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Abstract

The present document compiles the main outputs of the environmental sustainability assessment in the frameworl
Bioeconomy Observatory as at the end of 2014. The selection includes fenr&mvironmental sustainability factshee
and abrief explanatory document that providesn overview of the structure and content of tHactsheets
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NOTE TO THE READER

In order to cope with an increasing global population, rapid depletion of many resources,
increasing environmental pressures and climate change, Europe needs to radically change its

approach to production, consumption, processing, storage, recycling and disposal of biological
resources. Over the last decades, many policies have been put in place or revised by the EU to

tackle these challenges and drive the transformation of the European economy. However, the

complex inter -dependenci es that exist between challenges can lead to trade -offs, such as the
controversy about competing uses of biomass. The latter arose from concerns about the

potential impact on food security of the growing demand for renewable biological resources

driven by other sectors, the use of scarce natural resources, and the environment in Europe and

third countries. Addressing such multi -dimensional issues requires a strategic and
comprehensive approach involving different policies. Well -informed interaction is neede d to
promote corlsistency between policies, reduce duplication and improve the speed and spread of
innovation .

The bioeconomy provides a useful basis for such an approach, as it encompasses the production

of renewable biological resources and the conversi on of these resources and waste streams into
value -added products, such as food, feed, bio -based products and bioenergy. Its sectors and
industries have strong innovation potential due to their use of a wide range of sciences,
enabling and industrial techn ologies, along with local and tacit knowledge.

The Bioeconomy Strategy and its Action Plan 2 aim to pave the way to a more innovative,
resource -efficient and competitive society that reconciles food security with the sustainable use
of renewable resources  for industrial purposes, while ensuring environmental protection.

Amongst other activities, the Action Plan foresees the establishment, in close collaboration with

existing information systems, of a Bioeconomy Observatory that allows the Commission to
reg ularly assess the progress and impact of the bioeconomy, and to develop forward -looking
modelling tools.

In February 2013, the setting up of a Bioeconomy Observatory was entrusted to the Joint
Research Centre of the European Commission under an intra -inst itutional agreement
(Administrative Arrangement Ref. 341300 I Bioeconomy Information System and Observatory,
BISO).

Amongst other tasks in the framework of the Bioeconomy Observatory, the JRC is performing a
comprehensive, independent and evidence -based environmental sustainability assessment of
various bio -based products and their supply chains.

The present document compiles the main outputs of this environmental sustai nability
assessment as at the end of 2014. The selection includes the following documents:

V A brief explanatory document that provides an overview of the structure and content
of the product and process environmental factsheets is included. This document
summarises the comprehensive, science -based methodology to assess the
environmental sustainability of bio -based products and their supply chains,
using a life -cycle perspective . This methodology is largely based on the Product
Environmental Footprint (PE  F) method developed by the JRC ~ * and on previous research

* Adapted from COM(2012) 60 final, 13.2.2012

2 COM(2012) 60 final, 13.2.2012

% Led by Simone Manfredi, simone.manfredi@ijrc.ec.europa.eu

‘' The 2013 Recommendati on of t he European Commi ssi on fion t he use
communicate the I|ife cycle environmental performance of products an
of the PEF method when undertaking environme ntal footprint studies of products

v
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proposals of the JRC °. It provides a quantitative understanding of a wide range of

environmental aspects, and facilitates the assessment of 14 default impact category
indicators, including human toxi city, land use and resource depletion. The application of
the methodology may help identify those parts of the production system that are most
environmentally relevant. Hence, it represents a powerful tool to design actions to
reduce the estimated environm ental impacts. The methodology can also help to identify
gaps in data and/or information availability or accessibility, as well as to focus data
collection on those parameters or parts of the production system that most influence its
environmental performa  nce.

V Fourteen environmental sustainability factsheets . These are divided into three
groups that refl ect the three fogi& féedr, ) bid-baked oec on
products and (3) bioenergy, including biofuels. The factsheets give a uniform summary

of different bioeconomy value chains and provide information on their environmental
performance, based on publicly available data and/or information. The fourteen
environmental factsheets are:

f  Food and feed °: Eggs, Mil k, Wheat, Wine;

f Bio-based products ’: 1,3-Propanediol, Glycerol, Lactic Acid, Polylactic Acid,
Polyhydroxyalkanoates, Acetic Acid, Succinic Acid, Adipic Acid;

f Bioenergy, including biofuels 8 Bioalcohols via Fermentation, Biodiesel via
Transesterification.
In line with the Terms of Reference of the intra -institutional Administrative Arrangement
341300, the environmental sustainability research activities performed in the framework of the
Bioeconomy Observatory are built on existing and accessible instruments  (data, information and

analyses) developed by EU, national and international organisations, and on the results of
relevant EU -funded projects. The factsheets also contain a knowledge gap analysis, to highlight
where data and/or information either do not e xist or are inaccessible. These gaps, in turn,
indicate the need for further action at policy level, in order to produce a comprehensive and
evidence -based snapshot of the European bioeconomy.

In the period until the end of the intra -institutional Admini  strative Arrangement, the
environmental sustainability assessment of bio-based products and their supply chains will
comprise of the following activities:

V Continuous mapping and collection of data and information from various sources,
complemented by critical review, analysis, assessment and calibration, leading to the
production of additional environmental factsheets ;

V Comparative life -cycle assessment of a selection of bio -products and supply chains;

V Intensive interactions and exchange with stakeholde rs T a third stakehol
consultation workshop ° on the environmental sustainability assessment of bioeconomy
value chains is planned for October 2015.

The JRC also intends to initiate broader modelling activities (e.g. to assess the competing uses
of bi omass and land in a multi  -sector approach) and to develop display tools that will facilitate
the presentation of the results from the environmental sustainability assessment.

B. Kavalov
5 Bioeconomy and sustainability: a potential contribution to the Bioeconomy Observatory, V. Nita, L. Benini, C.
Ciupagea, B. Kavalov, N. Pelletier, EUR 25743 EN i 2013
% Led by Jean -Philippe Aurambout,  jean - philippe.aurambout@jrc.ec.europa.eu;
” Led by Cristina Torres de Matos, cristina.matos@jrc.ec.europa.eu;
8 Led by Jorge Cristobal Garcia, jorge.cristobal -garcia@jrc.ec.europa.eu;
® The first two workshops, co  -organised with Imperial College i London ( UK), took place in October 2013 and November
2014.
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EXPLANATORY DOCUMENT
INTRODUCTION
This document provides an overview of the structure and content of the product and process
environmental factsheets available on the Bioeconomy Observatory web page s. These factsheets are

divided into three  groups that reflect the  three pillars of the bioeconomy : (1) food & feed , (2) industrial
bioproducts and (3) bioenergy. Compiled based on publicly available  data/ information collected from
studies using life cycle assessment (LCA), t hey describe different bioeco  nomy value chains and their
environmental performance.

