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Opening of the Baltic Biorefinery Symposium

By
Peter Gaemelke
President of Danish Agricultural Council

It is a great pleasure for me to be invited to wele you all to the Baltic Biorefinery
Symposium. | hope you will have some good days ef@enmark and that you will have
good discussions and find prosperous solutionthiofuture.

The European nations, the member states of thepEaroUnion and countries all over the
world are these years facing tremendous challenggarding the creation of a sustainable
society.

All over the world it is realised that we have &zé the problems of the past and current use of
fossil resources. We have to change our socidtesindustry and way of living in a more
sustainable direction.

It is obvious that the reliance of fossil resourf@sindustrial products and energy, which was
the basis for the industrial society in the lagttaey must be relived of a sustainable society
based on renewable resources in the coming century.

In this respect there is no doubt that biomass fagniculture and forestry will play a key role
and lay down the basis for development.

The role of agriculture is changing in these ye&amland can no longer be seen as the
growth medium for crops for food and feed. Farmlamoiv has a much broader and
multifunctional role as the key element in the ksrape and as a steward or manager of the
natural resources and habitats. A further impontalet of future agriculture is as a supplier of
biomass from energy crops, industrial crops angimghucts from food and feed production.

The multifunctionality is therefore not only in @l to the use of the land. It is indeed also the
case in relation to the utilisation of the harvddt@mass. It is important to make the best of it
— in order to optimise the value of the crop aralititome for farmers and the employment in
the rural areas.

This change of agriculture to a multifunctional gligr of biomass for food and feed, industry
and energy is depending on a number of items.

First and foremost the development needs a sdieefiort. A targeted effort from dedicated
researchers on universities and in industry is sy to overcome the technical barriers and
make the bio-economy competitive with the oil eqogo

Secondly industry and consumers must be willingag a premium price for the sustainable
products. There must be a market for the productsthis must be promoted by the third

level: The governments or intergovernmental bodigsh as the European Union must set up
the necessary framework conditions that will mdlestiioenergy economically feasible.
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A coherent policy is needed. | believe we are nava goint where moderns societies are
prepared for the necessary reorientation from ailfdmsed society — oil economy — to a
sustainable bio-economy based on use of renewasdeirces.

The EU framework programmes for research and dpusot has for many years had the
objective to promote the idea of biorefineries atiter uses of renewable resources. This will
also be the case in the seventh framework prograwimeee bio-economy will be an important

issue.

The EU has adopted ambitious targets regardingwaole energy. This is the case with an
overall objective of 22 per cent of the energy $ypgnd 12 per cent of the electricity
consumption. Furthermore there is an indicativgetof biofuels for transportation increasing
from 2 per cent in 2005 to 5,75 per cent in 2010.

This directive on promotion of liquid biofuels wihll for a substantial increase in production
of energy from agriculture — probably requiringaareage increasing from 4 mill. hectares in
2005 to 9,5 million hectares in 2009.

This is a substantial increase and it will requémge investments in production facilities, new
infrastructures and decisions among us farmersrd@ gther crops — or to focus on new
outlets of our current crops.

There is, however, enormous potential in Europegicature. In EU-15 there was in total
130 mill. hectares of farmland. This was increa®eti38 mill. hectares after the enlargement.

It will also stimulate research and industrial depenent by creating a market for new outlets.
And it will call for the development where the masimpetible and sophisticated integrated
solutions will win.

In addition to the decided targets for renewablergy the Midterm Review of the Comman
Agricultural Policy has historically important déepments.

The de-coupling of the payment scheme means teaEth does not interfere in the farmer’s
decisions regarding what to grow. This means thaiddition to growing nonfood crops on set
aside land, it will promote the possibilities foroducing nonfood products and food on the
whole agricultural area. In addition there is atifar premium of 45 Euro per hectare for
energy crops grown on not set aside land.

This co-ordinated stimulation of the research, inerket and the agriculture is the key to
obtain the development. What is crucial is, howgi@maintain the target.

Many countries have decided to promote renewafles is also the case in Denmark. We
have been pioneers in using straw and wood for &edtelectricity and manure and organic
waste for biogas. We have also had targeted nonfesehrch programmes which have been
important in building up capacity and intellectpétforms.

The basis for industrialisation and developmemeiv industries and hence employment and

export of equipment and knowledge has, howevem lspeiled as the policy for promotion
has shifted to a policy that stops the development.

1C
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Therefore in addition to the importance of a cohengolicy between agricultural policy,
energy policy, taxation, research etcetera it #eal to have a constant policy of promotion.
This policy must include targeted policies on ftewels the local or regional level with focus
on rural development national level with focus eanmiework conditions EU with focus on
coherent policies regarding agriculture, environtnenergy and research, and finally globally
with emphasis on fair trade conditions within WTO.

But as | stated earlier: | believe time is maturihg concept of integrated biomass utilisation
as a key technology in a sustainable society.

We still need development of the possibilities. fEfiere research and demonstration of new
technology is essential.

| believe this seminar will bring us forward. Iltherefore leave the floor to presentation of new
research results and fruitful discussions that vithg us all forward

11
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Biomass in the Context of Biorefineries. Optimal Bomass production for
Energy Utilisation and New Products

J.B. Holm-Nielsen

ACABS-research group; www.acabs.dk;
Esbjerg Department of Engineering
Aalborg University
DK-6700 Esbjerg, Niels Bohrs Vej 8
Tel. +45 7912 7715; mail: jhn@aaue.dk

Introduction

In the conditions of global warming and increasmefease of CQ CH;, N,O and other
greenhouse gasses there is a tremendous needtiforsat be taken. Newly tendencies of
such actions have started in countries like Germamy Austria, where farmers are making
paradigm shifts from food and feeding producersatas biomass producers, at higher levels
of land productivity, for the energy demands anédse and for new biorefinery products.

In Europe renewable energy production will condyainicrease due to restricted use of fossil
carbon resources world-wide and a prosperous fufiore various renewable energy
technologies among others solar power, wind powdrbdomass based energy systems. At the
same time we don’t have to forget creation of newpleyment, as contrast to stagnation, and
that EU needs developments towards advanced temnddocieties, in the context of
decentralisation of energy recovery resources, whave to be sustainable, in contrast to the
fossil fuel century we have just passed.

How to produce biomass for biorefineries and exampls of resource potentials?

In all countries, in temperate, sub tropic anditabmate zones, there are various medium to
high potentials of producing biomass for a broadetg of demands, except in arid and semi
arid climates, where the deserts and steps arespriead.

If good growing conditions such as sunlight, terapgnre above 5 °C and sufficient water in
the root zone, in the top soils, are availablejdessrecycling of nutrients from the societies
and in some cases addition of chemical fertiliseus,have the basic conditions in place for
biomass production from efficient photosynthesis.

In table 1 and 2 a case example from Denmark isngihis is a picture of potentials and
possibilities for the future European paradigmtdiaivards biomass production for energy and
new biomass based products.

In earlier decades all efforts were concentratedormduction of food, and for feeding an

increasing population and an increasing animal yectidn. At the same time all energy
demands and supplies were fulfilled by fossil carbources.

13
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Table 1. Example of how the entire area of Denmarktilized, including future possible
changes. The survey balances as well interestgrdudtural and forestry production and
nature conservation and environmental interests.

Area usage;units in 1.000 ha 1995 | 2005 | 2025
Arable land 2290 2.03b 1.770
Fallow / brackish 22( 150 0
Non-food, single/mutiannual 3P 150 300
Permanent grassland 200 3p5 450
Agriculture total 2.740 | 2.660| 2.52(Q
Forestry / woods 500 550 650
Fences, ditches, field roads 113 123 133
Heath, dune, bog 20D 205 210
Lakes, streams 6b 75 95
Buildings in rural areas 23D 230 280
Cities, roads, holiday cottages 460 465 470
Total area 4.308] 4.308 4.308

Source: The Danish Board of Technology, “Biomadsenergiformal — et strategisk opleeg”

From 2005 to 2025 the tendency will be that theile be no more fallow land. Part of the
arable land resources, in the range of 10-20-36egm¢rnof the categories of arable land, fallow
and non-food areas will in the next two decadesutiized for energy farming, cultivation
systems aiming at maximum energy storage in orgaioimass with acceptable quantities of
medium to high net yielding crops per hectare. €Hasds of crops will be grown and handled
much more rational than traditional food crops asdcheap as possible at the input side, to
gain as favorable energy output and balance asgb@ss

Table 2. Danish gross energy consumption of pregesmts compared with a survey of future
scenarios of either light green or dark green stesiaOne scenario features how to run the
society without any kind of fossil fuels. In theseenarios is included highly efficient
utilisation of energy sources by all means as a®knergy savings at all levels.

Unit: PJ per year 1992 2003 2030 2030
*) *) Light green Dark green
scenario Scenario
Ol 348 342 246 q
Coal 324 176 22 D
Natural gas 95 191 146 0
Biomass 54 88 119 6-7 (137)
Biogas <1 4 ; 45 (90)
Liquid biofuels - 2 E 22 (47
Solar heating <] <1 ) 40
PV (Solar cells) - B 4 25
Windpower 3 20 32 90
Net power import 13 -31 D 0
Total 776 793 573 229 (429

*) Figures from the Danish Energy Authority
Source: The Danish Board of Technology, “Fremtidesdvarende energisystem”

In table 2 can be found the energy net consumpmtiived from biomass in the span of 119 —
137 PJ of biomass year 2030. In combination with.@00 — 500.000 ha arable land dedicated
for energy and biorefinery farming, in the longnteit will be more than realistic to reach

14
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between 120 — 140 PJ biomass energy productioay@m higher, under Danish conditions.

This means that such a society can be organizeadrnamaged on conditions of between 50 —
100 pct. renewable energy sources. At the sametlimdependencies of fossil carbon sources
will be minimized throughout the years, as can &ensin the statistical data from year 1992

and year 2003, where the coal dependencies have demeased nearly to the half of the

consumption in 1992.

The future will be much more diversified, whereargrative carbon sources will be based on
biomass sources of various kind, naturally adaptetthe different growing conditions in the
changing climate conditions and with a broadeiisailon of biomasses for food, feed, fibres,
fuels, fertilisers etc, after passing different,rmor les advanced steps of biorefining

Table 3: The table contents 19 European Countue®PEU-25, registrated data of total area
of land use. Areas of specific interests for biosnpsoduction conditions are the columns of
arable land, and partly forest areas and permagrassland areas. The fallow areas will quite

soon be integrated in arable land or non-food areas

it . Arable land Forest Permanent grass

unit: 1.000 ha Total | Agriculture (% of total area) (% of total area) (% of total agrea) Fallow
Country area area
Austria 8.386 3.375 1.380| 16,5% 3.260 3899 1.917| 229% 108
Belgium 3.053 1.390 846 | 27,7% 607 19,99 521| 17,1% 26
Cyprus 925 144 88 9,5% - - 1 0,1% 8
Denmark 4.310 2.689 2.494| 57,9% 473 11,09 184 4,3 % 202
Estonia 4.523 890 676| 15,0% 2.251] 49,89 194 4,3 % 33
Finland 33.815 2.222 2.122| 6,3%| 22.487 66,59 25| <0,1% 202
France 54.909 29.632 18.271| 33,3%| 15.375 28,09 10.046| 18,3% 1.348
Germany 35.703 17.042 11.813| 33,1%| 10.531 29,59 5.013| 14,0% 850
Hungary 9.303 5.865 4.516| 48,5% 1.772 19,09 1.061| 11,4% 183
Ireland 7.027 4.410 799| 114 % - -| 3.220| 458% 0
ltaly 30.133 15.62(¢ 8.450| 28,0 % 6.855 22,79 4.365| 145% 681
Malta 32 10 9| 275% - - - - <1
Netherlands 4.153 1.932 1.005| 242% 352 85,29 881| 21,2% 30
Poland 31.269 18.392 14.046| 44,9% 9.028 2899 4.078] 13,0% 1.676
Portugal 9.191 3.795 1.578| 17,2 % 3.465 37,79 1.429| 155% 551
Slovenia 2027 510 173| 85% 1.283 63,39 307| 151% 1
Spain 50.502 25.353 13.245| 26,2%| 16.460 32,69 7.030| 139% 3.510
Sweden 44.996 3.054 2.694| 6,0%| 22.323 49,69 372 0,8 % 266
United 24.291 16.522 6.452| 1,9% - -| 10019 41,2% 43
Kingdom
Summary 358.548 152.84] 90.657 116.522 -| 50.663 - 9.719

J.B. Holm-Nielsen and Michael Madsen, Bloenergyzﬁmpent SDU, Denmark

Source: Basic data from Eurostat, data from 2001.

From table 3 can be surveyed the biomass poteftiatsorefinery purposes. E.g. Germany, a
large central European country has 11.8 mil. harable land. Future biomass potentials in
Germany for energy crops is stipulated to be up.@omil. ha or 17 pct. of the arable land in
the medium long time span. From this area can biatk and produced a corresponding
energy production of 40 pct. transportation fue2@rpct. of primary energy consumption.

15
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Table 3a and 3b: Scenarios of area utilisatiorralble land from 19 EU countries for energy
crop production, and the potentials of energy recp¥orm these areas expressed as mil. tons
of oil equivalents at 3 different crop yielding #s.

Area used for

10 % of arable

20 % of arable

30 % of arable

energy prod. land in EU-19 land in EU-19 land in EU-19
Yield pr. ha

10t TS pr. ha 1.632 PJ 3.263 PJ 4.895 PJ
20t TS pr. ha 3.264 PJ 6.527 PJ 9.791 PJ
30tTS pr. ha 4.895 PJ 9.791 PJ 14.686 PJ

Note: The energy potential is based on straw; 1§M&g TS. The total arable area of EU-19
is according to table 3 estimated to 90.657.000 ha.
J.B. Holm-Nielsen and Michael Madsen, Bioenergy &apent, SDU, Denmark

Area used for 10 % of arable 20 % of arable 30 % of arable
energy production  land in EU-19 land in EU-19 land in EU-19

Yield pr. ha

10t TS pr. ha 36 mil. TOE 73 mil. TOE 109 mil. TOE

20t TS pr. ha 73 mil. TOE 146 mil. TOE 219 mil. EO

30t TS pr. ha 109 mil. TOE 219 mil. TOE 328 miOE

TOE: Ton oil equivalent ~ 4,48*10J
J.B. Holm-Nielsen and Michael Madsen, Bioenergy &apent, SDU, Denmark

In the coming 10 -20 years it will not be unreadisb see an increasing utilisation of crops for
energy and industrial purposes. Scenarios of 10-3@(pct. of arable land shifting from food

and feed towards energy farming will gradually accénother large European country,

Ukraine is rapidly developing in the same directlde the EU countries. In such a large,
fertile agricultural country it is stipulated thatroduction of renewable energy sources will
grow as fast as in many EU countries, and in théetaelow biomass will cover nearly 50 pct.
of the renewable energy resources. Energy croppitfigeven increase this potential when

energy crops are integrated in large scale biagefisystems in Ukraine.

16
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Table 4: Renewable energy sources (RES) in Ukr&@atulations and predictions until 2030

Technical Heat and electricity production from RES
Type potential
2001 2010 2020 2030

Min t % Min t % Min t % Min t % Min t %

coal coal coal coal coal

eqv eqv eqv eqv eqv
Wind energy 15.01 23.8| 0.012 0.2 0.22 3.2 1.00 7.0 2.15 10.0
Photovoltaic 2.0 3.2 - - 0.001] 0.02] 0.01 0.1 0.03 0.1
Small hydro 3.0 4.8 0.17 3.1 0.15 2.2 0.48 34| 0.65 3.0
Big hydro 7.0 11.1 4.36| 78.7 48| 68.6 5.6 39 6.53 30.2
Solar heating 4.0 6.4 0.002 0.04 0.12 1.7 0.7 4.9 1.28 5.9
Biomass 20.0( 31.7 0.99( 17.9 1.66| 23.8 6.3| 43.9| 10.13 46.9
Geothermal 12.0] 19.0( 0.004 0.1| 0.034f 0.5| 0.247 1.7 0.83 3.8
Total 63.0 100 5.54 100 6.99( 100( 14.34] 100| 21.6 100

Note: 1 toe = 1,43 t coal eqv.
Source: Geletukha et.al. The Institute of Engimepand Thermophysics of National Academy
of Science of Ukraine, Scientific Engineering Cerigiomass”.

Case example of plant breeding gene pool potentiadxemplified by maize/corn crop
varieties.

The gen-pools are not yet developed for dedicaiechdss production. For decades crop
breeding was dedicated for specific tasks of odtpnaduction yields for starch, vegetable oil,
sugar, proteins and not for the total crop yielagluding the interesting lignocelluloses
complexes in steams and leaves and the entirebtoopass. A future perspective for biomass
utilisation includes the whole crop, with as effeet and/or robust conversion into
photosynthesis products, at as good rates as willpbssible, due to various growing
conditions. Potentials are not yet very well depeld in the plant breeding and cropping
sectors of agriculture.

Below is a plant breeding company example of newzengarieties. The breeding incentives
for energy maize varieties include short-day genedy. tolerance towards cold growing
conditions in late varieties, nutrient/water efficiency. Commercial energy maragieties, as
an example, will be on the market in 2007. Theriglelow shows how to grow not 15-20 t of
TS/ha, but an increasing trend towards 30 t of &gitthe future.

17
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Source: Dr. Ernst Kesten, KWS Saatgut AG, Einbéok,

Source: Dr. Ernst Kesten, KWS Saatgut AG, Einb&k (
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Future perspectives for biomass utilisation in theenergy and industrial sectors.

The potential to upgrade biomass for biofuels isl@wt, and can be converted in conventional
used technologies, as example fermentation prosdésséuels to the transportation sector. At
the same time the developments are well on thek tfac new harvest and conversion
technologies. Biofuels and fuel cells can reduce, @issions significantly from the
transportation sector, as we have seen in statiospstems such as biomass for heat and
electricity production systems. (Larsen et al.,300

Developments and implementation of improved growsggtems for the purpose of biomass
production for biorefinery utilisation will get merand more into focus due to increasing
demands for biofuels and a variety of biorefinergducts. The commitments for making this
kind of shift in the way of widespread using sustdile resources in much larger scales have
grown and will grow in this and the coming decauejnly due to increasing needs of growth
in living conditions in big countries like China érndia, and all over the unindustrialized
world and because fossil fuels will be completelgdequate in the medium to long term.

