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Introduction 

Assumptions surrounding the sustainability of the bioeconomy are beginning to be questioned and 
probed of late. According to Pfau et al. (2014, p1222), “the bioeconomy cannot be considered as self-
evidently sustainable”. However, debate on this subject is still in its early years. While 75% of 87 
bioeconomy articles reviewed by Pfau et al. (2014) err on the side of positivity concerning the 
relationship between the bioeconomy and sustainability, a number of potential problems and risk 
areas were also highlighted. These include concerns regarding competition for land and resources, 
negative impacts on soil, water and biodiversity systems associated with the increased exploitation of 
renewable resources and risks posed by invasive species and unknown long term effects. 
Nonetheless, the tendency for research to highlight potential for the bioeconomy to contribute 
positively towards a more sustainable future (including in terms of reducing reliance on fossil fuels 
and promoting rural development) is promoted by the majority. More often than not, this includes a 
form of conditional sustainability, whereby sustainable outcomes are thought to be possible if certain 
conditions or contexts are met (for example, with regard to sustainable biomass production, efficient 
use of by-products, improved agricultural practices, the establishment of sustainability standards and 
ensuring public participation). This links with ideas of conditional feasibility proposed by Amanor-
Boadu (2009) in assessing the feasibility of business propositions from a techno-economic 
perspective wherby certain concepts are deemed “feasible with changes to certain domain factors”. 
While precautionary, this is perhaps the safest and most logical way of viewing and assessing 
sustainable contributions of the bioeconomy, with a need for accurate measurement and review of 
sustainability contributions key to long term success.  
 
However, research assessing the impact of the bioeconomy has been limited to date, with a tendency 
for papers to instead focus on the technical feasibility of bioeconomy options rather than their effect 
and outcome (Pfau et al., 2014). While it is important to consider technical feasibility (if the value 
chain is not technically possible, it is futile considering how sustainable its development would be), 
there is a need to move beyond techno-economic considerations to also consider wider socio-
environmental impact. Indeed, sustainability is often defined as a central element to, goal of and 
reason to engage with the bioeconomy (Pfau et al., 2014) yet it is often not addressed 
comprehensively in national strategies (Staffas et al., 2013). Thus, it is important to assess and 
consider the impact of proposed value chains on dimensions of economic, environmental and social 
sustainability. Adapting techno-economic feasibility measures proposed by Amanor-Boadu (2009) and 
combining this with socio-environmental sustainability considerations adapted from Lewandoski 
(2015), the ten most promising value chains to emerge in the BioÉire Delphi study are assessed 
below. This assessment included considerations across the value chain stages as laid out in Figure 1 
below. 
 
This report details the results of a preliminary feasibility assessment conducted with regard to ten 
promising value chains for the Irish bioeconomy. These value chains were identified and prioritised 
through an iterative Delphi study conducted with over 75 bioeconomy experts over the summer of 
2016. This Delphi study aimed to prioritise value chains that held promise for development in the 
short-medium term bioeconomy in Ireland (i.e. development within the next 7 years). Appendix 1 lists 
all eighteen value chains that were assessed in the BioÉire Delphi. Figure 1 highlights the feasibility 
analysis framework that was applied to the top ten value chains, drawing on both quantitative and 
qualitative evidence bases to preliminary assess different stages of each value chain from input 
sourcing to the final consumer drawing on technical, economic, environmental and social 
considerations. The information presented is not intended to be systematic in nature nor completely 
exhaustive of all feasibility aspects requiring consideration with regard to bioeconomy value chain 
development. Rather, it is dependent on a select number of key informants, value chains and a 
literature review phase with a purpose of preliminary identifying issues for further consideration and 
investigation. 
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 Input Sourcing and Procurement Operations & Production 
(Transformation Stage) 

Sales and Marketing Consumer 

Technical 
Feasibility 

 Availability of required inputs at 
appropriate quality and quantity  

 Physical movement of goods 

 Human resources  

 Infrastructure  

 Geography of biomass producers  

 Critical mass/scale  

 Traceability 

 Use of production technology  
 

 Availability of transformation 
technology 
o Market ready and optimised 
o Existing physical infrastructure 

 People and skills required 

 Geography of processing facilities 

 Legality 

 Transparency and traceability  

 Use of technology 
 

 Size and scope economies  

 Industry/Market structure  

 Industry conduct e.g. pricing 
behaviour, promotional initiatives 

 Geography of Market 

 Channels of distribution  

 Traceability 

 Intensity of R&D 

 Impact of policies and regulations  
 

 What consumer needs not being 
satisfied by the current marketplace 

 Insights into nature and structure of 
potential market  

 Consumer concerns e.g. product 
acceptance or rejection issues 
 

Economic 
Feasibility 

 Prevailing market prices of inputs 

 Volatility in input prices 

 Costs associated with 
procurement  e.g. gate fees on 
waste 

 

 Equipment/technology costs 

 Operational inputs  

 Economic assessment of 
alternative technological solutions 

 Possibility of allying with other 
companies and/or countries 

 Required business models 

 Opportunities for SMEs 
 

 Industry performance 

 Information on prices, product 
quality, technical progress and 
industry capacity utilisation 

 Availability of certification and 
standards  

 Opportunities for SMEs 
 

 Review consumer publications and 
industry publications e.g. 
willingness to pay, consumer 
selection criteria 

 Price of products 

 Product pice movements 
 
 

Environmental 
Feasibility  

 Protection of biodiversity  

 Soil quality  

 Water resources/quality 

 Air pollution 

 Land use 

 Climate change and GHG 
mitigation 

 Responsible biomass production  
 

 Environmental responsibility e.g. 
minimisation of waste, reduction of 
GHG, efficient use of energy 

 Protection of biodiversity  

 Water resources/quality  

 Air pollution 

 Climate change and GHG 
mitigation 

 Use of by-products 
 

 Environmental responsibility e.g. 
minimisation of waste, reduction of 
GHG, efficient use of energy 

 Climate change and GHG 
mitigation 

 Food security 

 Use of by-products 
 

 Food security 

 Use of by-products 

 Sustainable consumption impact 
 

Social 
Sustainability 

 Respect of human & labour rights 

 Small holders/marginal producers 
rights and distribution of benefits 

 Responsible community relations 

 Socio-economic development 

 Well-being of producers 
 

 Respect of human & labour rights 

 Responsible community relations 

 Socio-economic development 

 Well-being (including health and 
safety) of employees 

 Respect of human & labour rights 

 Responsible community relations 

 Socio-economic development 

 Well-being (including health and 
safety) of employees 

 Well-being (including health and 
safety)  of consumers e.g. public 
health and nutrition 

Figure 1 Techo-economic and socio-environmental feasibility criteria applied to BioÉire value chains; adapted from Amanor-Boadu (2009) and Lewandoski (2015) 
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Results 

Value Chain 2 

Use of second generation sugar-yielding feedstock (e.g. straw or grass) for biochemical production using existing and/or novel technology e.g. lactic acid 

production as a building block for polylactic acid with applications across medical and material industries  

 

 Input Sourcing and Procurement Operations & Production 
(Transformation Stage) 

Sales and Marketing Consumer 

Technical 
Feasibility 

 Lignocellulosic (LC) feedstocks 
(e.g. forestry thinnings, straw, 
miscanthus, hemp, etc) are 
readily available 

 Fragmentation of supply 
increases cost of supply 

 LC biomass can be stored, 
however is voluminous, bulky and 
costly to transport particularly 
when transporting moisture and 
mass that ultimately is not 
converted to end product 

 Challenges of scale  

 Under current grassland 
management practices an 
estimated average annual 
grassland resource of ca. 1.7 
million tonnes of dry matter (DM) 
exists in excess of livestock 
requirements. If Food Harvest 

 LC biomass processing 
technology is complex, comprising 
of front end fractionation, primary 
conversion, secondary conversion 
and product recovery and 
polishing steps 

 Complete technology suites not 
market ready: starting to see some 
2

nd
 generation LC bioethanol 

plants, but technology is still very 
early stages (focus on ethanol 
reduces complexity of product 
production requiring standard 
fermentation based technology, 
but end product is low value) 

 Technology requirements are very 
specific to the output product 
required and can be complex 
given character of process media 

 Biomass pretreatment and 

 Once gradable C6 sugars  are 
produced , marketing not an issue 

 Uncertainty regarding Irish ability to 
compete internationally  

 Product specifications and market 
outlets need to be developed for 
bio based alternatives to 
conventional product alternatives 
prior to focus on optimising 
sustainability of biobased 
production processes 

 Examples of bio based products 
include carboxylic acids as base for 
PLA plastics, coatings and 
biosolvents (20 + variations such 
as lactic acid, succinic acid, 
levullinic acid, butyric acid, acrylic 
acid etc); alcohols as base for 
industrial solvents or reagents 
(ethanol, methanol, butanol, etc); 

 Probable positive consumer 
perception of chemicals sourced 
from renewable, biological 
resources  

 Lack of consumer confidence 
unlikely to be an issue as traded 
as fine chemicals to wholesalers, 
processors hence not directly to 
consumers.  

 Use of biomass likely to be 
perceived as positive aspect.   

 Possible uncertainties however 
regarding perceptions of chemical 
efficiency (e.g. in cleaning 
facilities) 

 Inferior performance of PLA 
products compared to 
conventional plastics may pose a 
barrier to industry growth (Grand 
View Research, 2015)  
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2020, targets achieved, only  0.39 
million tonnes of this would be 
available (Eniry et al., 2013) 
though Grass 10T programme 
implemented by Teagasc may 
help overcome this 

 Increasing nitrogen (N) fertiliser 
input (to EU limits) and the grazed 
grass utilisation rate of cattle 
(from 0.60 to 0.80 kg DM ingested 
by livestock per kg DM grown) 
has the potential to increase the 
average resource to 12.2 million t 
DM/annum, even when allowing 
for achievement of ‘Food Harvest 
2020’ targets – thus avoiding 
competition with food production 
and diversifying income for 
farmers – but with environmental 
impacts? (McEniry et al., 2013) 

 Harvesting infrastructure is 
available 

 
 

 
 

 

fractionation technologies are not 
optimised  yet 

 Biochemical molecules are very 
specific and can be difficult and 
costly to recover from variable 
process media when processing 
2

nd
 generation feedstocks: sugars 

often not easily accessible due to 
the complex nature of LC matrix 

 Processing Technologies and end-
to-end processing procedures 
need to be developed  

 Need to develop product set 
around first generation feedstocks 
while developing second 
generation technologies 

 Lack of implementation of existing 
and available technologies 

 2
nd

 generation feedstocks perhaps 
better suited for production of 
biofuels or fibre products where 
chemical specificity of products is 
variable and more suited to 
variable composition of 2

nd
 

generation biomass 

 1
st
 generation feedstocks better 

suited to production of biochemical 
and biomaterials (plastics)  

 Brewing and Pharma industry 
skills provide a good training base 
though specific biorefining skills re 
fractionation and recovery will 
have to be developed  

 
 
 

polymers for plastics or coatings 
(PHA’s, PHB’s, MMA) 

 Sale of chemicals based on 
industrial biotechnology c.€48billion 
in 2007 (3.5% of total chemical 
sales) and increased in 2010 to 
c.€100billion (6%): expected to 
reach €515 billion by 2020 (Scarlat 
et al., 2015) 

 Share of biochemicals: 3.5% in 
biobased products, 9% specialty 
chemicals,12% for consumer 
chemicals and 34% for active 
pharma ingredients 

 Share of biochemicals could reach 
20% -22% of total chemicals, 
depending on technology 
development, feedstock prices and 
policy framework (EC, 2013) 

 In the EU, it is estimated that up to 
30% of oil-based chemicals and 
materials will be replaced with 
biobased by 2030 (BBI, 2014) 

 Pollution control measures and 
preference for environmentally 
friendly products driving demand  

 Global market for lactic acid 
estimated to grow: for the 
production of PLA plastics, mainly 
used in packaging  

 Packaging accounts for 60% of the 
overall PLA market, and is 
expected to remain the dominant 
application segment, with textiles 
the fastest growing segment with 
18% CAGR to 2020 (Grand View 
Research, 2015) 

 Favourable regulations for 
environmentally friendly products 
expected to give market impetus 

 North America expected to remain 

 Changing consumer preferences 
and increasing demand for 
personal care is expected to 
enhance lactic acid market 
penetration in skin care 
applications: used for anti-acne, 
skin lightening and anti-aging 
products (Grand View Research, 
2015) 
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the largest market for lactic acid but 
demand in Asia Pacific to grow  

 Substantial R&D requirements: lab 
facilities are available within current 
R&D frameworks but pilot scale 
facilities are not and are a barrier to 
process / product development 

 An integrated, focused research 
programme is required progressing 
from lab scale to pilot scale 

 A progressive programme to 
incentivise industrial migration to 
bio based materials would underpin 
market development (has to be tied 
in to availability of bio based 
products) 

 

Economic 
Feasibility 

 Within reason higher value 
chemicals are less sensitive to the 
price of the biomass feedstock – 
more sensitive to the cost of 
conversion which is more 
complicated with 2

nd
 generation 

feedstock 

 Mass conversion of 2
nd

 generation 
feedstocks can be low because 
feedstock is comprised of many 
elements not necessary for end 
product: these elements can be 
inhibitory to process or at least 
represent a cost in respect of 
removal 

 Chemical production, however, 
requires less mass than fuel 
production, so moderate scale 
(relative) facilities may be 
economically viable 
 

 LC biomass is compositionally 
complex and requires multiple 
processing steps to isolate the 
useful biomass fractions (e.g. 
cellulose): presence of undesirable 
fractions can inhibit validity and 
increase cost of processing 
protocols 

 Isolation and recovery of target 
fractions is energetically and 
procedurally costly 

 Enzymatic conversion of cellulose 
and hemi cellulose to monomeric 
(fermentable) sugars are orders of 
magnitude more complex than 
starch or sucrose conversions – 
much more costly 

 Low cost methods need to be 
developed 

 Significant investment costs for 
start-up likely 

 Fragmentation of feedstock supply 
together with biomass bulk and 
cost of transport impacts viability 

 Potential for low volume but high 
value products 

 Potential for import substitutions in 
the Irish economy e.g. Ireland 
imports 3-4 Bn of organic raw 
materials into its pharma industry 
each year. This may provide a 
market outlet for development of 
indigenously produced bio raw 
materials 

 Companies targetting product 
innovation and strategic alliances 
to gain market share 

 The chemical industry in the 
Netherlands and Germany are 
systematically moving to biobased 
alternatives away from fossil fuels: 
Ireland could supply the biobased 
intermediate processing materials 
to this industry 

 Lactic acid market projected to 
reach $3.82bn by 2020, growing at 
a CAGR of 18.6%: in 2015, the 
market was dominated by North 

 Increasing consumer demand for 
bioplastics (possible VC2 output) – 
role for policy instruments to drive 
demand 

 Potential for niche domestic 
market first 

 Prices and market growth tied to 
oil and natural gas prices -  growth 
is to be expected, especially in a 
high priced oil and natural gas 
environment 

 Increasing crude oil prices are 
expected to drive PLA demand, 
since the majority of plastics are 
manufactured using petroleum-
based resources 
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 Significant capital investment and 
long payback period regarding 
biorefining plants 

 An integrated biorefining approach 
facilitates use of biomass residue 
fractions to provide required 
process energy: would optimise 
economic viability and off-set costs 

 Potential to concentrate on use of 
1

st
 generation feedstocks for 

biochemical production, develop 
the market outlets and the product 
specifications, and then migrate to 
2

nd
 generation feedstocks once 

demand and product specs 
developed 
 

 
 

America, followed by Europe. The 
Asia-Pacific market is projected to 
grow (Market and Markets, 2016) 

 Polylactic acid market is projected 
to reach $5.16 Billion by 2020, 
growing at a CAGR of 20.9%: in 
2015, the market was dominated 
by Europe, followed by America 

 PLA industry is consolidated with a 
few large industry participants 

 Largest global commercial 
producer of PLA is USA-based 
NatureWorks, while the largest 
global lactic acid producer is 
Corbion Purac 

 The global succinic acid market is 
fragmented owing to the presence 
of a large number of buyers and 
suppliers worldwide: increasing 
rivalry to obtain patents has 
intensified competition 

 Public procurement programme for 
bio based materials and cleaning 
agents would be helpful 

 Public financing will be required to 
underpin commercial risks of early 
stage development products 

 

Environmental 
Feasibility  

 Preferential to first generation 
sugar-yielding feedstock to avoid 
direct competition with food 
though  volumes of feedstock 
required for chemicals are orders 
of magnitude less than that 
required for fuel – much less 
concern over environmental 
impact or impact of food vs fuel 
debate 

 Potential controversy nonetheless 
in utilising land (and resources) 
that could be used for food 

 Reducing reliance on fossil fuels 
for chemical production; 
associated positives in terms of 
GHG emissions reduction and 
climate change  

 Environmental efficiency of 
conversion process requires 
examination and clarification 
including water and energy use 

 Possible challenges in ensuring 
an environmentally friendly 
processing  cycle with non-toxic 
residues 

 Positives associated with more 
environmentally-friendly chemical 
origins (less fossil fuel inputs), 
reducing GHG emissions 

 Environmental positives associated 
with potential for import substitution 
of both fossil fuel derived chemicals 
and other biochemicals 
 
 

 

 Reducing consumer reliance on 
fossil fuels for chemical 
applications; associated 
positives in GHG emissions 
reduction and climate change  

 Possible indirect conflict with 
food security agenda (re land 
use) though not directly 
competing with food production 
as first generation crops would 

 Potential for more 
environmentally friendly, 
renewable products for 



 
 

8 
 

 

Summary: 

 Technical and economic feasibility questionable at transformation technology stage: will depend on specific product set desired 

 Lignocellulosic biomass from 2
nd

 generation feedstock is variable and compositionally complex: may need to focus on developing product 

specifications and markets around 1
st
 generation feedstock before then migrating to 2

nd
 generation when demand established 

 Infeasible within the defined domain but potential to become feasible in longer term with changes to certain domain factors (predominantly technology 

and market related) 

 Growing market segments, opportunities and demand 

 Medium to long term opportunity  

 

production (i.e. grass and straw for 
chemical and material applications 
as opposed to animal feed) 

 Grass as a naturally abundant 
resource in Ireland in keeping with 
natural climate and soil conditions 

 Potential negative impact on 
biodiversity if develop mono-
culture grasslands for this VC 

 Need for responsible biomass 
production and use of 
agrochemicals on grasslands 
 

 Uncertainties regarding the 
sustainability of input cleaning 
processes if needed for certain 
bioplastic applications  
 

 

consumers e.g. in terms of 
packaging and chemicals for 
cleaning purposes 

Social 
Sustainability 

 Tendency for economic benefits to 
not accrue to primary producer: 
may be especially exaggerated 
when attempting to value grass 
and straw (previously undervalued 
or ‘free’ resources) for higher 
value uses 

 No guarantee of benefit flow down 

 Potential positive impact on rural 
development through 
diversification  

 Human and labour rights protected 
across processing sectors in 
Ireland through both national and 
international law 

 Health and safety of employees 
might be at risk in chemical 
production facilities – safety 
measures are paramount 
 

 

 Human and labour rights protected 
in Ireland through both national 
and international law 

 Added ethical appeal of 
environmentally sound chemicals  

 Potentially only advantageous to 
large MNCs as opposed to small 
SMEs 

 
 

 

 Improving  well-being of 
consumers through the use of 
more environmentally sound 
chemicals 

 Potential for fewer health impacts 
from chemical use compared to 
synthetic equivalents? 

