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1.0 Introduction
Previous bioenergy potential assessments often consider how much land is available, the potential biomass yield, the

potential energy output and the money to be invested and gained as measures of bioenergy potentials (van der Hilst
et al., 2010, Fischer et al., 2010, Hellman & Verburg, 2011). All of these measures are not adequate because they do
not take account of how much energy is being invested into getting the final energy output. Available land as a
measure of bioenergy potential only considers land related factors; e.g. the area that can be sustainably used for
biomass/bioenergy production, the most suitable bioenergy crop under prevailing local conditions e.g. climate, soil
and socio-economic factors etc. (Fischer et al., 2010).

Assessing bioenergy potentials in terms of biomass yield per hectare is only applicable to biomass that grows on
land and is therefore quantifiable by area (hectares) of land. Other biomass sources are quantified differently
because they are not products of direct growth of biomass on land, but products of other human activities e.g. farm
manure, refuse, garden wastes, industrial wastes etc. (Hellman & Verburg, 2011). The use of available land, the
potential biomass yield per hectare and the potential energy output does not also account for energy invested to
obtain the energy output. Measuring the bioenergy potential in monetary terms is also inaccurate because prices
fluctuate due to lots of political and market mechanisms e.g. subsidies (van der Hilst et al., 2010).

This study focuses on two bioenergy potential measures that include the potential energy outputs, energy to be
invested into obtaining the energy output and the energy gained from the various biomass/bioenergy production
activities. These are the Net Energy Gain (NEG) and the Energy Return on Energy Invested (EROEI) indices. NEG
is the gained difference in energy between energy invested into a biomass/bioenergy production activity and the
energy output returned after production (Hill et al., 2006).

Net Energy Gain (NEG) = Energy Output — Enerpy Input

Net Energy Gain becomes a loss when it is less than 0.

EROEI (energy efficiency) is the ratio of the energy output (expected return) obtained from a particular
biomass/bioenergy production activity to the energy input (investment required) required to get that energy (Hall et

al., 2009).
Expected energy Output

EROEI = ; -
Required enargy investment

NEG estimates the amount of energy that will be gained after the biomass/bioenergy production activities. EROEI
estimates the amount of energy gained after the biomass/bioenergy production activities (in multiples or fractions),
and it also indirectly measures the ability of the energy production activities to support continuous socio-economic
functions (Hill et al., 2006, Hall et al., 2009). Energy production with an EROEI value greater than 3 is considered

capable of supporting continuous socio-economic function while those below 3 are not (Hall et al., 2009).
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2.0 Strategic Environmental Assessment (SEA)

Strategic Environmental Assessment examines the impacts, feasibility and sustainability of policy objectives
(European Commission, 2010); SEA also offers alternatives for avoiding the negative impacts and constraints
associated with a policy; the alternatives may be in form of plans, programmes, projects or policies. Based on article
4 of EU directives on SEA (UNECE, 2003), its process will be required to assess the sustainability of energy
production (bioenergy production inclusive) within its member state (e.g. the Netherlands).

SEA for bioenergy production like other SEAs should be holistic in nature i.e. should fully account for all the
interactions in the biomass/bioenergy production chain, the application of the NEG/EROEI approach could be very
relevant and, in fact, crucial for a SEA. This study seeks to demonstrate the advantages of using NEG and EROEI
for assessment of bioenergy potential. This will help evaluate the actual energy being added to the provincial
bioenergy target, after the energy invested must have been considered, and to determine and chose the most energy
efficient and profitable bioenergy production options at provincial scales. This will also offer alternatives to

minimizing energy waste and maximizing energy gains of different biomass/bioenergy production activities.

3.0 Scope of the study

The biomass/bioenergy production activities examined by this study are limited to four options on the rural
landscape; they are considered benign or even beneficial in terms of food security, nature conservation concerns,
well-being of the local people and other socio-economic needs for biomass. They include growing alfalfa
(Medicago sativa) on surplus pasturelands, utilizing crop residues, collecting farm manure and using excess grasses
from natural grassland. The technology prescribed for the production of the four biomass/bioenergy wet streams is
the wet anaerobic co-digestion.