What is a Biorefinery?

The basic conceptual idea of biorefinery is illagtd by the flow sheet below, from the survey
conducted by the research group — The BiomasdutestiSUC, (DK) back in the early 90'ties
and after that realized in the full scale: The grggce — amino acid , Lysin plant, Agroferm
Ltd. Other ideas are realized as joint biogas plantDenmark like Ribe, Linko, Lemvig,
Blaaberg and Thorsoe biogas plants, to mention soye examples.

In this decade, interesting ideas are under dewsop in new concepts like energy crop
biorefineries for gaseous and/or liquid biofuels. &w integration is under R D & D

realisation, for conversion of lignocelluloses prots like straw, wood chips and whole crop
silage for conversion into biofuels and biogas. Witial products will be used for either

bioethanol for the transportation sector and biodas combined heat and electricity
production or the natural gas grid and biofertil&zéor recycling to the arable land.

18
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Figure: Ethanol in the Green Biorefinery
Source: Pauli Kiel et. al. Biomass Institute, S1@94
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Summary

Biorefineries are thoroughly integrated thinkingdautilization of biomasses of any kind for
new products, for industrial and energy use. A tealegy as biomass for food, feed, fibers,
fuels, and future industrial applications is gotogoe realized and implemented at increasing
speed in this and the coming decade. A full paradsift is well underway from fossil fuel
dependencies towards biomass and accompanying ablewenergy recourse based
economies.

Optimal utilization of biomass converted to valwalhdustrial and energy products, as high
valuable replacements for fossil fuel products e thorld is getting greener and more
sustainable if we are doing a more progressivefastér effort, bearing a more balanced future
in mind, environmentally as well as economicallgaking internationally.
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From Sugar Factories to Biorefineries

How to bring about a change in paradigms step by sp and
how to involve farmers in the process.

Jens Born

CATS at FH Flensburg University of Applied Sciences

We observe a lot of constraints concerning theréutd our industrial world:
1. The foreseeable finiteness of fossil organic resesiias our most import organic raw
material source.
2. The greenhouse effect, which changes our climate
3. Increasing economic restrictions for farmers (deicrg share of value addition, arable
land which will be idled, decreasing subsidies)
The more or less common alternatives are
1. sustainableresource management which will be based more aor@ wn renewable
resources
2. Reduction of greenhouse gas production
3. New sources of income for farmers and other peloptey in rural areas

The increasing use of biomass, products from afablds and forests, biological residues, like
straw, and biological wastes, as renewable resdardechnical purposes, as fuels, chemicals,
and materials is possibly the most basic contriputo realise the mentioned alternatives in
the near and mid range. So as before the induai@luntil 150 years ago farmers and forest
owners will be important suppliers of basic raw engs in the future. Based on the demand
of sustainability the future use of organic raw emn@s can be integrated in naturals cycles,
and source and sinks of greenhouse gas emissidhbesbalanced. But until recently, the
conversion of biomass into fuels, chemicals, antenss is, particularly for mass production,
not competitive. Biorefineries may be a competiternative.

The industrial way of production and applicationfo$sil resources was superior, because of
the conformity between the technological demandesitralisation (from steam engines to
gigawatt power plants) and raw materials comingnffmint sources (especially crude oil and
gas, which can be pumped even over long distandd®. techno-economic development
results most efficiently in the economy of scale-omore simple — big is beautiful. On the
other hand organic fossil resources had been ptetteby nature millions of years ago, i.e.
their application was superior to the use of ung@diomass (fluid, high heating values, less
diversified mixtures) in principles as long assieasily available.

To overcome the disadvantages of the industrial @igyroduction: missing sustainability and
finiteness of the resources it is based on, ondgddsvelop a new way of production, which
contents not only the basic advantages of bothjgalyh efficient technology based on
renewable resources, but also will overcome thad¥antages of both and the missing links
between them, i.e. economy of scale versus widasaas raw material sources. The best
example to illustrate this dilemma is the expergentankind has made with the integration of
flexible wind energy systems into electric gridséa on static centralised GW-power plants.

» Which will be used always following the definitiaf the Brundtland commission [1]
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Learning from history — how to make the applicationof biomass superior

Raw materials usually are mixtures of more or ldsgersified components. The oldest

technical way to get the component(s) of interes$b iextract them mechanically, thermally, or
chemically. Even in the first time of the induskriage, one extracted the interesting

components, like benzene or aniline, from coal, disélled wood to get methanol, and even

today one extracts wood to get celluloses, or sugae and sugar beets to get sugar [2].
Beside the main product process is focussed noymadire than 50% of by products results

additionally, which may be valorised or are wastethe worse case.

Figure 1: Sugar Factory

With the rise of chemical industries in the secbaff of the nineteenth century a competitive
alternative to extraction was origined: based omuad 15) molecular small components
which might be extracted very easily from coal @&specially from crude oil one began to
synthesize the components of interest. This altemavay was often much cheaper, i.e.
withless expenditure, the quality of the producssially was higher, and it was especially
possible to get new components with really newadtds properties, like polymers, dyestuffs
and so on. Based on the knowledge of chemical egigh catalysts were invented, which
made it possible not only to convert reactants prtducts with less energetic effort, but also
to crack the residual components of the crudentd additional yields of the small molecules
already mentioned as well as into tailor made meguike gasoline and gasoil of high quality.
So fuel refineries as well as petrochemical refeweitotally convert the crude oil into an
economically most profitable and well balanced fodid of products, nearly free of wastes

2],
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Figure 2: Fuel Refinery [3]

The conclusion is, that the concentration of thehmécal effort onto the most profitable and
well balanced portfolio is superior to the concatitn of the technical effort onto one product.
However, until recently this statement will only e under the restriction onto mass
production, caused by the economy of scale. Sugetofies as well as refineries are in
principle finalised technologies, i.e. the charxesalise significant innovations is low.

Biomass conversion processes and their integrationto biorefineries

As mentioned earlier processes as well as procéssesvert biomass are designed under the

prerequisite to get a maximum yield and qualityoofy one lead product, like saccharose,

Cellulose, biogas, biodiesel and so on. This gisatef production has some important

drawback:

1. A huge output stream (up to 85% of feed streangiféérent kinds of wastes, which may
be valorised more or less (high quality glycerotsdlirce for all kinds of fermentation
processes, but also and most common as feed aitiddes)

2. Production time tables are highly dependent ondsivg times and storage properties of
feedstock

3. Profitability depends changing prices for the Ipanoduction because of low flexibility

Those kinds of processes are only competitiveheafd exist no alternative products, like in

Cellulose industries, or if they are subsidizedtby legislation, like sugar industries, and

biofuels.

Biomass has to become an all around competitiverradtive to crude oil as feedstock for
organic fuels, chemicals, and materials in ordeshtange the game to a long-term sustainable
and secure base of feedstock for the future. tl.is. quite sure, that biomass conversion and
utilisation of the future will be really differerdompared to the time before the industrial
revolution and even compared with its processingvatays, and it is quite sure that
centralised product strategies has to be movedte wr less decentralised ways of
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production. Some important ideas and developmetse recognised, which will have strong

influence on future conversion of biomasses:

1. It is possible to realise products in two ways:raiktion or synthesis, which additionally
opens the way to new, unknown molecules as wellbagse the feedstock completely
within integrated production networks.

2. Chemical industries as well as living systems sysith strategies are founded onto a small
number of small key molecules, which are startingn{s for the synthesis of all products
within the portfolio of the particular system

3. The utilisation of biomass is of greater varietyarththe utilisation of fossil organic
feedstock. One recognises utilisation cascades;hwaie founded onto the deepness of
change of the biomass. (For example wood can be asdimber, as sources of wood
fibers, as source of Cellulose, as C-source fanéstations and basic chemicals, as source
of syngas, or as direct source for energy prododdé)

Figure 3: Utilisation cascade of differnt kinds ofbiomass [5]

4. The renaissance of industrial biotechnology, wlatits best is nanotechnology, will offer
the possibility of more environmentally friendlygmesses and products, higher production
yields, more flexibility within similar equipmentegironment, less energy use

5. Process intensification will combine several comsge unit operations within one
procedure, particularly the combination of membrgeehnology with fermentations and
chemical reactions

6. The design of processes and process equipmenthwhigarticular will be as simple and
robust in utilisation as refrigirators or washingchines, the economy will be replaced by
the economy of number in some instances

Biorefineries, which can be defined as the intagratof different, more or less flexible
processes of biomass conversion based on masseah@xchange networks with the aim to
apply and convert feedstock completely and sudbéynimto a portfolio of most profitable
products, seem to be a proper solution conside¢h@gnentioned ideas and developments.

The definition combines the future needs to usenbi&s as basic organic feedstock with the
success factors of petrochemical and fuel refigeridnere a lots of definitions published in

literature, and there are even more processes whithbe classified as biorefineries but which
are not named biorefineries. A lot of companiesiffood and feed industry, especially, tried
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to apply or comercialise their byproducts as femtstor new processes.

Grappa is a spiritual product from waste in (itaJivine production

Almost all rural biogas plants use their liquidida@ffluent as fertiliser

Press cake of biodiesel plants is sold almost advesycattle feed

The German Nordzucker found Amino, a company praoduamino acids from molasses
Lactose from whey was used since decades as fitlgrisarmaceutical industries

Vanillin is produced from the black liquor of Cdihge industry

Most of these initiatives are more or less singulanherent, i.e. directed by the core
conpetencies of the companies, and often they averdby costs for wastewater and solid
wastes. But there seemed be at least one exammtercing a biorefinery directly competing
to petrochemical industry:

Figure 4: MoDo refinery [6]

An astonishing great diversified portfolio of pratsi was realised in the middle of the last
century. Until today there are still three produsytathesized.

Biorefinery as a concept
Thinking about biorefineries there are three basitcepts under discussion:

1. Based on the kind of feedstock:
Lignocellulose feedstock biorefinery
Green biorefinery

2. Based on traditional industries
Conversion of waste streams and different kindeefistock for value-added
chemicals by food industry
Application of new chemical core components and onogrs from biomass by
chemical industry
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3. Based on strengthening the economy of rural regions
More or less small and decentralised units
Involving the farmers as owners, actors, and seppli

Recognising the fact that the price of feedstockdases with the amount converted
within the factory

The first concept is a more or less academic m@adel business man will think first at
feedstock, but on profitabel products. One bioefinconstructed in this kind of thinking the
2B biorefinery in Schaffhausen (Switzerland) filed bankruptcy last year, because of the far
too low product prices which can be realised ferdash cow.) Most effort will be done
following the second concept [7]. We should const on the third concept (which
sometimes will be discussed in the constraint effitst, academic concept).

In Germany, but also in Switzerland (as mentiongdRustria, in Italy, in the US and in some
developing countries, those concepts to strengthexi economy are under discussion, under
construction or even realised. My main interesbisimulate different kinds of biorefineries

Some experiences from Schleswig-Holstein

In 2004 the regional government published the te<afl a feasibility studies: “Feasibility of
Biorefineries in Schleswig-Holstein” [5]. It is nobnly a collection of examples of
biorefineries in order to identify success and riaktors but also to develop scenarios to
introduce biorefineries in the state based on #tenation of the state of the art of different
kinsds of technologies.

Particularly the farmers and their commercial oigations ar interested in finding new fields
of application of their products, beginning withstes, like manure, ongoing with cereals and
silage, which will be gasified partly in biogas mpis. They found a Biodiesel producer called
Marina Biodiesel, which will be one of the biggesiGermany in the near future, and they are
thinking about Bioethanol. All these products appleed as fuels driven by national and
european regulations to reduce L£€@missions. This process will develop new business
structures, new kinds of production networks, ambvdedge in a different section of
economy, which is really strange for them. Butddlithem know, that this subsidized fuel
production will not be profitable in a long termo $oncepts of realising rural biorefineries
which should be first based on energy productiod anthe long run onto value-added
chemicals and materials, are of strong interestiem. Some months we invited an Italian
company IBETECH to present its business concep bforefinery which processes cattle
feed, Proteins, and Bioethanol ( which may be switstl by ABE fermentation for example).
The concept seems rather interesting, but it hasdthwback, that energy consumption is
based on fossil resources.
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Figure 5: IBETECH biorefinery [8]

A different, but until now most optimistic realigat of a rural buiorefinery was installed in an
old ethanol distillary, after the liberalisation thie alcohol market in Germany in 1999. They
decided to diversifiy their business not only torenéhan potatoes as feedstock of alcohol
production, so they are able to produce al overyder, but also to start the production of
biodiesel. The residues from the alcohol plant tredreestrification of plant oil are fed into a
Biogasplant together with manure.

Figure 6: KVG Schleswig

Inspirated by the different developments in scfentiscussions as well as in reality around
us, we start to simulate biorefineries with coniamdl software tools, like SuperPro Designer,
ChemCAD, and in future with ASPEN and Umberto, ides to integrate different processes
of biomass conversion and optimize them to becorust mprofitable. The kind of simulation
allows to make go-nogo decisions, sensitivity stadio identify weak process steps, and to
develop alternatives. We use commercially avaibtkia the engineering community accepted
software, in order to use the mighty databasesfeatlires within them, to produce results,
which may be transparent and acceptable for themeagng community, and last but not least
to train our students on that.

It was a success, even if it was negativ resulat the promised the insolvenz of 2B
biorefineries in a period they promised profits aaldl of the world think they will be
successful. Later on they concluded based on egalttie same reasons as we found out a year
before [9].
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Our latest project is the simulation of a moduledisbiorefinery in order to get some
information about the dimension of masses and massenergy balances, complexity and
costs and cost structures. Because it is modulargdefine core processes one can start with
and it may be possible to add the other modulgsistestep. The main modules are:
- The MiniMill process to convert straw into Celluéos

Flexiferm to produce fuels, chemical intermediated solvents dependend markets

constraints

A Biogas plant to convert wet waste streams intergy (methane)

A thermochemical gasifier to convert dry solid veastreams into energy (syngas)

Pretreatment equipment to solubilize sugar beetgatatoes and to reduce the water

content in order to make it storable all over teary

The feedstock are cereals, maize silage, sugas la@et potatoes, but also manure different
kinds of biowaste from within and from outside thiereferinery. All of the processes are
patentet and at least testet in pilot plants.

Figure 7: CATS Simulation Concept for a modularisedbiorefinery

We are in the middle of our work, but as so far ohéhe amazing results will be, that if the
thermochemical procedure will work in practice tiiegas process as a source of energy will
be omitted, and only be applied as a source ofnicgecids and alcohols. But that needs some
more experience in understanding and control df bibie thermochemical conversion and the
biogas process. The future of the biogas processhie flexible production of diffferent kinds
of interesting chemicals dependent only on nutiissdiion or chemostatisation respectively,
will probably introduce the paradigm change basadbmrefineries, because this process
might be the most flexible really stable processised by its unsterile environment which can
be controlled into an ecologic equilibrium.

Conclusion

Biorefineries are evolutionary concepts of integdabiomass conversion processes which
open an industrial paradigm change, i.e. conversfoa centralised way of production into a
decentralised one, adapting the distributed charadtfeedstock. The technology is based on
flexibel more or less nonsterile fermentationsainf basic and intermediate organic chemicals
and fuels, which can be integrated into an utikisatascade for the relevant biomass. These
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processes can be predesigned and simulated sudbe$sf modern commercially avaible
simulation software in order to make go or no geislens. Caused by its decentralised
character biorefineries opens new important souo€éscome for the farmers and - as a big
and fundamentally important financial and admimist%e challenge - flexibel farmer
cooperatives. Nowadays decentralised biorefinemeduture projects, at present conventional
biomass conversion factories which try to valotiseir waste streams are important transition
forms.
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The large-scale agro-industry is producing a bigoam of side-streams which are
creating either environmental or economical proldemio-refinery might be a longer term
solution in solving these problems . However, tben®my as well as the technology of a Bio-
refinery has to be proven before industry acceptgh,s most technical driven,

solutions. Different options of side-stream valatisn and the hurdles which have to be
taken before industry "believes" in Bio-refinerganvestigated.

The longer term perspective to survive for the [peem agro-industry and therefore the
European agriculture in general is to invest ih fide of their crops, which includes Bio-
refinery for side-stream valorisation.

Introduction

The agro-industry like the starch industry, sugalustry, dairy industry, etc. is more and more
concentrated to very large-scale operations. Ieetlaperations focus is made on the primary
product and less on the side products. Over thediesades investments are clearly made in
size increase, rationalizing and streamlining theng@ry operation to reduce the operational
and investment costs per ton of product.

Less attention is paid to the side streams whiehpanduced in the processing of agricultural
crops. Some exceptions are for example fibers fppotessing of chicorey into inuline and
fructose, potato protein from potato starch proiduceand the use of corn steep liquor for
fermentation.

Large scale solutions hardly exist. And in someesdbe side streams are either brought back
to the land as fertilizer or fed into a waste-wateatment installation.

At various places the “biorefinery” as a soluti@n $ide-stream valorization is investigated. So
far no real refinery processes are running. Thispdecause of the technical but more-over
the economical hurdles which are encountered.
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Raw materials

Main ‘raw materials’ for biorefinery are the sideemms from the agro-industry. As an
example, in the processing of starch potatoes rinane 80% of the crop is non-starch (figure
1).

Figure 1: Composition of a starch potato (by petzg®).
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As for example a company like Avebe b.a. in Thehgdands processes yearly 600.000 t/y of
starch, out of approximately 3 x °ltbn of potatoes. In this process the followingufities of
side streams have to be handled:

Water 2.300.000 tonlyear
Protein 36.000 ton/year
Fibers 39.000 ton/year
Other comp. 99.000 ton/year

Only the evaporation of water takes per year apprately 400.000 t of steam which
represents a yearly (energy) cost of 6 M£.