 Potential knock-on impacts on 
food prices (e.g. meat and dairy) if 
diversify grass and straw to 
chemical uses (i.e. beyond feed) 
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Value Chain 3 

Use of dairy processing side streams as a feedstock for new food products using existing and/or novel technology e.g. opportunities for sports nutrition 

beyond whey 

 

 Input Sourcing and Procurement Operations & Production 
(Transformation Stage) 

Sales and Marketing Consumer 

Technical 
Feasibility 

 Well-established dairy sector 

 Dairy side streams are available 
in concentrated volumes at 
processing plants 

 Side streams vary in character 
depending on primary dairy 
process (e.g. acidic vs rennet) 

 Supply to be driven by seasonal 
nature of milk supply 

 Dairy processing streams will be 
produced at the milk processing 
centres: may reduce the 
requirement to transport inputs 

 Growth in milk supply (inputs): 
currently 6.1b litres with 
expected future production of 8 
b litres due to quota removals. 
This will increase volume of 
processing side streams, 
therefore lack of volume unlikely 
to be an issue 

 

 Well-established research and 
technical capabilities in-house 

 Limited pre-treatment process 
perceived to be required 

 Difficulty in developing novel 
products (i.e. already well-
developed opportunity area) 

 Currently 13 major firms in Ireland 
processing milk to liquid milk, 
cheese, butter, powders, milk 
proteins and other products 

 Currently technical facilities and 
staff processing raw milk: potential 
synergies to process side streams 

 Classification of side stream 
material has issues: Legal status 
needs to be defined to determine if 
additional processing can take 
place on site  

 Will require a higher level of 
biotechnology but this sector has 
well established skills base and 
supporting R&D through industrial 
and academic partnerships 

 Lengthy and rigorous safety 
testing of outputs for human 
consumption though new 
regulation from EFSA has 
improved clarity on nutrition 
supplements 

 Lack of structures and regulations 
re advertisement of health claims 

 Global sports nutrition market 
breakdown in 2015: Europe 26%, 
North America 41% and Asia 
Pacific 19% 

 Europe: Germany largest market, 
demand highest in France, UK 
VAT rates on sports nutrition 
hinder market growth 

 Sports food and drink is the 
largest segment, accounting for 
c.83% of the overall sports 
nutrition market share: protein-
based products dominate due to 
health benefits (e.g. enhanced 
muscle growth, improved stamina) 

 Predicted increase in sales of 

 Possible consumer rejection of 
final product as a result of waste 
origin of input stream- though 
whey has been accepted and 
could be used as a gateway 

 Need for consumer engagement 
and careful mediation of 
perception of ‘waste’  

 Increasing market demand for 
functional foods, sports  nutrition 
and specialised protein products 

 Demand driven by greater health-
consciousness, increasing 
urbanisation, new product 
development and growth in the 
number of retail outlets, gyms and 
health clubs (Euromonitor, 2016) 

 Appeal of protein: functional 
benefits e.g. high nutritional value, 
weight management, 
strengthening immune system) 

 Segmentation of market 
increasing: from elite athletes to 
casual users aware of the health 
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 Side streams comprised of mixed 
proteins, sugars (lactose) and fats: 
product sets and transformation 
technology very different for 
proteins vs sugars vs fats/lipids 

 Transformation technology will 
require substantial R&D: some 
programmes (e.g. Food for Health 
Ireland) established and lab R&D 
facilities available but in disparate 
locations (universities) 

 Technologies not yet near to 
market 

 Integration of R&D programmes 
(e.g. pharma with Food for Health 
Ireland or DPTC) will be of benefit 

 
 

energy and nutrition bars and 
ready-to-drink products  

 Sports nutrition market expected 
to increase at a CAGR of 7% to 
2020 (Euromonitor, 2016) as 
interest in physical activity and 
health and wellness rises 

 Market leaders in sports nutrition 
include Glanbia, PepsiCo, Abbott 
Nutrition, Nestlé S.A., GNC 
Holdings and The Coca Cola Co 

 Competition expected to intensify 
with an increase in product/service 
extensions and innovations 

 Sport nutrition brands also 
targeting parallel industries (e.g. 
vitamin and dietary supplements) 
due to similar demographics and 
crossover appeal 

 Increase in channels carrying 
sports nutrition products, including 
specialist and healthfood shops, 
but also chained grocery and 
sports retailers 

 

benefits of protein and the 
importance of active lifestyles 

 Shift in market towards natural 
formulations away from synthetic 
ingredients (Technavia, 2016) 

 Female sports nutrition market 
relatively underdeveloped 
(Euromonitor, 2015): expected to 
grow as functional fitness 
overtakes weight management  

 Potential lack of familiarity with 
sports nutrition could lead to 
consumer confusion as to what 
best suits their needs 

 Traditional sports nutrition 
powders and supplements often 
perceived as artificial 

 Sports nutrition brands must align 
with consumer trends for natural, 
healthy, fresh and organic 
products 

 Protein uses to become more 
differentiated targeting differently 
to sport, health or wellness 

 

Economic 
Feasibility 

 October 2016 liquid milk price of 
25.6c/litre (exc vat) showing slight 
increase from July values of 
about 1c/litre but overall low milk 
prices for Irish dairy farmers since 
the abolition of milk quotas (e.g. 
compared to 39.5c/litre paid in 
2013 (DAFM, 2015)) 

 Separating milk into higher value 
added products may enable a 
structured pricing to facilitate a 
premium return to producers if 
market supports increased price 

 Current disposal options are more 
limited e.g. land spreading 
restrictions 

 Technologies for Isolation and 
recovery of target products 
(especially protein fractions or 
sugar fermentation products) 
require very specialist technical 
skills & facilities- costly 

 Risk profile & R&D cost will  
require gov’t support 

 Maximising value from material 
stock – towards achieving growth 
within the circular economy 

 Price linked to liquid milk price and 
current lows will enable a lower 
cost base for production of higher 
value added products 

 Technologies for isolation and 

 Global sports nutrition market 
estimated to grow at a CAGR of 
more than 8% by 2020 
(Technavia, 2016) to €36 bn 

 High cost of health claims 

 Difficulty in developing unique, 
high value products with stable 
markets 

 Appeal of functional foods market 
(and beyond) to add value to 
traditional commodities 

 Diversification as key to resilience 

 Lack of private label products in 
sports nutrition set to ensure 
strong positive value growth 

 EU looked at regulating for food 

 Fears of market saturation 

 High value, demand driven 

 Vendors are actively promoting 
the unique features and benefits 
of their products, such as the use 
of natural ingredients, regulatory 
bodies' approvals, and association 
to a specific sport 

 Vendors now targeting sports-
persons and non-sportspersons to 
build a larger consumer base  

 Surge in promotional activities and 
marketing initiatives will positively 
influence growth of this market  

 Return to positive economic 
growth will benefit the category as 
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 Possible AD feedstock: but low 
value use of available products 

recovery of target products 
requires specialist technical skills 
and facilities (especially protein 
fractions or sugar fermentation 
products): costly 

 Pilot scale facilities re process 
engineering only part developed 
(e.g. UCD Nova)  

 Risk profile and R&D cost will  
require government support 

 Generally low conversion/ 
recovery volumes from side 
streams so need to concentrate on 
very high value products 
 

composition and labelling criteria 
but decided against it: some 
Member States remain concerned 
over the safety of sports nutrition 
product 

 Limited  SME opportunity as value 
chain is concentrated on 
technology development and 
product marketing  that requires 
scale  

 Ireland has dairy and bio-med 
companies with expertise, 
resources and global market 
access: collaborations may be 
desirable but not necessary 

 

consumers begin to relax 
restrained spending habits 
(Euromonitor, 2015) 

Environmental 
Feasibility  

 Concerns regarding environmental 
sustainability of dairy herds e.g. 
methane and GHG emissions (i.e. 
carbon footprint of dairy) (Stop 
Climate Chaos, 2016) 

 Possible water pollution and 
eutrophication issues from dairy 
herd run-off (in particular, due to  
phosphorous losses) 

 Uncertainty surrounding most 
appropriate and efficient use of 
land  for dairy production (a 
nutrient rich but GHG, climate and 
fertiliser intensive VC) 

 Need for responsible agro-
chemical use in grassland 
management (e.g. use of nitrogen 
fertiliser applications expected to 
increase (Teagasc, 2016)) 

 Energy costs and emissions 
associated with milking and 
cooling machines 

 Decline of biodiversity on dairy 
farms nationwide 

 Environmental positives 
associated with utilising 
processing side streams, 
minimising waste and preventing 
biological resources going to 
landfill or incineration 

 Potential to decouple economic 
growth from resource use in the 
circular bioeconomy 

 Further processing however must 
be environmentally sound in terms 
of energy and water consumption 
i.e. need to be aware of possible 
rebound effects and unintended 
consequences  

 
 

 Environmental positivity associated 
with minimisation of waste and use 
of by-products 

 Optimum nutrient recovery 

 New value added options could 
lower the carbon intensity of milk 
production 
 
 

 

 In keeping with ‘food first’ principle 
with potential to contribute to 
further food security 

 Increases sustainability of diet 
through the utilisation of waste 
streams  

 Environmental negatives 
associated with the continued 
consumption of dairy however 
from a sustainable consumption 
perspective 
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Summary: 

 Well established and supported sector enhances its technical feasibility though some concerns over technology readiness 

 Environmental, economic and social positives associated with the valorisation of processing side streams 

 Concerns remaining re distribution of economic and social benefits to producers – requires appropriate supports 

 New and developing market opportunities and expanding consumer segments 

 Short-medium term priority  

 

 

 

 

Social 
Sustainability 

 Dairy farmers vulnerable to low 
milk prices since abolition of milk 
quotas– volatile markets as a 
result of over-production and over-
supply on international markets 
(Stop Climate Chaos, 2016) 

 Tendency for economic benefits to 
not filter to the producer scale: no 
guarantee of flow down 

 Potential positive impacts on rural 
development if benefits accrue 
beyond processor and retailer 

 Continuously improving health and 
safety on-farm through increased 
education and outreach 
programmes in Ireland 

 Intensive farming can undermine 
animal welfare standards  
 

 Respect of human and labour 
rights in dairy processing facilities 
nationwide 

 Well-being of dairy processing 
employees ensured through both 
national and international law 

 Potential positive impact on 
responsible community relations 
as minimising waste streams 
released into local environment 

 

 Respect of human and labour 
rights and health and safety 
obligations across Irish dairy value 
chain 

 Perhaps  only suited to 
exploitation by large multinational 
companies rather than the 
development of SMEs or Irish rural 
economy more broadly (e.g. as a 
result of high cost of health claims 
and necessary R&D budgets) 

 

 Potential positive impact on 
consumer health and nutrition 
through the development of 
functional foods 

 Possible consumer acceptance 
issues 

 Negative health impacts 
associated with the over-
consumption of dairy products 
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Value Chain 5 

Use of horticultural by-products as a feedstock for biomaterials using existing and/or novel technology e.g. plant-derived extracts to create biocompostable 

packaging 

 

*proposed switch to biobased packaging rather than biocompostable 

 Input Sourcing and Procurement Operations & Production 
(Transformation Stage) 

Sales and Marketing Consumer 

Technical 
Feasibility 

 Fruit and vegetable rejects: sugars 
may be useful as fermentation 
media 

 Stem and stalk cuttings, fibres may 
be processed as fibre packaging 

 Soils (e.g. Spent Mushroom 
compost and coir, etc) likely only 
useful for energy recovery as fibre 
length likely to be unsuited to 
packaging 

 Challenges relating to the scale of 
the horticulture in Ireland 

 The cellulosic hydrolysate from 
horticultural waste facilitates the 
production of sustainable polymers 
to create environmental friendly bio-
based packaging 

 Straw and other residues have 
been used for agricultural produce 
packaging, and hence the straw 
component in horticultural waste 

 Re fibrous packaging – existing 
“pulping” transformation 
technology might be adapted -but 
very costly 

 Re bioplastic from sugars – 
complete biorefining routine would 
have to be adapted and developed 
to process variable and 
heterogeneous fruit / vegetable 
rejects 

 Will require a higher level of 
biotechnology: not currently 
available in Ireland 

 Only been demonstrated at 
laboratory, pilot scale: biorefining 
platforms not in place and 
technologies to convert raw 
feedstock into pure forms are not 
well developed beyond laboratory 
scale 

 Challenges of scale up 

 Substitution for existing products 
hence routes to market exist 

 Bulk of the application has been in 
compostable bags for organic 
waste, food packaging and 
compostable dishware 

 Majority of direct customers (e.g. 
retailers) seek cost-reducing or 
cost-neutral packaging solutions: 
shift to biodegradable packaging 
must be motivated by demand 
and/or regulations 

 Well-defined standards with 
consistent coverage of the 
biodegradability and compostability 
requirements would assist market  

 Demand for compostable 
packaging is growing, though the 
absolute quantities remain small 

 Compostable plastic bags (e.g. for 
shopping or biowaste collection) 

 Consumer positivity  and demand 
for more sustainable packaging 
options:  likely to have positive 
disposition towards biobased 
packaging  

 Potential consumer confidence 
issue regarding pesticide/ 
herbicide transfer to plastics 

 Diverse terminology causing 
confusion with consumers (e.g. 
biodegradation, bioplastics, 
biocompostable): increasingly 
difficult to communicate to 
consumer 

 Lack of a clear regulatory 
framework and harmonised 
standards:  existing labelling 
schemes exist at national levels 
and outside the EU 

 Growing concerns about 
consumers’ misunderstanding of 
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could fit into that programme 

 Possible use of wash water from 
potato peelings 

 The volume and heterogeneous 
nature of the various materials 
available suggest energy recovery 
rather than a feedstock stream for 
bio material 

 Ease of processing lignocellulosic 
material to create higher value 
outputs: opportunities for starch 
and cellulose routes 

 Issues regarding the  consistency 
of feedstock for processing  

 Extensive pre-treatment process 
required before the material can 
be used for packaging 
 

dominate the European market for 
biodegradable plastic products: 
approx. 2/3 of the total market of 
c.100,000 t of biodegradable plastic 
products in 2015 

 Market of compostable and 
biodegradable plastic products 
could grow beyond 300,000 t by 
2020 if legal framework set 

 Functional products such as barrier 
packaging are low volume today 
but have potential for market 
breakthrough: could provide the 
health and safety benefits 
consumers are demanding in 
applications such as toys and other 
children’s goods 

 Focus of NPD is on developing 
enhanced versions e.g. Novamont 
SpA’s enhanced fruit bags 

 Between 2016-2020, growth of 
biodegradable packaging 
consumption is expected to exceed 
growth of non-biodegradable 
packaging consumption, growing at 
an average annual rate of 7.7% 
compared to 1.1%  
 

the compostable feature of 
packaging: despite the 
multiplication of voluntary labels, 
there is still relatively limited 
understanding regarding different 
packaging types, the 
biodegradability of the materials, 
and the appropriate end-of-life 
treatment 

 Important for households to be 
able to differentiate clearly 
between home-compostable and 
industrial-compostable packaging 
 

 
 

Economic 
Feasibility 

 Scale of Irish horticulture sector is 
too small to make a significant 
impact in broader bioeconomy 

 Fragmentation in sector incurs 
transport cost to aggregate 
feedstock  

 Possible new outlet for Irish 
mushroom industry in wake of 
Brexit? 

 Horticulture producers more 
vulnerable to market place 
challenges; no subsidy support so 
profit from productivity is paramount 

 Significant investment costs for 
start-up likely 

 Use of a sugar based or VFA 
based fermentation route would be 
too costly for volumes of feedstock 
available 

 In both the fibre packaging and the 
bioplastic options the technology 
development and deployment 
would likely be too costly for the 
volumes of fruit/vegetable reject or 
fibrous stems/stalks available 

 Nature of soil feedstock does not 

 High production costs for 
potentially low value products: will 
have to compete in market place 
with conventional packaging 
unless biobased market 
segmentation can be created  

 Even with extensive R&D and 
government supports may be 
difficult to make economically 
viable as a stand alone stream: 
best option may be to combine 
with other sources of feedstock 
and/or focus on energy recovery 

 Consumers’ motivation to be more 
“eco-friendly” is one of the most 
important drivers behind bioplastic 
(including compostable) products  

 In relation to willingness to pay, 
some studies show consumer 
willingness to pay more for 
compostable packaging while 
others state that purchasing 
decisions are more driven by price 
than environmental concerns 

 Biodegradable packaging often 
seen as more expensive and of 
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 High production costs for potentially 
low value products: cost base for 
production would be critical for this 
to succeed. 

