euros per workers per year).

° With the exception of the shift-share analysis by Dobrzanski and Grabowski (2019) on Central and East-
ern European Member States over the period 2004-2018 that shows a dominant role for structural change
effects on labour productivity growth.
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Those Member States in the orange group from Fig. 2 (in orange lettering in Fig. 4)
occupy an intermediate position. They experienced gains in within-sector labour pro-
ductivity higher than the EU-27 level (> €650 per worker per year, except for Spain),
whilst the positive effect of employment reallocation on aggregate labour productivity
was below the EU effect (< €190 per worker per year).

The Member States of the purple and green group experienced low-to-medium
within-sector labour productivity gains (ranging from negative productivity changes
in Greece to slightly above-EU level in Estonia and Slovakia) and negative-to-low
employment reallocation effects (negative in the case of Malta and Slovakia, to almost
equal to the EU level in the case of Portugal).

3.3 How did sectorial labour productivity gains contribute to the EU non-service
bioeconomy transition?

For each Member State in Fig. 5, the within-sector contribution to variations of the
aggregate labour productivity of the non-service bioeconomy is plotted by NACE sec-
tor in Fig. 5. Not surprisingly, major contributions came from agriculture (AO1) and the
food industry (C10) which on average triggered aggregate productivity gains of €220
and €130 per worker per annum respectively (crosses in Fig. 5). They are followed by
the manufacture of paper (C17) and of wood products (C16) (€65 and €50 per worker
per annum). Forestry (A02), the manufacture of beverages (C11), bio-based pharmaceu-
ticals (C21), water management (E36) and the construction sector contributed to elevat-
ing the aggregate productivity in the order of €30—€37 euros per worker per annum. The
remaining non-service bioeconomy sectors showed a lower average contribution.

A number of outliers stress national specificities. Agriculture in Ireland and the
Netherlands, the Irish food industry and Finnish paper manufacture were major engines
of bioeconomy growth, steering their bioeconomy’s aggregate labour productivity by
more than €600 per worker per year. The within-sector effects on the food industry in
Belgium and the Netherlands and Swedish paper manufacture were also notable (above
€400 per worker per year), closely followed by the within-sector effect of agriculture in
Denmark, Spain and Slovakia, the manufacture of bio-based pharmaceuticals in Bel-
gium and Denmark as well as the Finnish forestry sector (between €360 and €395 per
worker per year).

Outliers also identify cases of within-sector effects that reduce productivity, such as
in the case of the Greek food industry (C10), Dutch manufacturing of tobacco (C12) and
the Cypriot construction sector (F) that pulled down their respective bioeconomy labour
productivity by more than €100 per worker per year. The Swedish and Irish manufacture
of bio-based chemicals also caused annual productivity losses in the order of €66 to €77
per worker.

4 Discussion and caveats
4.1 Bioeconomy transition stages in EU member states

In the field of development economics, McMillan et al. (2017) distinguish sectoral and
transversal policies. Sectoral policies aim at moving resources into specific (often
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‘modern’) industries by the means of subsidies, investment incentives or by removing spe-
cific obstacles. They usually strengthen the ‘private fundamentals’ (Atolia et al., 2020) that
are physical capital, technology, knowledge-skills and the innovation endowment of the
targeted industries. Transversal policies aim at developing broad capabilities by invest-
ing in ‘public fundamentals’ (Atolia et al., 2020) that are human capital, institutions and
infrastructures. Whilst sectoral policies can entail both within-sector and sectoral labour
productivity growth, Atolia et al. (2020) observe from developing countries’ growth tra-
jectories that ‘public fundamentals play a relatively more important role than private fun-
damentals in the initial jump-starting of structural transformation and economic growth’.
Borrowing these concepts from development economics sheds light on different policy
needs in EU Member States for realising their bioeconomy growth potential.

First of all, according to our results, the non-service bioeconomy of Belgium, Den-
mark, Finland and Ireland is among the most labour productive in Europe and has
exhibited impressive within-sector and structural labour productivity gains over the last
decade. This suggests that the right conditions (public and private fundamentals) were
in place for these countries to transit towards a bioeconomy. Interestingly, all four bio-
economies are governed by either a national or a regional strategy.

Secondly, the non-service bioeconomy of the other Member States of the Northern and
Western groups of countries identified at Fig. 2 (Austria, France, Germany, Italy, Lux-
embourg, Netherlands, Spain and Sweden) is also highly labour productive but has only
shown more moderate aggregate labour productivity gains. In particular, the structural
labour change effects on aggregate productivity gains have been rather weak. All these
countries—except Luxembourg—have a national or a macro-regional bioeconomy strat-
egy in place. Sectoral measures may well have been successful at modernising their bio-
based industries and rising their within-sector labour productivity. Notwithstanding, the
soft structural change effect suggests that the bioeconomy transition is still at its early stage
and could be boosted by supports to new bio-based industries and to public fundamentals.