As spreading out of the ‘water’ fraction is resiit due to environmental rules only in a very
limited time period and as in a country like ThetiNglands also a large quantity of (pig)

manure is produced and spread out over the fiéldaiment of such stream leads to a high
yearly cost.

In an economical evaluation made by Avebe, theuaile’ components making part of the
‘other components’ have been investigated. The miaaetion contains approx. 60.000 t / y
dry solids, in which various components are presémé main composition is given by figure
2.

34



Baltic Biorefinery Symposium

Figure 2: Main non starch / non fiber componentgatato juice (by yearly quantities in
tonnage ds).
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Assuming that these components could be isolated f{nelative) pure form, this stream
contains a total value of at least 30 M€, whiciisded as given by figure 3.

Figure 3: Market value of the main components (stameh, non-fiber) from the potato (in M€
/ year).
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All together this stream has a value of at leasVi8Q yr.
Looking to the various components application idifferent fields, as given in table 1:

Table 1: Application of the different componentsnir potato.

Component Application

Potassium As SO, or KNGO; as fertilizer 0,20 — 0,40
Citric acid Feed, food, technical application 0;8@.,00
Malic acid Food application (Ca-malate or malicdci| 1,00 — 2,00
Sugars Fermentation source 0,15- 0,30
Asparagin Food, pharma 2,00 — 10,00
Glutamin Fermentation source 0,15 - 0}30
Other AA° Food, pharma or yeast extract replacement  5,000601L

2 Other amino acids
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It is obvious that isolation of these componentsi@éde an interesting and attractive case for
valorization. However, so far, the potato starcldustry has not invested in such a
“biorefinery”.

Another raw material which could be investigated Valorization is grass. At this moment
grass is grown in massive quantities mainly appfedcattle feed. The grass can be stored
using ensilage processes or drying. When grassied,dn many cases the grass is pressed
before drying such to decrease the drying costs.tiitis obtained liquid is spread out over the
fields for fertilizing purpose, but also the grdgpid contains a high amount of valuable
components [1], figure 4.

Figure 4: Composition of grass.
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In a consortium in which different governmental i&sd institutes and industry co-operated,
the feasibility of a biorefinery process for treatmhof grass has been investigated, figure 5.
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Figure 5: Biorefinery of grass.
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For this process a pilot facility was build, angpketo operation for several years. However,
mainly due to financial problems, this process naisrealized at real scale.

Available technologies

In order to isolate the various components diffetenhnologies could be applied. In order to
judge the feasibility it is important to know thevestment level and operational costs, but
especially also the technological feasibility. lase a new technology is applied, this will

involve a risk which the traditional industry istriiely to take.
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A limited overview of applicable technologies faotefinery is given by table 2.

Table 2: Available technologies for side-streanoviahtion.

=

Technology Applicability Demonstrated Cost Earnings
Separation

lon-exchange KNQ Pilot Medium Medium
Chromatography Isolation of sugars Large-scale High High
Membrane separation Isolation of proteins Largdesca | High Medium
Crystallization KSO, Large-scale Low Low
Filtration Isolation of proteins Large-scale Medium | Low
Electrodialysis Isolation of cations / anions Pilot High Medium
Conversion

Burning Combination with high ds Large-scale Low No
Anaerobic digestion Full treatment of liquid Largeale Medium No
Anaerobic fermentation Lactic, propane-diol Pilot edlium Medium
Aerobic fermentation Lysine, glutamic Large-scale| igiH Medium
Enzymatic conversion Only for pre-purified streams | Pilot High Medium
Isolation

Chromatography Isolation of specific components  otPil High High
Membrane chromatographysolation of specific components Laboratory High gHli
Affinity chromatography Isolation of specific compuents Laboratory High (very)| High
Bipolar electrodialysis Isolation of specific catgganions| Pilot High Medium/hig
Selective membranes Isolation of proteins Pilot gHHi High

None of these technologies will bring in one stépe" solution for side-product valorization.
This means that a biorefinery has to be a comlinaif technologies.

Economics

As mentioned, only the application of a combinatadrtechnologies will justify the eventual
investment in a “biorefinery”.

In case of the treatment of potato fruit juice (thain side stream of potato starch production),
various options and combinations can be investibatel an economic feasibility can be done:

oukrwnpE

production of KSO, by means of crystallization
production of KSO, by means of crystallization and crystallizationG#-citrate
production of KNQ by means of ion-exchange
production of KNQ by means of ion-exchange and crystallization otc{Date
production of KNQ by means of ion-exchange and acidification
fermentation of lysine

Figure 6 gives a rough estimate of the economyiféérént options. In all cases, the present
operation has been valued as zero, although castewlved as well.
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Figure 6: Economics of side stream valorizatiopatfato juice.
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Except for the crystallization of 40, which is an evaporative crystallization (appliext f
vinasse treatment of ethanol production), the itnaests are in the range of 15 — 30 M€ to
treat the full amount of potato juice produced. Desizing makes no sense as the investments
are highly sensitive for the scale of economy. st attractive operation (based on financial
analysis) would be the acidification of the juiéeljowed by KNG; production and potential
isolation of (some) amino acids. Disadvantage éshigh complexity of such process and the
risks in the market.

Market

Finally the market will determine the decision ofpatential investment in a biorefinery
process. In case of a biorefinery different prodinztve to be “put on the market”. Difficulty is
that it either concerns new products or productgkvihave to be replaced. In such case the
price is an important driving factor.

As an example the market for potassium nitrateigadn grade fertilizer can be mentioned.
Total world market is 1,2 — 1,5 Mton/year. Priegs in the ranger of 200 — 300 US$/ton. A
biorefinery based on potato juice will deliver (pnB0.000 t/yr, as such not disturbing the
world market. However, the producer has to prowe plarity and the applicability of the
product in the market as the production sourcellig flifferent from the presently produced
material (based on chemical production from minsoegrces). The market is dominated by a
few large chemical companies. Even putting a samalbunt in the market involves a serious
risk in price, market introduction time and costs.

For products for food or eventually pharmaceutaggslication, the risk is even higher.
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Conclusion

Valorization of side-stream is technically and everonomical feasible if different unit
operation are integrated. These unit operationspaocesses are available. However, various,
large hurdles have to be taken:

- high investments needed

- risk of acceptance of the products in the market
- long development time

- convincing the conservative agricultural industry

The last point is maybe the most difficult hurdie lbe taken. The EC support of the
agricultural industry will further decline. This &n additional stimulation for the industry to
invest in side stream valorization in order to sueyv

An alternative scenario is that the agriculturalgass industry will “move” to either Eastern
Europe (Ukraine, Russia), due to less restrictaond larger agricultural area’s or even to the
Far East. In such case the agriculture in Westarofe will step by step disappear.
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1 INTRODUCTION

Bio-fuels such as bio-ethanol and biogas are emgrgh the European market as new green
fuels. Because these fuels are renewable angn€rale they help to reduce emission of
carbon dioxide.

Bio-ethanol is today mainly produced from molassed starch, but new technologies offer a
way to utilize sugars from lignocellulose.¢ straw and wood) in production of bio-ethanol.
Apart from cellulose (40%), hemicellulose is a maunogar component (25-35%) in
lignocellulosic materials. However, these carbohyels are closely bound together with lignin
in the plant cell wall. Pre-treatment of the ligethalose is necessary in order to open the
structure and make carbohydrates susceptible tgnatic hydrolysis and fermentation.
Successful aqueous pre-treatment methods such tagxidation and steam explosion have
been developed [1], [2].

In Denmark a pilot scale pre-treatment plant (1/hpnhas been established, and the
developments of cheaper enzymes [3] and microosganicapable of utilising both C-6 and

C-5 sugars [4], means that we are close to havinfeasible process. In Denmark,

approximately 6 mill tons of straw is produced egelar, of this a large portion is used in
farming as fodder, animal bedding and soil improgam 1.15 mill tons is used for energy

production (this will be increased by 200,000 torthe next coming years), which leaves us
with approximately 1,4 mill tons of excess strawisTamount of straw could be converted to
approximately 400,000 tons ethanol, which couldssitite 20% of the transport fuel used in a
year in Denmark.

Biogas is like bioethanol COneutral energy. In Denmark there are 20 big bioglasts
receiving manure from approximately 100 farms, 8haingle-farm biogas units [5]. These 55
units treat approximately 1,3 mill. tones of manfroen farm animals each year. Which means
that approximately 3 percent of the manure proddoema farm animals in Denmark is used
for biogas production. The Danish government hgsal that in 30 years half of the manure
produced in Denmark should be used for biogas mtomtu [5]. Beside manure biogas plants
also treats approximately 200,000 ton/year of damaste from industry, wastewater
treatment and households.

Today, both fresh manure and digested manure @@ as fertilisers in the fields. The most
significant differences on fresh manure and digkstanure is that [5]:
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Digested manure is a mixture of manure and orgaagte

Part of the organic matter in the manure has beed u

Digested manure has a higher pH

Digested manure has a less obnoxious smell wheg lspiread on the fields

Digested manure has a slightly higher content afesautrients than fresh manure (due
to addition of waste) (Table 1).

Table 1 Comparison of fresh cattle manure and digestedunegb].

DM Total N NH4-N | Phosphorus Potassium pH
(%) (kg/ton) (kg/ton) (kg/ton) (kg/ton)

Cattle

9.3 3.2 1.6 0.7 25 6.7
manure
Digested

8.5 3.2 1.9 0.9 2.8 7.4
manure

Biomass for energy and fertiliser

When producing bio-ethanol from biomass (starch bgubcellulosic materials) it is very
important to think in the concept of a bio-refinewhere every part of the biomass is utilised
and where nutrients are returned to the fieldss Will enhance the feasibility of the process,
and recycling of nutrients will prevent mining tfe@mlands.

In order to convert lignocellulosic material to f@thanol in a wet-oxidation process water is
needed. The idea presented at hand is to use araslp digested (AD) manure as a water
source in the wet-oxidation process. This offexess advantages:

AD manure is a cheap water source for use in wielation of straw

AD manure act as N-source for the microorganisnnduethanol fermentation

Wet oxidation of AD manure diminish obnoxious odaund hydrolyse fibres

Residue from the fermentation process is very walted for use as a mineral-rich
fertiliser.

To day AD manure is spread on the fields and tdb&hows the composition with slightly
higher contents of N, P and K compared to undigestanure. However, the loss of nitrogen
due to evaporation of ammonia is increased, bedaeskigher pH leads to conversion of NH

to NHs. If we instead used the AD manure for bio-ethgmmduction, the nitrogen would

partially be taken up by the microbial biomass, ahd residue from the bio-ethanol
fermentation could then be used as fertiliser daitg nutrients from manure, microbial

biomass, and straw. During such fermentation pH a&étrease to around 4 preventing ;NH
evaporation.

Both macro-and micro-minerals needs to be retutnethe soil, otherwise we will end up
cultivating crops and plants, that have low nuintl value. The fermentation residue from
bio-ethanol production from straw and manure carstamacro- and micro minerals both from
the manure and from the straw in significant amsuand it is very suitable for use as a
fertiliser (Fig 1). Preferably, the biomass usedthis purpose should be annual crops such as
straw and corn stover, due to the fact that theggsccontain valuable elements to be used for
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plant growth in contract teg. wood materials that contain very little amountsiradrganic
elements. In Denmark we use primarily nitrogen-pihasus-potassium-fertilisers. But the
intensive monocropping of the farmland is mining #oil of important micronutrients such as
selenium, magnesium, copper, manganese, ion andFmtilising the soil with large amounts
of phosphate furthermore leads to a decrease iitabildy of some of the micronutrients by
binding of the minerals in a form, which cannottékeen up by the plants. Besides minerals the
soil also needs to be enriched with organic mgttamus). Measurements have shown, that
the soil becomes difficult to cultivate, when organarbon becomes less than 1% [6]. It is
well known that regularly chancing the type of cgnmown in a field has a positive influence
on the organic matter of the soil and also incaxpon of straw in the fields has a positive
effect. The fermentation broth contains significamounts of carbon both from biomass,
fibres and lignin, which end up as humic substaafes decomposition.

Figure 1 Concept of using straw and anaerobically digestadure for bioethanol production
at the same time producing a nutrient rich fedilifor farmland.

According to economical evaluations of producingagibl from lignocellulosic materials, the
second most costly operation of the process iSStBE (simultaneous saccharification and
fermentation) step, accounting for approximately@8f the total [7], [8]. One way to
minimise the cost of SSF is by minimising the additof the water, nutrients and elements
during the fermentation. The dual aim of this stws to test the possibilities of substitution
of water and nutrients needed for ethanol fermanmtatith pre-treated AD manure, and to
demonstrate that a major part of the important macid micro elements in the raw materials
remain in the solid fraction after fermentationdahat this as a result could be used as a
fertiliser for plants.
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2 MATERIALS AND METHODS
2.1 Raw MATERIAL

Corn stover (Zea Mays L.)

Corn stover was grown and harvested in south Hyngathe fall of 2003 following the
harvest of the mature crop. The raw material weareréed to an average 94% dry matter
(DM) content then milled to a 2 mm particle sizéeTgrinded materials were stored in paper
bags at room temperature.

Wheat straw

Wheat straw (Triticum aestivum L.) was grown andvkated after a drying period in
Denmark during summer 2003. The straw was cut 1néocm pieces on the field by a New
Holland FX375 forage harvester and stored in coetai at ambient temperature. The dry
matter content was 92-100%. The straw was mille@l 20mm particle size and stored in paper
bags at room temperature.

Manure

The liquid manure (containing 5% DM) was collecteain a biogas plant (Denmark). It was
collected after degasification and it was kept iwell-closed 20 L plastic container in an
outside storage room at temperature from 820

2.2 WET OXIDATION EXPERIMENTS

Biomass was wet oxidised in a 2-L loop autoclavestmcted at the Risg National Laboratory
(Bjerre et al. 1996). 60 g biomasses (DM) was mixeth 1 L of water and 2 g sodium
carbonate followed by addition of oxygen (12 barfhe remaining gas volume. The applied
chemicals were added before closing the autocladeapplying oxygen pressure. The gas-
liquid mass transfer was accomplished by mixindhwvaitpumping wheel. Due to the excellent
heat-transfer conditions, the heating and coolimg$ were very short (about 2 min), which
made the pretreatment much more controllable aptbdecible. Thereby an excellent heat
transfer was maintained, which resulted in 3 miating-up time and 1 min cooling-down
time.

Pre-treatment of manure

AD manure was pre-treated in the 2-L loop autocla®ee-treatments were performed at
different severity conditions: 120°C for 20 minefslisation), 160°C for 15 min, and 195°C for
10 min. The three different conditions were tesigth and without addition of oxygen. All
trials were performed in duplicate. The pre-treatemhure was colleted and stored frozen at
2°C.

Pre-treatment of wheat straw

Wheat straw was pre-treated in a pilot plant (1@ klocated at Fynsveerket, Odense (IBUS)
[9]. It was pre-treated by hydrothermal treatmertt &ddition of oxygen) at 190°C, residence
time of 6 minutes, and 40% DM in the reactor. The-fpeated straw was dried in a climate
cabinet at 280C and 65% relative humidity before analysis andins&SF.
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Wet oxidation of corn stover with and without AD manure addition

Based on the results of our optimization experimemt corn stover [10] the optimal condition
of wet oxidation was: 15 min, 196 at 12 bar oxygen pressure using 2 g/L sodiumoreate
addition. These parameters were kept constant2@ut of the water was replaced for AD
manure before wet oxidation. After the pretreatmeath sample was separated into a liquid
and a solid fraction, and both fractions were axedy The filter cakes were dried in a climate
cabinet at 20C and 65% relative humidity and the filtrates westered frozen (-2@C) for
further analysis and use in SSF.

2.3 SUGARS AND LIGNIN IN RAW MATERIAL AND IN THE SOLIDR  ESIDUE FROM WET
OXIDATION

The compositions of the raw materials and the do#idtion obtained after pretreatment were
analyzed using strong acid hydrolysis method by rKgHL]. The cellulose and the
hemicellulose content were calculated from the eatration of monosaccharides (glucose,
xylose and arabinose) quantified by HPLC with retireg index detection. Conversion factor
for dehydration on polymerisation to cellulose wa#&2/180 for glucose and to arabinoxylan
was 132/150 for xylose and arabinose. The residag dvied and weighed and reported as
Klason lignin.

The ash content was determined by placing apprdrimn®.5 g sample in a tarred crucible
that was ignited at 550°C for 3 hours, cooled desiccator, and weighed.

2.4 SUGARS IN THE FILTRATE FROM WET OXIDATION

The sugar-content in the WO filtrate was measuré@r aacidic hydrolysis of the
polysaccharides with 4% (w/w).80, at 122C for 10 min. The monosaccharide components
were detected also refractometrically by HPLC.

2.5 ENZYMATIC CONVERTIBILITY OF BIOMASS TO FERMENTABLE S UGARS

The pretreated, solid materials were enzymatidayigrolyzed to determine the efficiency of
cellulose conversion. The hydrolysis of the wetdised fibrous fraction was performed at
50°C for 48 hours, using 0.2 M sodium acetate bufiet 4.8). The applied cellulase enzyme
loading (Cellubrix) was 25 FPU/g DM and the sultst@ncentration was 2% (DM).

The concentrations of glucose, xylose, cellobiosd arabinose following hydrolysis were
measured by HPLC. The percentage of cellulose eatigaily converted to glucose (ECC)
was calculated as a quotient of liberated glucagedgring the enzymatic hydrolysis and
weight of cellulose (g) before enzymatic hydrolysis

2.6 SMULTANEOUS SACCHARIFICATION AND FERMENTATION  (SSF)

Fermentation of the WO solids and filtrates wadqrered to determine the efficiency of the

WO pre-treatment for bio-ethanol production frone ttellulose fraction of corn stover. The

conversion of the cellulose into ethanol was adtdely means of two steps: enzymatic pre-
hydrolysis of cellulose (and hemicellulose) to sugaonomers and fermentation by

Saccharomyces cerevisiae to ethanol at a thedrgiitd of 0.51 g ethanol/g glucose.