 
 

lend itself to biorefining (cellulose 
from the straw/biomass fibres is 
generally spent): best used for 
energy recovery  

 Most packaging investment has 
been into smart packaging to 
improve shelf life and enable more 
display of nutritional and 
advertising to consumers. 

 Economic potential will depend on 
the ability to create efficient 
conversion processes and to 
secure feedstocks of good quality 
that require only low levels of 
expenditure to make them suitable 
for bioconversion 

 Challenges of scale, feedstock 
supply, finance and technology 
readiness may mean a long 
payback period (>10 years) if 
progress with this value chain  

 

 Potentially long lead time 

 The market of bioplastics 
packaging in food and beverages 
industry is consolidated with fewer 
companies accounting for larger 
portion of the market  

 Limited number of companies 
operating in the global 
compostable packaging market: 
some major players include 
Novamont SpA, Tipa-Corp ltd., 
BASF SE, Innovia Films Limited, 
Biome Bioplastics Limited, and 
NatureWorks LLC 

 Higher requirements for 
biodegradable packaging will 
constitute a market barrier for new 
companies though clarity on 
definitions may attract new 
entrants and increase R&D spend  

 

inferior quality 

 In 2005, over 50% of European 
citizens declared that they would 
pay more for bioplastics over 
conventional plastics. However, 
they would prefer to rely on 
government incentives (e.g. tax 
incentives) and free markets for 
supporting biodegradable plastics 
than investing in them through 
their own consumption choices 
 

Environmental 
Feasibility  

 Need for responsible horticulture 
production including the use of 
agrochemicals as fertiliser 

 Negative biodiversity impacts with 
intensive monocropping 

 Possible water pollution and 
eutrophication from run-off 

 Negative impacts on soil quality 
with increasing biomass demands 
(Juerges

 
& Hansjürgens, 2016) 

 Preferential land use for 
horticulture production over 
livestock and dairy from a climate 
change perspective 

 Horticulture activities can have 
both positive and negative impacts 
on the environment and 
biodiversity – relationships as 
poorly understood and valued 

 Environmental appeal associated 
with the use of horticulture by-
product (as opposed to purpose 
grown materials): minimising  
industry waste streams  

 In keeping with circular 
bioeconomy ideals: horticulture as 
particularly well-placed to 
maximise waste streams (Teagasc 
2025 Roadmap,  2016) 

 Questions regarding the 
sustainability of the pre-treatment 
processes required before raw 
material can be converted into 
packaging 

 
 

 Potential for biobased packaging to 
be in keeping with Origin Green 
branding and aims for holistic, 
sustainable Irish products 

 Minimising horticulture industry 
waste through the use of by-
product: potential reduction of GHG 
and positive climate change impact 

 Producers are likely to increase 
their spending on R&D to meet the 
more stringent requirements for 
biodegrading in natural conditions 
 

 Lessening consumer dependence 
on fossil fuels for packaging 
applications: potential positive 
impacts regarding GHG emissions 
and climate change 

 Encouraging holistic sustainable 
consumption through the 
utilisation of side streams and 
development of biobased 
packaging options  
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Summary 

 Concerns regarding technical feasibility, particularly the availability of transformation technologies beyond the laboratory scale 

 Need to prove biobased properties and develop market segments – requires R&D and market stimulation supports 

 Persisting concerns regarding scale of Irish horticulture that may make this value chain economically infeasible as a standalone option: may have to 

be combined with other feedstocks and/or focus on energy creation instead 

 Overall environmental positives associated with the monitored development of this chain 

 Demand for compostable packaging is growing rapidly, though the absolute quantities remain small and potential for consumer confusion between terms without clear 

regulatory frame, harmonised standards and accessible communications 

 Potential longer lead in time required 

 Medium-long term opportunity  

 

 

(Teagasc 2025 Roadmap, 2016) 

 Industrial strip-mining of  peatlands 
for horticulture causing emissions 
that outpace any sequestration 
possible through afforestation 
(Stop Climate  Chaos, 2016) – 
deteriorating biodiversity, water 
and air quality also 

 

Social 
Sustainability 

 Economic benefits tend not to filter 
to primary producer scale 

 Potential contribution to rural 
development in specific pockets of 
horticulture production in Ireland 
(e.g. SE) 
 

 

 Respect of human and labour 
rights in horticulture processing 
facilities nationwide 

 Well-being of horticulture 
processing employees ensured 
through both national and 
international law 

 Responsible community relations 
by reducing volume of waste in 
local regions 
 

 Respect of human and labour 
rights throughout horticulture value 
chains in Ireland  

 Potential for economic benefits to 
accrue to a limited few 

 

 Developing more sustainable 
packaging options for the end 
consumer: ethical and 
environmental wins 

 Positive consumer acceptance will 
drive development 
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Value Chain 6 

Use of marine discard as a feedstock for animal feed using existing and/or novel technology e.g. oils and proteins for feed purposes 

 

 Input Sourcing and Procurement Operations & Production 
(Transformation Stage) 

Sales and Marketing Consumer 

Technical 
Feasibility 

 Thriving coastline and supply 
base 

 C. 12,000 tonnes of fish produced 
using aquaculture techniques 
ensuring a reproducible supply of 
certain fish species 

 Potentially c. 72,000 tonnes 
available from discard for 
processing at a low or minimal 
cost as it’s the discard portion 

 Discards can be utilised as a 
commercial protein product as 
fishmeal: fishmeal can also be 
manufactured from the bones and 
non-edible fish from the 
processing of fish for human 
consumption (Miles and 
Chapman, 2005) 

 Logistical concerns related to the 
consistent quality, transport and 
storage of marine discard 
(including health and safety 
concerns) 

 Significant potential for the use of 
fish oils and protein from 

 Established scientific research 
base and capabilities in the 
identification and extraction of 
bioactives and other compounds 

 De-oiled protein rich “meal” is 
already used in aquaculture and 
animal feed. E.g. in Killybegs, raw 
materials are supplied to United 
Fisheries for the production of 
fishmeal. The most advanced 
processors have de-oiling facilities 

 Transformation technology 
available 

 Drying stabilises the product for 
storage, transport and inclusion in 
animal diets 

 Processing fish meal requires 
cooking followed by pressing to 
remove some oil and reduce water 
from c.70% to c.4%.  

 The product is subsequently dried 
to prevent bacterial degradation of 
the material and then ground to 
facilitate incorporation into rations 
and animal pelleted feeds 

 Lesser time to market as a result of 
perceived fewer regulatory barriers 
(compared to outputs for direct 
human consumption) 

 Fish byproducts have been used 
historically to feed poultry, pigs, 
and other farmed fish and hence 
are a recognised source of protein 

 Positive opinion of fish oils 
facilitates inclusion in animal diets 

 Global livestock production was c. 
305 million tonnes in 2014 with 
annual growth rate of c.1.7% 

 Increasing demand for animal 
products, awareness of animal 
welfare,  adverse impact on the 
environment from livestock 
production and technological 
advancements expected to drive 
the animal feed market 

 Globally, poultry meat production 
expected to increase from 95.7 mt 
in 2011 to 124.6 mt by 2017: the 
largest production segment in the 
global meat industry 

 Demand for animal feed set to 
increase 

 Biosecurity concerns regarding 
the safety of the final product 

 Positive consumer association 
with more natural animal feed 
options though perceptions of 
‘waste’ origin may cause some 
health and safety fears 

 Farmers buy protein based on 
cost, availability and quality of 
protein: if the fish meal is correctly 
cooked and dried, then storage 
and smell issues will be minimised 
and there will be little concern  

 Potential risk of tainting meat or 
milk with fish odours from high 
inclusion of fish meal: 
manufacturers may have to limit 
inclusion rates and/or conduct 
heat treatment of the protein 

 Output containing important 
growth elements for proper 
metabolism, weight gain, 
increasing performance and 
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underutilised marine species 

 Ireland possesses the largest 
quota for boarfish but shoaling 
patterns can vary that may result 
in an inconsistent supply of raw 
materials: this is true of many 
pelagic species also 

 

 Potential lack of knowledge in this 
business sector in Ireland could 
represent a challenge for 
investments 

 Highest poultry production in 
countries like China and Brazil due 
to production cost benefits, and 
strong export/domestic demand 

 European developed countries are 
the major markets for pet food 
dominated by brands such as 
Purina, Pedigree Whiskas, Cesar 
and Nutro: local players are still to 
enter the market, owing to brand 
loyalty of existing consumers 

 Major players in pet food market 
include Mars Inc., Nestle S.A., 
Colgate-Palmolive, Affinity Petcare 
and Big Heart Pet Brands 

 9,078 new pet food product 
launches in the EU between 
January 2011 and August 2015: 
Germany, the UK and Spain 
represented 52% of total launches 
(Mintel, 2015) 
 

delaying fatigue 

 Human food trends are entering 
pet food market including demand 
for local, organic and non-GMO 
ingredients along with low-carb 
recipes e.g. the popularity of 
gluten-free human diets pushing  
grain-free pet foods into 
prominence (Neilsen, 2016) 
 

Economic 
Feasibility 

 New landing obligations under the 
Common Fisheries Policy 
increase supply and incentivise 
the profitable use of all that is 
caught 

 Difficulties in ensuring consistent 
supply to make this chain 
commercially appealing 

 Volumes available for processing 
are also unclear. However with 
the movement of diets away from 
red meat and towards other 
sources of meta protein, there is 
an increased demand for fish and 
hence an increase in discard 
potentially available (Fry et al., 
2016) 
 

 Low value option but nutrient rich 
feed possible: adding functional 
products to (monogastric) animal 
feed  

 Research has shown that 4-5 
tonnes of fish product are used to 
make 1 tonne of dried fishmeal 

 Molecules such as astaxanthin 
that are found in crab and prawn 
shell are already being included in 
fish feed manufacture as a 
“natural” and “cheaper” source of 
this antioxidant and colouring 
agent 

 
 
 

 Potential for higher value 
applications from marine discard 
e.g. products for human 
consumption or biofertilisers 

 Global poultry feed market is 
expected at $220bn by 2020 

 Global swine feed market, a $114 
bn market in 2013, is estimated to 
grow at a CAGR of 2.9% to 
reach $138.5 bn by 2020, 
with Asia-Pacific and South 
America being major contributors 

 Eubiotics market to grow at CAGR 
of 7.51% to reach $7.47 bn by 
2022 driven by increased 
awareness about feed quality and 
safety, rise in demand for 
manufactured feed and the 
replacement of antibiotic growth 

 Potential inability to compete with 
cheap soya feed  

 Could compete with high quality 
protein feeds based on skim milk 
generally fed to calves or pigs 

 Swine feed accounts for 70%-
80% of the total pork production 
cost there price needs to remain 
competitive 

 Over 60% of new pet food 
product launches fell within the 
$0.25-$3.54 price range 
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promoters 

 Feed additives market projected to 
reach $20.71bn by 2021, growing 
at a CAGR of c.4.3% from 2016: 
China, Japan, and India are the 
primary targets  

 Aquafeed market is projected to 
grow at a CAGR of 10.8% to 2021 
to reach $168.23bn driven by 
increasing consumption of 
aquaculture products and 
advancement in feed technologies  

 EU's pet food industry grown at 
CAGR of 3.2% from 2010-14, 
predicted to reach $25.2bn by 2019 
(Euromonitor, 2015) 

 In 2014, dog food, with value sales 
of c.$10bn, is the largest 
subcategory, followed closely by 
cat food with $9.7 billion. By 2019, 
cat food value sales forecast to 
overtake by a slight margin both 
reaching over $11.5 bn  
 

Environmental 
Feasibility  

 Concerns for environmental 
sustainability in an already 
exploited marine sector 

 Valorisation of marine discard 
must not incentivise the creation 
of more waste 

 More sustainable feed alternatives 
may be available (e.g. grass)  

 Some underutilised fishing quotas 
at present that may be harvested 
(e.g. blue whiting, boarfish) 

 Environmental positives 
associated with the newly 
introduced marine discards ban 
with VC6 providing a viable option 
to extract further nutrient value 
from discard sources 

 Environmental positives 
associated with the valorisation of 
waste streams  

 In keeping with circular 
bioeconomy and resource 
efficiency ideals 

 Need for good water quality, 
reduced BOD and COD from 
processing plants and reduced 
solids in waters entering back to 
the sea  

 Odour transfer in the environment 
may be issue requiring processing  
facilities to have sufficient 
engineering in place (e.g. 
scrubbers to remove odours) 

 

 Reducing reliance on feed derived 
from fossil fuel resources (e.g. 
purpose grown crops) 

 Closing the nutrient  loop through 
the use of by-products 

 

 Potential for marine-derived animal 
feed to reduce antibiotic use in 
feeding practices 

 Contributions to future food 
security – providing an alternate 
feed option for meat and dairy 
production 
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Summary 

 Significant technical and economic positivity associated with this value chain once limits are adhered to prevent odour transfer to environment and 

resultant animal product 

 Predicted increases in fish protein consumption bode well for supply from economic and technical perspectives 

 Benefits for animal health, production and environment – if input supply managed sustainably 

 Short-medium term opportunity  

 

 

Social 
Sustainability 

 Need to ensure and respect 
human and labour rights on Irish 
fishing trawlers – previous 
controversy and malpractice 
regarding illegal migrant workers 
must be eradicated 

 Protocols regarding catching must 
also be established from a 
conservation perspective 
 
 

 

 Potential to diversity fishing 
community income  and boost 
coastal development 

 Potential to reduce rural-urban 
migration and create job 
opportunities in coastal regions 

 Positive impact on responsible 
community relations: reducing 
waste streams released to local 
environment 

 

 Potential for higher value options 
and products for human 
consumption raises ethical/moral 
concerns regarding the best use of 
resources?? 
 

 

 Possible biosecurity concerns 
regarding final product 

 Nutrient-rich feed benefits animal 
welfare with potential for 
additional animal health products 
from marine sources (e.g. for 
improved gut health) 

 Potential to reduce antibiotic use 
in feeding practices: benefits to 
the farm, animal welfare and end 
consumer 

 Potential consumer health 
benefits in subsequent  animal 
products (e.g. possibility of 
additional functional products in 
animal products reared on marine-
derived diet) 

 Providing better swine feed for pig 
husbandry ensures the health of 
the consumer eating the pork 
meat, creating an indirect impact 
of the health of the global pork-
eating human population 
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Value Chain 7 

Extraction of proteins and bioactives from marine discard as a feedstock for functional food applications using existing and/or novel technology e.g. bioactives 

from by-product 

 

 Input Sourcing and Procurement Operations & Production 
(Transformation Stage) 

Sales and Marketing Consumer 

Technical 
Feasibility 

 Possible biosecurity concerns 
regarding collection, storage and 
transport of discard: need for high 
safety standards in products for 
human consumption 

 Established food industry in 
Ireland  

 Readily-available input supply: 
potentially c.72,000 tonnes 
available from discard for 
processing  

 Crustacean shells are rich in 
chitin which represents a useful 
starting material for further 
chemical conversions 

 Need for consistent, high quality 
inputs to ensure food grade 
outputs suitable for human 
consumption 

 

 Available transformation 
technologies though  
technologies for protein extraction 
must be improved or existing 
technologies from the dairy sector 
should be applied to this resource 
to increase the value of the end 
products/ingredients. 

 Established and well-supported 
research base 

 Potential to harness and optimise 
bioactive compounds from marine 
cut-offs proven at the laboratory 
scale e.g.  for use in 
nutraceuticals, cosmeceuticals, 
pharmaceuticals, bioenergy 
enzymes and bio-polymers 

 Issues with marine oils oxidising 
rapidly though fish often easier to 
work with and consumer 
acceptance often high  

 Extraction methods utilised to 
date to generate chitin from crab 

 For a food product or ingredient to 
qualify for a functional claim, they 
must meet strict conditions as 
outlined in the regulations 

 Value of nutraceuticals and 
bioactives increasingly recognised 

 Demand for functional foods in 
Europe varies considerably 
according to culture and culinary 
traditions e.g. Western Europe has 
a wide range of functional foods 
and a profitable market, which has 
been relatively stable over time (c. 
16% of global revenue) 

 20% of total revenues in the UK 
(c.$7.4 billion) followed by 
Germany (14%), France (13%), 
Spain (12%) and Italy (11%) 

 Energy drinks and products aimed 
at improving mood maintained 
popularity, constituting 25-30% in 
most developed markets: products 
offering other health claims (e.g. 