Finally, in the rest of the EU Member States (Bulgaria, Croatia, Cyprus, Czechia, Esto-
nia, Greece, Hungary, Latvia, Lithuania, Malta, Poland, Portugal, Romania, Slovenia, Slo-
vakia), the non-service bioeconomy has achieved below-EU average labour productivity
levels. Within-sector and structural labour change effects are also mostly below-EU aver-
age. Within these countries only Latvia has a national bioeconomy strategy in place, whilst
most of the other countries are in the process of designing their own. Our results suggest
that both sectoral and transversal measures have to be mobilised in future bioeconomy
strategies to engage them in a bioeconomy transition. The sectoral labour productivity dif-
ferentials with the Northern and Western Member States indeed indicate a large poten-
tial for bioeconomy developments, and sector-specific measures could help to bridge these
gaps whilst favouring structural changes at the same time. The identification of productiv-
ity enhancing/reducing within-sector effects in Sect. 3.3 is important evidence for such a
tailoring of future bioeconomy policy instruments.

4.2 Economic transition and sustainable bioeconomy transition
Whilst our study touches on the economic (value added indicator) and social (employment

indicator) dimensions of the bioeconomy, sustainability is a complex and pluri-dimen-
sional concept. As an example, the internationally agreed framework of the sustainable
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Note: Large dots represent min, average and max bio-based shares for the EU. The distribution of the bioec-
onomy orientation of a given sector within the 27 EU Member States is represented by the ‘—’ (minimum
bio-based share) and ‘+’ (maximum share) points on the figures. For example, whilst the EU min-max
range is relatively narrow for the bio-based chemical sector (C20), the bio-based output share of that sector
varies from 0 to nearly 50% in Member States

development goals (SDGs) considers seventeen dimensions, measured with 360+ indica-
tors.!” However, ecological economists prioritise the ecological dimension pointing out
that any human activity is constrained by the biosphere, thereby positioning its resilience
as a sine quae non condition for sustainable human-driven development (Folke et al., 2016;
Griggs et al., 2013). The quantification of planetary boundaries and of a safe operating
space for humanity provides a concrete theoretical framework to assess sustainable human
development (Rockstrom et al., 2009; Steffen et al., 2015).

Also looking at the preservation of natural capital, bioeconomy concepts/visions are
often analysed in the literature according to their position between a weak and a strong
sustainability paradigm. The weak sustainability paradigm assumes that the deterioration
of natural capital can be offset by technological progress, as opposed to the strong sustain-
ability paradigm that advocates the strict preservation of unsubstitutable natural capital and
an absolute decoupling with economic growth (Neumayer, 2003 in Bennich & Belyazid,
2017). Bennich and Belyazid (2017), D’Amato et al. (2017), Meyer (2017), Bugge et al.
(2016) and Ramcilovic-Suominen and Piilzl (2018) observe that general bioeconomy con-
cepts or the bioeconomy vision defined in the first bioeconomy strategy of the European
Union lean towards a weak sustainability paradigm, giving little attention to decoupling

10 https://unstats.un.org/sdgs/indicators/database/
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bioeconomic growth from the risks of deforestation, loss of biodiversity, land use change
and deterioration of water, soil and air. The revision of the EU bioeconomy strategy in
2018 acknowledges such potential risks and makes greater emphasis on the ecological and
social base of the bioeconomy with one pillar out of three dedicated to ‘understanding the
ecological boundaries of the bioeconomy’ and a further pillar dedicated to a fair territorial
deployment of the bioeconomy in the EU.

In pursuing strong sustainability objectives, Liobikiene et al. (2019) also suggest moni-
toring the ability of the European bioeconomy in limiting resource ‘leakage effects’ using
the indicators of the land footprint and land biocapacity (i.e. the landfootprint of the bioec-
onomy should not exceed the biocapacity). Quantifying these indicators for the EU Mem-
ber States, Liobikiene et al. (2020) find that the land biocapacity of the bioeconomy is
almost achieved in Estonia and Denmark and already exceeded in Belgium (purple and red
groups of countries). On the other hand, almost 30% of the biocapacity of the land bioca-
pacity of Croatia, Slovenia, Slovakia and Romania remained un-exploited in 2013 (green
and purple groups of countries).

Bringezu et al. (2021) extend the measure of the German bioeconomy footprint to agri-
culture and forestry biomass footprints, agriculture land footprint, climate footprint, water
footprint, as well as value added and employment footprint. These recent works will feed
the on-going design and implementation of a European bioeconomy monitoring system by
the European Commission that embraces the multiple dimensions of sustainability (Robert
et al., 2020a).

