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goods and biofuels. Implementation of the EU 
bioeconomy emerges as a quasi-trade mark of the 
European answer to environmental problems. Its 
development from the idea towards defined 
technological and economical routing took over 
three decades. It has evolved through carefully 
planned marketing and research funding activities 
towards achieving bioeconomic stability [4, 5].  

A visionary cycle was seen to emerge in the EU in 
1993 towards development of the bioeconomy 
policy framework, with the EU White Paper entitled 
“Growth competitiveness employment: the 
challenges and way forward into the 21st century”, 
which advocated the necessity for biotechnology in 
innovation and growth [5]. Later, the Lisbon Agenda 
from 2000 emphasised the need for EU leadership in 
the global ‘knowledge-based economy’, that would 
decrease its dependence on fossil oil [4, 10]. The 
2002 EU bioeconomy strategy followed, promoting 
life science and biotechnology as the likely most 
promising of the frontier technologies, with a 
capacity to contribute to the achievement of the 
Lisbon Agenda objectives. In 2005 the ‘knowledge-
based bioeconomy’ (KBBE) was finally established. 
It took until February 2012 for the European 
Commission to publish an action plan of 
bioeconomic development, entitled, “Innovating for 
Sustainable Growth: a bioeconomy for Europe” in 
which bioeconomy was portrayed as an 
environmentally acceptable solution to a variety of 
European and global problems, following the same 
trend at that time in the United States [12, 20, 25]. 

In the case of the forestry sector, environmental 
regulation has played a large role helping with the 
transition in the EU towards sustainable societies 
and green growth (see, for example, Forest Sector 
Technology Platform, 2015) [26]. The increased use 
of forest biomass for production of biofuels is 
expected to boost European Economy and is 
explicitly supported by forestry policies at EU level 
and especially in the Nordic and Baltic countries 
[11, 14, 21], considering that these regions are 
extremely rich in forests. 

 

BIOFUELS FOR SUSTAINABLE REDUCTION 
OF GREENHOUSE GASES – current status 

Factors that help promote biofuels and place them 
into the global fuel market are: expected increase in 
population and thus fuel demand, decrease in fossil 
fuel reserves, and already observable climate change 
accrued to the model of global warming [1, 24].  

By 2030 the global population is expected to 
increase by 1.3 billion inhabitants on top of the 7.6 
billion currently, with growth predominantly in 
developing countries, which will have a rising 
middle class without any proper mindset of 

sustainable consumption of goods and transport, 
which will create additional stress from pollution, 
inefficient land use and food production [19, 20, 23]. 
The global production and use of biofuels have 
increased dramatically in recent years, with about 85 
% of their production going to bioethanol 
manufacture, considered the most ecologically 
friendly liquid biofuel, that can be produced from a 
variety of cheap raw materials that are sugars 
chemically. Theoretically, ethanol represents a 
closed carbon dioxide cycle because released carbon 
dioxide (CO2) from ethanol burning is recycled back 
into plant material during photosynthesis 
subsequently to become biomass [26]. Sugars, such 
as cane and molasses, can be used directly for 
ethanol production via fermentation, while starches, 
from corn, potatoes and root crops, must be 
hydrolysed via enzymes to fermentable sugars, and 
only then ethanol can be produced [3, 8]. Cellulose, 
from wood, agricultural residues, waste sulphite 
liquor from pulp and paper mills, must likewise be 
converted into sugars, generally by the action of 
acids or cellulolytic enzymes [11]. Lignocellulose 
biomass has long been advocated as a feedstock for 
cost-effective bioethanol production in an 
environment-friendly and sustainable manner, and 
agricultural wastes/residues are advocated as 
abundant and renewable resources for second-
generation bioethanol production [9, 11]. Therefore, 
to make full use of these resources for sustainable 
and economically feasible bioethanol production, the 
following difficulties still need to be overcome: (i) 
collection, supply and handling of bio-waste; (ii) 
economically feasible pre-treatment of waste; (iii) 
production of different economically feasible 
enzymes and yeast strains that will enable more 
efficient fermentation of cellulose in working 
conditions [15].  

Unlike traditional ethanol production, however, 
biofuels derived predominantly from forest 
harvesting potentially lack the equilibrium in respect 
to CO2 production and reabsorption. Many scientists 
claim that balance is only true if the calculated plant 
base taking up CO2 is not cut in the first place to 
create the ethanol, Fig. 1, [23, 24].  

Policies that will make biofuels more competitive 
identify the need for taxation of fossil fuels and fixed 
prices for biofuel-derived energy that may limit 
economic growth in the long run as forest biomass is 
only a slowly renewable source, considering the 
expected fast consumption of its sources [25].  
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unsustainable planting methods that utilise 
exclusively genetically modified (GM) crops [6].  