 Strong and growing market demand 
for alternate proteins, sports 
nutrition, healthy ageing, functional 
food and ingredient markets 

 End users likely to have positive 
disposition towards bioactives and 
functional foods if quality, health 
and safety can be proven but 
purchasing decisions ultimately 
driven by individual consumer 
motivation; consumers only engage 
with food labelling information (i.e. 
health claims marketing the 
functional food) when there is a 
particular motivation to do so e.g. if 
the health claim targets specific 
health concerns of the individual or 
those in their care, e.g. purchasing 
of plant sterols- enriched butter 
spreads largely motivated by 
cholesterol concerns 

 Consumer acceptance of natural 
ingredients bolstered by clean 
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and prawn shellfisheries wastes 
often involve harsh acids and 
basic solvents: limitations and 
costs associated with the 
neutralisation and disposal of 
these solvents 

 Internationally there are chitin and 
chitosan production plants but the 
skill set is not available in Ireland 
currently 

 

addressing cognitive decline and 
eye health) growing in importance 

 Functional foods are especially 
driven by  dairy while other key 
segments include soft drinks, 
bakery products and baby food 

 Drivers of functional foods include 
demographics, education, health 
care costs, media, nutrition 
labelling, emphasis on healthy diet, 
obesity, disease prevention, 
innovations in food technology and 
emphasis on value for money 

 Functional foods popular in most 
European countries (e.g. Finland, 
Sweden, Netherlands, Poland, 
Spain, Cyprus) but not so in others 
(e.g. Denmark, Italy, Belgium): a 
high percentage of adolescents in 
Spain and Cyprus (but not Italy) 
consume functional foods 
(Research and Markets, 2015) 

 Potential market challenges: only 
23% of UK consumers believe 
health claims made by functional 
foods, while 3/10 believe products 
help combat health problems 
(Leatherhead, 2016) 

 Large emerging markets  in Brazil, 
China, India and South-East Asia 
(McKinsey, 2012) 

 North America as the largest 
market for functional food 
ingredients in 2014, with Asia-
Pacific projected to be the fastest-
growing market driven by the 
increasing consumer awareness 
and chronic disease 

 Europe complicated by stricter 
health claim regulations: 
manufacturers have been moving 

image of Irish marine life 

 Perception of origins from a ‘waste’ 
stream may cause concern, along 
with possible rejection of unfamiliar 
marine species (e.g. boarfish) 

 Credible health claims are 
necessary for market to function; 
influenced by a range of factors, but 
choice of functional ingredient and 
carrier can have a major impact  

 Consumers tend to prefer functional 
food concepts that communicate 
disease-related health benefits in 
carriers with a healthy image or 
positioning history (van Kleef 2005) 

 Further, consumers will have a 
sensory expectation of compatibility 
between the functional ingredient 
and the carrier food e.g. they may 
expect an ‘off-taste’ when met with 
a fruit yoghurt that has been 
enriched with omega-3 PUFAs from 
fish oil (Bech-larsen, 2007)  

 Consumers with less nutrition 
knowledge reportedly rely more 
heavily on the perceived carrier-
ingredient fit (Lu, 2015) 

 Acceptance also varies according to 
the functional ingredient e.g. 
Bornkessel et al. (2014) found that 
consumers’ awareness of 
ingredients in Germany increases 
with the duration of scientific 
evidence; consumer familiarity with 
the functional ingredient can also 
influence acceptability 

 In the US, breakfast is the preferred 
time for 52% of consumers to 
include a functional food among 
other meal and snack time options 

 Consumers use functional foods 
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towards ‘softer’ health claims, 
which carry more general health 
and wellness messages  

 Leading companies include Cargill, 
Incorporated (U.S.), Koninklijke 
DSM N.V. (The Netherlands), 
Associated British Food plc (U.K.) 
and Tate & Lyle PLC (U.K.) 

 Greater investment from 
multinationals in R&D, mergers 
and acquisitions has increased 
product launches in age-related 
prime positioning e.g. brain health 
and memory (Euromonitor, 2013) 

 The authorisation of EC Article 
13.1 general health claims in 2012 
offers opportunities industry wide, 
but also eliminated many long-
used health claims  

 Regulation of health claims on 
functional foods differs across 
countries, reflecting the policy 
challenge in balancing consumer 
protection, information provision 
and industry development 

 

and beverages for reasons 
including weight management, 
satiety, sports nutrition and energy: 
shifts in brand positioning and 
product claims as a result 

 In a survey of UK functional food 
consumers, Mintel (2011) found that 
the 16-24 demographic were most 
likely to believe claimed benefits: 
38% reported an improvement in 
their health since consuming 
functional foods. 

 Manufacturers face a better-
educated and more selective 
consumer, looking for clean labels 
and traceable sources 

 Benefits related to serious diseases 
were rated as more attractive, and 
increased intention to try 
(Euromonitor, 2013) 

 Consumers reportedly more inclined 
to buy functional foods with 
physiological rather than 
psychological health claims though 
this differs amongst consumers e.g.  
products aimed at improving 
concentration had a lower appeal 
than those claiming to strengthen 
the body’s natural defence system  

 Functional ingredients that offer a 
health benefit within a short 
timeframe gain consumer trust more 
quickly e.g. benefits of plant sterols 
for cardiovascular health 
(Euromonitor, 2013) 
 

Economic 
Feasibility 

 Difficulties in achieving 
economies of scale in the 
fragmented marine sector: 
volumes available for processing 
are unknown and may be too 

 Higher value ingredients due to 
rapidly oxidising oils – nearer 
commercial level  

 Approximately 10 kg of crab and 
prawn shell waste materials are 

 Estimates of the functional food 
market vary significantly 
depending on definitions. 

 The global functional food market 
in 2015 forecast to reach $54bn 

 Average national per capita 
expenditure in 2013 varies from 
c.$36 to $272, with a worldwide 
turnover in the sector of 
approximate $ 252 billion 
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small to be economically viable 

 Discard for processing available 
at a low or minimal cost as it’s the 
discard portion 

 

required to generate 1 kg of 
chitin; chitosan can command as 
much as €2 per gram of material 
depending on the quality of the 
product with food-grade chitosan 
normally costing between €120-
150 kg

-1
 

(€43bn), an increase of 25% 
compared to the last available data 

 The global functional foods market 
expected to reach $255.1 bn by 
2024 due to growing geriatric 
population, healthcare costs, 
consumer consciousness and 
changing lifestyles (Grand View 
Research, 2015) 

 American consumers cite a variety 
of barriers to more frequent 
consumption of health promoting 
foods: cost is the most common 
barrier, with 55% identifying this as 
a major reason. Other barriers 
include taste and a preference for 
pure foods (International Food 
Information Council, 2013) 

 Sales of functional foods are 
vulnerable to economic 
circumstances, given that they 
typically command higher prices: 
prices fall in periods of economic 
difficulty 

 Some sectors appear to be 
reaching maturity (Leatherhead) 

(Euromonitor, 2013) 

 Consumer concern regarding 
nutrient inadequacy tends to be 
general rather than about a specific 
nutrient: most consumers are also 
concerned about general health 
problems resulting from nutrient 
inadequacy rather than one specific 
health issue (International Food 
Information Council, 2013) – may 
affect purchasing decisions of 
functional food outputs 

 Infants and toddlers are perceived 
as the age group that would most 
benefit from functional food 
consumption, followed by children 
(ages 4 to 12), and people age 60 
or older (International Food 
Information Council, 2013) 

 Consumers will only accept limited 
price premia for functional food 
products: price premia of 30–50% 
have been observed in well-
established and high volume 
products such as functional dairy 
products, and premia could be 
higher in more niche or non-
established products (Siro 2008) 

 

Environmental 
Feasibility  

 Environmental positives 
associated with utilising material 
that was previously discarded 

 Concerns regarding 
environmental sustainability of all 
marine value chains in an already 
over-exploited marine 
environment 

 Valorisation of discards must not 
incentivise the creation of more 
marine waste 

 In keeping with circular 
bioeconomy and resource 
efficiency ideals 

 Use of harsh acids and basic 
solvents to date in the extraction 
of chitin: limitations and costs 
associated with the neutralisation 
of these solvents and their 
disposal, not least from 
environmental, health and safety 
perspectives 

 Clean image of Irish marine life 
serving as a comparative 
advantage against international 
counterparts 

 Environmental positives 
associated with the use of by-
products: minimising waste 
streams for enhanced corporate 
social responsibility and 
environmental protection 

 
 

 In keeping with ‘food first’ principle, 
contributing to future food security 

 Use of by-product for more 
sustainable food creation 

 Consumption of marine protein for 
more sustainable diets 
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Summary 

 Overall positivity associated with the technical, social, environmental feasibility of Value Chain 7 

 Remaining concerns regarding economies of scale and the volume of discard available and required as well as the sustainability of some harvesting and extraction 

methods – demands careful mediation, monitoring and support  

 Stricter health claims regulations in Europe reducing competiveness 

 Existing and growing market demand for functional foods internationally; new markets and consumer segments opening up – particularly linked to health care and 

obesity solutions, though some scepticism still exists in certain consumer groupings 

 Short-medium term priority for further investigation  

 

 

 

 

 

 

 

Social 
Sustainability 

 Need to ensure and respect 
human and labour rights on Irish 
fishing trawlers – previous 
controversy and malpractice 
regarding illegal migrant workers 
must be eradicated 

 
 
 

 Potential to diversity fishing 
community income  and boost 
coastal development 

 Potential to reduce rural-urban 
migration and create job 
opportunities in coastal regions 

 Positive impact on responsible 
community relations: reducing 
waste streams locally 

 SME potential for coastal 
communities boosting 
employment, income and morale 

 
 
 
 

 Consumer health benefits in the 
development of functional foods 
from marine discard (Burrows, 
2016) 

 Morally-sound and ethical in 
meeting food first principle 
objectives: creating products for 
human consumption deemed a 
priority 

 



 
 

26 
 

Value Chain 10 

Use of forestry resources (particularly thinnings and brash) as a feedstock for decentralised heat generation using existing and/or novel technology e.g. 

pellets/chip for residential or hospitality sectors (hotels, hospitals, universities etc.) 

 

 Input Sourcing and Procurement Operations & Production 
(Transformation Stage) 

Sales and Marketing Consumer 

Technical 
Feasibility 

 Predicted increase in feedstock 
supply  

 Underutilised feedstock in private 
forests  

 Character of thinnings is 
homogenous and capable of being 
used in existing boiler technology 

 In 2013, 230,000 m
3
 of firewood 

from first thinning was consumed in 
Ireland. Thinning material is also 
used for fencing stakes, wood chips 
for energy and some use in 
panelboards. 

 Concerns regarding the collection, 
supply volumes and distribution of 
forestry thinnings 

 Predictions that the development of 
producer clusters to 2025 will 
ensure the thinning of farm forests 
to 2025 (Teagasc 2025 Roadmap, 
2016), providing a readily available 
feedstock supply 

 Growth in EU wood pellet imports 

 Biomass boilers are readily 
available across a wide range of 
thermal outputs, however are 
tuned to homogenous feedstock 
characteristics 

 The drier the feedstock the better 
the energy output, however drying 
woody biomass requires energy 
inputs: best to use waste heat 
from other processes as source of 
heat for woody biomass drying 

 Palletisation would be useful 
however is very energy intensive 
and costly, especially given high 
price of raw biomass 

 Decentralised power generation 
cannot be rated as better or worse 
than a central grid: much depends 
on other conditions, such as the 
operating conditions or the 
economic climate (Karger and 
Hennings, 2009) 

 Existing, proven and continuously 
improving transformation 

 Projected increases in energy 
demand exceed current capacity: 
decentralised energy as rapidly 
deployable and efficient, also 
improving energy security and 
sustainability (Tipper, 2013) 

 Policy drivers for cleaner energy 
solutions and renewable energy 
targets (RHI in particular)  

 Positivity associated with Wood 
Fuel Quality Assurance Scheme in 
Ireland to guarantee quality : unlike 
fossil fuels, the quality and heat 
output of thinning products can 
vary and may make marketing 
more difficult 

 Wood and wood products 
accounted for 5.6 % of the total 
energy consumed within the EU-28 
in 2014 (Eurostat, 2016) 

 EU-28 was the largest global 
producer of wood pellets, reaching 
c13.1 million tonnes in 2014 with 
production rates rising by 97% 

 Consumer acceptance and desire 
for renewable energy 

 Changes in residential structures 
facilitate renewable energy 
solutions 

 Changeout of gas or oil boilers 
can be a nuisance given that 
biomass requires storage and ash 
disposal – logistical issues not 
present in conventional fossil 
fuelled boilers (e.g. non 
automated loading, de-ashing) 
may put consumers off 

 Modifications to existing boilers or 
replacement of boilers may also 
mitigate against these fuels 

 Need to prove fuel efficiency of 
decentralised heat generation to 
incentivise shift from current 
operations 

 According to Sopha et al. (2010), 
the top three reasons for installing 
wood pellet heating cited by 
adopters in Norway included 
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expected to continue, with 
projections of 25-70 million tonnes 
of wood pellets by 2020 as 
domestic production no longer 
satisfies demand created by carbon 
reduction policies  

 Pressure to reduce dependency on 
imported palm kernel shells at Bord 
na Móna plant in Edenderry and 
replace with domestic biomass may 
increase pressure on supply 
(Sargent, 2017) 

 There are better uses of the pulp in 
thinnings as it is comprised 
predominantly of cellulose, a very 
valuable material: ideally would 
only use the waste & residues from 
forestry thinnings for energy (lignin 
residues and brash) blended with 
other sources of biomass residues 
that have no other form of 
valorisation (e.g. designer solid fuel 
blends from wastes/residues) 

 
 

 
 

technologies 

 Seasonal inefficiency in 
comparison to energy alternatives 
though can be planned for with 
appropriate structures in place 

 Potential issues with drying and 
maintaining dryness in the 
temperate Irish climate: need for 
appropriate structures and 
systems 

 Conventional boiler technology 
there: need to develop pyrolysis 
for more variable components 

 May facilitate localised thinnings 
and firewood processing 
facilitates: easily transported from 
site to site  

 Potential use of a forestry or 
agricultural contractor to facilitate 
operation 

 The sector will benefit from 
development of gasification and 
pyrolysis technology that can 
better use lower cost biomass of 
variable character 

 
 

2009-2014 

 EU is also a net importer of pellets: 
importing 8 million tonnes in 2014, 
an increase of 364 % on 2009,  
mainly from the US and Canada 

  Increases in residential pellet 
consumption (e.g. in Germany, 
Austria and Italy) largely driven by 
the price of alternative fuels, while 
industrial pellet use (e.g. in the UK, 
Belgium and the Netherlands) 
driven by EU mandates for 
renewable energy 

 According to Poyry (2015), the EU 
will require 23.8 million tonnes of 
pellets by 2020; AEBIOM estimated 
50-80 million, while Sikkema et al. 
(2010) forecast 150 million 

 The UK was the biggest importer of 
wood pellets in 2014 in the EU (c. 
7.2 million tonnes)  

 Shortage of raw materials for pellet 
production is reported across most 
European markets: the broadening 
of the feedstock base, i.e. the use 
of residual wood and short rotation 
coppice, is becoming necessary 

 Rapid increase in pellet demand in 
Asia: South Korea as the largest 
but volatile market, subject to policy 
uncertainty  

 The cost of biomass energy will 
require an ongoing RHI subsidy for 
biomass heat generators as well as 
capital grants to underpin 
changeout of boilers and biomass 
heat equipment 

obtaining an environmentally 
friendly heating system, low 
operation costs and an anticipated 
increase in electricity prices. For 
non-adopters, the main barriers 
include high installation costs and 
difficulties of home refitting. A 
higher subsidy (i.e. an average of 
64% of the total installation cost) 
rather than the current c.20% was 
deemed necessary to incentivise 
the switch to wood pellet heating 

 For García-Maroto et al, (2015), in 
Spain, consumer knowledge 
about pellets was limited and 
blamed on a lack of 
communication. The existence of 
subsidies for the purchase of such 
heating systems was more 
important in consumers’ ultimate 
decision than environmental 
concerns 

 Examining the diffusion of pellet 
heating systems in Sweden, 
Mahapatra et al. (2008) also 
conclude that the cost of 
investment was one of the most 
important factors for consumers, 
along with the price of the biofuel, 
the specific advantages of the 
product, and the need for 
information about the product and 
its relative advantages 

 R&D into use of ash (for example 
conversion for use as a 
construction material) would 
address one of the big cost and 
convenience factors 
 

Economic 
Feasibility 

 Current price of forestry thinnings, 
are in the range of €62 per MT (c 

 Equipment.technology costs are  
not onerous but do require 

 Potential for higher value options 
before energy (e.g. biochemical or 

 Uncertainties regarding end 
market demand and incentive to 
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50% moisture)  

 Brash is less at c €40 per MT  

 Potential drawbacks regarding the 
wider economics of forestry in 
Ireland, including competition 
from cheap imports 

 Difficult and expensive to gather 
forestry thinnings as a feedstock 
on its own: must take an 
integrated approach alongside 
rest of harvest 

 Cost of forestry residue 
harvesting is high due to 
fragmentation of supply sources 
and costly transport over distance  

 At current price, demand for 
current supplies of forestry 
residues, exceed supply, resulting 
in a relatively high price 

 Brash is lower cost but not 
harvested, as character is 
variable requiring updated 
technology to use this lower cost 
feedstock 

 Early thinning is essential to the 
production of high-quality, high-
value forest products – 
opportunity to valorise these 
thinnings through VC10 

 Volumes available for processing 
are unknown 

 SEAI analysis shows that forestry 
offers the highest potential of all 
bioenergy resources for energy at 
lower market prices: maximum 
potential for forestry suggests that 
c.2,988 000 M3 of forest material 
could be brought into production 
by 2035 if supply side barriers are 
tackled and market prices 
increase by 1-2 times. The 

added space for biomass 
storage 

 Added logistical costs of 
sourcing and storing biomass as 
well as ash disposal 

 According to E.ON UK (2017), 
long term decentralised energy 
can offer more competitive 
prices than traditional energy: 
while initial installation costs 
may be higher, a special 
decentralised energy tariff can 
help to create more stable 
pricing  

 Decentralised wood biomass 
facilities can possess high 
operating and maintenance 
costs 

 Viability depends on its 
economics compared to other 
options. A market intervention 
may be required to incentivise 
activity. 