4.3 Caveats of the study

The principal limitation of the study lies in the determination of bio-based output shares
by, for the NACE divisions where there are issues of data scarcity relating to biomass
content estimates. As a result, uncertainty was acknowledged with a range of 0% to 100%
bio-based output share in the case of ‘remediation activities and other waste management
services’ (E39) and for the sub-activities C1811, C1812, C1813, C1814, C2365, C3212
and C3213 (Sect. 2.3 and Table 1). This resulted in a particularly wide range of bio-based
output share values at the NACE division level for the printing industry (C18) and reme-
diation activities (E39) (Fig. 6). The accumulation of uncertainties at the NACE division
and the country level led to an uncertainty interval in the calculation of EU non-service-
related bioeconomy value added of €49 billion between total lower and upper thresholds
of €657 and €706 billion, respectively. Similarly, the bioeconomy employment uncertainty
interval is 1.2 million workers, between the total lower and upper thresholds of 18.7 to 19.9
million. Finally, the uncertainty interval for apparent labour productivity is €300 euros of
value added per worker, with an absolute range of between €35,200 to €35,500 euros per
worker.

The labour productivity developments observed in this study to 2017 could be inter-
preted as partial short-/medium-term effects of the EU bioeconomy strategy launched in
2012; however, our study does not conclude on causality effects. The time span of the study
is restricted by the availability of biobased output share estimates for products manufac-
tured by industries C13—C17, C20-C22 and C31. These share estimates are currently being
updated by Porc et al. (2020), thereby offering, in tandem with readily available Eurostat
annual observations, an opportunity to extend the time series beyond 2017.
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Another limitation of the analysis of the motors of productivity growth within the non-
service bioeconomy sectors relates to data scarcity on the factors of productivity other than
employment and value added. A time series of data on investments (capital factors), labour
skill types or levels of education (human capital) and technical change would have allowed
a more detailed analysis and estimation of total factor productivity (McMillan et al., 2017;
Timmer & Szirmai, 2000).

5 Conclusion

Currently, there is a general paucity of data available from respected secondary data
sources for supporting the monitoring and evaluation of the performance of the EU bio-
economy (Robert et al., 2020a). This paper represents an attempt to bridge that gap by
employing varied sources, assumptions and data analysis techniques to examine the pat-
terns of productivity growth and transition in the bioeconomy of the EU and its 27 Member
States. This research also responds to the need to inform the policy debate on the design
and targeting of green growth sustainable investment strategies akin to the EU’s ‘green list’
or Taxonomy under the auspices of the Green Deal (European Union 2020).

We find that the non-service bioeconomy has maintained its position within the total
EU27 economy and labour force over the period 2008-2017, by creating net value added
but no net jobs. With the exception of Greece that was acutely affected by the 2008-2009
crisis, bioeconomy labour productivity growth has ensued in all Member States. Agricul-
ture and the food industry are preponderant in the sectoral structure of the non-service
European bioeconomy and have played a significant labour productivity-enhancing role
at the EU level. On the one hand, employment significantly contracted in agriculture, the
largest employer and the least labour productive sector of the EU non-service bioeconomy.
On the other hand, the most significant increase in employment share happened in the food
industry, characterised by above-average productivity.

At the national level, Belgium, Denmark, Finland and Ireland exhibit a bioeconomy
transition by modernising their bioeconomy activities and mobilising structural changes.
Other Northern and Western EU Member States are still in the early stages of a transition.
The modernisation of certain bio-based industries has brought consequent labour produc-
tivity gains, although signs of employment reallocation towards emerging bio-based indus-
tries remain weak. Finally, a large potential for sectoral labour productivity improvements
is identified in Eastern and Central Europe, where the design and implementation of bioec-
onomy strategies could kickstart a bioeconomy transition.

As the policy focus in Europe (and elsewhere) continues to reconcile market and non-
market policy objectives of sustainable growth, the bioeconomy will continue to play a
pivotal role. Looking forward, it is perhaps premature to make reasoned judgements on the
degree of resilience of the bioeconomy to the current COVID pandemic and the concomi-
tant impact on the stability of the supply chains. Indeed, an interesting hypothesis to test
in future research of this type would be the presence of bioeconomy productivity improve-
ments through proposed improvements in research and development and digitalisation
driven by the EU’s €1.8 trillion recovery plan.

Finally, the economic analysis proposed in this study can only be considered as a very
partial contribution to any effort of bioeconomy monitoring or to the assessment of bioec-
onomy transitions. As the updated bioeconomy strategy of the European Union recalls, the
bioeconomy is not sustainable per se, and the jobs and growth objectives of the strategy
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have to be obtained together with a fair redistribution of the benefits of bioeconomy devel-
opments and within the ecological boundaries of our planet. Our study also highlights
important data gaps for computing additional socio-economic indicators, which for cer-
tain dimensions of bioeconomy development remain challenging (environmental, biophysi-
cal, innovation, skills, etc.). Beyond the data basis, transdisciplinary approaches require
urgent attention to generate a balanced assessment of bioeconomy transitions. The progres-
sive implementation of a Bioeconomy Monitoring System by the European Commission as
well as funding attributed to research and innovation in the field of bioeconomy within the
Horizon Europe framework programmes will support such avenues.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s10668-021-01780-8.
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