The following describes  each of the three section s of the environmental factsheets.

Section 1: PROCESS/PRODUCT INFORMATION

Objective & content

This first section describes the different processes and products involved in the various bioeconomy value

chains , taking into account their uses and production flows . It includes:

1 A flow -sheet that depicts the main steps in the process, from the input used (i.e. typ e of biomass) to
the final product(s), considering the most significant intermediate products and co -products.

1 A technological overview that provides information on the state -of-the -art technologies and process
configurations of the  particular bioeconom vy value chain. It particularly emphasises the input used.

1 The technolog y readiness levels (TRL), which describe the maturity of the technologies and

configurations used. TRL 1-3 is used to indicate  basic and applied R&D, TRL 4 -5 the pilot test stage ,
TRL 6-7 the demonstration stages and TRL 8 -9 the commercial stages. An uncertainty range is
provided given that anindustrial technology cantake 3 -5 years to progress to the next TRL level.

T A SWOT analysis of the Strengths, Weaknesses, and Opportunities and Threats of the
process/product.

Section 2:  ENVIRONMENTAL DATA AND INFORMATION
Objective & content

This section map s and presents the available relevant environmental aspects and information regarding
the different bioeconomy value chains , and provides an overview of their environmental performance
calculated using a life cycle approach . In addition, it aims to

1 Identify knowledge gaps or information availability/accessibility issues that could be addressed by
further research.

1 Identify and expl ain the differences and similarities of LCA methodologies and results with regard to
the bioeconomy value chains.

The environmental data and information section includes:

1 The system boundaries of the environmental assessment , which depict and explain the LCA
boundaries (see definitions below ) considered.

1 The settings and impacts of the environmental assessment . This is the main section of the
environmental factsheet. It reports data collected from the scientific literature in a table that groups
LCA results for the different impact categories (focusing on those considered in Table 1) by studies
which use the same  input to produce the same product with in (as far as possible) comparable system
boundaries. Maximum and the minimum values are displayed for the same functional unit. This
grouped data can , however, include results obtained using different allocation method s (see definitions
below) and different geographical coverage , Which may bias the robustness of the ranges provided

T Comments and interpretation of the environmental performance , which includes explanations
of the LCA results and a graph that depicts all data after normalisation (i.e. not just the maximum and
minimum) for the most reported impact categories. This graph allows the reader to:
1. Further a nalyse the data mapped;
2. Compare results across the different impact categories ( as all impacts have been normalised
and are therefore expressed in the same unit);
3. Identify the effect of inputs or some key  LCA assumptions on the final result s.
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Table 1 Impact categories provided in the Environmental Sustainab ility Assessment methodology
developed within the Bioeconomy Information System Observatory (BISO) project. This methodology is
based on the Product Environmental Footprint, as recommended by the European Commission [3].

Normalisation Factor for EU
/ Impact Category
indicators

Impact Category Impact Assessment Model

Climate Change Bern model - Global Warming Potentials

over a 100 -year time horizon.

EDIP model based on the ODPs of the
World Meteorological Organization over
an infinite time horizon.

USEtox model
USEtox model
USEtox model

4.60E */ kg CO ; eq.

Ozone Depletion 1.08E "/ kg CFC -11 eq.

4.36E ? | CTUe*
1.84E */ CTUh**
2.66E 5/ CTUh**

Ecotoxicity for aquatic fresh water
Human Toxicity - cancer eff.
Human Toxicity 1 non -cancer eff.
Particulate Matter/Respiratory

RiskPoll model 1.90E °/ kg PM 25-€q.

Inorganics
:a(;fn;zltgg Radiation 1 human health Human Health effect model 5.64E M/kgU **® eq. (to air)
Photochemical Ozone Formation LOTOS-EUROS model 1.58E °/ kg NMVOC eq.
Acidification Accumulated Exceedance model 2.36E *°/ mol H+ eq.
Eutrophication 1 terrestrial Accumulated Exceedance model 8.76E */ mol N eq.

8 . -
Eutrophication 1 aquatic EUTREND model 7.41E 7iresh water. kg P €q.

8.44E °/ marine: kg N -eq.

Resource Depletion i water

Swiss Ecoscarcity model

4.06E °/ m ® water used

Resource Depletion i mineral, fossil

CML2002 model

5.03E "/ kg Sb -eq.

Land Transformation

Soil Organic Matter (SOM) model

3.74E ¥/ Kg (deficit)

* Comparative Toxic Unit for ecosystems
** Comparative Toxic Unit  for humans

Section 3: REFERENCES / FURTHER INFORMATION

Objective & content

This section gives the references used in the environmental factsheets , and table s further references to
the main FP7 projects related to the environmental sustainability assessment of the  specific target process
/ product. More information on these projects can be found in the Community Research and Development
Information Service - CORDIS ( http://cordis.europa.eu/home_e n.html ).

kkkkkkkkkkkkhkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhhkkkkkkkkhkhkkkkkkkkkkkk

Definitions and clarification of key LCA concepts

Life Cycle Assessment (LCA) [1] Tt he Acompilation and
environment al i mpacts of a product system
extraction of resources to the use of the product and its management after it is disc
cradle to the graveo).

Functional unit 7 a measure of the function of the studied system. The functional unit provides a reference

against which the inputs and outputs can be related. It identifies the function provided, in which quantity ,
for what duration and to what quality [2].