 “Bioenergy production from 
annual energy crops was more 
cost-competitive than biofuels 
from woody sources, even when 
considering the rather high CO2 
abatement credits…if biofuels 
from woody resources should 
enter the market, it is necessary 
to have dedicated market 
introduction support schemes 
that are stable over the long 
term” (Thran et al., 2016, p24) 

 European wood pellet 
producers’ perception of major 
difficulties in 2013: (i) increasing 
price of raw material (ii) 
competition from imports (iii) 
lack of raw material (iv) 

biomaterial production) 

 Vulnerable to external factors such 
as low fossil fuel prices 

 Forthcoming RHI to stimulate 
activity on the demand side: reason 
for forestry owners to access 
additional revenue from residues 

 European pellet producers’ 
perception of growth by 2020: 53% 
expect strong growth of more than 
15% per annum while 41% believe 
growth will be more modest at c.5% 
per annum (EPC, 2013) 

 Estimates of additional 2020 
demand for woody biomass in 
Europe ranges from 105 mt to 305 
mt, based on energy and transport 
sectors and growth of the forest 
sector (Sikkema et al., 2011) 

 Costs and GHG from transportation 
are two key issues regarding long-
haul inter-continental trade of 
pellets and sourcing of raw 
materials from inland 

 Wood pellets have lower economic 
value compared to coal, adding 
extra costs in handling and storage 

 Government initiatives to support 
development of market can include: 
(i) Tax exemptions on pellets; (ii) 
Utilities forced by Government 
decree to use biomass (iii) 
Financial support for installing a 
wood pellet system; (iv) Mandatory 
quota of RES for new buildings 
(Sheng et al, 2013) 

 EU is leading the development of 
sustainability certification for wood 
pellets, though an EU-wide policy 
regarding sustainability will not be 
adopted until 2020: some states 

switch  

 Current energy prices do not 
sufficiently warrant further 
change out of gas (or heating 
oil) technologies to biomass 
without an ongoing RHI subsidy 

 Need to develop market 
structure 

 Potential limited impact on 
national bioeconomy scale  

 Prices of white pellets show 
seasonal variations with higher 
prices during the winter period 

 In certain countries, wood pellet 
prices increased significantly in 
2009 and remained stable in 
2010 (e.g. Germany, Austria, 
and Sweden)   

 In contrast, wood pellet prices in 
Denmark are rather stable since 
2007, maintained at 
€208/tonnes for district heating 
plants 

 Price data of industrial pellet are 
difficult to analyze, as the 
majority is traded under long-
term bilateral contracts at fixed 
(unknown) prices 

 Prices of pellets imported from 
non-EU countries generally 
dropped in 2010 due to financial 
difficulties, with the EU 
representing the largest market 
for industrial pellets (Sheng et 
al, 2013) 
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forthcoming RHI is likely to 
stimulate significant activity on the 
demand side 

 Sources of forestry residue 
supplies are very fragmented and 
cost of transport is heavy burden 
on cost of supply for energy 
recovery (both economic and 
environmental) 

 Adaptations to existing planting 
grant programmes, planning and 
other DAFM measure are 
required to promote concentration 
of forestry plantings in planned 
manner, in concentrated 
geographic locations 

 

difficulties in finding clients 
(EPC, 2013) 

 May need an ESCO business 
model to generate impact where 
an expert 3

rd
 party operator sells 

“heat” rather than asking owners 
to operate biomass plants 
themselves: development of 
district heating networks would 
support this and increase 
efficiencies forming  local 
energy networks 

 Use of biomass wastes & 
residues to generate designer 
solid fuel blends (as opposed to 
valuable thinnings pulp) would 
make greater economic and 
environmental sense and be a 
more efficient use of materials 

 Opportunities for SME’s as 
feedstock suppliers, technology 
suppliers and ESCO operators 
 

 

(e.g. Netherlands) have progressed 
with certification nationally 
 

Environmental 
Feasibility  

 Need for responsible agro-
chemical use in forests  

 New Environmental Requirements 
for Afforestation published by the 

Forest Service of DAFM in 
December 2016 providing 
guidance  to ensure that the 
establishment of new woodlands 
is carried out in a way that 
protects and enhances the 
environment, including water 
quality, biodiversity, archaeology 
and landscape (Forest Service, 
2016): required for statutory 
approval to afforest (with or 
without grant aid) 

 Forest Service assesses 

 Conflicting opinion as to the 
environmental footprint of small-
scale decentralised plants (e.g. 
ability to install appropriate filters 
to clean emission and manage 
pollution may be limited) 

 Persisting perceptions and 
concerns regarding the impact of 
particulate matter when burning 
wood for energy particularly in 
smaller scale inefficient systems 

 Filtration technology has evolved 
to mitigate some concerns over 
particulates from the greater use 
of biomass heat  

 Nevertheless, local generation 
reportedly reduces transmission 

 Environmental positives associated 
with  replacing non-renewable 
fossil fuels and helping to mitigate 
climate change 

 All bioenergy however is not 
carbon neutral – need to determine 
exact carbon impact of alternate 
biomass regimes  

 Market appeal associated with use 
of by-products for bioenergy 

 Moving towards domestic energy 
security: reducing reliance on 
imported fossil fuels 

 Associated environmental 
positives of fewer GHG and 
impact on climate through the use 
of renewable energy sources 

 Contributing to the 
decarbonisation of the energy 
system (Kalt et al., 2016) 

 Part of the quest for the more 
sustainable production and 
consumption of energy 
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applications for afforestation, 
considering potential impacts 
across a range of sensitivities 
including water, biodiversity, 
landscape, and social issues etc 
(Forest Service, 2016) 

 Preference for thinnings rather 
than brash that provides structural 
and nutrient support to forest soils 
though  an ample supply of 
organic minerals may be returned 
in the form of the ash 

 Ecosystem services associated 
with forestry include tourism, 
recreation and water and air 
quality management 

 Climate change mitigation and 
environmental benefits of forestry 
(including carbon sequestration) 
can be recognised (Teagasc, 
2016) but not over stated (Stop 
Climate Chaos, 2016) – instead 
planting a variety of trees to 
promote biodiversity and halting 
the exploitation of peatlands is 
essential for permanent CO2 

reductions as opposed to the 
expansion of monoculture forestry  

 Environmental positives 
associated with utilising a 
domestic biomass supply: 
bioeconomy transformation 
possible without biomass imports  
(Kalt et al., 2016) 

 Need to monitor soil quality and 
avoid degradation on fragile lands 
 

losses and lowers carbon 
emissions compared to  
production at a large plant and 
sent through the grid (E.ON UK, 
2017)  

 Environmental positives 
associated with  local supply for 
local use 

 The use of forestry thinnings 
represents a ‘good biomass’ 
source compared to ‘bad biomass’ 
sources that include the extraction 
of larger pieces of woody residue 
that should be left to decompose 
on the forest floor and/or driving 
demand for woody pellets from 
elsewhere in the world that may 
inadvertently contribute to climate 
change (Carey, 2016) 

 Biomass combustion, especially 
use of the biomass wastes & 
residues as solid fuel, generates 
GHG emissions savings 
particularly when compared to 
purpose grown biomass grown 
solely for solid fuel 

 Best to use the cellulose pulp for 
biorefining (very valuable in its 
own right and a strong market 
exists for pulp) and the residues 
as components of a solid fuel 

 
 
 

Social 
Sustainability 

 Need for benefits to filter down to 
forest owners, support schemes  
may be required 

 Potential for forestry co-operatives 

 Potential for decentralised heating 
hubs to connect communities and 
sectors 

 Concerns regarding health impact 

 Potential for socio-economic 
development and contributions to 
rural development and resilience 

 Helping to overcome challenges 

 Potential to increase security of 
energy supply nationally as 
consumers do not have to share a 
supply or rely on relatively few, 
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Summary 

 Overall positivity associated with the environmental, social, technical and economic feasibility of Value Chain 10 

 Possible economic, technical and consumer acceptance issues may be overcome with appropriate supports 

 Strong policy and demand side if/when Renewable Heat Incentive enacted 

 EU demand expected to increase while domestic residential demand may be fuelled by price, appropriate government incentives and EU mandates 

for renewable energy use 

 Value chain brings a lot of benefits though protocols and infrastructure will be necessary to support the  development of the sector 

 Short to medium term priority   

 

 

 

 

 

 

and collaborations to achieve 
economies of scale and success: 
developing more collaborative 
ways of working and connecting 
forestry communities 
 

of processing facilities particularly 
regarding air pollution 

 Need to ensure and monitor 
employee safety both in forest 
extraction process and AD plants 
 

 

associated with fossil fuel resource 
scarcity 

 
 

 

large and remote power stations 

 Security of supply remains 
controversial, with a number of 
conflicting influences and 
uncertainty e.g. technical grid 
problems within a small plant have 
less severe impacts than failure of 
a large facility. However, if the 
decentralised plants are centrally 
controlled (virtual power plant’) 
they may have similar effects to 
failure at a large facility (Karger 
and Hennings, 2009) 
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Value Chain 14 

Use of agricultural waste and by-products (e.g. silage and slurry) as a supplement for bioenergy production using existing and/or novel technology e.g. as a 

supplement for biogas through anaerobic digestion 

 

 Input Sourcing and Procurement Operations & Production 
(Transformation Stage) 

Sales and Marketing Consumer 

Technical 
Feasibility 

 Plentiful supply base:  c.40 million 
tonnes of animal slurries produced 
in Ireland annually  

 A lot of slurry needed for a 
relatively small amount of gas. 
However, it provides a very useful 
medium for co-digesting with other 
feedstocks e.g. there are an 
additional 90 million tonnes of 
wastewaters, effluents and sludges 
per annum and/or as a co-
feedstock with fractions of 
municipal waste (food waste), grass 
of crop greenwaste 

 Supports will be required to bring 
farmers on board this agenda: 
potential lack of knowledge and 
finances to implement 

 Potential issues regarding the scale 
and fragmentation of feedstock 
supply 

 Risk management with transporting 
agricultural waste 

 Possibly only suited to larger herds: 

 Proven and improving technology 
options for AD:  basic AD 
technology widely deployed across 
EU 

 Characteristics vary, but AD 
makes a homogenous biogas 
product from heterogeneous 
wastes 

 Need business process / model to 
collect & aggregate municipal and 
agricultural greenwaste 

 Need community based municipal 
waste food collection & separation 
as well as grass greenwaste 
programme 

 Low carbon content of slurry 
results in a low energy output 
when processed alone: may need 
to combine with other feedstocks 

 Necessary technological 
improvements and infrastructure 
investment may not occur in short-
medium term 

 Potential  planning permission 

 Costs and logistics of storing and 
transporting biogas 

 Use of the digestate in land 
spreading causing concern 
amongst food marketing groups 
regarding potential negative 
consumer reaction  

 Using say an 80:20 ratio of natural 
gas & biomethane could contribute 
to renewable energy targets: Gas 
Grid operator seem very interested 
in facilitating  cleaning biogas to 
biomethane for grid injection. 
Unfortunately the Electricity Grid 
operator are not showing the same 
enthusiasm for electricity from 
biogas – important of correct policy 
in place to drive the industry as 
with international counterparts 

 Electricity and heat as the largest 
application of the biogas market, 
accounting for more than 50% of 
the global share in 2014 (QY 
Research Group, 2015) 

 Growing demand for renewable 
energy options 

 Nutrients associated with animal 
slurries need to be returned to the 
land to maintain nutrient status: 
need to overcome regulatory and 
perception barriers 

 Farmers should not have a 
negative reaction to the use of 
digestate from AD given 
international experience and 
benefits over the use of raw 
slurries: possible concerns 
regarding the locking up nutrients 
may need to be clarified  

 Potential consumer response to 
foods produced from farms with 
AD units 

 Few consumer studies on biogas: 
main acceptance issues relate to 
biogas production locally 

 Growing biogas demand among 
industrial processors, 
municipalities and farmers will fuel 
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no one size fits all 

 Pressure to decarbonise Irish 
agriculture provides incentive 

 Supply is very fragmented both in 
terms of characteristics of digestible 
feedstock, but mostly in terms of 
geographic concentrations 

 Under current grassland 
management practices an 
estimated average annual 
grassland resource of ca. 1.7 
million tonnes of dry matter (DM) 
exists in excess of livestock 
requirements. If Food Harvest 
2020, targets achieved, only  0.39 
million tonnes of this would be 
available (Eniry et al., 2013) 

 Increasing nitrogen (N) fertiliser 
input (to EU limits) and the grazed 
grass utilisation rate of cattle (from 
0.60 to 0.80 kg DM ingested by 
livestock per kg DM grown) has the 
potential to increase the average 
resource to 12.2 million t 
DM/annum, even when allowing for 
achievement of ‘Food Harvest 
2020’ targets – thus avoiding 
competition with food production 
and diversifying income for farmers 
– but with environmental impacts? 
(Eniry et al., 2013) 

 Grass is the “hidden” resource in 
Ireland with many farms producing 
6t DM/ha when the potential is 12t:  
grass far outweighs other feedstock 
sources  when look at potential 
contribution to renewable energy 
 

 
 

challenges associated with the 
construction of AD hubs 

 Possible management issues with 
AD plants, particularly if there is 
variability in feedstock which will 
affect performance 

 Potential for mobile slurry 
dewatering facility to transport 
solids over liquids 

 While centralised biogas 
production from AD is practiced 
internationally, AD tends to favour 
decentralised local use of 
agricultural wastes to avoid 
unnecessary transport of the low 
dry matter feedstock and the 
return of digestate to the farm  

 The worldwide construction of 
biogas plants will continue: 
between 2016 and 2025, installed 
capacity will increase from c.7,000 
MW el to 9,600 MW el, while the 
number of biogas plants will grow 
from c.12,000 to 15,000 (Research 
and Markets, 2016). 

 Many technology providers are 
developing their service business 
related to optimising existing 
plants (repowering) (Research and 
Markets, 2016) 
 

 
 
 

 Global market demand was more 
than 22 kilotonnes in 2015: likely to 
surpass 36 kilotonnes by 2023, 
increasing 6.2% annually 

 Europe held the major share of the 
global biogas market, accounting 
for c.60% of production: 
Germany as major producer of 
biogas in 2014 

 Asia-Pacific  anticipated to be the 
fastest growing market for biogas: 
Europe the second-fastest to 2022 

 In EU-28, gross inland 
consumption increased to 14.9 
million TOE in 2014 from 8.5 million 
TOE in 2010 (Eurostat, 2016) 

 However, Irish gross inland 
consumption decreased from 
58,400 TOE to 52,200 TOE in 2010 
-2014 (Eurostat, 2016) 

 Stringent legislative framework to 
reduce CO2 emissions expected to 
drive the market  

 Major biogas producing nations 
include Germany, Italy, Switzerland 
and France: growing biogas 
production in Eastern Europe  

 Key biogas market participants 
include Air Liquide Advanced 
Business & Technologies, Wärtsilä 
Corporation, Vanzetti Engineering 
S.r.l., Swedish Biogas International, 
Cryostar SAS and Gasrec Ltd. 

 Biogas can help EU member states 
reach both targets for renewable 
energy by 2020 and requirements 
within the European organic waste 
management directive 

 GREENGAS CERTIFICATION 
process is in development 

 Best long term means of 

market growth: depleting oil 
reserves coupled with uncertainty 
in oil prices as further drivers 

 Increasing biogas market 
penetration in cogeneration and 
transportation is anticipated e.g. 
upgraded biogas as a vehicle fuel 
due to vehicle emission norms 
and low cost of fuel 

 Arguments for public policy 
support of biogas include: (i) 
Versatile energy carrier (ii) 
Production of electricity and heat 
(iii) Injection into the natural gas 
grid (iv) Alternative vehicle fuel (v) 
Sustainable raw material for 
chemicals (vi) Potential for use of 
various waste streams (vii) 
Appropriate for wet organic waste 
(viii) Decreased dependency on 
energy imports (SEAI, 2009) 

 Motivations for corporate 
customers include CSR policies 
and the diversification of energy 
generation portfolios, though 
capacity to hedge against large 
swings in the fossil fuel market 
depends on achieving greater 
market penetration (Nicholas 
Institute, 2014) 
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valorisation is to use upgraded 
biogas a replacement for natural 
gas 

 Use in gaseous transport and 
localised CHP 

 Valorise product competing against 
retail price of fossil fuels 

 R&D activities related to 
optimisation of existing 
technologies rather than 
technology development 

 R&D also required for business 
models 

 Need adaption of DAFM 
programmes to encourage routing 
of animal waste for AD and 
DECCAE programme to encourage 
routing of greenwaste from 
municipal land banks to AD 
 

Economic 
Feasibility 

 Economic positives associated 
with the valorisation of waste 
streams though  sources of 
supply are very fragmented – 
costly to aggregate 

 Feedstock comprised mostly of 
water – very costly to transport 

 

 Small scale individual Irish 
production units may make AD 
uneconomic 

 Costly purpose grown energy 
crops can contribute scale once 
infrastructure available 

 A tripling of the current price for 
feedstock is required to bring the 
full extent of grass silage into 
production 

 Potentially effective waste 
management solution for Irish 
farmers as well as adding value 

 Wider economics of transformation 
process may not stack up, 
particularly if energy prices remain 
low 

 Gas production and upgrade 
infrastructure is not widely 
available: financing not available 
due to nonaligned regulatory and 
policy frameworks 

 Need supplemental low cost 
technologies to facilitate 
aggregation and mobilisation of 
disparate feedstock, reduce cost 
of digestate management and 
improve biogas generation e.g. 
low cost pre-treatment technology 
to assist digestion of fibrous grass, 
crop residue, straw ; mobile slurry 
de watering facilities to aggregate 
slurry supplies; Digestate liquor 
technology to recover and 

 Higher value options might be 
available (e.g. biochemicals and 
biofertilisers) before energy  

 Risk to investors in times of low 
energy prices 

 Large agri economy offers large 
number of stakeholders – mostly 
SME though stakeholders lack 
means to aggregate feedstock 
and access capital 

 Need frameworks to develop 
routes to market for gas transport 
and localised biogas CHP 

 Heat distribution networks in non-
gas grid communities would 
provide efficient route to market 