When considering a defined ‘sustainable’ approach, 
only the ‘low’ biomass supply scenario can be 
regarded as keeping biodiversity at a similar level as 
today [16, 22]. Even though it is difficult to predict 
trends in population growth and consumption habits 
of a world in 2050, it is certain that it is impossible 
to replace fossil fuels totally in a sustainable way, 
and more likely other sources of renewable energy 
must be developed [20].   

 

CELLULOSIC MATERIALS IN THE FUTURE 

In the light of the questionable role for biofuels 
discussed above, it is worth exploring the 
opportunities for cellulosic nanomaterials, made 
from renewable sources, as are likely to emerge in a 
range of applications that contribute to material 
sustainability. Advantages of low weight result in 
low carbon emissions in products and transport 
relative to other materials, whilst at the same time 
they bring high material strength and stiffness 
exceeding that of many metals. It has been 
demonstrated that application of cellulosic 
nanomaterials drastically increases concrete fracture 
toughness at addition levels as small as 0.5 wt%, 
decreasing the need for non-renewable materials use 
[7, 17, 18]. 

Speciality markets for cellulose nanomaterials 
already include flexible printed electronics and light 
emitting diode (LED) video screens, medical 
applications such as slow release drug delivery, 
incorporation in microfluid analytical devices, 
aerogel preparations for bone and tissue scaffolding, 
and 3D printing. 

 

CONCLUSIONS 

The main driving forces to increase the use of forest 
biomass for energy and production of bio-based 
materials are the international concern about climate 
change and, importantly, the political global 
imbalance of energy-rich nations as a major cause 
for potential destabilisation. European countries are 
becoming increasingly dependent on imported fossil 
energy. At the same time as demand is increasing, 
Europe needs to reduce energy costs to be able to 
reach economic competitiveness in the global 
market and to provide related social benefits, such as 
employment, education and health services. In 
Europe, where many national industries are highly 
dependent on fossil fuels, forest biomass is 
considered the solution for improving social 
security, providing steady material supply and thus 
economic growth, which will enable the EU to be 
competitive with the use of forest biomass providing 

a sustainable and unlimited resource of materials 
that does not contribute to increased emissions of 
greenhouse gases. 

From the discussion in this overview, clearly the 
transition towards a bioeconomy is a complex 
process, that should be the result of concerted and 
simultaneous development of economic, 
technological and ecological awareness together 
with evolution of cultural values on the global scale, 
so that the EU can be a part of it, whilst maintaining 
a unique aspect to its competitiveness. This must be 
considered in the light of sustainability development 
in countries that the EU imports from or invests into, 
which directly influences the sustainability 
development of the EU itself.  

The conclusion proposed here, is that a strategy 
toward a balanced bioeconomy needs to take 
account of the precepts of biocenology, which 
inform of the pitfall of ignoring the lack of coupling 
between human values and the environment 
occupied by the humanity. This balance can only be 
achieved by following the precepts of a circular 
economy, and not by a naïve short-term adoption of 
the assumption that biomass per se alone is 
sustainable.  

References  

[1] Von der Gracht, H.A., Darkow, I-L. "The 
future role of logistics for global wealth–
scenarios and discontinuities until 2025." 
Foresight 15, no. 5 (2013): 405-419. 

[2] Barceló, E., Dimic-Misic, K., Gane, P. (2018) 
“Impact of forest harvesting of wood biomass 
on sustainability and regulatory in European 
bioeconomy development:  learning from the 
Finnish model.” Proceedings of the 7th 
International Symposium on Industrial 
Engineering, SIE 2018, 27th-28th September 
2018, Belgrade. 

[3] Brodin, M., Vallejos, M., Opedal, M.T., Area, 
M.C., Chinga-Carrasco, G. "Lignocellulosics 
as sustainable resources for production of 
bioplastics–A review." Journal of Cleaner 
Production 162 (2017): 646-664. 

[4] Bell, J., Lino, P., Dodd, T., Nemeth, S., Nanou, 
C., Mega, V., Campos, P. "EU ambition to 
build the world’s leading bioeconomy - 
uncertain times demand innovative and 
sustainable solutions." New Biotechnology 40 
(2018): 25–30. 

[5] Commission of the European Communities, 
1993. “Growth, competitiveness, employment: 
the challenges and ways forward into the 21st 
century.” Bulletin of the European 
Communities. 

[6] Devos, Y., Demont, M., Sanvido, O., 2008. 
“Coexistence in the EU - return of the 
moratorium on GM crops?” Nature 
Biotechnology, 26(11): 1223-1225. 