System boundaries i determine which processes are included in the LCA study. They can be the
boundaries between technological systems and nature, geographical area s, time horizon s and different
technical systems . The main variants  (Fig. 1) are: Cradle -to-Grave, Cradle -to-Gate and Gate -to-Gate. The
Well -to -Wheel (WTW) is a special approach for biofuels that includes fuel production (Well -to-Tank) and
vehicle use (Tank -to-Wheel). The WTW boundary variant usually fo cuses only on greenhouse gas
emissions and energy efficiency and, unlike typical LCA boundaries, does not consider the building phase

of facilities/vehicles nor end -of - life aspects.

evaluation o
throughou
arded T Afr
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Resource

Transport Production

Extraction

End of life
management

I——
Gate-to-Gate

Mell-To-Tapk { TapkTo-Wheel >

Cradle-to-Gate

N heo
Cradle-to-Grave

Figure 1.  Main variants of life cycle assessment system boundaries

Impact Categories _and Models define what
associated with specific impact assessment
size of their contribution to each impact category
intensity of a substance relative to a common reference substance for a given impact category, e.g. CO
the reference subst anccCbmafeoCGh anlye 0gat egory

Normalisation  is an optional LCA step (under ISO 14044:2006
Through normalisation, the calculated environmental impacts are converted into the same (dimensionless)
unit for all impact categories. This allows for the comparison of environmental i
categories.

models that aggregate the inventory data

Multifunctionality 7 If a process or product provides more than one function, i.e. deliver
and/or services (often also called Aic-productso), it i s
that deal with multifunctionality . Based on the SO 14044:2006
decision hierarchy supported by the European Commission (as from the 2013 EC Product Environmental
Footprint guide) reads

1. Subdivision or System expansion i
used to avoid allocation (see point 2 below) . Subdivision disaggregat
facilities to isolate the input flows that are directly associated with each product output.
expansion expand s the system by including additional functions related to the co -products.

2. Allocation 71 refers to how the individual inputs and outputs are split
according to some allocation criteri a.

1  Allocation based on an underlying physical relationship
preference should be given to a physical relationship (i.e.
Alternatively, a llocation based on  an underlying physical relationship
direct substitution whenever the actual product substitut

1 Alternatively , allocation based on different relationships
allocation , whereby inputs and outputs associated with multi
the co -product outputs  based on their relative market values.
bio -based product is not know
indirect substitution

-functional processes

n, allocation based on different relationships can
, whereby the  substituted product is represented by t

Assumptions & limitations

The main limitation of this assessment process
and inform ation , which may limit the robustness of the environmental analysis (and, in particular, the
representativeness of ranges of environmental impacts).
results in the factsheets were selected based on the follow ing criteria:

o Studies from Framework Programme 7 (FP7) . Generally the public
projects is limited and aggregated (e.g. reported as comparison percentages) which
their use in the environmental factsheets.

o Studies that report ed environmental impacts that were calculated in line with the
Environmental Footprint methodology recommended by the EC [3] (shown in Table 1).

o Studies that focused on a broad range of environmental aspects, i.e. priority was given to studi
accounting for the  highe st number of impact categories.

o0 Peer-reviewed literature and most cited and most recent studies

o Studies with obsolete, incomparable or dubious quality data were excluded.

between the co

classes of impacts are considered in the assessment; these are
and calculate
using characterisation factors (i.e. values of the impact

the

o is
) that follows the characterisation step.

mpacts across different

s several goods
mul t i f sewerat iapproaches
guidelines, the latest multifunctionality

Wherever possible, subdivision or system expansion should be
es multifunctional processes or

System

-functions

- When choosing allocation criteria,
the element 6 scontent, mass, etc .).
can also be mode
ing the bio -based product is known.

can be used, such as economic
are allocat ed to
If the product that substitutes the

be modelled via
he market average.

lled via

is the poor availability and/or accessibility of relevant data

The references/studies used for mapping the LCA

ly available LCA data from FP7

prevented
Product

es

[ 2]
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Another limitation is the lack of heterogeneity of the L  CA results reported, mainly due to the different
assumptions and different methodological choices made in the various LCA modelling exercises . As a

consequence, several studies were not used to compil e the factsheets, since th  eir inherent differences
made a comparison of the results meaningless. These differences mainly relate to:
o The different impact assessment method s used, as different methods  may consider , for example,
different substances for a given impact category , and different characterisation factors for the
same substance.

0o The definition of the system boundaries and the stages included in the study (e.g. even if the

same general system boundaries are considered - e.g. cradle to gate - some studies may or may
not include intermediate transport, construction and decommissioning of buildings, etc.).
o0 The definition of the functional unit (e.g. as the input, the output product, the agricultural land

unit, etc.) [4] . The analysis performed to compile the environmental factsheets mitigates this
variability since all the LCA dataw ere converted to the same functional unit whenever possible.

The consideration of direct and indirect land use change (dLUC and iLUC, respectively) [4].
The definition of some impact categories (e.g. using different terminology or different units).
The technology considered in the process and its maturity level.

The approach used to mode the multifunctional system . For instance, if substitution is used, the
reference system selected may have a significant influence on the final LCA results. On the other
hand, if allocation is used, the selection of the allocation criteria and the relative contribution of

each co -product may considerably influence the results of the assessment.

o O O O

Normalisation was  conducted whenever possible using normalisation factors that represent emissions from

the EU-27 for the year 2010, based on t he YArdporrecis the 2014eJR0O ssi ons
Technical Report ANor malisati on met hod pnidntdsadt a( afvoari | @bV er
https://ec.europa.eu/jrc/sites/default/files/Ibna-26842en-n.pdf) [5].

The reported data  were normalised using a common reference value (i.e. the total emission s in Europe
within a certain impact category in the reference substance equivalents) to express all impact values using
the same unit so that they can be compared across different impact categories. These impacts also
represent the relative contributions of the system to the total environmental impacts caused by European

domestic emissions. For example, with respect to climate change, if the system were estimated to have an
impact value of 10 kg CO  ,-eq., and if the normalisation factor for climate change in Europe were 1 000 kg
CO,-€eq., then the normalised impact value for climate change would be 10/1 000 = 0.01, which means
that the system assessed contributes 1% of the total impact on climate change associated with all
domestic emissions in  Europe.

For impact categories different from those listed in Table 1, normalisation factors for EU emission s were
taken from the ReCiPe impact assessment method [6] and, for the primary energy category, the factor of

4.03x10 * MJ was used [7]. The ReCiPe method is a widely used LCIA (Life Cycle Impact Assessment)
method that , like the Product Environmental Footprint method, transforms the emissions of the analysed
value chains into impact scores[6,8].

References for this explanatory document
[1] UNE -EN ISO 14040:2006.

[21EC 1 JRCi IES, 2010. ILCD Handbook T General guide for life cycle assessment T detailed guidance.
[3] EC, 2013. Recommendation (2013/179/EU).
[4] Cherubini & Stromman, 2011. Bioresource Technology, 102: 437 T 451.