 The global biogas market was 
worth c.$19.5 billion in 2015 and 
is forecast to exceed $32 billion 
by 2023, growing at c.6% CAGR 
(Global Market Insights, 2016) 

 Need to reduce cost and increase 
energy efficiency of biogas 
upgrade and compression 

 Clear market and output benefit 
must be established for 
government investments and 
supports to materialise 

 Commercial frameworks required 
to promote biogas displacement of 
natural gas e.g. Gas Grid injection 
protocols; Virtual grid (road 
haulage) delivery regulations; 
Less onerous gas supplier 
licensing; Gaseous transport 
dispensing infrastructure; 
Promotional programmes for gas 
transport and localised CHP; 
Longer term need “push” 
protocols – biogas bleinding 
obligations 
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through the production of 
bioenergy 

 The feed-in tariff price for the sale 
of electricity to the grid is the 
critical economic driver of AD in 
Ireland: where that price is too 
low, it will not be economically 
viable. Currently the price is 
significantly below that of our UK 
and continental partners 

 Producers who sell electricity 
themselves can earn more in 
comparison to colleagues who 
feed into the grid: the flexibility 
premium is paid to producers 
who, in addition to the direct 
marketing of the energy, also 
observe market demand: their 
biogas plants need to be at least 
20% oversized to be able to 
produce more energy if required 
and react to remote signals from 
the grid operator  

 An adaptation to DAFM 
programmes would support 
aggregation of animal slurries and 
residues for energy recovery 

 
 

 

concentrate nutrients and to 
process liquors to dischargeable 
standard 

 Need modular equipment units to 
reduce per unit cost of 
infrastructure installation 

 Need model to integrate thermal 
and AD technologies into 1 
community based cluster – 
aggregates feedstock, reduces 
cost & improves energy efficiency: 
potential for a cluster approach 

 Biogas production incurs parasitic 
energy load (some electricity but 
mostly heat), requires means to 
supply this load 

 Clustering thermal technologies 
offers means to use dried 
digestates fibre, which contains 
residual energy value 

 Opportunities for SME’s as biogas 
producers & technology 
companies 

 Potential need for PPP business 
model to engage local authorities 
in infrastructure deployment & 
finance – private market too 
fragmented: targeting EU monies 
to deploy community based central 
processing infrastructure 

 Capital investment for digester not 
significant – more about issues of 
tariffs and disappearing grants 

 The biogas market is hampered by 
high initial investments and 
installation costs (QY Research 
Group, 2015) 

 All EU countries have a biogas 
sector that produces energy, but 
just ten countries provide 85% of 
the total biogas production in 

 The Finnish government is 
exploring the implementation of a 
€100 million subsidy package for 
2017-2020 to speed up the 
uptake of biogas- and electricity-
powered cars: aiming for 250,000 
electric and 50,000 biogas cars 
by 2030. 

 Subsidies for electricity, heat or 
fuel produced in biogas facilities 
are the main driver for growth, 
especially in Europe: as many 
countries cut their support 
schemes, this development will 
not be as dynamic  as in the early 
2010s 

 Biogas promotion measures 
proposed by the European 
Biomass Association include: (i) 
integration of waste and energy 
policy (ii) financial support for 
infrastructure such as biogas 
pipelines, upgrading stations, 
plants and heat networks (iii) 
incentivise gas-driven vehicles 
(iv) feed-in tariffs to use manure 
and green cuttings for biogas 
production (v) Fair grid access for 
biomethane without fees 
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Europe (European Biogas 
Association)  

 

Environmental 
Feasibility  

 Potential waste management 
solution on-farm 

 Closing the nutrient loop in Irish 
agriculture 

 Potential to reduce GHG 
emissions and mitigate climate 
change through the creation of a 
decarbonised energy source 

 Reducing the environmental 
impact and footprint of Irish 
agriculture: part of quest to 
decarbonise agricultural practices 

 In keeping with circular 
bioeconomy and resource 
efficiency thinking  

 

 Possible sustainability concerns 
regarding the use of grass in 
energy converting systems (now 
discouraged in the UK)  

 Environmental compliance of AD 
systems creating uncertainty 

 Addresses sustainability 
challenges associated with 
traditional slurry spreading while 
also extracting additional value 

 Soil quality may deteriorate if 
regulatory barriers for spreading 
digestate are not overcome 

 Mitigating chances of agricultural 
run-off with positive impacts for 
local water quality, air quality and 
biodiversity 

 Need AD methods to improve 
carbon conversion to CH4 rather 
than CO2 

 Biogas from waste has one of the 
lowest carbon footprints of all 
renewable energy technologies 

 AD of agri residues and recycling 
nutrients (if allowed) can mitigate 
application of manufactured 
fertilisers and runoff to surface 
waters 

 AD offers route to recycle nutrients 
and possibly route to produce 
higher value VFA chemicals 

 

 In keeping with the aims of the 
Origin Green campaign, further 
working towards a more 
sustainable agricultural landscape 

 Could be used as part of the Origin 
Green branding re closing the 
resource loop in Irish agriculture, 
reducing GHG emissions, 
mitigating climate change etc. 

 Availability of pasteurised digestate 
for land spreading: a more 
manageable fertiliser with less 
potential for run-off - benefits need 
to be understood and 
communicated  as a positive 
dimension to Origin Green rather 
than a negative 

 Energy recovery from waste is part 
of accepted waste management 
protocol & best practice 

 Contributes to circular economy 

 Agri waste AD will assist to meet 
Ireland’s GHG emission, RES and 
soil/water quality obligations 

 Will provide ETS obligated 
companies with means to achieve 
ETS objectives 
 

 Contributions towards domestic 
energy security 

 Biogas can make a worthwhile 
contribution to Ireland’s energy 
mix and help the country to reach 
renewable energy targets 

 Reducing reliance on imported 
fossil fuels for energy creation 

 Creation of decarbonised gaseous 
energy in a world of fossil fuel 
limitations 

 Positive impacts on GHG 
emissions and climate change 

 Potential for nutrient rich digestate 
to also be spread on land (if 
overcome regulatory barriers 
related to this) 

 Government regulations and 
policies favoring renewable 
energy generation expected to 
further complement market growth 

Social 
Sustainability 

 Potential positive contributions to 
on-farm safety re the storage and 
use of slurry 

 Potentially effective waste 
management solution for Irish 
farmers as well as diversifying 

 Potential positive contributions to 
local community energy systems, 
independence and resilience 

 Well-being and safety of 
individuals working with waste is 
paramount: potential biosecurity 

 Potential to diversify income for 
Irish farmers, increasing resilience 
and sustaining rural livelihoods 

 Opportunities for dispersed rural 
industries and networks, 
contributing to rural development 

 Potential positive environmental, 
health and social implications for 
local communities and end 
consumers by contributing towards 
a domestic, renewable energy 
supply 
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Summary 

 Overall positivity re the technical feasibility of this Value Chain though mostly we need an integrated, coherent framework to promote routing of 

feedstock for energy recovery and biogas production in Ireland – technologies, feedstock and expertise exist – need financing and routes to market 

for gas output 

 Concerns regarding the use of digestate and the development and operation of AD hubs can and must be overcome with appropriate supports 

 Social and environmental benefits on offer, with potential to diversify income for Irish farmers also 

 Economics can also be improved with appropriate supports 

 Positive market potential and anticipated increases in demand with appropriate regulatory drivers though some remaining issues over use of 

digestate 

 Short-medium term priority  

 

 

 

 

 

income  through the production of 
bioenergy 

 Positive contributions to rural 
development and resilience:  
biogas installations can, as a 
result of their decentralised nature 
and the regional investment 
structure, contribute significantly 
to sustainable development in 
rural areas and offer farmers new 
income opportunities (EC, 2009) 

 Producer benefits 
 

concerns 
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Value Chain 15 

Use of food residues and waste as a feedstock for bioenergy using existing and/or novel technology e.g. transforming food waste from catering and retail 

outlets through anaerobic digestion 

 

 Input Sourcing and Procurement Operations & Production 
(Transformation Stage) 

Sales and Marketing Consumer 

Technical 
Feasibility 

 Supply base further facilitated by 
brown bin roll out 

 Potential issues  associated with 
feedstock transport and logistics 

 Opportunities for co-digestion with 
other feedstocks to generate 
scale e.g. with organic (digestible) 
fractions of agri-food waste to 
generate scale or grass 
greenwaste from amenity areas, 
verges, sports ground etc once 
frameworks are in place 

 Volumes of waste resources are 
relatively low so will not 
significantly contribute to the 
scale of demand for renewable 
gas- potentially only considered 
as complimentary to other VCs 
e.g. total food waste in Ireland 1m 
tonnes (compared to 12m t in 
Germany 12m t and 60m t in the 
US) ( World Bank, 2012) 

 Need to aggregate feedstock 
streams as supply is very 

 Characteristics vary, but AD 
makes a homogenous biogas 
product from heterogeneous 
wastes 

 Established technology base 
though lack of infrastructure and 
scale 

 Potential regulatory, planning and 
licencing issues 

 Basic AD technology widely 
deployed across EU 

 Food waste may pose some 
technical problems as inhibitors 
can contaminate the AD process if 
separation technology is not 
adequate 

 Need supplemental low cost 
technologies to facilitate 
aggregation and mobilisation of 
disparate feedstock supplies, 
separate organic fractions from 
non-digestible residues, reduce 
cost of digestate management and 
improve biogas generation 

 Use of digestate in landspreading 
has caused concern amongst food 
marketing groups regarding 
potential negative consumer 
reaction  

 Key policy drivers include food 
waste collection legislation, landfill  
bans, renewable energy targets, 
Emissions Trading Schemes and 
Biofuels Directives 

 Europe at the forefront of 
bioenergy consumption accounting 
for 44% of the global market in 
2014 with subsidy support 

 Factors influencing bioenergy 
market dynamics include 
speculation, trade restrictions and 
currency exchange rates 
(Hamelinck, 2013) 

 Breakdown of bioenergy markets 
only seen modest changes 1990-
2010: use for heating has 
consistently accounted for a large 
share of demand (IRENA, 2014) 

 Potential issue with consumer 
acceptance of this value chain 
when reducing food waste has 
become a key message 

 Need to create market outlet to 
effect change in collection 
protocols 

 Growing market demand for 
renewable forms of energy 
including bioenergy and biogas 

 Nutrient-rich digestate for 
fertilising purposes if overcome 
associated regulatory barriers 

 Farmers should not have a 
negative reaction to the use of 
disgestate from AD given 
international experience and 
benefits over raw slurries: 
concerns re locking up nutrients 
may need to be addressed  

 Potential negative consumer 
response to agricultural food 
products produced from farms 
with AD units  
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fragmented both in terms of 
characteristics of digestible 
feedstock, but mostly in terms of 
geographic concentrations 

 High yielding feedstock for energy 
production 

 In 2012, Biodegradable Municipal 
Waste (BWM) accounted for 54% 
of all Municipal Solid Waste  
(MSW) accepted at landfill, equal 
to 589,259 tonnes of organic 
material 

 As set out in the EU Landfill 
Directive Ireland can only landfill 
a maximum of 35% of the BWM 
generated in 1995 (427,000 
tonnes) by July 2016. Therefore a 
significant volume exists which 
could be available 

 Current disposal options include 
anaerobic digestion and 
composting.  

 Utilisation of this material will be 
via an EPA licensed facility 

 

 Need shared receiving, separation 
and AD processing infrastructure 
available to all waste management 
companies and other users in 
local geographic area; 

 Need digestate solids technology 
to thermally treat digestate, 
facilitating disposal via land 
spread 

 Need digestate liquor technology 
to recover and concentrate 
nutrients and to process liquors to 
dischargeable standard 

 Uncertainty over appropriate 
business models: large scale 
centralised plants vs small scale 
local AD hubs 

 Challenges associated with 
separating food waste from 
packaging: need for de-packaging 
technology developments 

 Heterogeneous nature of  waste 
would make energy production 
variable and difficult to predict 

 For utilisation of food waste for 
bioenergy, AD or thermal 
gasification would be the most 
suitable options: of  these AD 
would be more feasible in Ireland 

 Any facility accepting this organic 
material will require a full EPA 
license and probably an approval 
by DAFM in addition to planning 
and grid connection, hence there 
is a high entry barrier 

 Whilst we don’t have significant 
technical skills in AD, Ireland 
should not have any major issues 
given our food processing and 
biotech background 

 Management of the digestate is a 

 Largest growth in bioenergy 
demand in the transport sector: six-
fold increase between 2010 and 
2030 (IRENA, 2014) 

 With the exception of Asia, all 
regions can meet their demand 
from domestic biomass sources 
(IRENA, 2014) 

 Capacity additions in Asia Pacific 
and Latin America regions to 2020 
are expected to reduce Europe’s 
share in global production capacity 

 Global energy demand will 
increase more than 40% by 2035: 
95% of this will be in non-OECD 
countries 

 Strong growth of global bioenergy 
use expected: 20% in 2020 and 
40-60% in 2035 

 By 2050, bioenergy could account 
for c.12% of primary energy in the 
UK with bioenergy’s contribution to 
total electricity generated 
increasing from 3% to 5%-11% by 
2020 (Invest NI) 

 Key players in global bioenergy 
market include Joule Unlimited, 
Amyris, Inc., Abengoa Bioenergy, 
BP Biofuels, Ceres Inc., Enerkem, 
Gevo, Inc., POET LLC and 
Novozymes.  

 Germany and France held a 
bioenergy  market share of 56% in 
in Europe in 2015 

 GREENGAS certification process 
is in development 

 Current structure of waste 
collection industry is fragmented – 
need shared infrastructure in 
locality 

 Best long term means of 

 Public attitudes indicate a 
moderate (and sometimes low) to 
ambivalent support for renewable 
energy including bioenergy 
(Radics et al, 2016) 

 Sources of information for 
consumers on bioenergy include 
TV, radio and newspaper media 
though consumers generally 
reported to not be well-informed 
(Radics et al, 2016). 

 Consumer focus on bioenergy is 
only recent: consumers have 
strong recognition and support for 
solar and wind renewable energy 
(Radics et al, 2016) 

 CSR initiatives will contribute to 
development of food waste 
bioenergy production and 
consumption e.g. Sainsburys aims 
to become a zero-waste company 
by processing its food and meat 
waste into bioenergy 
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more significant issue due to lack 
of a coherent approvals process: 
this could significantly thwart the 
development of decentralised 
facilities 

 Alternatives to biomass for power 
generation include solar, wind, 
hydro, geothermal: all driven by 
new technology and all have 
further potential and conversion 
efficiencies of these technologies 
can often be higher than biomass-
fired power plants (IRENA, 2014) 

 
 

valorisation is to use upgraded 
biogas as replacement for natural 
gas 

 Use in gaseous transport and 
localised CHP 

 R&D activities related to 
optimisation of existing 
technologies rather than 
technology development 

 R&D also required for business 
models 

 Need adaption of Environment 
programmes for municipal waste 
collection (separate food waste) 
and to encourage routing of 
organic fraction for AD: composting 
is lowest cost means of disposal 
and current favourite of waste 
management companies but does 
not offer energy recovery 

 Need  DECCAE programme to 
encourage routing of greenwaste 
from municipal land banks to AD 
 

Economic 
Feasibility 

 Opportunity to capitalise  on a 
waste collection system that 
already segregates waste 

 Food waste from supermarkets is 
currently collected efficiently 
though transport to processing 
centres is costly  

 Feedstock comprised mostly of 
water – very costly to transport 

 Potential for gate fees in the 
future re food waste supply 
(positive impacts for supplier):  A 
standardised gate fee would be 
beneficial to remunerate cost of 
separation equipment. Set at a 
level that promotes local 
processing of food waste 

 Economic positives associated 
with adding value to waste  

 Potential for low payback over a 
long timeframe 

 Gas production and upgrade 
infrastructure not widely available: 
financing not available due to 
nonaligned policy frameworks 

 Stakeholders lack means to 
aggregate feedstock and access 
capital: lack financial incentive to 
deploy processing infrastructure 

 Need to develop low cost pre 
treatments for fibrous greenwaste  
Need to reduce cost and energy 
efficiency of biogas upgrade and 
compression and cost per unit of 

 Global bioenergy market is 
anticipated to be worth US$246.52 
bn by 2024 from US$158.39 bn in 
2015. During the forecast period of 
2016 and 2024, the global market 
is expected to rise at a CAGR of 
4.9% (Transparency Market 
Research, 2016). 