The case study area is the Overijssel province of the Netherlands. Crops whose residues are of interest to this study
are high residue yielding crops grown locally in commercial quantities within the Overijssel province (Scarlat et al.,
2010). Also targeted was the bioenergy potential of manure from farm animals with high manure yield (beef and
dairy cattle), high energy yield (pig and chicken), amount of time spent on hard surfaces and barns, and population
advantage within the province (Fehrs, 2000, DEFRA, 2008). There are three possible harvest schemes for natural
grasslands or pasturelands in the Netherlands, they include: 1. Early harvest scheme (EHS) - harvesting grasses of
less than 12 cm height; results in lower yield per harvest (2 tonnes/hectare), but allows for more regrowth and
harvest opportunities (3 harvests annually). 2. Late harvest scheme (LHS) - harvesting grasses of more than 25 cm
height; results in higher yield (5 tonnes/ha), but less opportunity for fast re-growth and less number of harvests (1
harvest annually). 3. Intermediate Harvest scheme (IHS)- harvesting grasses between 15 — 20 cm heights; relatively
high yield (up to 4 tonnes/hectare) and allows for one more re-growth and harvest opportunity (2 harvests annually)
(van Vuuren et al., 2010, Veepro Holland, 2011).

Based on Overijssel’s population, its projected renewable energy target from bioenergy sources by 2030 as
extrapolated from the PGG (Platform Groene Grondstoffen) forecast can be estimated as follows: about 23 PJ/yr of
transport fuels, 13 PJ/yr of heat, 14 PJ/yr of electricity and 10 PJ/yr of industrial raw materials (totaling about 60
PJ/yr) (Rabou et al., 2006).



4.0 Methodology

This involves a combination of Life Cycle Inventory (LCI) and GIS capabilities for the compilation of all the energy
inputs and outputs involved in the production of energy from biomass sources on the rural landscapes of the
Overijssel province. Data (in form of models, parameters, land cover, coefficients and statistics) used for the
calculation of the energy inputs and outputs was obtained from GIS databases and literature sources; the energy
input and output stocks obtained was used to compute the NEG and the EROEI.

4.1 Life Cycle Inventory (LCI)

A LCI for a biomass source involves a listing of all the energy input that will be involved in obtaining energy from a
biomass source and the potential energy output obtainable from such a source (EPA, 2006). The LCI drew instances
from literature sources (Fehrs, 2000, Fischer et al., 2010, Scarlat et al; 2010, van Vuuren et al, 2010); however, some
biomass/bioenergy conversion models and coefficients were not explicitly found. In such cases, assumptions were
made based on similar processes or production chains (Grzywinski, 2004, Ozkan, 2001, Porter, 2009, Gebrezgabher
et al., 2009, Meisterling, 2011).

4.2 GIS Tools

GIS operations were used for the estimation of the total area covered by the natural grassland. This we did by
extraction of the statistics of the natural grassland from the LGN 6 land cover. The following procedures were
followed:

(@) Conversion of the raster based LGN 6 land cover data to a polygon.

(b.) Clipping the Overijssel province’s land cover out of the LGN 6 Land cover data of the whole of
Netherlands.

(c) Re-calculation of the areal geometry of the clipped Overijssel land cover map to eliminate errors arising
from clipping operation.

(d.) Selecting the natural grassland land cover from the clipped Overijssel land cover map.

(e) Checking the areal statistics of the selected natural grassland land cover.

Energy inputs in form of fuel (diesel and/or gasoline) used by tractors, trucks and farm machinery for field
operations, or in form of natural gas (LPG) or electricity consumed for post-field operations, pre-treatment and
processing were all converted to Joules for data harmonization (ORNL, 2003).

Energy inputs for wet anaerobic co-digestion of straw include: energy for stalk shredding to prevent clogging during
digestion; mowing and chopping; baling and stacking; human labour; transportation to the digester; wet oxidation
process; and biogas plant operation. For farm manure, the energy inputs include energy for manure collection,
storage and haulage; human labour; transportation to the digester; wet oxidation process; and biogas plant operation.
For grasses from natural grassland, the energy inputs include energy for mowing and chopping; baling and stacking
of grasses; human labour; transportation to the digester; wet oxidation process; and biogas plant operation. For
grasses (alfalfa) cultivated on surplus pasturelands, the energy inputs include energy for cultivation of the alfalfa;
production of fertilizer and agrochemicals applied; mowing and chopping of grasses; baling and stacking of grasses;
human labour; transportation to the digester; wet oxidation process; and biogas plant operation. The expected energy
outputs include: Energy from biogas; energy from digestate- fibre; energy from digestate- liquor.