[5] EC i JRC - IES, 2 014. JRC Technical Report - Normalisation method and data for environmental
footprints 2014.

[6] Sleeswijk et al., 2008. Science of the Total Environment, 390: 227 T 240.

[7] Rettenmaier et al., 2010. 4F CROPS: Future Crops for Food, Feed, Fiber and Fuel, Life cycle analyses
(LCA) Final report on Tasks 4.2 & 4.3.

[8] http://www.Icia  -recipe.net/home

®The fAidomestic emissions inventoryo includes all emissions originat.i
Union territory.
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ENVIRONMENTAL FACTSHEET: Chicken Eggs

PRODUCT INFORMATION

For the purpose of this exercise, eggs are defined as agricultural products produced by the

females of birds (eggs from reptiles, fish and amphibians are not considered here), primarily

from chickens and, to a lesser extent, quails and ducks in Europe. Chicken eggs consist of a
protective shell, made of calcium carbonate, the albumen (or egg white), composed of 90%

water and 10% proteins (mainly albumins), and the yolk, composed of 52% water, 26% fat

(mainly ole ic and palmitic acids), 16% proteins and 4% carbohydrates. The average hen
produces 300 =eggs per year , but this wvaries as
production environment.

EU production: 7.4
/Feed and litter productlon million  tonnes [1]

Co-products:
mature spent hens
(mostly used for pet

food), broken eggs,
; used litter and
chicken manure. The

Production Infrastructure processes involved in

egg production are
Chick production detailed in Fig. 1.
Egg production

— Air systems can be
Emissions classified in  four
groups:
- Caged (battery):
where chickens are
kept exclusively in
cages in  covered
enclosures.
- Deep litter:  where
chickens are kept in
covered enclosures
but can move freely.
- Free range: where
I Cradle to farm gate chickens are kept in
|_I covered enclosures,
) can move freely and

have access to open

Feed

" Chicks production

Maintenance of breedlng flock

Resources Hen rearing

Egg production

Hen feeding == \Water

Water Emissions

Egg collection

Manure management

Pa ckag'ing Egg processing
material
-

{ Transport to retail centres or processing facility ‘

air areas .
1 - Organic:  where
chickens are kept in
U free -range conditions
but are fed

exclusively organic
feed and are not

Figure 1: egg production chain and system boundary administered anti -
biotics.
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Caged, deep litter, free range and organic egg production systems are all in operation at full

commerci al scal e. Sionael @0heén ébgadi have been banned

fenriched cagesod, which provide better welfare for
all processes is highly industrialised, and processes such as chicks breeding, feeding or egg

collection are la rgely automated. Past research activities in the egg producing area have led

to major increases in feed use efficiency and egg production per hen [2]. The technology
readiness levels of different activities in egg production practices are presented in Figure 2.

Current research and development activities for all egg production systems focus mainly on

feed improveme nt (in particular feed digestibility), hen housing and welfare, and improving

the quality of eggs. Research on organic production systems also focuses on the

improvement and selection of chicken breeds as well as on ways to better manage hen

health and the  occurrence of diseases.

Technology Readiness Levels

Basic Technology Applied Small-scale Large-scale Prototype Demonstration Completed Full
research  formulation research prototype prototype system system commercial commercial
system application

Figure 2: Technology readiness levels for egg production systems.

SWOT analysis (Strengths -Weaknesses -Opportunities - Threats)

O1. R&D in the area of food improvement has
the potential to further increase feed use

efficiency, making egg production even more
competitive with other sources of animal protein.

02. The market for eggs is increasing, and
includes the pharmaceutic  al industry.
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ENVIRONMENTAL DATA AND INFORMATION

System boundaries of the environmental assessment

- Cradle to farm gate

hatching of eggs, the rearing of egg

(collection, washing, grading and cooling).

(Figure 1)

Table 1 shows the environmental indicators associated with the production of eggs under (1)

caged systems (pre
systems and (5) organic systems.

-2012), (2) enriched caged systems, (3) deep litter sys

tems, (4) free

The most widely reported environmental impact categories are Climate change, Acidification,
Eutrophication, Energy use and Land occupation (the use of fossil phosphorus, not presented

here, is also rep orted in some studies). Few or no results were found for the remaining impact

categories.

Environmental assessment: settings & impacts
Table 1:LCA indicators calculated for different egg production systems in the European Union.

Functional unit in kg of e

gg. System boundaries: cradle to farm gate

includes feed and litter production, the rearing of breeding flocks, the
-laying hens, as well as egg production and processing

-range

Caged Enriched Deep litter Free range Organic
(pre 2012) Cages
[3-7] [8] [3-5, 9] [3-6,10] [4-6,11,12]
France, UK, France France, UK, | France, UK, | France, UK,
the the the the
Netherlands Netherlands | Netherlands | Netherlands
Impact categories fronEnvironmental Sustainability Assessment methodology
Climate change (kg G@q.) | 1.675.25 | 1.74 23346 | 213618 | 14270
Additional impact categories
Acidification (kg S@eq.) 2.30F-0.3 3.9E 4.0E°¢6.5E° | 3.8E>-0.31 | 3.30F-0.34
Eutrophicationg aquatic (kg P@eq.) | 1.4E>-7.5E 1.4E° 1.7E°-2.03F" | 1.60 E-8.0F° | 1.7E>-1.02F
2
Energy use MJ/kg 13-20.7 N.A. 13.423.2 13.7-23.8 14-26.41
Land occupation () 2.826.3 2.91 3.4257 3.567.8 4.916.9

N.A.: Not Available

The normalisation presented in Figure 3 was performed using the normalisation factors provided

in the JRC 2014 methodology

Comments and interpretation of environmental performance

f On a normalised scale for the EU

associated with egg production, mainly because of ammonia emissions.

1 The lowest impacts were found to be on land occupation, acidification and energy use as

reported for caged systems, mainly because of hi

efficiencies. This system also had the second lowest impact on climate change. Organic

[13] and ReCiPe normalisation values (see explanatory factsheet).

(Table 1 & Figure 3)

-28, acidification is the greatest environmental impact

gher densities and better feed conversion

systems had the highest environmental impact for all four categories (land occupation,

acidification, energy use and climate ch

ange).