 Potential for higher value 
opportunities before energy 
creation  including other food and 
biochemical uses 

 Subsidies, taxes and excise may 
be necessary for value chain 
success -  predicted reliance on 
government incentives 

 Municipality projects have potential 

 Minimal conversion costs to 
biomethane for consumer 

 Commercial frameworks required 
to promote biogas displacement of 
natural gas e.g. Gas Grid injection 
protocols; Virtual grid (road 
haulage) delivery regulations; 
Less onerous gas supplier 
licensing; Gaseous transport 
dispensing infrastructure; 
Promotional programmes for gas 
transport and localised CHP; 
Public Financing mechanisms; 
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 Driven by renewable energy feed-
in tariffs (REFIT): the 
government’s support price 
structure for bioenergy to provide 
price certainty to renewable 
electricity generators 

 The feed-in tarrif price for the sale 
of electricity to the grid is the 
critical economic driver of AD in 
Ireland. Where that price is too 
low – it will not be economically 
viable. Currently the price is 
significantly below that of our UK 
and continental partners. 

infrastructure installs 

 Model that integrates thermal and 
AD technologies into 1 community 
based cluster would be helpful to 
aggregate feedstock, reduce cost 
& improve energy efficiency 

 Biogas production incurs parasitic 
energy load (some electricity but 
mostly heat), requires means to 
supply this load 

 Clustering thermal technologies 
offers means to use dried 
digestates fibre, which contains 
residual energy value 

 Opportunities for SME’s as biogas 
producers & technology 
companies 

 Large investment required 

 Question whether the 
transformation will generate 
enough bioenergy to justify the 
investment 

 Potential for gate fees in the future 
re food waste supply (negative 
impacts for processor) 

 Majority of players focusing on 
improving brand awareness and 
expanding geographical reach 

 Vertical integration is also an 
important business strategy 
adopted by some of the 
companies in the global bioenergy 
market (Transparency Market 
Research, 2016) 

 Need PPP business model to 
engage local authorities in 
infrastructure deployment & 
finance – private market too 
fragmented: targeting EU monies 
to deploy community based 
central processing infrastructure 

to provide SME opportunities. 
(Bioenergy from Waste, 2012 e.g. 
Waterford City Council developed a 
plant that is expected to process 
22,000 tonnes of biowaste per 
year. Methane will be produced 
from the process and combusted 
on site providing heat and 
electricity equivalent to the 
electrical demand of 2,000 homes. 
It will also provide a liquid fertiliser 
as a co-product for local farmers 
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Environmental 
Feasibility  

 Negative environmental impacts if 
this value chain incentivises the 
production of food waste 

 Food waste reduction must be 
prioritised, with only unavoidable 
food waste residuals going 
towards energy creation (Oldfield 
et al., 2016) 

 Environmental positives in the 
creation of decarbonised energy, 
reducing reliance on fossil fuels 
and GHG emissions 

 Positive impacts for air quality 
from cleaner energy combustion 

 Threat to land availability for food 
production and increased food 
prices represent possible 
negative attributes to bioeconomy 
growth (Radics et al, 2016) 

 

 Reducing amount of food waste 
going to landfill 

 Positive impact on methane and 
other GHG emissions  

 Sustainability of AD plants 
requires consideration e.g. 
requirements for decontamination 
and odour control  

 Need methods to improve carbon 
conversion to CH4 rather than 
CO2 

 Biogas from waste has one of the 
lowest carbon footprints of all 
renewable energy technologies 

 Biogas from municipal food waste 
& greenwaste not only reduces 
GHG emissions, but also as a 
basis to recycle organic nutrients 

 Recycling AD nutrients mitigates 
application of manufactured 
fertilisers and runoff to surface 
waters 

 Displacement of natural gas with 
biogas provides ETS obligated 
companies means to reduce GHG 
emissions 

 AD of municipal waste consistent 
with circular economy concepts  

 AD offers route to recycle nutrients 
and possibly route to produce 
higher value VFA chemicals 

 

 In keeping with circular economy 
approach, valorising waste streams 
and extracting maximum value and 
use from resources 

 Environmental positives associated 
with the use of by-products 

 Decarbonising waste while 
preserving nutrients for digestate (if 
overcome regulatory barriers) 

 Energy recovery from waste is part 
of accepted waste management 
protocol & best practice 

 
 
 

 Potential negative impacts on food 
security if this value chain 
incentivises the creation of food 
waste 

 Positive impacts on domestic 
energy security however, reducing 
consumer reliance on imported 
supplies 

 

Social 
Sustainability 

 Potential positive contributions to 
rural development and resilience 
through the creation of local 
energy supplies 

 Potential new opportunities for 
employment in the agriculture 
sector changing perspectives on 
bioenergy 

 Could form an essential part of  

 Health and safety of employees 
working with waste streams is 
important 

 Ensuring responsible community 
relations through the reduction of 
waste streams going to landfill 
(though must not increase the 
creation of food waste) 
 

 

 Potential positive impacts on 
public health and well-being 
through the development of a 
clean, renewable energy source 

 Some studies show acceptance 
can relate to social benefits in the 
community – including jobs and 
ability to contribute to national 
security (Radics et al., 2016) 
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Summary: 

 Technology feasible though variability in waste material may cause some concern along with high entry barriers (e.g. regarding licencing) 

 Mostly need an integrated, coherent framework to promote routing of feedstock for energy recovery and biogas production in Ireland – technologies, 

feedstock and expertise exist – need financing and routes to market for gas output 

 Economic feasibility dependent on feed-in tariffs 

 Significant concerns re use of digestate: need to be overcome with appropriate supports and coherent approval policies 

 Environmental and social preference to reduce food waste: VC must not incentivise creation of more waste 

 Potential for higher value opportunities: perhaps this VC only suited to residuals (integrated bioeconomy web) (though will residuals warrant the 

required investment in AD units?) 

 Largely positive consumer demand for renewable energy forms: possible acceptance issues around digestate 

 Predicted market growth in renewable energy, including bioenergy 

 Short-medium term with certain conditions  

 

 

 

 

 

 

 

social contracts for retailers and 
large processors in the future 

 
 
 
 

 Potential moral conflict regarding 
the utilisation of food for energy 
purposes 

 Need to prioritise food waste 
reduction 
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Value Chain 16 

Use of recovered vegetable oil as a feedstock for biofuels using existing and/or novel technology e.g. recovered vegetable oil from the catering sector for 

biodiesel production 

 

 Input Sourcing and Procurement Operations & Production 
(Transformation Stage) 

Sales and Marketing Consumer 

Technical 
Feasibility 

 Issues of scale and a perceived 
limited number of benefactors 

 Limited growth potential 

 Available feedstock supply, though 
in limited volumes 

 Vast majority of the used cooking 
oil is currently recovered, but 
exported out of the country to 
jurisdictions that offer a credit for 
production of biodiesel 

 System exists to recover and 
aggregate supplies  

 Ireland does not have sufficient 
critical mass to generate a 
substantial industry – only a very 
small industry 

 Possible issues with quantity, 
quality, collection and storage of 
feedstock  

 Value chains that utilize 'problem' 
wastes are obvious low hanging 
fruit but may have limitations with 
regard to scale 

 Biodiesel transformation 
technology exists and is mature, 
well proven: requires very little 
R&D 

 Skills and personnel exist in 
Ireland 

 One plant is currently operational 
in Ireland, but operates only part 
time due to shortages of feedstock 

 Technical positives associated 
with vegetable (as opposed to 
animal) origin e.g. fat content 

 Modern engines cannot utilise the 
raw output so blending of small 
volumes is required after extensive 
purification processes 

 Technology is now sufficiently 
advanced to produce biodiesel of 
acceptable quality 

 Processing industries are not in 
Ireland for blending with main spec 
diesel 

 Due to potentially high levels of 

 Can be wholesaled via brokers or 
direct paths with oil companies: 
same as petroleum-based fuels 

 Clean, green image of biofuels will 
facilitate marketing 

 Waste feedstock not impacting on 
land use for food production: useful 
marketing tool  

 Biofuel Blending Obligation creates 
a market for biodiesel 

 Department of Transport’s draft 
policy on alternative fuels 
recognises the use of waste to 
produce lower carbon  fuels  

 Policy drivers in circular economy 
thinking and renewable energy 
targets (especially re transport) 

 Global biodiesel market will grow at 
a CAGR of 8.1% between 2013-
2018 (TechNavio, 2015) 

 However, in EU-28, gross inland 
consumption only increased to 
11,493 Thousand TOE in 2014 

 Easier to transport  liquid output 
than biogas  

 Growing market demand for 
renewable energy sources 

 Consumers happy to use 
biofuels mixed into fossil fuel: 
does not require any adaption or 
modification of vehicles, hence 
there is easy uptake though only 
small volumes required   

 Potential  quality issues with 
biodiesel obtained, though fuel 
blending may overcome this 

 Potential increase in demand 
with the rise of green cars 

 Lack of widely accepted quality 
standards for biodiesel is 
problematic: since biodiesel is 
produced from varying origins, a 
standard of fuel quality is 
essential to guarantee engine 
performance and successful 
commercialization 



 
 

45 
 

 Approx. 34,000 tonnes of waste 
vegetable oil in Ireland: in 2003, a 
study in Ireland suggested the 
recovery rate for collection of 
vegetable oil was 50% of total 
supply, and it was felt that 73% 
would be a realistically collectable 
volume 

 Whilst a portion is used for animal 
feed as an energy source, an 
estimated 25,000 tonnes could be 
available for biofuel production 

 Biofuel facilities require either a 
local authority recovery permit or an 
EPA license 

 Collection can be complicated due 
to the dispersed nature of the 
catering industry, with a number of 
local authorities requiring food 
facilitates to have oil and grease 
traps and certificates of disposal: 
more opportunities to collect these 
feedstocks if a permitted collection 
system can be approved and 
implemented 

hydrogen cracking and 
hydrogenation of the oil in the 
cooking process, the recovery of 
used vegetable oil into biofuels is 
more complicated that using virgin 
vegetable oil and has a lower 
conversion yield 
 

from 10,486 Thousand TOE in 
2010 (Eurostat, 2016) 

 Irish gross inland consumption 
increased from 62,500 TOE to 
65,200 TOE between 2010 and 
2014 (Eurostat, 2016) 

 Key players in the Global Biodiesel 
Market: Cosan, Diester, INEOS, 
Neste Oil, Renewable Energy, 
Archer Daniel Midland, Brazil Eco 
and Petrobras 

 Manufacturers partner with 3
rd

 
party distribution companies, 
providing wholesale product that is 
bought by retailers and others: 
efficient model that enables high-
volume sales but can limit 
manufacturer interactions with 
retailer 

 Increased direct distribution 
channels needed to reduce prices 

 Policies to support biodiesel 
include: (i) Public procurement e.g. 
Spanish procurement of biodiesel-
run buses (ii) Direct financial 
subsidy: focus on start-up 
processing enterprises, technology 
research and raw material 
production (iii) Exemption from VAT 
(iv) Environmental regulations e.g. 
likely ban on fossil-fuel based 
heating in Norway by 2020 

 

 Kallas and Gil (2016) found car 
manufacturers unwilling to 
recommend its use as it may 
lead to engine failure 

 Van de Velde et al (2009) 
investigated the perception of 
Belgian consumers with respect 
to biodiesels and identified four 
consumer segments based on 
the importance of different fuel 
characteristics: to convince 
performance-oriented and 
environment-oriented 
consumers to use biofuels, 
companies must supply 
information about biodiesel 
quality and performance  

 Quality and safety standards are 
pivotal in consumer choice of 
vehicle fuel: arguments regularly 
put to consumers for biodiesel 
include: (i) Biodiesel prolongs 
engine life and reduces 
maintenance costs; (ii) Biodiesel 
demonstrates better sulfur 
content, flash point, aromatic 
content and biodegradability; (iii) 
Biodiesel is non-flammable, 
safer and cleaner, reducing 
tailpipe emissions, visible 
smoke and noxious fumes and 
odours (Ma et al, 2014) 

Economic 
Feasibility 

 Possible niche opportunity: 
economic benefits will only accrue 
to a limited few 

 Commercial operators/collectors 
already existing in Ireland thus 
indicating little potential for further 
expansion or growth 

 Vulnerable to external fossil fuel 

 Biodiesel transformation 
technology is not very expensive: 
comprise only c.20% of cost of 
biodiesel while the price of the 
used cooking oil comprises c.80%  

 However because there are 
jurisdictions that offer tax credits 
for biodiesel production, producers 

 Economics of biodiesel production 
dependent on the price of the used 
cooking oil supply, which in turn is 
driven by the relevant excise tax 
regime existing in the production 
jurisdiction 

 In 2012, the global market for the 
production and wholesale pricing of 

 Need for tax incentives and 
subsidies to reduce appeal of 
fossil fuel alternatives 
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prices: low price of oil is a limiting 
factor currently 

 Importance of getting support policy 
(tax) right: excise and duty levies 
on fuel can make biodiesel 
uncompetitive with fossil fuels 

 Lack of recognition of the lower 
carbon footprint of these fuels has 
restricted development to date 
 

in those jurisdictions are able to 
offer very high prices for the used 
cooking oil, limiting availability of 
supplies in markets with no tax 
credit  

 Possible niche opportunity: 
benefits will only accrue to a 
limited few 

 Growth of the global biodiesel 
market is dependent on the 
availability, quality, and yield of 
feedstock as the source material 
accounts for more than 80% of the 
cost of production 

 Uncertain market uses limit 
desirability to invest in necessary 
infrastructure 

 Unrealistic scale of operation 
required to make financially viable 
and beyond a niche success 

 Not making economic sense to 
produce biofuels in Ireland due to 
scale, cost of production and price 

 Alternative option for locally 
produced liquid fuel would be to 
develop a synthetic fuel from 
biomass wastes or lignocellulose 
material: this technology however 
needs to be developed from TRL 1 
and need to be mindful of higher 
value uses for such material 

 No real need for advanced R&D – 
mass conversions from cooking oil 
to biodiesel are c.90% already 
occurring 
 

ethanol and biodiesel was sized at 
close to $100 billion (compared to 
c.$16 billion in 2005). By 2022, the 
market is expected to grow to 
c.$178 billion driven by capacity 
additions and higher prices 

 Export of the raw material 
feedstock may be more profitable 
in Ireland compared to processing 
it indigenously 

 Potential for higher value options 
beyond a single biodiesel use 
including biochemicals and 
biosurfacants 

 Biodiesel market relates to energy 
policy e.g. U.S. biodiesel 
consumption fell to 1.75 billion 
gallons in 2014 as the Obama 
administration failed to finalise 
biodiesel volumes under the 
renewable fuel standard and the 
biodiesel tax incentive lapsed 
(EPA, 2015) 

 Volatility in crude oil prices results 
in fluctuations in biodiesel 
consumption and could restrict 
market growth (Research & 
Markets, 2016) 

 The Food vs. Fuel debate is also 
impacting on policy formation 
(reduced subsidies) 
 

Environmental 
Feasibility  

 Environmental positives associated 
with the development of a 
decarbonised energy supply: 
mitigating GHG emissions and 
climate change 

 Reducing GHG emissions and 
climate change impact of energy 
production and consumption 

 Production of biodiesel by this 
route has a lower carbon footprint 

 Environmental positives associated 
with the minimisation of waste 
streams, in keeping with circular 
economy aims and resource 
efficiency ideals 

 Contributions to domestic energy 
security, reducing reliance on 
imported fossil fuels 

 Ability of the output (biodiesel) to 
reduce GHG emissions in the 
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Summary 

 Environmental positives associated with the use of biofuels and production of these fuels from a waste product 

 Easy uptake at consumer level particularly through fuel blending 

 Policy drivers for the development of this chain 

 Niche economic opportunity however: benefits will only accrue to a limited few 

 Limited opportunity for significant growth or expansion 

 Persisting consumer concerns and need for appropriate policy intervention re pricing, subsidies and support  

 Short to medium opportunity but perhaps not from a  broader bioeconomy perspective  

 

 Possible waste management 
solution for catering firms and other 
industries  

 Environmental positives associated 
with the utilisation of problematic 
waste streams  

compared to most other means of 
biodiesel production 

 Biodiesel from waste offers 
promising carbon footprint – 
qualifies as sustainable under EU 
regulations 

 
 

 As the feedstock is a waste and 
hence is not impacting on land for 
food production, the environmental 
impact of these fuels will be lower 
than conventional biodiesels 

 Environmental positives associated 
with the use of by-products 

 Growing concern about the role of 
biofuels in rising food prices: e.g. in 
the US this has been 
supplemented by doubts about the 
climate benefits. The US 
Renewable Fuels Agency 
considers that this raises questions 
regarding sustainability (2015) 

transport sector and help to meet 
renewable energy targets 

 Positive impacts for air quality and 
biodiversity in the switch to more 
renewable energy sources 

 Equal price amongst competing 
fuel types is a necessary condition 
for the expansion of the biodiesel 
market (Bomb et al., 2007)  

 Study in Spain (Kallas and Gil, 
2016) found that consumers were 
not willing to pay for biodiesel, 
especially when its production 
may negatively affect food prices 

 
 

Social 
Sustainability 

 Benefits may only accrue to a 
limited few; possible less potential 
for wider rural development and 
bioeconomy impacts compared to 
other VCs proposed 

 Responsible community relations 
through the reduction of waste 
streams going to landfill 

 Well-being (including health and 
safety) of employees working with 
waste oil will be important 

  Increasing domestic resilience and 
energy security through the 
development of an indigenous fuel 
supply 

 Positive public health impacts 
through the development of a 
cleaner energy source 
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Value Chain 17 

 

 Input Sourcing and Procurement Operations & Production 
(Transformation Stage) 

Sales and Marketing Consumer 

Technical 
Feasibility 

 Issues with seaweed harvesting 
and licencing remain in Ireland and 
have proved difficult to overcome to 
date  

 Perceived abundant supply in 
Ireland though total resource base 
not quantified at present 
(commercial quantities thus 
unknown) 

 Challenges of  scale and ability of 
the chain to contribute to the Irish 
bioeconomy beyond a niche 
success 

 Potential issues with seasonality of 
supply though Irish climate  more 
hospitable to year-round harvesting 
compared to other nations  

 Irish seaweed production is 
predominantly hand-harvested from 
wild resources, mainly  from 
western/northern coasts with 25-
35,000 wet tonnes per annum  

 Uses for seaweeds are varied, but 
the most common uses are as a 
human food (majority of production) 
or as raw material for phycocolloids 

 Aquaculture could provide a more 

 Established research and SME 
activity 

 Nutrient- and bioactive-rich 
properties of seaweed suitable for 
multiple applications 

 Known bioactive molecules and 
extraction methodologies 

 Established R&D infrastructure 
(e.g. Marine Institute & Nutramara) 

 Uncertainty regarding timeframe 
for realisation: a lot still at the 
research stage i.e. potentially not 
viable in short-medium term 

 Irish seaweed is either exported 
mainly to China for alginate 
extraction or used as a soil 
conditioner/fertiliser and used by 
Irish SMEs for production of 
cosmetics, thalassotherapy, food 
and plant growth stimulants, as 
well as livestock and pet food 
supplements: mainly driven by 
small business operations 

 Development has been limited by 
lack of access to seaweed and 
license issues:  tendency towards 
niche industry 