Pre-hydrolysis (liquefaction) and SSF was perfornmedshaking flask containing 5% DM

solid, fibrous fraction in a pH adjusted (pH 4.Bydte, originated from the same pretreatment.
Pre-hydrolysis of the WO solids was performed &C5fbr 24 h at an enzyme loading of 15
FPU/g DM, using Cellubrix. After liquefaction, tHermentation flasks were supplemented
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with a second batch of enzymes (Cellubrix) at amyem® loading of 15 FPU/g DM and
inoculated with 0.2 g/L yeast. The flasks were esgalith a yeast lock filled with glycerol and
incubated at 3@ for 5 days. Neither minerals, nor nutrients dawiins were added during
fermentation.

The cellulose to ethanol conversion was monitonedCB?2 loss, as determined by weighing
the flasks at regular intervals. The ethanol yidlgting fermentation was calculated by
multiplication of the molar ratio of EtOH/CO2 (=0#5) with the CO2 loss. The final ethanol
concentration was also determined by HPLC anabsisthe calculation of ethanol yield was
based on these results.

2.7 ANALYSIS OF ELEMENTS IN RAW AND TREATED MATERIALS

Dried, solid fibre samples was digested in a mi@esvoven using a mixture of 65% HRAO
and 40% HF. The digested samples were diluted watter and following analysed by Varian
Vista AX -ICP AES (optical emission spectrometryttwinductively coupled plasma) using
argon gas as carrier gas. The plasma temperatuse7@@0°C at which temperature most
elements emit light of characteristic wavelengtidiich can be measured and used to
determine the concentration a by light-sensitiviecter at 167-785 nm.

3 RESULTS AND DISCUSSION
3.1 S PARATELY PRE -TREATED AD MANURE AND WHEAT STRAW

AD manure was pre-treated at different severityditions (120°C, 20 min - 160°C, 15 min
and 195°C, 10 min) with and without addition of gewn. It was observed that when pre-
treating the AD manure with oxygen (wet-oxidatidghg obnoxious odour was reduced or
eliminated, and a right liquid was obtained. pHerfpre-treatment ranged from 8.4 in the
mildest conditions to 7.8 in the most severe caomalit (1950C). After pre-treatment the
concentration of sugars significantly increasednfi@ 15 g/L in untreated manure to 2.5g/L in
wet oxidised manure (195°C) caused by solubiliratibhemicellulose sugars in the solids of
AD manure (consisting of mainly undigested strafijy 2).

OGlucose M Xylose M Arabinose

1,6
14 —
1,2 —

1 — —

0,8 _—
0,6 _—

0:3_ 41 -{I

ADmanure 121 C,no 121C,12 160C,no 160C,12 195C,no 195C, 12
oX. bar ox. OX. bar ox. OX. bar ox.

[o/L]

Figure 2 Sugar content in AD manure and pre-treated AD m&anur

The pre-treated manure was used in SSF experinagthiisvheat straw (pre-treated in a pilot
plant pre-treatment reactor (100 kg/h)) as carbadtgdsource. In all experiments, a rapid
ethanol fermentation was observed. There was mifisignt difference between the manure
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pre-treated at the different temperatures, howavaightly higher ethanol yield was found in
experiments with manure pre-treated at low sev¢Fiy 3A). SSF of pre-treated wheat straw
was compared to SSF performed in water (with added) (Fig 3B), and no difference in the
fermentations was observed.
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Figure 3 A: SSF of AD manure pre-treated at different caodi (120°C, 20 min - 160°C, 15

min and 195°C, 10 min) with pre-treated straw abaaydrate source. B: Comparison of pre-
treated AD manure and water (with added urea) asefietation liquid in SSF of pre-treated

wheat straw.

From these experiments it can be concluded thatrpaged AD manure can substitute water
supplied with nutrients in SSF of lignocelllulosiaterials when pretreated separatly, and that
sterilisation of the manure is sufficient to obtarsuitable fermentation liquid. However, a
very bad odour was observed after SSF in manureneetreated with oxygen, so the best way
to prepare AD manure for used in SSF was 120°@ia0wvith 12-bar oxygen.

3.2 MANURE AND CORN STOVER PRE-TREATED IN ONE STEP

AD manure and corn stover was pre-treated by witaton in one step (Fig 4). In this
experiments different concentration of manure weded to the corn stover before wet-
oxidation. AD manure seems to have a slightly negagffect on the enzymatic hydrolysis of
the corn stover when adding more than 20%. Howexen substituting all water with AD

manure, the total glucose yield only decreasesdyra 10%.
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Figure 4 Glucose yield in pre-treatment of AD manure andhciover in one step (195°C, 15
min, 12 bar @, 29/l NaCOy).

SSF of corn stover pre-treated with 20% of AD manwas compared to SSF of corn stover
pre-treated in water (Fig 5). A lower ethanol yields obtained in the experiment with the
corn stover pre-treated with 20% AD manure duédgoldwer convertibility of this material.

Figure 5 SSF of corn stover pre-treated with 20% of AD maramd corn stover pre-treated in
water.

Wet oxidation parameters were not optimised in éhemls, but trials were done with and
without oxygen (not shown), and oxygen showed atipeseffect on the yields. As a result it
is expected that the glucose yields shown in figueand 5 could be improved by optimisation
of temperature, reaction time, oxygen pressurenagygbe catalyst addition.

3.3 NUTRIENTS

The main goal of this experiment was to follow thecle of different important elements
during wet oxidation and also in the subsequenméamtation. The ash content of
biomasses was determined before and after prenterdat(Fig 6), and the composition of
the ash was determined (Table 2).
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Analysis of the nutrients from the whole process

Concentration of macro- and microelements in the maaterial as well as in the solid and
liquid phase after wet oxidation and also after 8&Fe analysed as it is shown in Figure 6.

______________________________________________
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Figure 6 Selected fractions for nutrient analysis.

In general, the contents of elements in corn st@ret in wheat straw are quite similar,
but corn stover contains slightly higher amountnefirly all elements and its content of
phosphor, iron, magnesium and calcium content &rifecantly higher than in wheat
straw. However, wheat straw contains significanthpre potassium, barium and zinc
(Table 2).
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Table 2 The amounts (ppm = mg/kg) of different elementsrduwet oxidation and fermentation
of wet corn stover. During wet oxidation 6% dry teatvas used and 20% of the water was
substituted for manure.

Raw materials After WO After SSF
corn WO-CS WO-CS WO- | SSF- SSF- SSF- SSF-
Manure Wheat . L . . - -
stover solid liquid straw | solid solid liquid liquid
ppm straw
ppm ppm__ ppm  ppm ppm (%) ppm (%)
Ash (%) 39.8 9.5 5.4 8.7 4.2

P 61940 6798 503 101247 72979 398 41788 17.2 8674789.¢
Si 18405 1074: 6820 12266 11180 5287 26543 63.3 3374 29.6
K 62507 538¢ 7928 2628 21222 2600 6098 14.1 11904 81.t
Ca 52547 480t 3883 10682 10664 4156 17700 47.7 686552.¢
Mg 6809 2811 523 1809 5049 650 1931 16.4 3338 79.¢
Al 6593 60¢ 41 2484 364 54 4244 90.7 58 6.2
Fe 3560 36¢€ 43 1572 68 318 2172 82.1 83 7.t
Na 56538 194 112 1600 12544 129 11520 479 6473 81.F
Mn 288 51 32 98 65 22 114 40.5 59 55.¢
Sr 369 45 19 108 95 22 102 34.6 73 67.2
Ti 207 35 3 120 1 4 178 89.2 2 2k
Zn 902 3C 51 180 106 9 215 45.6 77 45.C
Cu 202 22 3 86 10 2 117 75.9 10 16.c
Ba 106 9 45 36 8 79 47 65.4 7 27.C

Compared to the herbaceous materials dry manuriiosneven more, (in some cases ten
times more) essential nutrients. Manure has arcastent of approximately 40% (of the dry
matter) (Fig 7), which is very rich in phosphorl® of the DM), potassium (6.2% of DM),
calcium (5.2% of the DM) and sodium (5.6%). Althbugnanure has a relative high
magnesium and iron content (0.6%), it also contamasy different microelements (Mn, Zn,
Cu, Sr) at the concentration of 0.01-0.1%, theredgresenting a potential nutrient and
minerals source for fermentation (Table 2).
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Figure 7 Ash content in raw and pre-treated materials

The amount of water-soluble salts and elementg, fiktassium, magnesium, sodium and
phosphor decreased considerably in the solid traditer fermentation. Approximately 80%
of the initial amount of these elements can be douarthe liquid phase after SSF. Although the
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amount of these water soluble elements are lovhenSSF solid, but it is higher than in the
WO-solid indicating, thaBaker’s yeasis able to utilise some of these components froen t
liquid (e.g potassium) and so transfer these from the liqaidhe solid phase (Table 2).
Majority of the non water-soluble elements, maiul§ferent metals remains in the solid
fraction, e.g.82 % of the initial amount of iron and 76% of @bber can be detected in the
SSF-solid. However, half of the original zinc andnganese, which play central roles in many
enzymatic reactions, remains also in the SSF-¢dhdble 2).

Conclusion

AD manure can serve as water and nutrient resaludag fermentation of agriculture waste

products like wheat straw and corn stover. Mostassigvere obtained when treating manure
and biomass separately. Valuable elements presenthése fermentation feedstocks

(constituting up to 40% of the solid in AD manuee used both during fermentation and
during crop cultivation when recycled to the fields
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Application of high-voltage plasma and cavitation ¢chnologies for
production of liquid humic products

Semijons Cifanskis and Raitis Ziemelis

Scientific and Production Firm “Latinvent”,
61/60 Dzelzavas Street,da, LV-1084, Latvia
Phone: +371 7089469; email: semjons.cifanskis@rtu.l

1. Introduction
Two types of high technologies intended for proghrctof liquid humic products are

developed.

The first one is the high-voltage plasma technoldzgsed on utilization of different
interconnected nonlinear dynamic effects and playgibenomena. Plasma filament with high
temperature, powerful shock waves, pulse electrowiag and X-radiations, ultrasound,
turbulization of flows occur in a fluid under higloltage discharge [1]. These factors give rise
to productive extraction with particularly pronoakcsterilization effect. Three types of high-
voltage plasma installations have been designedesteld at the Firm “Latinvent”: the device
for activation of chemical reactions, the instatlatfor processing of organic raw materials
and the installation for cleaning of pipes frormeimal deposits [2].

Fig. 1. Electro-sparking chemical reactor
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Such physical factors as intensive shock wavessnpa cavitation and X-radiation
simultaneously act on chemical reagents in thetrelesparking reactor designed (Fig. 1).
Thanks to this the reactor can be successfully irsédferent applications including high-
effective extraction and coagulation of componédrdas organic materials, sterilization of
potable water, acceleration of chemical reactiorssynthesis of new compounds.

Fig. 2. Installation for processing of organic rmaterials

Installation intended for processing of peat, medicherbs, seaweeds, fruits, vegetables,
dairy produce, sawdust, pine needles and othernargaaterials is shown in Fig. 2.
Installations of middle and high capacity can b&awited by increasing of the numbers of
mini-modulus used. Rapid dismounting of the miranil and its carriage by road is
possible. Mounting the mini-plant and its startioghe new location place may be carried
out in 4-6 hours.

High-voltage plasma installation “Mole” intendedr faleaning of pipes from internal
deposits is shown in Fig. 3.
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Fig. 3. Installation for cleaning of pipes fromemal deposits

The second proposed technology is based on cawitatitraction, which belongs to high-tech
procedures. Cavitation is a specific method forgyneoncentration in collapsed bubbles. This
method is one of the strong multifactor tools foemical and physical manipulation with solid
particles dispersed in liquid media. Cavitationascompanied with appearance of water
hammer (up to 100 MPa), shock waves, intensiveexditrmation and ultrasound radiation.
This technology gives an opportunity to obtainfillowing products: liquid humic fertilizers;
mixed feed with natural organic fillers; extraatsrh medicine grasses, etc.

Examples of practical application of these techgiae for manufacturing of liquid humic
products are considered in this paper.

2. High-voltage plasma installation for productionof artificial manure

At present there is a great demand for organidifents due to the intensive development of
non-polluting agriculture. One of the most effeetitertilizers is horse manure. For its
production the following means and conditions areassary: a pasture in the summer and hay
in the winter, a paddock and automation facilifessubmission of feeds and water, means of
cleaning of manure and bunkers for its storagendud - 6 months, veterinary and other
maintenance. Demerits of the natural way of horsanure production lie in its low
productivity (the horse makes about 3 - 4 kg of mmanin a day), as well in insufficient
sterility and unpleasant smell of final product.

Inventor L.A.Yutkin proposed to use a high-voltagsiasma method for production of artificial
manure [3]. These activities have been continuedSmentific and Production Firm
"Latinvent".
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The installation (Fig. 4) consists of the belt ceyer 1 carrying a peat mix 2, the metering
hopper 3, the first high-voltage plasma bioreadtahe transfer pump 5, the second bioreactor
6, system of pipelines with cocks. The electrict mamtains the programming block 7, the
surge current generator 8 of high voltage, the (@sand the second (10) groups of electrodes,
connecting power cables 11.

Fig. 4. Block diagram of the installation for pradion of artificial manure

The peat mix 2 with the aid of the belt conveyes fransported to the metering hopper 3 and
then it comes into the first bioreactor 4. The $fan pump 5 fills a bioreactor 4 with water.
Operating mode of the generator 8 is set up wighatia of programming device 7, and then
output voltage of generator is applied to the firstup of electrodes 9.

After processing during a certain time the peap psilpumped over in the second bioreactor 6.
In this reactor secondary processing of pulp inepttegimes of high-voltage discharge is
performed. Thanks to this the ammonia nitrogeneanof mix is increased in 1,4 - 4,5 times.
Then, after 10 - 15 days of storatfee content ofyns in the bioreactor 6 grows in 10 - 15
times (at the expense of bacteriological explosion)

The bioreactor 6 consists of 24 sections (in Figedtions are numbered). In each section the
daily dose of product enters. Therefore bioreaétas fully filled for 24 days. Then daily
taking out of a ready product from sections 1, 2et® begins. Ready fertilizer is directly
transported to a vehicle of the consumer or to ekipg line. Standard means of loading,
unloading and packing are used.

Advantages of the proposed technology and prodadéttial fertilizer are as follows [4]:
- Ecologically harmless technology (the infinitesirsahtent of nitrates);
High sterility (harmful microbes are destroyed hghhvoltage discharge);
More high output of product from the area of oneskostall (3 2 ), than at a natural
way of its production (approximately in 400 times);
Full absence of a smell.
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The processed peat can be used for coating of ,seeshifacturing of heat insulation plates,
micro hotbeds and nutritious briquettes as wellpgimduction of liquid top-dressing, chimney
fuel and in other purposes.

3. Results of agricultural experiments
Yield capacity of different plants cultivated innaix of ground (50%) and usual peat (50%)
was compared with their productivity in a mix «gnou- processed peat ».

Results of hotbed experiments were the followimgthle case of the processed peat using the
green weight of oats has increased by 140%, arghhef plants has become 1.7-2.1 times
bigger. The bean crop has come to 140%, the masstato tubers has increased by 110% and
the green weight of barley has increased by 3658&th Sapid growth of plants may be
explained by the arising of vegetative hormonethe peat mix after its processing (together
with increasing content of nitrogen and other métements). These hormones essentially
stimulate the growth of plants and facilitate therease of nutritives and vitamins content in
products. For example, the content of starch iatpdubers increases by 20%, but vitamin C -
by 45 - 60%. Besides, the use of the processed Ip@@atmade it possible to improve
appreciably the phytosanitary conditions in a ha#®ground and to deodorize a hothouse
atmosphere (thanks to bactericidal properties efitigh-voltage plasma discharge). The most
effect from the application of the processed peat be achieved in the case of hotbed
cultivation of expensive production (e.g., flowersgetables, mushrooms, etc.).

It is experimentally proved, that processed peat dispersed nutritious medium with good

gluing ability. Therefore such peat pulp can bedus®e good compound for seeds coating. The
porous shell of such coat facilitates the ingrelssnoisture into the seed. As the result of

coating it is possible to unify the sizes of seefislifferent crops and thanks to this to sow

seeds into the ground with the same standard msints, to lower normal value of sowing and

to abolish a very laborious operation of shootarthig. In accordance with the experiments,

coating has given the rise of carrot crop by 26%, leetroot and mangel-wurzel crops - by

14% and 29% correspondingly.

Besides, according to experimental data, 1 kg @fpttocessed peat gives twice as large gain of
yield capacity than 1 kg of horse manure.

4. Application of high-voltage plasma technology imther fields
4.1. Pharmaceutical manufacture

Making of fine suspensions (up to colloid condijiaf synthetic and natural resin used for
preparation of medicines is possible. Solutionkwfsoluble and almost insoluble substances
with the concentration, which considerably exceadsatural limit of solubility, can be
received, too.

Significant acceleration of extraction of some sabses from vegetative and animal raw
material is achieved: sea-buckthorn oil, pine-negdmarrow, grape pips. For example, the
amount of citisin extracted under high-voltage plagrocessing from vegetative raw material
during 1 minute is the same as extracted fromnindub1 minutes in the case of fast mixing.

Glaucin has been extracted during 2 minutes, bsan - during 5 minutes. The quantitative
output of active substances from calendula floweesyes of bushes, valerian herb or seaweed
can reach about 88 - 95% (this value is sufficiehtgher than can provide familiar methods
of extraction).
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Reduction of extraction time of fragrant substan@esbergris, coriander, iris) is observed: for
animal raw material - from 30 days up to 40 - 6@wmes; for vegetative raw material - from
14 hours up to 1.5 - 2 hours. Extracts with quiieasmell and full-blooded composition have
been produced.