1 Environmental impacts vary between worst and best performers by a multiplying factor of
fifteen for acidification, six for land occupation, five for climate change and two for enery
organic egg production

use. Significant

differences exist within systems (particularly for
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systems), and can be explained mainly by differences in the type of hen housing and
outdoor access, feed production and feed conversion.
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Figure 3: Environmental performance expressed as normalised impact categories. Crosses correspond to

conventional cages (pre 2012), stars correspond to post 2012 cages, triangles correspond to deep litter,

circles correspond to free range, and squares correspond to organic systems.
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ENVIRONMENTAL FACTSHEET: Cow & Milk

PRODUCT INFORMATION

Milk is a liquid agricultural product extracted from mammals (primarily from cows and to a
lower extent buffalo, goat and sheep in Europe) as a result of dairy activities. Milk is a water

based emulsion of lipids (2.5 -6%), carbohydrates (3.6

mi nerals. The fat, sugar

breed, age, diet and stage of lactation. Production per cow also v

and pr

-5.5%), proteins (2.9 -5.0%) and

otein content of
aries between 6.8 and 17

tonnes per year, depending on the breed and management practices. Milk is the basis for a
range of derived products, including butter, cheese, cream, whey, casein and milk powder.

‘ Off-farm feed production ‘

"~ Herd management

Energy i On-farm feed production
Cow Feeding
Resources s==p Herd maintenance
Cow Milking
Water se=p

Milk cooling and temporary storage

Manure management

Production Infrastructure

Cradle to farm gate

Transport to processing facility
- Drying - Storing - Silage

}

Figure 1: milk production chain and system boundary

mi

EU production: 140

million tonnes (2012).

Co-pr oducts: meat

(from veal and non

productive cows), urea

and manure.

The processes involved

in milk production are
e Air detailed in Figure 1.

Emissions Dairy enterprises vary
in size and degree of
intensification, ranging

== Water from:

Emissions - EXtensive production
systems:  where cows
are allowed to graze
outdoors and fed
mainly on grass.

- Intensive production

systems:  where cows
are kept mostly indoors

and fed a large
proportion of
concentrated feed
(cereals, silage, etc.).

Organic dairy activities are often closer to extensive systems (which incorporate grazing) and
require all feed to come from organic sources. They do not allow for the use of antibiotics or the

application of chemical fertiliser to pastures.

Both intensiv e and extensive milk production systems are in operation at full commercial scale.

Technology readiness levels of different activities for both conventional and organic practices

are presented in Figure 2. Intensive dairy systems have been the subject of

intense research

efforts in the past, and current research activities are mainly focused on improving feed for
cows. The ultimate goal is to minimise costs and methane emissions while maintaining or
increasing milk production. Extensive dairy production i

10

s highly dependent on pasture

k

\Y
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production, and most of its research activities focus on better pasture management T species

composition, fertilisation regime and weed management.

The management of nutrients from cow manure is a problem for both intensive

systems. Research activities in nutrient management, ranging from basic research to
commerci al systems, principally focus on nutri

application of manure to pastures) and on manure storage and treat

Technology Readiness Levels

ment (i.e. slurry digesters).

and extensive

ent

use

1 2 3 4 5 6 7 8
Basic Technology Applied Small-scale Large-scale Prototype Demonstration Completed
research  formulation research prototype prototype system system commercial
system
Figure 2: Technology readiness levels of conventional and organic milk production
SWOT analysis (Strengths -Weaknesses -Opportunities - Threats)

O1. The use of mixed breeds or insemination of
milk - producing varieties by beef varieties could
help to decrease the environmental footprint of
the combined beef and dairy industries.

11

9

Full
commercial
application
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ENVIRONMENTAL DATA AND INFORMATION

System boundaries of the environmental assessment (Figure 1)

- Cradle to farm gate includes feed production, cow feeding, milking operation, cooling for
storage and manure  management.

The majority of published studies on the environmental impact assessment of dairy activities

make distinctions only between conventional (grouping together extensive and intensive
systems) and organic systems. The results presented in Table 1 t herefore represent the
environmental indicators associated with the production of milk under conventional and organic

farming practices. To account for variability in the fat and protein content of different milk

sources, the functional unit chosen was a k g of fat- and protein -corrected milk (FPCM). 1 kg
FPCM = 1 kgmilk *(0.337+0 .116 * Fat% + 0.06* Protein%) [1]. Studies thatapply energy -
corrected milk (ECM) as a functional unit were excluded, because the conversion from ECM to

FPCM could not be made due to the lack of data on milk protein and fat content. The most
widely reported impact categories are climate change, acidification, eutrophication, land
transformation and the primary energy balance. Few or no results were found for other impact
categories.

Environmental assessment: settings & impacts

able Are or G ere Proad O = Od E opea O ONna O

= o T RERESE @R ) B GRE
Conventional Organic
[2-18] [6, 11, 14-16]
Germany, Ireland, France, Italy, the France, the Netherlands, Sweden
Netherlands, Sweden, Portugal
Impact categories from Environmental Sustainability Assessment methodology

Climate change (kg G@q.) 0.74-1.88 0.9-15

Additional impact categories

Acidification (kg S@eq.) 6.9E°- 1.9F° 6.8E°- 1.6F°
Eutrophicationg aquatic (kg P@eq.) 34F-1.1F 5.0E°¢ 7.0E°
Land Transformation (Land use) {in 0.73-3.79 1.8-2.82
Primary energy balance (MJ) 2.19¢5.0 3.1

The normalisation presented in Figure 3 was performed using the normalisation factors provided
in the JRC 2014 methodology [19] and ReCiPe normalisation values (see explanatory factsheet).