5.0 Discussion and Conclusions

An average of 66 PJ (more than 99%) of NEG can be produced from unconventional biomass sources such as crop
residues (4.9-8.6 PJ), farm manure (35.3-58.9PJ) and grasses from natural grassland (259.4-327.2 TJ); while only
3.34TJ (less than 1%) will come from the conventional biomass sources. About 91% out of this bioenergy was from
biogas, while the remaining 9% was from Digestate (fertilizer replacement). As seen in Table 1 below the energy
efficiencies (EROEI) of by-products are close to what we currently have for fossil fuels (Guilford et al., 2011).

Table 1: NEG and EROEI of the different biomass/bioenergy production options

Biomass source (Crop residue) NEG (TJ) EROEI Biomass source {Grass from surplus pasturelands) NEG (TJ) EROEI
Corn 4540-8446 15.7-17.0 Early Harvest Scheme (EHS) 2.5-4.1 2.1
Rye 6.9-11 8.7-10 Intermediate Harvest Scheme (IHS) 4.7-7-7 4.1
Triticale 3.6-18.5 5.1-10.8 Late Harvest Scheme (LHS) 3.3-5.5 7.1
Wheat 21.1-87.5 6.3-11.7 Biomass source (Grass from natural grasslands) NEG (TJ) EROEI
Oat 0.6-2.2 6.4-10.2 Early Harvest Scheme (EHS) 184-225 7.4
Barley 22.8-67.3 7.1-11 Intermediate Harvest Scheme (IHS) 259-317 11.6
Rapeseed 1.8-3.9 7.6-10.8 Late Harvest Scheme (LHS) 163-200 13.1
Biomass source (Farm manure) NEG (TJ) EROEI Biomass source (Farm manure) NEG (TJ) EROEI
Beef Cattle 1-1.1 7.1 Pig 23.6-23.8 11.4
Dairy Cattle 31.2-32.1 3.7 Chicken 2.7-2.8 14.7

Corn residues has the highest EROEI and NEG values amongst crop residues, and therefore the most energy
efficient and profitable; conversely, dairy manure has the lowest EROEI and the highest NEG amongst the manures,
it is the least energy efficient but the most energy profitable, this is due to high energy expended on manure
collection, storage and haulage. For grass cultivated on surplus grassland, the most energy efficient and feasible
option with the highest EROEI and relatively large NEG is the late harvest scheme (LHS). For grasses on natural
grasslands, the most energy efficient option is the late harvest scheme (LHS), though not feasible, because
Netherland’s grassland management policy stipulates that grasses on natural grasslands be cut at least 2 times
annually (Oenema et al., 2006); therefore, the next most energy efficient option, which also has the largest NEG
value (the intermediate harvest scheme-IHS) will be the most feasible option.

Under a fully optimized scenario (AEBIOM, 2009, Ecofys, 2010), as shown in Table 2 below, the total NEG from
biogas can meet Overijssel’s electricity, heat and transport fuel targets from bioenergy sources.

Table 2: Evaluation of Overijssel’s bioenergy potential

Form of energy Bioenergy target Optimum conversion Bioenergy Potential NEG- Net Gain to EU
(60PJ) efficiency of biogas 66P] targets elsewhere

Transport fuel 23P) 96% 23P) -

Heat (CHP) 13PJ 70% 28PJ +15P] of heat

Electricity (CHP) 14P) 35% 14P) -

Industrial raw 10P) As liquid Fertilizer 5.94P) -3.06P)

materials



NEG/EROEI approach proves a more holistic approach under a SEA framework. It opens up more opportunities for
further analysis; assesses biomass sources their feasibilities and vulnerabilities to policy constraints and offers
alternatives aimed at minimizing constraints to bioenergy production and maximizing its potential outputs. From this
study, the alternatives offered for bioenergy production within the Overijssel province include:

. Increased exploitation of unconventional biomass sources e.g. farm manure, crop residue, grasses from
grasslands etc.; as opposed to indefinite search for land for conventional planting of bioenergy crops.

. The use of farm scale wet anaerobic co-digestion as biomass production technology for all wet biomass
types (manure, grasses, straws etc.), this is because of the ease of co-digestion of different biomass types, increase in
efficiency as a result of proximity of biomass sources to digesters, and the opportunity it offers for mineral nutrient
recovery (Monnet, 2003).

) Better animal management options and farm structure technologies for increased energy efficiency e.g.
piping of dairy manure to nearby farm scale digesters.

The information generated from this analysis can form a basis for stakeholder interaction, discussion and
participation under a SEA framework.
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