It was possible to combine grating operations aédicherry fruits and hawthorn with their
extraction. A sterilized nutritious crop intendedr frapid cultivation of various kinds of
bacteria is extracted from peat.

Application of high-voltage plasma technology haasdm it possible to reduce the mature time
of perfumes, colognes and other perfumery liquids(course of experiments the mature time
is reduced from 20 days up to 3 hours).

4.2. Stock-breeding

4.2.1. Production of a forage and fodder additiveto animals and birds from plants with

the strong casing

Nowadays there is a heightened interest to applitaif a straw as rough power forage in
agriculture of many countries. Due to high rigidatyd big content of cellulose, and also owing
to the low content of nutritive, animals cannot aatraw in great amounts. The daily diets
containing big amounts of straw do not provide hpducing of livestock, because the
digestibility of straw of winter rye makes only 4@2%. More than half of used straw fodder
is not digested by animals. For this reason thetmutsness of straw is estimated as low and
usually it lies within the limits from 0.2 up tofodder units.

High-voltage plasma processing destroys the stiigmgn-cellulose capsule of a plant and
gives off nutritive from it. For example, after pt& processing the content of crude fat
increases by 10 - 20%, mass content of solubleredhaicing sugars - by 73%, but level of a
crude protein - by 5 - 6%. Digestibility of forageaches 70 - 80%. Seaweeds, rough herbs
(reed), prickles, branches, pine-needles, leavdsottrer organic waste products may be used
instead of straw, too.

The forage prepared in such a way is completelynfdisted, becomes non-polluting and can
be stored during a long time without losing theritious properties. The processed pine-
needles are the perfect vitamin additive.

4.2.2. Manufacture of protein from nutrient yeast

Fermentative yeasty cells are not well digested istomach of animals and birds. In some
cases they can cause pathogenic processes irHjitsvoltage plasma processing of yeast is
a worth-while method for production of the endodlell yeasty protein causing fast growth of
animals.

4.2.3. Production of fodder additives from sludge fosewage works

Natural silt is inexhaustible source of forages taonng useful albuminous, mineral and
vitamin additives. Processed sludge is a worth-eviiddder additive. Processing of sludge
includes its clearing of mechanical impurity andtHier high-voltage plasma treatment in
special regimes providing sterility and nutritioese of the received forage.

4.2.4. Processing of fish garbage

During fish processing a plenty (up to 20 - 30%)yafckly rotting waste products turns out.
High-voltage plasma processing makes it possibletremsform these wastes into a
homogeneous sterile pulp which is a good food &ypa.
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4.2.5. Production of watering water with increaseaontent of nitrogen

High-voltage plasma processing causes the increfasiérogen content in water and provides
its sterilization. The processed water can be us#d for plants watering and for animals
feeding.

4.2.6. Increase of fertilizing properties of soiln field conditions

As is known, silty soils are the most fertile on€kese soils show high degree of dispersion
(total surface area of particles in 1 kg of soilaisout 23000 cf). High-voltage plasma
processing of soil (for example, in places of trgdgnting) can sufficiently increase its
dispersitivity, and thanks to this the processelddbemzomes much better than silt.

4.3. The food industry

Now such aromatic substances as fragrant peppgitebf cardamom and others are added in
foodstuff as a powder. Powdery spices are stropgliuted with micro flora. Sterilization of
spices is complicated, because volatile essentglewaporate during this process. Therefore
in production of sausage products special extréirets,of micro flora, are used. These extracts
are much cheaper than powdery spices, and 1 kg aéxéract replaces 30 kg of natural
fragrant pepper. Besides, emulsion is more unifpmfigtributed in mass of a product.

High-voltage plasma processing makes it possiblendcease the efficiency of some other
technologies used in food industry:
- Production of true fatty emulsions for inclusionarforce-meat (in order to fix moisture
better).
Homogenization of ground canned food from strawbsyrblack currants, tomatoes and
apples, carrots. Products have more high qualitiexes. The best preservation of the
aroma inherent in fresh berries is shown.
Extraction of bitter stuff from hop. High-voltagelapma treatment of raw material
expedites the extraction process in 2.5 - 3 tinmmesdmparison with thermal processing).
Besides, application of the proposed technologyesak possible to save up to 20% of
raw material.
Making of emulsions for sugar biscuits (usually atb®0 - 15% of sugar remains in an
insoluble condition).
Homogenization of chocolate paste.
Dispersion of quicklime in beet sugar manufacture.

5. Cavitation technology for production of humic sibstances
Investigations directed on the design of differgpies of cavitation devices are carried out in
the Scientific and Production Firm "Latinvent" stnt991.

At first cavitation station for fuel's emulsificati has been developed. Integration of these
stations into the heat generation process (bodesés in Madona and Rezekne cities, Latvia)
has made it possible to reduce considerably the doesumption and effluents of harmful
gases [5]. The principle of action of station cetssin realization of a toroidal vortex inside
which intensive cavitation occurs. However, prooesof organic plant substances at this
station was inefficient.

Therefore at the second stage of research the tacaiation has been developed. The
operation principle of this station is based onitation of plate vibrations in a fluid flow
under the action of the Carman vortex trail. Asthiation it was possible to mix well various
low-viscous organic substances (water-petrol erontsi diesel fuel - water emulsions,
emulsions for greasing of concrete forms). Main dets of this device lie in fast clogging of
narrow nozzle holes and frequent break-downs abi@ting plate.
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On the next stage of improvement of cavitation desia rotor station was designed. At the
certain speed of disk rotation the boundary flaigelr becomes turbulent, i.e. consisting of set
of vortexes. Inside each vortex cavitation ari$ésll dispersed “water — peat” emulsions have
been produced on rotor station. Under the flowingad such emulsion and its further drying,
very thin and strong sheet is formed. However, rretation effectively operates only at high
speed of rotation or in the case of sufficientlsgi&arotor diameter. Besides, careful dynamic
balancing of a rotor, and also maintenance of cdsmpy liquid cooling are necessary.

The cavitation station of shock action is strudtyraimpler. Cavitation arises in the limited
area under the impact of a resonant jet with aigpbarrier. Productivity of station depends
on a jet's speed, distance between nozzle and réerhashape of a barrier and nozzle,
temperatures of a liquid, relationship between wated crushing fibrous organic material.
Lack of this station lies in difficulty of selecticof the pump which would pump over mixes
with the high content of organic substances unakehigh pressure on an output.

Each of developed and tested cavitation statiodsitsaspecific field of practical application.
By the use of these stations carrots, needles,swoeat and other substances were subjected
to cavitation processing [6].

Since 1993 cavitation technologies were developgdther with SIA "Stalkers'But in 2002
investigations have been transferred on SIA “Ietglial Resources” (Ventspils) and have
concentrated on processing of peat. The speciappymmoviding circulation of a peat pulp
(peat - water volume relationship is as 4:6) hawenb developed. Besides, original
hydrodynamic flowing cavitation device and auxiks have been designed. Thanks to this
experimental emulsification station for productminhumic substances (Fig. 5) was produced.
Main technical data of the station are as follows:

power consumption 5 kW;
weight 90 kg;

occupied area 3

total productivity 200 I/h.

Fig. 5. Experimental emulsification station for guation of humic substances
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Biological testing of produced humic liquid has bgerformed during 2003 - 2004 by Dr. agr.
L. Borovko (Institute of Crop-growing, Skriveri, haa). Influence of humic substances on
yield capacity of spring raps has been studied.

The results of research show, that processing p$ seeds with a 0.01 % humic solution
facilitates its field germinating power on 10 - 26¥&e increase of raps crop was about 340-
740 kg/h (depending on year of experiment). It is charamter with essential difference
coefficient 05 =110 — 360 kg/ha (in comparison with the contnalde without application of
humic substances).

Application of humic substances has positively etd on quality of a crop. For example, the
crude fat content of summer raps' seeds is inadease0.53 — 2.14% that assures a gain in
output of crude fat on 172 - 340 kg/ha.

Economic calculations were made in assumption, tefrice of raps seeds is 0.24 EUR/kg
(the price of biological product was accepted highe 30% than the average purchase price
0.185 EUR/Kg). In this case application of humibstances for processing of raps seeds is
economically justified (the net profit is about 88— 150.67 EUR/ha).

In author's opinion, application of the proposedghvoltage plasma and cavitation
technologies can give good results in productiomiotthanol, grass juice, etc. Persons and
firms are invited to cooperation both in sale ofished products and in organizing of joint
production.
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Introduction
The green crop drying industry in Denmark usedaalyegrass, clover, and alfalfa as raw

materials for production of fodder pellets. Theegrerops are harvested and transported to the
green crop drying plant, where it is subjected teet separation resulting in a press cake and a
juice. Pressing of the green crop prior to dryieduces energy consumption during drying.

Most of the factories in Denmark use a low enengynd) process, where the green biomass is
heated by steam and pressed in a screw press. llespat of the brown juice is concentrated
by means of evaporation and the concentrate |ekl toathe press cake before drying, whereas
the bigger part is a waste stream, which can be asdertilizer in the growing season (Fig. 1).

Approximately 200,000 fhof brown juice is produced in Denmark each yedir. [

Figure 1. Flow sheet of the low energy drying process with separation and use of waste
heat evaporator [4].

In Denmark there is a ban on applying grass juice ether organic waste materials as a
fertiliser from October %to February %
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Plant juice produced in the period after Octobéthierefore has to be stored until the spring
because of legislations or be used for other p@gdStorage in cisterns and large lagoons are
difficult, because natural and uncontrolled fernaéiph processes will soon take place and
spoil the brown juice. It was therefore of grederast to find an alternative solution for the
brown juice.

The green biorefinery

Typically brown juice has a dry matter content 0fo48% and it contains nutrients such as
carbohydrates, organic acids, vitamins, and miegrghich make it suitable as substrate for
microbial fermentation.

Our first idea was to change the green crop dylagtgo a green biorefinery, where different
raw materials were used and different productsyred.

Figure 2. The principles of the green biorefinery [3]

In the green biorefinery, described jointly by thmiversity of Southern Denmark and
AgroFerm A/S, different crops can be converted l®ans of mechanical and biotechnological
methods (e.g. fermentation) into useful materiatshsas food and feed products and additives,
as well as fermentation medium to be used in tlelytion of organic chemical compounds,
materials and bio-energy [3].

Brown juice as fermentation medium

A process has been developed in which brown jugkcednverted to a basic, universal
fermentation medium by lactic acid fermentation. 8ybjecting brown juice to lactic acid
fermentation available carbohydrate in the juicecasmverted to lactic acid, which has an
inhibitory effect on microbial growth thereby comireg the juice into a stable and storable
medium. This medium can be used as fermentationumefdr the production of useful
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fermentation products such as organic acids, amgids, enzymes, proteins and peptides,
when complemented with an extra carbohydrate reso@and inoculated with specific
microbial strains. [1, 2]

Green <@»
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| Brown juice 0-90 m3/h pH )
| (Av. 40 m3/h 4% DM) measuring  p 555
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25,000 m3
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Storage for Transport of
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Lysine factory

Figure 3. Brown juice from a green crop drying plant is cabte fermentation temperature,
40-45°C and on the basis of pH measuring splintgp two directions: 1. pH > 5.5: the brown
juice is led to lactic acid fermentation in a 100 @STR inoculated with_actobacillus
salivarius The acidified brown juice (pH < 4.5) is led tosedimentation tank, from where
supernatant is led to a storage/buffer tank bedeeporation to 25% DM. The sediment is led
to a sediment buffer tank. The concentrated aeidifbrown juice is stored until transport to
the lysine factory.

2. pH < 5.5: the brown juice is led to the sedimeumifer tank, where also the sediment from
the sedimentation tank is led. After evaporatidre toncentrated brown juice is used in the
production of fodder pellets in the drying plar] [

On the basis of chemical analyses of the juice labdratory as well as large pilot scale
fermentation experiments, a plant for productiorL@f000 tons of acidified, concentrated (25
% DM) brown juice a year has been designed. It béllpossible to supply an L-lysine factory
with stabilized high quality brown juice all yeasund and produce about 100,000 tons of
liquid lysine feed concentrate a year.

The acidified brown juice can be produced almosheuit costs (or at a very low cost0.1
DDK/kg)for the green crop drying industry, when itak into account that the green crop
industry has expenses amounting to 2.000.000 DC#/f@ disposal of the brown juice. The
lysine factory benefits from this process by buyinigpw price medium for the fermentation
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process instead of more expensive traditionallydusementation media such as corn steep
liquor. [5]

The lysine fermentation plant

The lactic acid fermented, concentrated brown jeie be stored in big lagoons in the winter
period and be used as basis for production of Indysising Corynebacterium glutamicum as
producer organism.

Lysin production by fermentation
I
!
Fermentation ! Down stream processing
I
1
/\ :
Inoculum with bacteria Exhaust Air (CO2) i Evaporation Spray Drier
L .
|
:
Sterilization
/M :
i
Substrate _ Fmm————- !
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1 Control |
Salts oo I |
Acid
i
Compressed air (02) Cooling ! VitaLys Liquid VitaLys Dry
b iid N ! with 25% lysin with 40% lysin
1
1
|
A\ S~ :
I

Figure 4. Concept of production of lysine feed concentkatsed on brown juice.

The idea in the concept of using stabilized browitg as fermentation medium in the
production of lysine is that a waste liquid is i@8d and a useful product produced without
producing new waste materials and by using low gyneecourses in the down stream
processing.

The brown juice is analysed and necessary minaralsvitamins added. This complex media
is sterilized in a continuous sterilizer and addexderilized solutions of carbon source, such as
sucrose or molasses and nitrogen sources, suchrasrda and ammonium sulphate solution.

After the fermentation process, which can a bebfatth or continuous fermentation process,
the whole broth is pH adjusted by sulphuric acidptd 4 and evaporated to a dry matter
content of about 60 %. The final concentrationysfrie in the product will be about 25 %.

One green crop drying factory producing 50,000 tohgodder pellets a year has enough
brown juice to supply a 20-30.000 tons L-lysinetéag with fermentation medium. First step
in the production chain is the lactic acid ferméota of the fresh brown juice in the green
pellet factory. The next step is production ofquid lysine feed concentrate at a fermentation
plant using brown juice as growth medium.

The AgroFerm factory is now situated in Esbjergfaotaway from the green crop drying
plants and close to harbor and highways. The ptaztustarted in August 2004.
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Abstract

Biogas processes are gaining position as a magbrtdohandle organic wastes, such as food
residues, producing methane. Such anaerobic digesieesses may also be used to produce
hydrogen, but only a limited number of laboratoegts have yet confirmed this option. The
potential for H production in biogas reactors is investigated. Hmalysis is based on
experimental data from the literature and combinéthi mathematical modeling. Modeling
and simulations is performed using the "Anaerolgestion model", ADM1, implemented in
Aquasim. The goal is to find out how much of theatdiogas potential from a given organic
waste can be harvested as hydrogen. Evaluatinghiat wxtent the ADM1 model is an
adequate tool to simulate such processes and gesumodifications needed for ADM1 to be
capable of adequately simulate ptoduction in biogas reactors is also a purpodaisfstudy.

It is concluded that ~24 % of the biogas poter{aalenergy) can be recovered as hydrogen, at
the most. The potential depends on the compositidhe waste treated with carbohydrates as
the favored substrate for hydrogen production. Hi#uent from hydrogen production
fermentors is well suited for methane productiod #re total energy yield from such a two-
step process is higher than the yield from coneeali methane production based on the same
waste and process retention times. Digester psesemdapted for such purposes are discussed.

Introduction

Hydrogen is produced through various biologicalcesses in biogas plants, but it is also
removed by H consuming bacteria, yielding methane. Inhibiting hydrogen consumption is
a strategy to harvest hydrogen from anaerobic tdaeswhich has been demonstrated in
several published lab scale experiments. Thesdtsesaed to be generalized in order to
evaluate the potential for full-scale hydrogen picitbn in anaerobic digesters. Ideally these
lab scale results are generalized through a mestimmathematical model. If successful, such
a model can also be used to design efficient ftdles bio-hydrogen fermentors. It is
hypothesized in this study that the Anaerobic digasmodel 1 (ADM1) (Batstonet al,
2002) can fulfill this purpose, but might requiren'e modifications. Some known and
potentially relevant processes with respect to dgen production occurring in anaerobic
digesters are not included in ADM1 to avoid unnsaes complexity. Some such processes
are incorporate into the model to simulate bio-bgen production more accurately (Pegts
al., 2005)

Simulations of bio-hydrogen production using the MDwith the suggested modifications
compared to published experimental studies éail, 2004; Yuet al. 2002) are presented to
demonstrate the models ability to mimic the obsgvie-hydrogen production processes. The
model is then used to evaluate schemes for fulesb#&-hydrogen production based on
various substrates such as typically found in fresidues.

69



Baltic Biorefinery Symposium

Theory

Suggested modification to ADM1

Biological hydrogen production is comprised of axtr&cellular disintegration step, an
extracellular hydrolysis step, acidogenesis antbgemesis. These processes have a number of
parallel reactions (Figure 8). The ADM1 model addes most of these processes and is
therefore used as basis for bio-hydrogen productiodeling. Modifications proposed (Peiris
et al, 2005) are explained here.

Zhenget al (2004) showed that biological hydrogen producti@pends on the operating
pH. Cheret al (2002) and Yt al (2002) also observed the roles of pH in productbbio-
hydrogen. Computation of realistic pH values isréifiere very important in a mathematical
model used to simulate biological hydrogen prodrcti

CH,

[ ] -aowe [

HBuU — HPr — HVa - LCFA -

Figure 8 Diagram describing COD flux for an anaerobic maitite composite degradation in
the ADM1 with the proposed inclusion of ethanol dextate as intermediate products.

7C



Baltic Biorefinery Symposium

Lactate and ethanol, two key intermediate productde anaerobic digestion processes are
excluded from the ADM1 model due to their insigecafint impact on methanogenic and low-
loaded systems. Lactic acid has, however, a relgtiow pK; (3.08), which has strong effect
on pH values. Even though the pialue of ethanol is comparatively larger and hetiee
effect on pH values is lower, it is desirable tolugle both lactate and ethanol in the model to
achieve accurate pH predictions. Inclusion of etham the model should also make the bio-
hydrogen process simulations more accurate, as@thas been observed as a by-product in
most of the reported bio-hydrogen experiments.