Comments and interpretation of the environmental performance (Table 1 and
Figure 3)
1 On a normalised scale, eutrophicati on represents the most important environmental impact
of milk production for the EU - 28, mainly because of nutrient leakage associated with effluent
management.
1 The lowest impacts on land transformation, eutrophication and acidification (similar to
organic system in France [6]) were reported for conventional seasonal grass -based systems
in Ireland [3]. This system also had the fourth lowest impact on climate change.
9 The environmental i mpact varies between the worst and the best performers by a

multiplying factor of three for climate change, acidification and eutrophication, and by a

12
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multiplying factor of six for land transformation. However, no other clear distinctions, either
geographi cal or by type of system (organic or conventional), were identified
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S 1E-11 . . sg14 | 8
z 1.5E-13 °
3E-13 | 4
3E-14 @
5E-12 s
1E-13 2E-13 2E-14
0 2 -
Climate change Acidification Eutrophicationg aquatic  Land Transformation
Figure 3: Environmental performance expressed as normalised impact categories. Circles correspond to

conventional dairy farming, while triangles represent organic practices. Green shades are used for
Germany, blue for Ireland, red for France, purple for ltaly, orange for the Netherlands, grey for Sweden
and black for Portugal.
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ENVIRONMENTAL FACTSHEET: W heat

PRODUCT INFORMATION

he worl ddéds third most produced cereal
2010). It is a major staple food worldwide as well as a source of animal feed (42% of wheat

production was used as feed in 2007 in the EU -27). A large number of wheat varieties are

available, each producing grains of variable colour, shape, starch type and quantity (50 to 80%)

en 9 and 23%). Local growing conditions and fertilisation

Wheat ( Tritcumspp ) i s t

as well as protein content (betwe

regi mes also have an impact on the grainés chemical colt
Wheat varieties are usually classified as:
1. Winter wheat (planted in autumn and frost resistant) or spring wheat and
2. Hafid whe atdo (with a higher protein content), tymwft cally
wheat 6, typically used for making breads and cakes.
EU production:

— 1 284 million

| , 1 tonnes (2013).

: [ Seed production :

E Cultivation v i Co- products:

1
Energy—:-b [ Soil preparation

Watering

1
Nutrients—:.p

Fertilisation

Crop protection

Weed management

L

: wheat straw,
—r> Air grain husk.
1Emissions

Two types of

I wheat are grown

Production Infrastructure —bWater 2t the EU scale:

Emissions - Durum wheat
(a hard wheat
variety) and
- Common wheat
(soft wheat).
Both can be
cultivated using
conventional

chemical

fertilisers,

Post harvest processes
- Drying / Storing

herbicides and

'\ Cradle to farm gate
‘ pesticides) or

v

organic farming

[ Transport to mill and processing ‘

practices (making
use of organic

1
1
1
1
1
1
1
1
1
1
1
1
i
: (making use of
1
1
1
1
1
1
1
1
1
1
1
1
1
1

manure, pest and
Cradle to flower mill gate parasite traps, oil
sprays and
mechanical

Figure 1: wheat production chain and system boundary control of

weeds). The

processes involved in wheat cultivation are detailed in Figure 1.

Wheat production in Europe is mainly rain

-fed and does not usually require irrigation.

While both conventional and organic wheat farming practices are in operation at full commercial
scales, conventional practices are dominant. The technology readiness levels of different
activitie s for both conventional and organic practices are presented in Figure 2. Conventional

14
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wheat -growing practices require the use of chemical fertilisers which can be expensive. Ongoing

research on crop rotations - alternating wheat with nitrogen fixing legume s - has the potential
to decrease costs. No -till soil -management practices, which avoid the negative impact of
ploughing the soil, are also being tested and have the potential to decrease the environmental

footprint (by retaining water and soil carbon, and decreasing soil erosion) of conventional
practices. Much less research has been conducted in the organic wheat farming area compared

to conventional farming, and current efforts focus on new varieties development, selections and

field trials. The manageme nt and control of insect pests and weeds is also a major limiting

factor to organic wheat farming practices, and is the focus of numerous research activities.

Technology Readiness Levels

1 2 3 4 5 6 7 8 9
Basic Technology Applied Small-scale Large-scale Prototype Demonstration Completed Full
research formulation research prototype prototype system system commercial commercial
system application
Figure 2: Technology readiness levels for conventional and organic wheat production
SWOT analysis (Strengths -Weaknesses -Opportunities - Threats)

01. New wheat varieties currently being developed
(in particular those issuing from genetic
engineering technology) may have the potential to
increase yields and/or decrease environmental
footprints.

02. The use of wheat straw as input to bio -
refineries could increase its profitability.
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ENVIRONMENTAL DATA AND INFORMATION

System boundaries of the environmental assessment (Figure 1)

1. Cradle to farm gate includes seed production cultivation (fertilisers, pesticides) and the

harvest.

2. Cradle to flower mill gate includes the same elements as cradle to farm gate, plus post -

harvest processing and transport to the flour mill.

The results presented in Table 1 represent the environmental indicators associated with the
production of winter wheat (under conventional and organic farming practices) and spring
wheat. The most widely reported impact categories are Climate change, Acidification and
Eutrophication. Few or no results were found for the other impact categories.

Environmental assessment: settings & impacts

Table 1:LCA result for different wheat varieties and cultivation methods in the European Union.

Functional unit: 1 kg of wheat grain

Winter wheat Spring Wheat
Conventional Conventional Organic Organic Conventional
[1-7] [8] [9. 10 8] [11]
UK, France, USA France USA Norway
Australia
Cradle to farm | Cradle toflower | Cradle to farm | Cradle to flower| Cradle to farm
gate mill gate gate mill gate gate
Impact categories from Environmental Sustainability Assessment methodology
Climate change (kg G@q.) 0.12-0.49 0.28 0.22-0.61 0.24 0.74
Ecotoxicityfor aquatic fresh 0.68-1.7 N.A. -6.81¢ 3.13 N.A. N.A.
water (CTUe)
Additional impact categories
Acidification 7.5E'¢ 6.0E° N.A. 1.0E°¢5.0F° N.A. 2.6E°
(kg SQ-eq.)
Eutrophicationg aquatic 1.0E*-2.3F° N.A. 1.0E° N.A. 4.3E
(kg PQ-eq.)

The normalisation presented in Figure 3 was performed using the normalisation factors provided in the JRC
2014 methodology [12] and ReCiPe normalisation values (see explanatory factsheet).
N.A.: Not Available.

Comments and interpretation of environmental performance (Table 1 and
Figure 3)
1 The normalisation of impact values for the categories climate change, acidification and

eutrophication (Figure 3) indicates that wheat cultivation has proportionally higher
impacts on eutrophication than on climate change and acidification. This is due to the
fact that wheat plants cannot make use of the totality of fertilisers applied, which leads
to the leaching of nutrients into waterways. Higher eutrophication values are found for
[9] and [10]; these are biased because wheat cultivation was considered in rotation with
nitrogen fixing fava beans and lucerne, which are responsible for higher nutrient leaching
than wheat alone.