[7] Dimic-Misic, K., Ridgway, C., Maloney, T., 
Paltakari, J., Gane, P., 2014. Influence on pore 
structure of micro/nanofibrillar cellulose in 
pigmented coating formulations. Transport in 
Porous Media, 103(2) 155-179. 

[8] De Schutter, O., 2011. “The green rush: the 
global race for farmland and the rights of land 
users.” Harv. Int'l LJ, 52, p.503. 

[9] Dondur, N., Jovović, A., Spasojević-Brkić, V., 
Radić, D., Obradović, M., Todorović, D., 
Josipović, S., Stanojević, M. (2015). “Use of 
solid recovered fuel (SRF) in cement industry: 
economic and environmental 
implications.” Journal of Applied Engineering 
Science, 13(4), 307-315. 

[10] European Commission. Directorate-General for 
Research and Innovation. “Innovating for 
sustainable growth: a bioeconomy for Europe.” 
Publications Office of the European Union, 
2012. 

[11] Fritsche, U.R., Sims, R.E.H., Monti, A. “Direct 
and indirect land‐use competition issues for 
energy crops and their sustainable production–
an overview.” Biofuels, Bioproducts and 
Biorefining 4, no. 6 (2010): 692-704. 

[12] Fernando, R. "Sustainable globalization and 
implications for strategic corporate and 
national sustainability." Corporate 
Governance: The international journal of 
business in society 12 (4) (2012): 579-589. 

[13] Geissdoerfer, M., Savaget, P., Bocken, N.M.P., 
Hultink, E.J. "The Circular Economy – a new 
sustainability paradigm?" Journal of Cleaner 
Production 143 (2017): 757-768. 

[14] Hetemäki, L., Hanewinkel, M., Muys, B., 
Ollikainen, M., Palahí, M., Trasobares, A., 
Aho, E., Ruiz, C.N., Persson, G., Potoćnik, J. 
“Leading the way to a European circular 
bioeconomy strategy.” European Forest 
Institute, 2017.  

[15] Hansen, E. (2016). “Responding to the 
bioeconomy: business model innovation in the 
forest sector.” In Environmental Impacts of 
Traditional and Innovative Forest-based 
Bioproducts (pp. 227-248). Springer, 
Singapore. 

[16] Haas, W., Krausmann, F., Wiedenhofer, D., 
Heinz, M., 2015. “How circular is the global 
economy? An assessment of material flows, 

waste production, and recycling in the 
European Union and the world in 2005”. 
Journal of Industrial Ecology (2005) 19(5): 
765-777. 

[17] Isogai, A. (2013) “Wood nanocelluloses: 
fundamentals and applications as new bio-
based nanomaterials.” Journal of wood science, 
59(6): 449-459. 

[18] Jutila, E., Koivunen, R., Kiiskhi, I., Bollström, 
R., Sikanen, T., Gane, P. (2018) “Microfluidic 
Lateral Flow Cytochrome P450 Assay on a 
Novel Printed Functionalized Calcium 
Carbonate-Based Platform for Rapid Screening 
of Human Xenobiotic Metabolism.” Adv. 
Funct. Mater. 2018, 1802793-1802804: DOI: 
10.1002/adfm.201802793 

[19] Keiner, M., 2005. “History, definition (s) and 
models of sustainable development.” ETH 
Zurich. 

[20] Kharas, H., Gertz, G. "The new global middle 
class: a cross-over from West to East." 
Wolfensohn Center for Development at 
Brookings (2010) 1-14. 

[21] Näyhä, A., Pesonen, H. L. (2012). “Diffusion 
of forest biorefineries in Scandinavia and North 
America.” Technological Forecasting and 
Social Change, 79(6): 1111-1120.  

[22] Pelenc, J, Ballet, J., Dedeurwaerdere, T. "Weak 
sustainability versus strong sustainability." 
Brief for GSDR United Nations (2015). 

[23] Sheldon, R.A., 2007. The E factor: fifteen 
years on. Green Chemistry, 9(12): 1273-1283. 

[24] Saini, J.K., Saini, R., Tewari, L., 2015. 
“Lignocellulosic agriculture wastes as biomass 
feedstocks for second-generation bioethanol 
production: concepts and recent 
developments.” 3 Biotech, 5(4): 337-353. 

[25] Socaciu, C., 2014. “Bioeconomy and green 
economy: European strategies, action plans and 
impact on life quality.” Bulletin UASVM Food 
Science and Technology, 71(1): 1-10. 

[26] Söderberg, C., Eckerberg, K. "Rising policy 
conflicts in Europe over bioenergy and 
forestry." Forest Policy and Economics 33 
(2013): 112-119. 

 

 

 