Lactate has been implemented as an intermediateostelloet al (1991a) and Romkt al
(1995) in their models. Skiadat al (2000) later introduced and validated a modehwit
results from batch experiments. A structural angieranodel developed by Batstore al
(2000) for degradation of complex wastewater, &las lactate as an intermediate. Lactate is
consistently implemented of in all these models.

Ethanol is produced as an alternative to acetdtanapH (pH<5.0; Reret al., 1997). A model
including degradation of glucose to ethanol andeotintermediates of its acidogenic
degradation (butyrate, propionate and acetatebdas developed by Kalyuzhngi al. (1997).
References to models including degradation of glactm ethanol via lactate have not been
found and it is therefore assumed that the gluéesdirectly degraded to ethanol. Figure 1
illustrates how the above-mentioned lactate andrethprocesses are included in the ADM1.

Acidogenesis from monosaccharides

According to Figure 1, certain portions of the msaccharides are degraded via lactate.
Unlike in ADM1, propionate is not directly producédm monosaccharide degradation in the
proposed modified version. Propionate is assumextiymed by acidogenesis of lactate.
Ethanol is also included as an intermediate, dyregroduced by acidogenesis of

monosaccharides. The stoichiometry of the acidegisnreactions from monosaccharide
(glucose; glucose [hexose] is used as the modebmern) are presented in Table 1.

Table 1 Products from glucose degradation

Products Reaction Ref.
1 Lactate GH1506 — 2CH,CHOHCOOH 1,2,3
2 Ethanol GH1:05 ——» 2CHCH,OH + 2CQ 1
3 Butyrate GH 1206 —» CH;CH,CH,COOH + 2CQ + 2H, 1,2
4 Acetate GH1,06 + 2HHO —— 2CHCOOH + 2CQ + 4H, 1,2,3

References cited: 1. Batstoetkal. (2002), 2. Costellet al. (1991a) and 3. Skiadas al. (2000).

The lactate is subsequently degraded to propioaateacetate. Stoichiometric reactions of
lactate acidogenesis are presented in Table 2.
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Table 2 Products from lactate degradation
Products Reaction Ref
1 Propionate CECHOHCOOH + H —_— C§CH,COOH + HO 1,2
2 Acetate and
propionate 2CH,CH,COOH———» 3CHCHOHCOOH + CHCOOH

+BD + CG,
3 Acetate CHCHOHCOOH+HO _____, CBECOOH+CQ +2H, 1,2
References cited: 1. Costello et al., (1991a) argkizdas et al., (2000).

Reaction 1 in Table 2, which is the uncoupled lieactf lactate to propionate, has been used
by Costelloet al (1991a) and Skiadast al (2000) in their models. Reaction 2 is however
chosen in place of reaction 1 due to the factsrnbadrganism producing propionate only has
been cultured and sourcing electron from elememtgdirogen is thermodynamically
unfavorable except at high,Hpartial pressure (Batstonet al, 2002). This argument is
consistent with the reaction proposed by ADM1 faoopgionate production from glucose
(Batstoneet al, 2002).

Stoichiometric coefficients for uptake of monosamtles and lactate can be calculated by
balancing of elements, and assuming that fermemgiroceeds by the reactions outlined in
Table 1 and 2.

Methods
ADML1 is modified according to Theory and used tedict hydrogen yield for various feeds
and operating conditions in a proposed biogas mtialuscheme.

Lactate and ethanol are included in ADM1 by theitamidl of four extra state variables; two for
soluble lactate and ethanol and two for lactateratiigg and ethanol degrading organisms.
Two processes for uptake of lactate and ethanoltandprocesses for decay of lactate and
ethanol degrading organisms were included. Laetateethanol uptake rates were assumed to
follow simple Monod kinetics with inhibition facterto account for pH inhibition and
inhibition due to lack of inorganic nitrogen. A rexsompetitive inhibition factor to account
for hydrogen inhibition was also included in thénaatol uptake process. First order rate
equations were used to model the decay processastafe and ethanol degrading organisms.

The model was implemented in Aquasim 2.0 (ReichHE388) as a variable volume mixed-
liquid compartment and a gas compartment linkedaljiffusive gas link. Biochemical and
acid-base equilibrium processes were implementatiarform of differential equations [DE]
and implicit algebraic equations [AE], respectivelyvo acid-base equilibrium processes were
included to model lactate and ethanol acid-basectsf pH control was simulated by acidic
and caustic control mechanisms by means of regglattions (&) and anions (§.) in the
liquid compartment.

The kinetic and stoichiometric parameters usetiénsimulations are the recommended values
for biogas reactors from the ADM1 (Batstoeteal, 2002). The kinetic parameters relevant to
lactate and ethanol were taken from other refereiffoer lactate: Costellet al, 1991b and
Skiadaset al, 2000, for ethanol: Kalyuzhnyet al, 1997). No parameter estimations or
adjustments were made to fit the model to the birdgen production data.

Bio-hydrogen production is achieved by eliminatihg hydrogen-consuming microorganisms,
simulated by setting the initial concentrationshef methanogens to zero.
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Results and discussion

Some of the simulations of bio-hydrogen experimersisd to evaluate the modified ADM1
model’s abilities (Peiris et al., 2005), are praednfirst. Simulations of proposed hydrogen
producing biogas process scheme are then discussed.

Model evaluations

Bai et al (2004) investigated the roles played by carbaodtgdand protein in hydrogen
fermentation using multiple substrates containiifigigent ratios of glucose and peptone.
Simulated and experimental results of cell growtiti hydrogen production on feeds
consisting of different ratios of carbohydrate g@notein are presented as cell growth and
hydrogen yield through batch processes in

Figure9 andFejl! Henvisningskilde ikke fundet.. The highest hydrogen and biomass yields
were observed at a carbohydrate/protein ratio @2 +#3 both simulations and experiments.
Simulated results and experimental results showndlas trend over different ratios of
substrates with a best fit at the 3/2 ratio. Meedwand simulated final pH in batch reactors,
following hydrogen fermentation, are also quitegistent (results not shown).

M Cell growth (simulated) B Cell growth (measured)
100 @ H2 production (simulated) || 100 @ H2 production (measured) | |
— 17 17
90 90 r =
80 — 6 - 80 - 16 -
o §a Sy Sa
O 70 E= N =
£© _ o 1% 88 £¢ 15 88
5% o 8o 350 Se
5% 50 | 145X 5250 5 14 af
o To oo s
O= 40 3 @0 O=40 3 oo
=) o e o S e
€ 30 H =¥ £ 30 T E
12 I 2 I
20 20
10 H e 10 !
0 0 0 0
50 4/1 32 213 14 05 500 4/1 32 203 114 05
Component of multiple substrates (carbohydrate/protein) Component of multiple substrates (glucose/peptone)

Figure 9 Simulated cell growth and hydrogeifrigure 3 Measured cell growth and hydrogen
production on feeds consisting oproduction on feeds consisting of glucose
carbohydrates (5/0) and protein (0/5) ar{@/0) and peptone (0/5) and multiple glucose
multiple carbohydrates to protein ratios (4/19 peptone ratios (4/1, 3/2, 2/3, 1/4) in
3/2, 2/3, 1/4) in between. All experiments hduktween. All experiments had the same total
the same total quantity of substrates, 5 guantity of substrates, 5 g-CODI/L.

CODIL.
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Yu et al (2002) demonstrated continuous production of bdgen from the anaerobic
acidogenesis of a high strength rice winery wastemand examined the individual effects of
hydraulic retention time (HRT), pH and temperatomehydrogen production

Simulated results of the influence of operatingapagters (HRT, pH and temperature) on bio-
hydrogen production followed the similar trendstlasse measured in general. Variations of
partial pressure (kPa), hydrogen production raig\(5S.d) and K yield (mole-H/ mole-
hexose) with respect to HRT resulted from the satiohs are consistent with experimental
results (Figure 10). Variation of the same variableth respect to pH and temperature were
however less consistent with the experimental tes(figure 11 andrigure 12). These
correlation deficiencies suggest that model isaagable of handling some of the phenomena
in bio-hydrogen production.

The fractions of monosaccharide that degrade tmwarfermentation products (propionate,
butyrate, acetate, lactate, etc.) vary dependindnyaitogen concentration, pH, temperature,
volatile fatty acid (VFA) and ethanol concentrasomNo regulating mechanism to handle this
phenomenon is however included in ADM1 due to latkknowledge in this area. The
fractionation of amino acid on the other hand isawaffected by these variables as the amino
acid mix (Batstone, personal communication). Thactfonal values for monosaccharide
degradation used in this study were not subjectectchtange as functions of hydrogen
concentration, pH, temperature, VFA and ethanolceontrations. This appears to be a
significant shortcoming of the ADM1, especially whé& handles shock loads, changing
condition of pH, temperature, VFA, ethanol and log#m concentrations. If these fractional
values are not corrected with respect to pH andrajbverning variables mentioned above, the
out come would be incorrect VFA levels and hydrogen concentrations leading to
inaccurate pH values and hence all the other esulthe simulations. Depending on these
fractional values some pathways of hydrogen pradoatould become more significant than
other pathways causing reduction or increase imdgeh production and cell growth.

The studies of the influence of HRT on bio-hydrogeaduction were made at constant pH
(5.5) and temperature (3&). Simulated and measured VFA mix and ethanol eotnation
changed slightly with changing HRT except at HRT B@urs, where the changes were
somewhat significant (results are not shown). Tioeeefractionation of monosaccharide must
have occurred in a set of pathways unchanged or littie changes at all HRT values. Since
ADM1 does not have a mechanism to change the draation of monosaccharide, it also
assumes a specific set of pathways for acidogenglis explains why simulated results are
guite consistent with experimental results of hgemo production with respect to HRT. As the
pH and temperature change on the other hand, pgshefanonosaccharide acidogenesis can
be expected to vary, explaining why the simulatedults of the influence of pH and
temperature on bio-hydrogen production were ndt ¢basistent with the experimental results
(Figure 11 andrigure 12). An additional reason for the difference betwestmulated and
experimental results in the case of changing pH bwyhat the pH inhibition mechanism in
the ADM1 was not tuned well enough to handle tpescsic case.
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Based on the above observations, the ADM1 can hsidered to be a good starting point to
model bio-hydrogen production. The ADM1 simulatedbished work by Yiet al (2002) and
Bai et al. (2004) reasonably well with the modification pogpd. Considerable differences
between simulated and experimental results are Yem@bserved. These differences can be

reduced through two alternative approaches:

1. Parameter estimation: The kinetic and stoichiorogtarameters used in the simulations
were the recommended values for biogas reactons fre ADM1 and were not adjusted
for the specific case encountered by &wal (2002) and Baet al (2004). Parameter
estimations should make the model simulations<eeimental data better.

2. Proper regulating mechanism to regulate the fraation of monosaccharide depending on
hydrogen concentration, pH, temperature, and VFAl a&athanol concentrations, as
discussed above, should make the model more rabdsteliable by enabling the model to
simulate different cases of bio-hydrogen productimre accurately.
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Figure 10 Simulated and measured results of the influenddRT on the performance of the
hydrogen-producing reactor: (a) partial pressurddpfand CQ, (b) hydrogen yield and (c)
specific hydrogen production rate. For all casé$; 5.5, temperature = 3% and influent

loading =34 gCODIL.
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Figure 11 Simulated and measured results of the influenceHbbn the performance of the
hydrogen-producing reactor: (a) partial pressurddpfand CQ, (b) hydrogen yield and (c)
specific hydrogen production rate. For all caseRTH= 2 hours, temperature = 86 and
influent loading =34 gCODI/L.
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Figure 12 Simulated and measured results of the influenderaperature on the performance
of the hydrogen-producing reactor: (a) partial poes of H and CQ, (b) hydrogen yield and
(c) specific hydrogen production rate. HRT = 2 pysH =5.5 and influent loading = 34
gCOD/L

The mechanistic approach of alternative 2 is gipgarity as it will yield more insight and
presumably a more robust model compared to the remapiapproach of alternative 1.
Extensive further research is, however, neede@visd the required regulating mechanisms.

In general, the ADM1, with the inclusion of lactaad ethanol intermediates, is capable of
modelling published bio-hydrogen production proessquite well. Model limitations when
pH and temperature change are identified but teeeeticomings are assumed not significant
for the use of the model in a more general evalnatf bio-hydrogen processes, as presented
next.

Process concepts

An evaluation of the bio-hydrogen production poirfor various substrate compositions are
evaluated through a series of simulations (notemesl), showing that carbohydrates are the
preferred feed. Lipids also can give relatively thigydrogen yield while proteins are less
favourable, due to the degradation pathways. Fesitlues have varying relative amounts of
carbohydrates, lipids and proteins depending onsthece, but are frequently fairly low in
proteins and therefore quite suitable as feed jmirdgen production. The study, therefore,
suggests that it is realistic to design bio-hydrogeoduction processes based on various food
processing residues, especially those with relgtivgh carbohydrate content.
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The highest H yield obtained in the simulations was ~24 % of tbtal biogas potential
(measured as kJ/g-COD). This relative hydrogendyied limited by thermodynamic
constraints, implying that it probably representsibsolute upper limit.

The effluent from a well functioning bio-hydrogearinentor consists to a large extent of
volatile fatty acids and has a composition suitdbtefurther fermentation to methane. A two-
step process consisting of a bio-hydrogen prodocstep and a methane production step is
therefore proposed (Figure 13). The simulated gtstate energy output from such a two-step
process is presented in Figure 14. Simulations stiaw this two-step process has a higher
biogas energy yield than a conventional biogasgs®avith the same SRT. The difference is
greater at lower SRT than at higher SRT, approachir8 % difference at high SRTs. The
ultimate 8 % energy yield increase obtained byitifw@duction of a bio-hydrogen production
step in biogas processes can be explained by ¢fethenergy content of hydrogen compared
to methane. The larger energy advantage of thehymoegen step at lower SRT can be
explained by the favourable kinetics of the hydrogeoducers, suggesting that the hydrogen
production step can be obtained in a relativelylsreactor volume. Note, however, that the
total energy yield is greatest at the highest SRT.

Tota
1€ 85 |g-COL/ Methane 6766 |g-COC/d| |Biogas 8451 |g-COC/
Energy 30114 k./d + Energy 941 96 k./d | | Energy 1243 1C k./d
HRT =12 h HRT =25 ¢
g-COL/d|| SRT=40c¢ SRT=40¢
100
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24 38 0 54
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,,,,,, { [s02 | + | [ 489 | =| [ 1291 ]
[Tos [ |

Figure 13 Simulated steady state two-step biogas productioogss showing concentrations
and energy yields for a influent carbohydrate lngdif 100 g-COD/d.
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Figure 14 Simulated energy output and relative energy iregea biogas production in a two-
step process (hydrogen at first step and methatie aecond step) compared to methane-only
producing biogas process at various sludge retefitites (SRT).

Bio-hydrogen production concepts must include asghbent methane producing process to be
sustainable. Else most of the energy is lost asracgmatter dissolved in the effluent. Given a
two step process with4and CH production steps as proposed, the methane caggheded

as a relatively low value product used as energycsoto run the biogas plant while hydrogen
is the high value product to be used for other pseg, such as to run fuel-cells.

Conclusions
The ADM1, with the inclusion of lactate and ethamalermediates, is capable of
modeling published bio-hydrogen production procesgeite well in general and is
therefore a suitable tool to evaluate the potefiafull-scale bio-hydrogen production
in anaerobic fermentors.
A regulating mechanism to handle monosaccharidetidr@ation into fermentation
products can improve the model’s ability to haruiteand temperature changes.
A two-step digester process with bio-hydrogen potida in the first step and methane
production in the second is proposed.
This two-step concept can give a higher energydy{el8 %, depending operating
conditions) than comparable methane only produsystems.
The maximum relative hydrogen vyield is ~24 % andingited by thermodynamic
constraints.
Carbohydrates are the preferred substrate to obigimhydrogen yield.
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Abstract

The MTU Carbonate Fuel Cell HotModule operated wisttural gas is demonstrated meanwhile
in approximately 25 field trial plants and reachealv a pre-commercial status. It is highly
suitable for the utilization of hydrocarboneousegssuch as biogas, sewage gas, coal mine gas,
synthesis gases from thermal gasification proceskesferent waste material. Even lean gases
will be converted with high efficiency to electricaower and high exergetic heat. These
characteristics recommend the HotModule for appbcs using the big potential of regenerative
and secondary fuels with all their advantages iged#alized consumable energy supply,
reduction of dependence on primary energy impant$ r@duction of greenhouse gas and other
contaminants emission. MTU started recently a HatiMe fed by methanol from waste material
together with BEWAG in Berlin and many experimentabrk concerning applications with
biogas and sewage gas has been performed with girgmesults

The MTU Carbonate Fuel Cell HotModule operated wigttural gas is demonstrated meanwhile
together with our partner Fuel Cell Energy Incapproximately 25 field trial plants and reached
now a pre-commercial status. The reliable functaomd operability of this highly integrated
carbonate fuel cell system for stationary applaragiin the 250 kWel range has been shown with
these plants. All field tests units started in 2@0d later are still in operation. One of them for
more than 25.000 hours, others more than 18.00&hou

The electrical power of the HotModule is producedarm of direct current, which is transformed
into grid compatible AC-energy at the 400 V leveglibtegrated converters. The thermal power of
the HotModule will be delivered in form of hot depdd air at a temperature between 400°C and
450°C. This high exergy heat enables a large wardétthermal applications, in particular
production of process steam, process heat for tndugpurposes. Combined heat and power
(CHP) production or trigeneration (power, heat, aoldl) are preferred applications.