1 High variability in impact values for Ecotoxicity was reported by [9, 10] (Table 1) which
looked at wheat being grown in rotation with fava beans (associated with the lowest
ecotoxicity values) and lucern (associated with the higher values).
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1 Both climate change and acidification impacts vary by a factor of 10 across studies. This

variability can be explained by the type of management practices considered as well as
itrogen management
practices ( [1, 4]) report low emissions in both CO » and SO , equivalents.

by the boundary of each study. Studies investigating optimal n
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Figure 3: Environmental performance expressed as normalised impact categories. Circles represent

conventional farming practices and triangles indicate organic practices.
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ENVIRONMENTAL FACTSHEET: Wine

PRODUCT INFORMATION
Wine is an alcoholic beverage produced from the fermentation of grapes. Wine is produced in
most European countries, and the cultivation of grapes and the wine -making process represent
major economic activities. Wine is typically composed of water, ethanol , glycerol, acid (tartaric,
malic, lactic and acetic), phenols and tannins.

Three main types of wines (red, white and sparkling) are produced from a wide range of grape
varieties. The chemical composition of wines is influenced by the types of grape, the type of soil
and climate they are cultivated in, as well as by the vinification method used.

| Vine planting |
¥

EU production: 15.7
million litres (2012).

Cultivation
Field operations Co-products:  grape

stalks, pomace,

grape seeds, yeast

lees and vine

prunings.

Fertilisation Production Infrastructure

Crop protection

Grape cultivation and
wine making
(vinification) are
composed of multiple
processes (detailed in
Figure 1). Grapes can
be produced using
conventional (making
use of chemical
fertilisers, herbicides
and pesticides) or
organic farming
practices (making
use of organic
manure, pest
1 parasites and

Cradle to Bottle controlling weeds
Transportation and use using mechanical
means).
Grape irrigation is
not commonly used
in the EU.

Weed management

Harvest

Vinification

Grape processing Production Infrastructure

Filtration

;o
= Cradle to Wine

T Bottling

Bottles

1
1
1
1
1
1
1
1
| Aging / malolactic fermentation
1
1
1
1
1
1
1
1

Figure 1: wine production chain and system boundary

While both conventional and organic grape cultivation practices are in operation at full
commercial scale, conventional grape cultivation is still dominant. The technology readiness

levels of different activities of grape farming and vinification are prese nted in Figure 2. Current
research and development efforts in conventional grape cultivation focus on precision farming,

which offers the potential to decrease inputs of water and nutrients (by providing only what is

needed at the individual plant level), and to reduce harvesting costs. The management of grape
vine pests and diseases in conventional systems requires the extensive use of pesticides.
Integrated pest management techniques, which encourage natural pest control mechanisms

and minimise the use of pesticides, are constantly being tested. New methods to better control
weeds and pests are also being developed for organic grape farming.
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The vinification process is similar in both organic and conventional wine production and consists

of two successive fermentations: (1) a yeast -based alcoholic fermentation, which converts
sugar to ethanol, and (2) a bacteria -driven malolactic fermentation, where malic acid is
converted to lactic acid. New strains of wine yeasts are being investigated at the technology

formulation and application levels, by (1) selecting strains of yeasts that are naturally present

on grapes, and (2) engineering yeast genomes. Strains of modified yeasts that can be used

instead of bacteria for malolactic fermentation are already availabl e. New bio -rector
technologies (such as immobilised cell reactors) that allow for faster and more efficient
fermentation are also being investigated.

Technology Readiness Levels

1 2 3 4 5 6 7 8 9
Basic Technology Applied Small-scale Large-scale Prototype Demonstration Completed Full
research  formulation research prototype prototype system system commercial commercial
system application
Figure 2: Technology readiness levels for conventional and organic grape farming as well as for vinification
SWOT analysis (Strengths -Weaknesses -Opportunities - Threats)

O1. Alternative pest control methods borrowed
from organic practices (such as integrated pest
management) have the potential to decrease
pesticide use.

02. The selection and development of new strains

of yeasts could lead to improvement in the wine -
making process and the development of new wine
types.
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ENVIRONMENTAL DATA AND INFORMATION

System boundaries of the environmental assessment (Figure 1)

1. Cradle to wine : includes vine planting, grape cultivation (fertilisers, pesticides) and
vinification.

2. Cradle to bottle : includes the same elements as cradle to wine plus bottle production and

the bottling process.

The environmental indicators of the production of wine (under both conventional and organic

farming practices) are shown in Table 1. The most widely reported impact categories are

climate change, ozone depletion, ecotoxicity, acidification, eutrophication and land
transformation. Few or no results were found for the other impact categories.

Environmental assessment: settings & impacts
Table 1:LCA result for different grape types and cultivation methods. Functional unit 0.75 | of wine

Cradleto wine Cradle to bottle
Organic Conventional Organic Conventional
[1,2] [1-5] [2, 3] [2, 3, 5]
Impact categories from Environmental Sustainability Assessment methodology
Geographical coverage Italy, Spain Italy, Portugal, Spain, Italy, Portugal,| Italy, Portugal,
Spain Romania, New Zealan Spain
Climate change (kgGex) 8.41F -0.44 0.33-2.24 0.49-1.09 0.33-2.68
Ozone depletion (kg CFOl-eq.) 8.41F° - 1.26F° 5.13F° ¢ 3.45F N.A. 3.93F
Ecotoxicity of aquatic fresh water 0.27-0.34 0.2675 N.A. N.A.
(CTUe)
Additional impactcategories
Acidification (kg S@eq.) 7.4E' ¢ 1.49F° 2.36E° ¢ 1.01F N.A. 1.41F
Eutrophicationg aquatic 2.0E-2.7E 4.89E' ¢ 7.67F N.A. 7.96FE°
(kg PQ-eq.)
Land Transformation (1) 1.82.45 1.051.11 N.A. 1.24

N.A.: Not Available.

The normalisation presented in Figure 3 was performed using the normalisation factors provided
in the JRC 2014 methodology [6] and ReCiPe normalisation values (see explanatory factsheet).

Comments and interpretation of the environmental performance (Table 1 and
Figure 3)
1 The highest impact, when normalised with the total values emitted in EU, is reported to be

on eutrophication (Figure 3), mainly due to the use of chemical fertilisers in conventional
grape -growing practices.

i There is large variability in the reported impacts of conventional wine practices on cli mate
change (by a multiplying factor of eight), ozone depletion (by a multiplying factor of six) and
acidification (by a multiplying factor of four). This can be explained by differences in
management practices for different wine types and by variations in climatic conditions from
year to year (e.g. drier years do not favour fungal infections, and require less application of
fungicides).