 The development of this sector will 
be based around the development 
of high value products 

 Seaweed aquaculture has an 
environmental friendly perception 
and this is a valuable marketing 
tool: however an industry wide 
approach to marketing would raise 
the profile of the sector collectively 

 Need for appropriate supports and 
coordinated action  between 
research and industry groups, but 
also government bodies to set 
seaweed as a priority area for 
action and investment in Ireland 

 Europe is a low volume but high 
margin market: marketing 
campaign could stimulate 
consumption 

 Increasing application of seaweeds 
in medical, healthcare, animal feed, 
and fertilizers sectors will boost 
market growth alongside industrial 
acceptance of seaweed extracts 
such as alginate, agar, and 
carrageenan  

 Red seaweed as the leading 

 Consumers have recognised the 
health benefits from seaweed  

 Availability and access to the 
products can limit the market 
penetration of seaweed products 

 Broad consumer acceptance of 
products (food and cosmetics): 
perceived to be of ‘natural’ as 
opposed to synthetic origin 

 Positive image of Irish marine life 

 Important portion of seaweed 
production is consumed as food in 
several cultures, notably in Asia 
e.g.in Japan, the red seaweed, 
nori (Pyropia and Porphyra) is a 
traditional wrapping for sushi and 
used in soups (FAO, 2016) 

 Following trends in traditional 
foods and home cooking, the use 
of seaweed as an ingredient is 
rising and product development 
involving salads and wraps are 
slowly evolving 

 Increasing recipe books promoting 
the use of 'sea vegetables' or 
'marine vegetables' 

 Consumers interested in the 
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reliable source material: efforts into 
aquaculture production methods for 
seaweeds are required 

 Currently 7 existing seaweed 
aquaculture licenses, with a further 
23 applied for according to BIM 

 This sector is liable to fluctuations 
in supply, mainly due to periods of 
consistently poor weather or low 
growth of seaweed 

 Globally wild harvest of seaweeds 
only accounted for c.4.5% of total 
seaweed production in 2010 (FAO, 
2012) 

 While cultivated seaweed 
production has grown by c.50% in 
the last decade, seaweeds 
harvested from the wild have 
declined from 1.2 million tonnes in 
2000 to 0.9 million tonnes in 2010 

 Indonesia’s share of world farmed 
seaweed production increased 
dramatically from 6.7 percent in 
2005 to 36.9 percent in 2014 

 Globally, in 2014, c.28.5 million 
tonnes of seaweeds and other 
algae were harvested for direct 
consumption or further processing 
for food (traditionally in Japan, 
Korea and China) or for use as 
fertilizer and in pharmaceuticals 
and cosmetics (FAO, 2016) 
 

 
 

 

 Given the scale of the industry and 
licensing issues, it is unlikely that 
large scale harvesting of particular 
species would be sustainable: a 
diversity of products to the 
consumer would offer more 
stability to producers 

 The global seaweed processing 
industry utilises c. 10-12 million 
tonnes of seaweeds (frozen 
weight) annually, sourced from 
‘wild harvest’ or cultivated in 
farms: bulk of the seaweed 
produced globally is from 
aquaculture (FAO, 2012) 
 

product segment accounting for 
52.5% of total global market 
revenue in 2015: projected to grow 
at the highest CAGR due to its 
functional qualities, easy 
accessibility, and diverse 
applications. 

 Most commercial seaweeds are 
consumed in liquid form, c.52% of 
total market in 2015: ease of 
application and growing demand 

 Human consumption as the leading 
application segment, c.81% of total 
revenue in 2015: expected to 
witness the highest growth of 9% 
over the forecast period 

 Asia Pacific dominates commercial 
seaweed market with demand 
share exceeding 80% in 2015: 
China and Indonesia as the largest 
country-level markets 

 Large production volume and 
increased use of seaweeds in 
Asian cuisines have led to 
increased sales of raw and 
processed seaweeds: gaining 
acceptance among organic 
cultivators and industrial domains 
with respect to hydrocolloid use 
(Market and Markets, 2016) 

 In Ireland, the dominant market for 
edible seaweed is the domestic 
food market sold directly to health-
food stores, specialist retailers and 
supermarkets: relatively small 
proportion of national production is 
exported to Spain and the UK, 
mostly as bulk consignments  

 Very few value-added, branded 
products are sold abroad 

 Growing attention to nutritional 

functional food attributes of 
seaweed e.g. Mintel (2016) found 
that 58% of German and 44% of 
UK consumers have either tried or 
would like to try algae as a protein 
source 

 Further, 36% of UK consumers 
who use herbs, spices or 
seasonings agree that ground, 
dried seaweed would be a good 
alternative to salt for flavoring 
meals (Mintel, 2016) 

 Seaweed is not only a natural way 
to substitute salt, but also exhibits 
antioxidant, antimicrobial, and 
anti-inflammatory properties which 
may lower cholesterol, reduce 
blood pressure or aid in digestion 
and weight management 
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value of seaweed and abundance 
of vitamins, minerals, and protein: 
many seaweed flavoured foods 
(including ice creams) and drinks 
are being launched, with the Asia 
and Pacific region as main market, 
but with increasing interest across 
Europe and America (FAO, 2016) 

 From January 2011 to October 
2015, c.2% of bodycare products 
launched contained a seaweed 
ingredient(s). Of these, brown 
seaweed and red seaweed are the 
most common (Mintel, 2016) 
 

Economic 
Feasibility 

 Clean image of Irish marine life 
adding to competitive advantage 

 Potential to relaunch local 
economies 

 Concerns regarding  seaweed 
harvesting costs 

 Potential long lead in  to 
generating profit makes this 
proposition difficult for small 
businesses, hence facilities 
established on a cooperative 
basis (e.g. drying halls, 
processing equipment etc.) could 
reduce the risk and open new 
opportunities 

 European seaweed industry is 
dominated by Norwegian, French 
and Irish production. Spain and 
Portugal are small suppliers. 
Production has almost 
disappeared in the UK since the 
last processing plant in Scotland 
closed 

 Due to the lack of 
competitiveness of the European 
industry compared to Asia and 

 Significant capital investments 
required to launch an expansion of 
this industry 

 To limit transportation costs of wet 
material and to remain competitive 
when importing dried material, 
industries often decide to settle 
close to seaweed landing areas  
(Netalgae, 2012) 

 Processing industries raise doubts 
concerning the usefulness of 
remaining in Europe and partly 
compensate for the lack of 
European product by using 
external supply (Netalgae, 2012) 
 

 Despite seaweed farming growing 
rapidly over the last decade, global 
demand for seaweed based 
products has surpassed supply 

 Leading companies in the 
commercial seaweeds market 
include Cargill, Inc., E.I. Du Pontde 
Nemours and Company, Roullier 
Group, Biostadt India Limited and 
Acadian Seaplants Limited 

 The global commercial seaweeds 
market was valued at $10.31 billion 
in 2015 and is expected to reach 
$22.13 billion by 2024, growing at a 
CAGR of 8.9% from 2016-2024 

 BIM identify an opportunity to 
increase the value of the Irish 
seaweed sector from €18 million 
per annum to €30 million by 2020 

 Food and drink product launches 
that comprise seaweed flavors, 
including kombu, nori/laver and 
wakame increased by 147% 2011- 
2015 (Mintel, 2016) 

 Majority of seaweed products 
launched in Asia Pacific region, 

 High prices for end consumer 

 Seaweed for human consumption 
(€30,000 per tonne of dried 
seaweed) compared to low price 
for seaweed for animal feed (€280 
per tonne of dried seaweed) as 
protein 
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despite rising world demand, 
seaweed production  in Europe 
has decreased in the past decade 
(Netalgae, 2012) 

 
 
 

accounting for 88% of global 
product launches 2011-2015: 
Europe released 7% of total 
launches, outpacing North America 
(4%) and Latin America (1%) 
(Mintel, 2016) 

 Product trends mirror general food 
trends: 37% of seaweed-flavored 
product launches in Europe were in 
the snack category (2011-2015): 
other top categories include sauces 
and seasonings (12%), bakery 
(9%) and soup (8%) 

 

Environmental 
Feasibility  

 Environmental sustainability 
concerns regarding harvesting in an 
already-exploited marine 
environment 

 Difficulty of securing a  reliable, 
long-term and sustainable supply 

 Biodiversity, habitat and ecosystem 
concerns if exploiting VC17 on a 
large scale 

 Need for responsible biomass 
production if growing seaweed for 
specific purposes (unlimited supply 
but costly) and/or responsible 
harvesting if utilising wild resources 
(limited and not quantified)  

 Competing interests in finite marine 
resources may lead to excessive 
environmental degradation (Cottier-
Cook et al., 2016) 

 

 Need for sustainable water and 
energy use in seaweed 
transformation processes 

 Need for responsible and 
environmentally-sound chemical 
use in seaweed transformation 
processes 

 Significant dilution of material 
required if using seaweed for 
energy creation to avoid corrosion 
in digesters 

 
 

 Clean image of Irish marine life 
adding to environmental branding 
and positivity 

 Potential to further extend Origin 
Green branding into nutrition, 
healthcare and cosmetic circles 

 

 Potential to contribute to future 
food security with highly nutritious 
seaweed products and functional 
foods 

 Potential to reduce methane 
emissions from cattle fed on 
seaweed-derived animal feed 
(Battaglia, 2016) 

 
 

Social 
Sustainability 

 Potential challenges regarding 
resource supply ownership and 
distribution of benefits 

 Rural and coastal development 
and resilience through diversifying 
business opportunities 

 Need to ensure responsible 

 Potential contributions to 
sustainable employment and job 
opportunities in remote and 
coastal regions of Ireland: 
reducing rural-urban migration 

 Potential positive contributions to 
socio-economic dev elopement 

 Respect of human and labour 
rights necessary right across the 
seaweed value chain 
 

 Possible benefits to consumer 
health and well-being through the 
development of seaweed-derived 
functional foods and products 

 Concern for heavy metal 
accumulation  
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Summary 

 Significant positives associated with this value chain from market demand perspectives 

 Limitations however associated with environmental sustainability of the Value chain and ability to move beyond a niche industry 

 Challenges of scale and potential long lead-in time 

 Concerns regarding competitiveness of Europe (and by virtue Ireland) in this space 

 Social positives through diversification and negatives associated with over-reliance 

 Short-medium term opportunity with certain conditions  

community relations regarding 
seaweed harvesting and use 

 Protection of worker’s rights on 
Irish trawlers if harvesting at sea 
(e.g. controversy regarding illegal 
migrant workers in 2015-16) 
 

locally by diversifying income 

 Potential vulnerability associated 
with communities overly-
dependent on one cash crop such 
as seaweed (Cottier-Cook et al., 
2016) 
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Conclusion 

As highlighted by Zilberman et al. (2013, p100): 

“On the surface, a transition from obtaining a product by harvesting renewable resources 

rather than mining non-renewable ones is an improvement. It is perceived to be more 

“sustainable.” The progression from hunting to harvesting and finally to farming appears 

beneficial from an environmental standpoint. But the reality is more complex”  

The importance of questioning, probing and assessing proposed bioeconomy value chains, as in this 

report, is apparent to move away from assumptions regarding the techno-economic and socio-

environmental sustainability of future bioeconomy developments. Indeed, it is a way in which future 

development pathways can be decided upon and prioritised (Pfau et al., 2014). The value chain 

approach as adopted in this report proved useful for laying out each value chain “in its logical 

configuration” (Amanor-Boadu, 2009) from input procurement to market demand and assessing the 

technical, economic, environmental and social feasibility and sustainability at each stage. In this way, 

potential bottlenecks to development can be exposed and assessed for possible improvement and/or 

to guide policy and decision making as to the most viable development pathways. The approach may 

also help to identify possible rebound effects or unintended consequences, particularly with regard to 

environmental protection. For example, Zilberman et al. (2013) highlight this potential negativity 

through the case of biofuels: while its consumption can reduce GHG emissions at the point of use, the 

farming and conversion of the biofuel feedstock can actually require extra non-renewable energy 

inputs generating harmful emissions and other negative environmental consequences. 

Bioeconomy research and innovation is a continuously evolving arena. During the course of the 

BioÉire project, a number of additional novel projects have been funded across Europe that showcase 

new value chain opportunities for diverse national bioeocnomies. One particularly poignant and 

relevant funding stream exists through a public private partnership scheme between Horizon 2020 

and the Bio-based Industries Consortium: the Bio-based Industries Joint Undertaking (BBI JU). Some 

of the state-of-the-art projects funded under this scheme could hold relevance for Ireland, particularly 

in the longer term, including a number of initiatives focusing on the production of materials at a higher 

cascading level (for example, higher value pharmaceuticals, biochemicals, food and biomaterials as 

opposed to bioenergy creation). While the value chain results presented in this report represent 

opportunities identified by BioÉire Delphi experts as holding promise in Ireland in the short-medium 

term, the c. 65 (and counting) innovative and cutting-edge projects funded through the BBI JU provide 

inspiration regarding alternative processes, technologies and products that may improve identified 

value chains and/or provide alternative, innovative pathways for development in the longer term. This 

includes, for example
1
: 

 GRACE - growing advanced industrial crops on marginal lands to diversify biomass feedstock 

for biorefineries (relevant to BioÉire VCs 1 and 2) 

 MACRO CASCADE - exploring the potential of a cascading marine macroalgal biorefinery 

that processes multiple algal feedstocks into a number of higher value products (VCs 6 -9) 

 MAGNIFICENT- using microalgae as a green source of ingredients for food, feed and 

cosmetics through cost-effective new technologies (VCs 6-9) 

 BioBarr - developing biobased food packaging materials with enhanced barrier properties 

(VC5) 

 EFFORT E - researching efficient forestry through precision planning and management for a 

sustainable environment and cost-competitive biobased industry  (VC10 -13) 

 ValChem - creating value added chemical building blocks and lignin from wood (VC12) 

                                                           
1
 The full range of projects funded through the BBI JU can be accessed at: https://www.bbi-europe.eu/  

https://www.bbi-europe.eu/
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 BIOrescue - enhanced bioconversion of spent mushroom compost and wheat straw through 

cascading use (VC 2, 5, 14, 15, 18) 

A number of other projects with a wider supportive remit (researching, for instance, biobased product 

awareness campaigns, cooperative schemes, industrial roadmaps, open innovation platforms, 

standards and regulations) are also funded through the BBI JU setting a wider supportive context for 

bioeconomy development in Europe beyond product and technology creation. A number of next 

generation technologies, products and services are also being explored through initiatives of the BBI 

JU that fall beyond the remit of the BioÉire value chains assessed in the context of the short-medium 

term Irish bioeconomy. This includes, but is certainly not limited to: 

 URBIOFIN- demonstration of an integrated innovative biorefinery for the transformation of 

Municipal Solid Waste (MSW) into biobased products 

 AFTERLIFE - advanced filtration technologies for the recovery and conversion of relevant 

fractions from wastewater 

 SYLFEED - from forest to feed: creating protein-based animal feed from forestry biomass 

 PROMINENT - exploring technological concepts for protein mining of cereal side-streams 

While by no means exhaustive, the diversity of opportunities evident and explored through the 

numerous other R&I supports across Europe showcase the innovative potential of the bioeconomy to 

address grand societal challenges related to industrial competitiveness, sustainable resource use, 

climate change, waste reduction, food security and population health and wellbeing. Such 

considerations move this temporally- and geographically-fixed feasibility analysis into a wider creative 

context whereby value chain opportunities presented by the bioeconomy are recognised as constantly 

evolving, increasingly complex, reaching for higher cascading uses and fundamentally novel in their 

use of resources and technologies and subsequent contributions to society. 

The analysis presented in this report represents a culmination of expert opinion and researched 

criteria combining literature review, policy review, Delphi survey and workshop methodologies to 

assess the most promising value chain opportunities for the short-medium term Irish bioeconomy. The 

tables were also sense-checked with a group of experts external to the project team (the Teagasc 

Bioeconomy Working Group). This report however represents just the first step in the feasibility 

assessment process for the Irish bioeconomy. It outlines potential benefits, problems, caveats and 

conditions that may arise in the pursuit of each value chain opportunity, largely from a qualitative 

perspective. As highlighted by Pfau et al. (2014) however, there is now a role for more 

transdisciplinary and interdisciplinary research to provide alternate angles and perspectives on the 

potential and impact of each bioeconomy value chain. Such an approach could combine the 

qualitative commentary featured in this document, with more quantitative measures and assessments 

of value chain feasibility and sustainability (for example, utilising economic input-output modelling 

(Grealis and O’Donohoue, 2015) and/or life cycle assessment methodologies (Guinée, 2001)). The 

quest for a sustainable future would provide common ground for this multi-disciplinary analysis (Pfau 

et al., 2014) building a joint knowledge base and working towards a sustainable future where 

economic wins of the bioeconomy ultimately also bring about environmental and social good. 
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Appendix 1:  All 18 BioÉire Value Chains (top 10 highlighted in yellow) 
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Value Chain 7 

 

 

Value Chain 8 

 
 

Value Chain 9 

 
 

Value Chain 10 

 
 

Value Chain 11 

 
 

Value Chain 12 

 
 

 

 

 



 
 

64 
 

Value Chain 13 
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Missed Opportunities (round 2 only) 
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Appendix 2 

Priority Area 

     1
st
  

     2
nd

  

     3
rd

  

Agriculture 

 

VC3 

 

VC14 

VC4 

 

Plant Bio 

 

VC2 

 

VC1 

VC5 

 

Forestry 

 VC10 

 

VC11 

VC12 

 

Marine 

 VC7 

 

VC6 VC8 

 

Municipal Waste 

 

VC16 

 

VC15 

VC18 

 

VC13 

 

VC17 

 

VC9 

 

Decarbonisation  

Finance 

Policy 

Planning

  Decarbonisation  Market 
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