The HotModule can be operated with a big variety gafseous or gasified fuels and is
characterized by low pollutant emissions in comtiamawith excellent electrical and thermal

efficiencies. The power/heat ratio is adjustableaiwide range. Many HotModule installations

based on natural gas feed are accomplished wordwaittd are under operation successfully
presently (see fig. 1).
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Integration HotModule at RWE, Essen, Germany

Installation at a Hospital at Bad Berka, Germany Installation at IZAR, Cartagena, Spain
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Fig. 1: The MTU HotModule under construction and in different installations

82



Baltic Biorefinery Symposium

Utilization of Regenerative and Secondary Fuels lwihe HotModule

One of the most important activities in reducingegrhouse gas emissions (CO2, CH4, VOCs...)
is an efficient stationary production of the consinte energy forms, i. e. power, heat and cooling
power. High temperature fuel cells such as MoltearbGnate Fuel Cells (MCFC) are high-
efficient electro-chemical generators. When properstalled, they can produce additional high
exergetic heat, which can be used due to its heghperature (>400°C) not only for industrial
procedures of all kinds but also for productiorcobling power via thermal fed cooling systems
(absorption chillers, available at the market pJace

The application of high temperature fuel cells aspame mover” in the translation of the

chemical energy content of regenerative and secgndels to the consumable energy forms
opens a big potential to reduce the dependencegim Value primary energy carriers for the
production of consumable energy. Additionally, lbses the C@production loop to zero by the

fact, that the C@produced in the fuel cell is exactly the same amowhich was necessary to

build up the original plant-material, where theaegrative or secondary fuel comes from.

Due to the electrochemical operational principledem contribution of carbondioxide the
carbonate fuel cell is not only highly suitable the utilization of all hydrocarboneous gases, in
particular natural gases and synthesis gasest isutie preferred transformer to electricity oivlo
heating value gases with high amounts of inert aomepts. Even such lean gases will be
transformed with a high electrical efficiency (matle containing gases in the range of 50 %,
synthesis gases in the range of 42 %). Hydrocarbmarbonmonoxide, hydrogen are welcome
fuels in all composition ratios. Inert gas compdseen. g. C@ N, do not impact the efficiency up
to a rate of approximately 50 %, but are welcomeckll cooling purposes, thus reducing the
parasitic power demand and increasing the ovetlafitgpower efficiency. These characteristics
recommend the Fuel Cell HotModule for utilizatioh secondary fuels, which are fuels from
decentralized and regenerative sources, in paatidtdm biomass and waste material, e. g. gases
from anaerobic fermentation (biogas, sewage gaslfilhgas, coal mine gas, etc.) and gasified
products from wood, paper, waste material, etc.

The combination of systems for biomass or wasteen@tgasification with the MTU Fuel Cell

HotModule and adapted thermal fed coolers formasachbuilding block for an integrated energy
supply system fulfilling the requirements of indyst manufacturing, trade, municipal
applications, utilities and possibly the privatectse. Manufacturing plants, cold stores, office
buildings, computer and telecommunication centetger markets, sport facilities, residential
areas and others will be the future sites of appbaos.

The decentralized utilization of decentralized klde energy sources for production of
consumable energy forms has many impacts on thaoedoal and ecological situations by
reducing transmission losses, reduced requirententbe infrastructure, reduced emissions of
greenhouse gases and pollutants, reduced dependanpamary energy carrier imports with
positive impacts to the balance of trade. Last leatst decentralized consumable energy
production and its decentralized utilization in@esemployment in rural economies and areas as
well as it offers advantages for small and medimteprises.
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State of the art

Until now, biogas/sewage gas is converted intoteeenergy in conventional CHPs with a
relatively low efficiency (max 36 %) and a largeagtity of low-temperature process heat.
Conventional CHPs in the performance class upioesb00 kW, are mostly based on gas-piston-
engines. These engines can be operated with fissgeontaining relatively high amounts of
sulphur compounds. 50 to 100 ppmVSHare acceptable. Simple methods (air dosing testkg
biogas, biological and chemical processes) are taepurifying biogas. But this is not enough
for the operation of fuel cells. In this case, tb&l amount of sulphur in the fuel is limited td.0
ppmV. The big challenge results from that factsito find (cost-)effective and reliable methods
for treatment and purification of regenerative aadondary gases.

Synergies by using biogas and sewage gas in fudise
By bringing the fields of biomass, (bio-)residuasaerobic digestion and fuel cell technology
together, several synergies make such applicatitiresctive:

Utilization of renewable energy sources (RES) irlfeell technology — leading to a
sustainable cycle by using a €@eutral fuel. Such a fuel enhances the environahent
advantage of fuel cell technology. Biogas and sewgas is renewable energy with a very
high potential for greenhouse gas reduction.

Efficient and clean energy conversion of valuabEESRdue to the nature of fuel cells, hardly
any emissions are produced while converting biogtselectricity. And this is possible with
high electrical efficiencies indicated above.

High user potential for utilizing the process hesiich is released from the MCFC-process:
due to the high temperature of the depleted amfiioe fuel cell system at approx. 400°C, it is
possible to use this heat in a broad variety.

Decentralization of the energy production is anrapph for a more secure and stable energy
supply. Decentralization is one of the main advgesaof RES, as these are in many cases
locally available. Biogas plants are to be foundally in the decentralized agricultural sector.
Anaerobic digestion enables a cost reduction oamigresidue disposal and new income for
the agricultural sector. Alternative organic wadteatment is usually strongly energy
demanding, as is the case of composting. Anaedigg&stion has a higher investment cost as
e.g. composting facilities but provides the operatith energy which can be sold to the
electrical grid. As organic wastes are usually mested in agricultural biogas plants, farmers
are enabled to produce more electricity, givingrttes additional income possibility.
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By involving the agricultural sector also for theoguction of energy crops for the anaerobic
digestion process it is possible to close the entrcycle, as the digested organic wastes are used
as fertilizer on the farming land. By reducing tiee of mineral fertilizers farmers contribute to
the environment protection; as such fertilizers areduced with high amounts of energy. The
digested substrate in biogas plants can substsuté fertilizers, solving in that way also the
guestion of what to do with these substrates.

Products of the Molten Carbonate Fuel Cell HotMoail

Electricity

0]
(0]
0]
(0]

DC for telecommunication and IT

AC to grid or to stand alone networks
Applications for uninterruptible power supply
Premium power

Heat

(0]

Heat from HotModule is available in form of the titpd air at a temperature level of
approximately 400 °C. This high exergetic heat aduable for industrial production
processes as well as for sterilization processelsospitals, in the food industry, in
greenhouse farming. It can also be used in casaddsteam production for electricity
generation via steam turbines, medium temperatureegses and at the low temperature
end for space heating and water heating.

Another important heat utilization is the produatiof cooling energy for air
conditioning and food storage facilities by therndiiven cooling systems, e. g.
absorption chillers or steam injection chillers.tiBtemperature levels can be achieved,
the air conditioning which needs cold water of 2teC as well as the deep temperature
storage requirements of -20°C or less.

A big advantage of the heat utilization for coolingower production (the
“trigeneration”) is the overlapping of the requiredergy amounts over the year: In
summertime much cooling power is required, in wim®re space heating. This leads to
a thermal full power operation of the HotModule aller the year, where no heat is
worthless produced. This decreases the pay baadpefrsuch equipment.

Depleted air
o0 Beside the heat of the depleted air of which thkzation is described already above,

this air is also a worth full effluent: The deplét@ir consists of nitrogen, a small amount
of oxygen, lots of water vapor and a substantiadamh of CO2 (in the range of 5 vol%).
No contaminants, no toxic ingredients, no othed$oa
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Mixed with fresh air, this depleted air is a mosiuable atmosphere for greenhouse
farming: Plants need the right temperature, the -C@Qfents increase the growing rate
of the plants (e. g. tomatoes need an average wil% of CO2 in atmosphere for
optimal growing; CO2-fertilizer) and the high watexpor content saves humidification
water.

Potentials of the usable Bioenergies:
Biogas:

o

Only in Germany the number of existent biogas lant the agricultural sector is

presently approximately 1500. The potential for tlext ten years in the performance
range of 400 to 2000 kW gas output is 4000 pldntsase of a consequent utilization of
the gas produced by these plants for Combined Heat Power Production a

contribution of 12% to 15% of consumable energyscmmption can be reached. (Meyer-
Pitroff, TU Muenchen).

Most of agricultural residuals are recycled to ldwed without any treatment presently.

This is similar to the situation 50 years ago conicg the sewage of mankind. It seems
to be necessary, to build up a network of biogastglto treat and gasify at least the big
amounts of manure in order to contribute to a clead healthy environment also in

agricultural regions. This would lead to anothegQrenimportant category of biogas

production and utilization.

Sewage gas:

o

The number of biological sewage treatment plantgunope increases sustainably. A
small number is already equipped with low efficigngpiston engines to generate
electricity. The replacement potential and a newiggent potential is high, since fuel
cell systems are reliable and cost effective.

Synthesis gases:

o

As thermal gasification systems are not yet re@lffure and available at the market, the
utilization of synthesis gases is made in some detnation units only presently. The
potential of utilization by fuel cell systems is pdg@mdent on the success of the
development steps of gasification systems, bineigé gasifiers reach a reliable technical
status, the potential of biomass and waste matgaisification will be somewhat higher
in comparison to the biogas potential.

Purge gases:

(0]

High potentials of purge gases exist in chemical petrochemical industry. As these
gases differ in a wide variety, the technique isready yet for a wide spread utilization.
There is room for improvement and development, d@nds to be taken into
consideration, that in industrial processes oftemge gases and other combustible
residuals are integrated into the processes ragrege high utilization.
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Biogas projects:

Till now most of the operating HotModules are fadllby natural gas. In order to achieve a better
experience about the operation MCFC-systems undgaé conditions, MTU performed several
experimental tests in the lab-scale as well inildtModule size. The lab-scale experiments were
performed in two different research programs. Onbd@m was granted by the EU, in which small
lab stacks are operated at different locations diftierent fuels. The other project was granted by
the German Ministry for Agriculture via the Fachage fur Nachwachsende Rohstoffe, in which
a stack was operated on a farm close to Muencherm&hy. The key points of these projects are
listed in the following table 1. The aim of bothocts was to establish the process chain from
biogas production, biogas cleaning and operatiCaC-stack with the biogas. The results are
rather promising. It was expected, that the gaanthg units should reduce the concentration of
hydrogen sulphide from its original value (approately 100 — 3.000 ppm) down to the level,
which is known from the natural gas operation (<ppn). It seems that all tested gas cleaning
units fulfilled this demand. In the national prdjécwas attempted to reduce the lower limiting
value down to less than 0,1 ppm. Fig. 2 showsfaedities of the national project.

Table 1: Lab-scale operation of MCFC-stacks fuelewvith biogas

number of test runs in total 7 lab stacks at Sedéfiiit locations

gas suppliers Seaborne (Owschlag — DE) agriculbiogjas
Linz AG (Linz — A) gas from waste water treatment
Urbaser (Madrid — E) landfill gas
Univ. Nitra (Nitra — SK) agricultural biogas
Farmer in Munich area

gas cleaning systems Seaborne (Owschlag — DE25itd)),
Profactor (Steyr — A, Fig. 25.2)
Different systems designed by Schmack Biogas AGdBugenfeld

- DE)
test beds and fuel cells MTU CFC Solutions GmbH ifiMh — DE)
scientific support Studia (Schlierbach — A)

Ciemat (Madrid — E)
Rent-A-Scientist (Regensburg — DE)

industrial partner EON AG (Munich — DE)
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Fig. 2: Lab-scale Stack and Test-Unit which wereduduring the Biogas-Projects

This is about the level which should be achievedrtiiream the gas fine cleaning. Here too the
available results are rather promising and it sedms there is an option to avoid the gas fine
cleaning in future. This means, that the systemlmsimplified and it consists of only one gas
cleaning step between the fermentation processtentlel cell system. Then the activated carbon
filter for the gas fine cleaning, which is rathensitive towards condensation of the humidity, can
be excluded from the system. (unpublished resahgesed by Schmack Biogas AG).

The reactivity of ammonia has been determinedbrslzale tests as well as in full-size HotModule
tests. Similar results were obtained in both tessythe added ammonia was decomposing more or
less completely while passing through the fuel sglitem (unpublished result achieved by MTU
CFC Solutions GmbH). During the full-size test (Module) ammonia was mixed to the natural
gas to reach an inlet concentration of about 5/8@®. The NH-concentration was monitored at
different locations inside the system. It turned that ammonia was decomposing stepwise in each
reforming step. Finally the concentration came ddwr< 20 ppm (less than 1 % of the initial
value). It is assumed that ammonia decomposesréeira-Haber-Bosch reaction to nitrogen and
hydrogen:

2 NH; N> + 3

The formed hydrogen can be consumed as fuel irl#etrochemical fuel cell reaction. This may
also give an explanation to the observation that decomposition of ammonia was sensitive
towards the applied fuel utilization. At lower fudilizations, the equilibrium of the decomposition
reaction is shifted slightly to the left side okthpper equation, since hydrogen is present in an
excess.

Finally, in a different test run the effect of canbdioxide and nitrogen on the performance of an
operating HotModule was examined. Both gases wededto the natural gas in order to simulate
two different types of biogas. On the one handatdition of carbon dioxide should result in a
mixture, which is typical for the fermentation pess. On the other hand the addition of nitrogen
should simulate a gas which is representing thenthegasification of biomass. An effect of the
carbon dioxide addition was expected, since théopaance increased slightly. In contrast to the
other types of fuel cells carbon dioxide is pap#ting actively in the electrochemical MCFC-
reaction (see above). Therefore, it should haveb#reficial effect on the overall performance of
the HotModule System, which can be seen in the figute. The amount of carbon dioxide was
increased stepwise from more or less pure methaatarél gas) up to a ratio of GHCO, = 2 : 3.
The average cell potential rose immediately by IlggamV after the first addition. The effect of
further CQ-additions was smaller than the one which was eleseduring the first step. (See fig.
3)
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Fig. 3: Effect of C@-addition on the performance of a HotModule — seted biogas operation
feeding the stack with CHand CQ

This experiment was repeated but nitrogen was miaegtle natural gas instead of carbon dioxide.
During the auto-thermal gasification of biomass tiganic material is oxidized partially by the
oxygen of the added air, which is removed compjefEhe remaining nitrogen then is diluting the
formed process gas, which consists mainly of methaypdrogen, carbon monoxide, carbon dioxide
and steam. In order to learn more about the inflaeof the presence of nitrogen it was mixed
stepwise to the natural gas. Surprisingly, the mtakof the stack remained unchanged even when
the ratio of CH : N, increased up to a value of 1 : 2. During the exrpental run, the average
stack temperature didn’t change too (see Fig. 4).
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Figure 4: Effect of nitrogen addition to naturalsgon the pertormance of a HotModule system

BEWAG-Methanol-Project:

A HotModule combined heat and power production plamunder operation since September 2004
in Berlin, Germany at BEWAG facilities, which isethocal utility company in Berlin (Fig. 5). This

modified HotModule is designed for operation witletimanol and all possible methanol-natural gas
mixtures. As the plant has been started with nhigma for practical reasons the operation with
methanol started in January 2005. Its operabiliith youre methanol and continuously changed
mixtures of methanol and natural gas is proven mvede. Since these operational conditions were
not optimized till now the electrical efficiency s within the range from 43 to 46 %. By proper
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optimization of the operational conditions we expealues up to 48% fed by mixtures with a
substantial content of methanol. (see Fig. 6)

Fig. 5: The methanol HotModule at BEWAG, Berlin,r@any
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Fig. 6: Electrical efficiency depends on metharwitent in feed

Principle is, that the methanol is evaporated im HHUMIHEX together with water upstream a
catalytic reformer. Due to the exothermal reformaighe methanol, the reformer is cooled by air
in dependence on the methanol concentration ificie. Till now, the plant operates successfully;
measurements for characterizing the plant are undgt. The author hopes to be able to present at
the conference more details and results of thediperimental session performed at this plant.

Remark: The methanol is produced from plastic wasdéerial at the facilities of SVZ in Schwarze
Pumpe near Bitterfeld, Germany. SVZ means: SekuRdéstoff-Verwertungszentrum Schwarze
Pumpe. At SVZ, plastic waste is processed in digason process together with some lignite to a
synthesis gas, which is converted directly to mathaThis plant delivers some megatons of
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methanol per year. The methanol project is the dipplication of a HotModule utilizing secondary
fuels from waste material.

The Author:

Gerhard Huppmann D-81663 Miinchen

New Fuel Cell Applications and Products Germany

MTU CFC Solutions GmbH gerhard.huppmann@mtu-cfc.com

The physicist Gerhard Huppmann M. Sc. is workimcsimore than 25 years in the field ¢
energy technologies with a focus on high effectarel renewable energy utilizing system
Since 1989 in the field of carbonate fuel cell eys$. Basically he created the design of MTU
Carbonate Fuel Cell HotModule. Head of the groupiN-uel Cell Concepts and Applications
at MTU CFC Solutions GmbH, a subsidary of MTU Friedshafen GmbH within the
DaimlerChrysler group. The design of the HotModwies awarded for innovations and futui
applications of natural gas sponsored by the Gegaarbusiness sector.
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Biogas and bioenergy system developments towardsohiefineries
Trends in a central European context

Rudolf Braun

Institute for Environmental Biotechnology
Department for Agrobiotechnology (IFA) -Tulln
University of Natural Resources and Applied Lifae®ces Vienna
A-3430 Tulln, Konrad Lorenzstrasse 20
Tel. +43 2272 66280 502; mail: rudolf.braun@bokiatc

Introduction

Life on earth depends on the light energy fromgte and on water, thus enabling green plants to
synthesize organic polymers like cellulose, stamchsugars from C® The world-wide annual
biomass production is estimated to be 1.55*! t6ns. These plant products, respectively by-
products and ultimately wastes, can only be recytlgough the soil. In the soil, the organic
constituents are again mineralized by micro-orgasisand subsequently consumed as nutrients by
plants (Fig. 1). This natural elemental biomasdecyeorked properly for millions of years, until
fossil raw materials were “discovered” and fuelgevmtroduced some 150 years ago. As a result,
inbalanced C@evolution (greenhouse effect) and waste accunamafjpollution) occurred,
together with several other severe global enviramale drawbacks like water and soil
contamination, shortage in drinking water, depletiof bioresources and stratospheric ozone
depletion.