1 Organic grape growing and wine making practices lead to lower emissions associated with
eutrophication, acidification and climate change, but to a higher level of land transformation,
mainly due to the lower yields compared to conventional practices.
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1 Reference [5] reported the highest emissions for eutrophication, acidification, ozone
depletion and high values for climate change. These extreme values were presumably linked
to a higher degree of mechanisation of agricultural procedures in the production of their
focus wine, and to the use of different types and quantities of fertilisers compared to other
studies.
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Figure 3: Environmental performance expressed as normalised impact categories. Crosses represent
organic practices, horizontal bars represent conventional practices within the cradle -to-wine study
boundary, circles represent conventional farming practices, while triangles indicate organic practices for
cradle -to - bottle study boundaries.
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ENVIRONMENTAL FACTSHEET: 1,3 -Propanediol

PRODUCT INFORMATION

1,3 -propanediol (1,3 -PDO) is a bifunctional organic compound with the chemical formula
OHCH,CH,CH,0H. 1,3 -PDO is a building block chemical that can be used in the preparation of the
bio-based polymer polytrimethylene and in the production of adhesives, paints, resins and coatings.

Lignocellulosic 13- P_DO can be
0il Crops Crops and Starch Crops Sugar Crops chemically  synthesised
Residues from fossil -based
| | | | |  §

compounds such as
Cultivation and propenal or ethylene
Harvesting . . oxide. Most 1,3 -PDO
production is thought to
come from the
Sugar hydroformylation o f

a S Extraction & ethylene oxide.
epara Separation

Biomass | | Type of
Production | Biomass

The bio -based pathways
include the fermentation
of glycerol (see glycerol
: factsheet 1) or the
este 0 o dro fermentation of sugars
Therefore, 1,3 -PDO can
be produced from a
range of sugar or starch
ero 1 biomass crops,
lignocellulosic  materials,
oil crops and residues.
dro The maturity of various
1,3-PDO production
technologies is
summarised in Figure 2.
The use of lignocellulosic
materials appears to be
the least advanced
production system. The
sugar fermentation path

Biomass Conversion

Product

Figure 1. 1,3 -PDO production chains
*FAME : Fatty acid methyl esters (biodiesel)

is commercially
available using the genetically modified bacteria E. Coli. Glycerol is a by -product of biodiesel
production ( see biodiesel via transesterification factsheet %) and can be fermented to produce 1,3 -

PDO using bacteria such as  Klebsiella pneumonia , Clostridium buty ricum and Citobacter freundii  [1] .
However, the use of mixed bacterial cultures has also been proposed.

1,3-PDO can also be chemically synthesised by selective deoxygenation (or selective reduction) of
glycerol using organometallic catalysts.

After fermentation, the commercially available process for separating 1,3 -PDO from the
fermentation broth consists of micro - and ultra -filtration, ion exchange separation, evaporation and
distillation.
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Technology Readiness Levels

1 2 3 4 5 6

7 8 9

Basic Technology Applied Smaliscale  Largescale Prototype Demonstration ~ Completed Full
research formulation research prototype prototype system system commercial commercial
system application

Figure 2.  Technology readiness levels for 1,3 -PDO production

SWOT (Strengths, Weaknesses, Opportunities, Threats)

O1. The increased availability of glycerol
may boost the development of the glycerol
fermentation pathway .

ENVIRONMENTAL DATA AND INFORMATION

The environmental performance of 1,3-PDO is summarised in Table 1, based on the available
relevant LCA data for 1,3 -PDO production, using different raw materials (corn, sugar cane, corn
stover and rapeseed) through: 1. aerobic fermentation of sugars, or 2. anaerobic fermentation of
glycerol and 3. purification through evaporation, crystallisation and distillation.

Most of the values reported in the literature were calculated using the cradle -to-gate (see Figure 3)
LCA approach. When the cradle  -to-grave appr oach is considered [1], the climate change results are
found to increase by up to 80%, depending on the specific end -of - life scenario.

The most widely reported impact categories are climate change, land use, primary energy and non
renewable energy use. Fe w or no results were found for the remaining impact categories of the
environmental sustainability assessment methodology developed in the context of the project
ASetting up the Bi oec osomyanddbysiecomeat 9.r y o (
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System boundaries

Figure 3.  LCA system boundaries for

Environmental assessment: settings & impacts

of the environmental assessment

1,3 -PDO production and end

-of-life stage

Table 1. LCA results for one kg of -BBO in a cradi¢o-gate system

1. Cradle to
gate: includes the
resource extraction

(energy, materials and
water), transport and
the production steps
until the gate of the
1,3 -PDO factory.

2. Cradle to
grave: in addition to
the cradle -to-gate
activities, this system
includes the transport
and distribution of the
product, the use of
1,3-PDO and its end -
of - life stage.

Corn Sugar Cane Corn stover Rapeseed
A($m), S A($m), S A($m), S A($m), S
EU and US Brazil EU EU
(23] (2] (2] (2]
Impact categories from Environmental Sustainability Assessment methodology
Climate change (kg Ge&q.) (0.52.8) (-1.7-(-)0.40n | (-0.8-0.4R (1.7-1.8%
Freshwater eutrophication (kg P£eq.) 4.5E°[3] N.A. N.A. N.A.
Additional impact categories
Freshwater ecotoxicity (kg 1;DB-eq.) 1.26E'[3] N.A. N.A. N.A.
Human toxicity¢ no cancer effects 1.8E°[3] N.A. N.A. N.A.
(kg 1,4DBeq.)
Photochemical ozone formation (kg,B8;-eq.) 1.7E°[3] N.A. N.A. N.A.
Acidification (kg S@eq.) 4 5E°[3] N.A. N.A. N.A.
Marine ecotoxicity (kg 1,4DB-eq.) 3.9E'[3] N.A. N.A. N.A.
Terrestrial ecotoxicity (kg 14DBeq.) 8.1E'[3] N.A. N.A. N.A.
Land use () (2.7-3.1) [2] (2.83.2) (1.1-1.383 (4.25.3)4
Primary energy (MJ) (79.7:95.2) [2] | (93.0108.6) | (83.098.5) | (96.8105.54
Non-renewable energy (MJ) (37.654.6) (-8.6-14.5)1 | (11.932.3)2 | (62.863.5)4

N.A.: Not Available.

A: Allocation ($ -economic; E -energy; m -mass).
S: Substitution.

SE: System Expansion.
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