In the following sections it will be demonstratét anaerobic digestion can play an important role
in the treatment and recycling of wastes and thgiproducts, as well as in energy generation.
Furthermore, in the long run it will become an irmtpat tool in achieving closed cycle production
and sustainable development of a biomass based®gon

Basic production concepts

Conventional processing of raw material typicallgncentrates on high yields of high quality
products. Until recently, by-products and wasteig.(2, A) were not considered harmful, thus
being spent to landfills, soils and water courgelsluge amounts. Although the implementation and
improvement of waste treatment technologies hascestl environmental drawbacks considerably,
end of pipe technologies world-wide are still wagthigh amounts of raw materials and energy.
Stricter environmental legislation and consequemttyeasing waste treatment and disposal costs
are now gradually demanding waste abatement arutdmjuct recovery (Fig. 2, B). Nevertheless,
the ultimate goal of waste-free (clean) productieiy. 2, C), still seems far away from realization.
Even biomass based biotechnological productionesystcannot be considered waste free. But
wastes and by-products deriving from biomass ppalty allow a save recycling and a closing of
nutrient cycles.

Biomass or biomass derived wastes and by-produats be used manifoldly (Fig. 3). Direct
energetic use (combustion, upgrading), direct us€fodder or direct reclamation of valuable
contents (carbohydrates, proteins, fat, fibredjaquently practised successfully. Biotechnological
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upgrading to food, biochemicals and feed stuffs Imscipally been proofed successful.
Introduction of microbial proteins, biosolvents, odicohol, organic acids, biosurfactants,
biopesticides etc., depends on economic markebpdiions, getting more likely with increasing

costs of fossil raw material- and energy.

Among the existing waste treatment and by-prodecovery processes, anaerobic digestion has a
unique, integrative potential. It can act simulaungy as a waste treatment and waste recovery

process (Fig. 4).

Sun energy

Biomass

Treafment

Natural  cycle

Landfill
/ Reclomation
Wastes
Byproducts

Consumption Production
~E=-

Fig. 1 Biomass and fossil raw materials cycles

Row material

Fossi raw materials
Xenabiofics =~.__ . and energy

A Raw Material * Product + Byproduct + Waste

B Raw Material * Product + Byproduct + Waste

I

New Process
New Product

C Raw Material > Product

Fig. 2 Conventional (end of pipe) production system, By-product-
and waste recovery (B) and Clean production sys{€ns
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Waste stabilisation an biogas recovery

Anaerobic digestion (AD) originally has been intngdd as a waste stabilisation process. Due to
more stringent European landfill requirements (B€99), reduction obligations for green house
gas emissions (Kyoto protocol) and increased hygieaquirements (ABP, 2002), AD still has
increasing importance as a waste treatment alteendt not only provides pollution prevention,
but also allows for energy-, compost-, respectivelyrient recovery. As the technology continues
to mature, AD is becoming a key method for both tezagduction as well as recovery of a
renewable energy and other valuable co-products.

ENERGY
UPGRADING INCINERATION
FODDER BIOMASS COMPOST
A / \ v
DIRECT RECLAMATION BIOTECHNOL. UPGRADING
Microbial Protein
e.g. Cellulose Alcohols (Bhanol, Butanol)
Sarch F(C))(I-)IEDMI(S)TAL\JIFSFS Solvents (Aceton, Butanediol)
Qugars Organic Acids (Gluconic
Potein FEED  STUFFS acid, lactic Acid)
il Polysaccardes (Dextrane)
Fat Ehzymes (Zellulase, Amylase)
Antibiotics

Hbres ULTIMATIVE  WASTES Hogas

v

BIOGAS <€—— ANAEROBIC, AEROBIC TREATMENT
v
Surplus  sludge
A2
FERTILIZER

Fig. 3 Different usage of biomass and biomass derivestegaand by-products

World-wide, several hundreds of large scale muaickD plants are in operation and many more
installations are under construction or plannedstMmants treat municipal solid waste (MSW), or
source separated municipal solid waste (SSMSW).yMaants additionally use different organic
industrial wastes and by-products. The total aripuiastalled capacity of anaerobic municipal bio-
waste treatment is estimated to be more than filleomtonnes. The use of AD for sewage sludge
stabilisation is state of the art. Many sewage gdudigesters frequently use free digester capacity
for the codigestion of various biogenic waste malter

Furthermore, the application of AD as a (pre-) tirent step for industrial wastewater is still
increasing. To the point, there are more than 2ja@0strial applications in operation or under
construction throughout the world. Over 30 typesnaiustries have been identified having wastes
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and wastewaters amenable for anaerobic treatmesitiding processors of beverages, chemicals,
food, meat, milk, pulp & paper and pharmaceuticatspng others.

Finally, numerous small and medium scale agricaltpartly commercial) AD plants started
operations during the last decade. While co-digastif agricultural by-products, industrial- and
municipal wastes was the primary goal of such Ifadtans, recently energy recovery became the
prime objective of most agricultural installatiodstually more than 2,000 agricultural digesters in
Germany and nearly 200 plants in Austria are irrajgen. Main substrates are manure and ,energy
crops®, but in some more commercial plants, a waré biogenic wastes is used for co-digestion.
The free capacity in agricultural- respectively eoercial digesters for additional bio-waste
treatment is low. Such plants now concentrate aree@ energy” production, using renewable plant
biomass. Recent Austrian legislation (Anonymouf)2@uarantees high electricity feed in tariffs
for pure “energy crop” digestion plants. Dependamthe plant size, between 0.123-0.165 € / KWh
are being paid. Co-substrates are restricted tmwdyral by-products. If other wastes are used,
electricity tariffs

Product
Direct use

Byproduct

Raw materials

Waste

Fertilizer Energy
VS

Fig. 4 Integration of Anaerobic Digestion in biomassdihby-product- and waste recovery

will be reduced by 25 %. As a rough estimation, matre than 10-20 % of the overall digester
capacity (152,000 iy are currently used for the co-digestion of waststria is among the leading
countries in bio-treatment of wastes with a loraglition in source separation. About 45 % of the
household- and comparable commercial wastes areessaparated. In 1999, about 478,000 tonnes
of source separated municipal biowaste were cede¢Anonymous, 2001). Furthermore 60,000 t
of food leftovers, 1,000 t of fat scraper conter28,000 t of market wastes, 300,000 t of grass
cuttings, 620,000 t of garden- & park wastes ar@ @m0 t of cemetery wastes have been reported.
Roughly 1/3 of the latter wastes can be considaménable for anaerobic treatment. From the
resulting 371,000 tonnes approximately 50 % shaatdally be available.

Industrial bio-wastes come up to nearly 7,000,000nt2001) of which less than 1/5 can be
considered amenable for AD. Roughly 1/10 of thisspar 590,000 t, could be made available for
anaerobic treatment. In sum, available municipd85(500 t) and commercial / industrial wastes
(593,000 t) result in an overall mass of 778,50h&s / year available for AD.

In 2001, 526 treatment plants (mainly compostinghwa total capacity of 1.1 million tonnes were
available for bio-treatment (including compostinglaanaerobic treatment). From the 478,000 t of

96



Baltic Biorefinery Symposium

municipal biowaste collected source separated, tad4,000 t remained for bio-treatment (24,000
t contaminants separated), finally resulting in,089 t of compost.

Concerning anaerobic treatment, some 140 sewagiyesldigesters, 200 agricultural (partly
commercial) AD plants, about 25 industrial waste-fpeatment plants and 4 municipal biowaste
treatment plants are in operation (Tab. 1). Theeetve estimated total digester volumes are
210,000 m (sewage sludge digesters), 152,000(agricultural / commercial digesters), 25,000 m
(industrial waste pretreatment) and 8,000 (municipal biowaste digesters). The resulting wast
treatment capacity (based on volatile solids) i,800 t / year (sewage sludge), 111,000 t / year
(agricultural / commercial digesters), 36,500 téay (industrial waste) and 12,500 t / year
(municipal biowaste). Some 156 million*rhiogas (corresponding to about 1,000 GWh / yea) a
recovered from these installations. Furthermorerb®Bon m?® of landfill gas (corresponding to 737
GWh / year) are collected from some 31 landfills.

It has been estimated that, sewage sludge digasdterdree digester capacities between 15 and 30
%. Theoretically 46,000 — 92,000 tonnes of wastig (natter) could undergo co-digestion in
existing sewage sludge digesters. As can be seangractical experience, for several reasons not
more than roughly 1/10 of this capacity are acyuadled.

Tab. I Sources of Biogas and estimated annual produatidustria 2005

Source Plants Biogas (Mio m Energy % of total
per year) (GWh / year)
Landfills 31 Sanitary landfills 123 737 44.1
Sewage sludge| 140 Sludge Digestefs 77 460 27.6
Agriculture 200 Biogas- & Co- 55 330 19.7

Fermentation Plants

Industrial wastet 25 Anaerobic waste- 18 109 6.45
water / -waste |water pretreatm. plants

Biowaste 4 Municipal Biowaste| 6 37.5 2.15
Digestion Plants

TOTAL 279 1,673 100

Biogas from energy crop digestion

The energetic use of biomass for heating is wedl#ished in Austria. Roughly 25 % of the overall
energy demand is provided from renewable resoufoeduding hydropower). Compared to
biomass combustion (ca. 30 % of renewable enedgg}transformation, i.e. biogas and bio-
ethanol, has little (< 1 % of renewable energy},ibareasing significance.

Although the net energy balance favours direct agstibn processes or synthetic fuels (Synfuel)
from dry biomass sources (Tab. 2), bio-transforamattan be advantageously applied with high
water containing crops, e.g. sugar beets, potatoasaize. Energy crop digestion can solve the
problem of agricultural overproduction, it can malse of fallow land and set aside land and hence
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provide a new income possibility for farmers. Byplexing fossil fuels, the greenhouse gas
emissions (C@ can be reduced accordingly. The net energy balaficoptimised energy crop
digestion, i.e. the output / input ratio, can beha range of 3 - 6. As can be seen from tablée, t
recovery of bio-ethanol from crops yields much lesst energy. Under European climate
agricultural conditions, the output / input ratigtiwethanol from maize is not higher than 1.3 and
can even range below 1 under unfavourable conditi@mly alcohol from sugarcane provides high
output / input ratios of 7, provided that the thalmnergy from combustion of the residual bagasse
is considered. Even plant oil- and bio-diesel patidun results in lower output / input ratios than
energy crop digestion.

In principle, the AD process is very flexible anghmerous crops can be used as single raw materials
or as mixtures with manure and other co-substratesan be seen from table 3 most crops used for
AD show similar biogas yields of 0.4 - 0.5 frkg organic dry matter (VSS).

The crop yield per hectare varies considerably whth plant, variety, climate conditions etc. and
hence has substantial influence on the overallggngield of crop digestion. Under optimum
conditions the overall energy yield can be as laigli00-200 GJ / ha.

Tab. 2 Energy input / output ratio of different transfaation processes

Process / Crop Energy yield Energy input| Net energy yield Output/Input
(GJ / ha) (GJ/ ha) (GJ/ ha) ratio

Combustion/Firewodd | 252 12 240 21
Synfuef’ 86 — 104.5 10.7 - 13 75.3-91.5 8.04
Ethanol / Sugar beet 140 152 -12 0.92
Ethanol / Wheet 53 72.5 -19.5 0.73
Ethanol / Maize 64 49 15 1.3
Ethanol / Sugar cane 134 18.5 115.5 7.2
Biogas’ 138 — 168.5 24.65-56.756 111.75-113.35 2.9B-5.
Plant oil 55.5 16.5 39 3.35
Biodiese! 54 -1.5-24.5 29.5 54 2.21

DkrBL - Arbeitspapier 235 “Energieversorgung und desrtschaft” (1996);.2) Fischer Tropsch synthesis
% Thermal process energy demand included / echu‘H&hergy content of glycerine included

Most AD plants use maize as energy crop. Compaoedther alternative crops e.g. clover,
sunflower, sugar beet, rape, rye etc., maize dslibggh biomass- and biogas (energy) yields at
reasonable low production costs (Tab. 3).

According to the equated electricity feed in taiffiecreasing between 0.165 - 0.123 € / KWh with
increasing plant capacity, a tendency to mediuradsigants (i.e. 500 KW electrical power) could
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be observed. A characteristic mass balance of &¥0@nergy crop AD plant can be seen in figure
5. The 3,850 rhdigester converts 9,000°msilage and 5,500 t liquid piggery manure to 1,880,
m?® biogas (55 % Ck) per year. The biogas is converted to 3,718 MWéakr electricity and 1,600
MWh / year heat can be sold to the local grid. @dlgestion residue (8,600 t / year) is recycled to
arable farm land.

Due to the resulting favourable economic conditjahe number of energy crop AD plants has
more than doubled in the last two years (Tab.t4ah be expected that numerous new plants will
go into service before the final deadline for eamiffis by June 2006. All plants operating withimsth
deadline will receive guaranteed feed in tariffis I8 years.

It has been estimated that by 2030 roughly 25 %hef EU overall energy demand could be
supplied by energy crops (Anonymous, 2004). Notentban 25 % of the actual agricultural arable
land, i.e. 33.8 million hectares, would be requifedthe cultivation of energy crops. The same
estimations show that even by-products from agiceland forestry could supply roughly 10 % of
the EU overall energy demand.

Tab. 3 Biomass-, biogas- and energy yields of diffemgrgy crops
(Biogas yields from own results; Salter, 2004; Anedal, 2003; Reinhold and Noack, 1956)

Maize Alfalfa | Rye Triticale| Sugar |Sun- Rape
beet flower

Fresh mass |30-50 30-40 30 40-7¢) |30-50 | 20-35
(t/ ha) 30-5¢”
Dry mass 9-15 10-11 | 4-5 6 15" 6-8 2.5-4
(t TS/ ha) 7.5
Biogas yield [0.4-0.5 | 0.44 0.45 0.45 0¥6 [0.45 0.45
(m*/ kg VSS) 0.5”
Biogas yield [4,050to |3,960 to |1,620 to | 2,430 10,268 | 2,430 1,010 to
(m*/ ha) 6,750 4,360 |2,025 3,378  |t03,240 |1,620
Energy yield |87-145 | 85-94 35-43 52 220 52-70 22-35
(GJ / ha) 72

b Beet; 2) Leaves;

3) CH;,-content 50-55%
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Liquid piggery manure Slage 9,000 m®/ year
5,500t / year Maize (whole plant): 2,112 t/year
Maize (com): 1,947

Sugar beet residus: 370

\egetable residues: 232

Wheat: 150

Rye (green): 100

Alfalfa: 100

v Total substrate mixture

10,511t/ year
2,790t/ year total solids

Y

Digester
3,850 m®
Y Y
Gasholder (950 m3) Digestate storage
1,840,000 m® Bogas 4,300 m*®
peryear
y A
CHP 500 Kw,, Digestate
Hectricity: 3,718 Mwh / year 26670?Tt5/ /yeea;rr
Heat: 1,600 Mwh / year Y

Fig. 5 Mass flow in a representative energy crop AD plan

Tab. 4 Recent development and forecast of agricultuajds plants in Austria

Year 2001 2002 2003 2004 2005 2006 2007
Number of plants 86 110 119 171 196 >290 ?
KWy total 4,100 7,500 8,100 34,100 46,600 >73,600 ?

Integrated biogas recovery
Biorefinery is considered to be a “Bridge betweagriéulture and Chemistry”. Process integration

into biorefinery offers in a first step the advaygaus possibility of high value product recovery
from valuable biomass raw materials. As indicatadier, anaerobic digestion is well suited for
process integration, efficiently using by-produatsl wastes from various production processes in a
second step. As shown in figure 6, biomass raw madge(e.g. grass, corn, sugar beet) and
agrobased by-products (e.g. brewery waste, potaipvghey, glycerol, sugar wastes), can be used
for organic acid fermentations. Anaerobic digestisrconsequently applied for fermentation by-
product- and waste recovery (biogas, fertiliserpisecond step. Single process steps have been
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successfully demonstrated in laboratory- and mit@tle investigations (Danner et al 1998a, 1998b;
Danner et al 2002; Thomasser et al, 2002; Neureital, 2004).

Using membrane bioreactors for lactic acid fermgéoawith Lactobacillus spon pure substrates
(whey, extracts), as well as mixed culture fermeéons (silage) on biomass, the products can be
recovered at high yields, using electrodialysiswpercritical fluid extraction (Danner et al 2000;
Madzingaidzo et al, 2002). The remaining fermentatiesidues are fed to the anaerobic digestion
process.

Based on grass yields of 50 the21 % TS), a yield of 33 t.Hasilage (30 % TS) can be obtained
(Fig. 6). The fermentation liquid can be converted,44 t.hd lactic acid and 103 GJ.Raiogas
(corresponding to 4.560%n The overall process results in estimated prodahtes of 517 €/ha for
lactic acid and 914 €/ha for biogas. Single proc#seps have been successfully demonstrated in
pilot scale (Bdchzelt, 2005).

Sanders (2005) recently estimated the mean earriings biomass with 640 €/ha (as energy
electricity, heat), 1,360 €/ha from transport faeld up to 6,400 €/ha earnings from high value
biochemicals. As reported, promising biosynthetates from amino acids (1,2-Ethenediamine)
and 1,3-propylenglycolH. coli) for bio-based polymers and the huge potentiagehetically
modified agricultural raw materials as well as GM®ased bio-processes can be followed.

Biomass based processes should use the advanfadgseatralised agricultural production (closed
cycles, by-product utilisation, favourable trangpogistics). As estimated, 25 % of fossil based
chemistry could be replaced through biomass (San&6e05).

As one example, the process integration of laatid-seand methane fermentation obviously offers
promising possibilities for farmers, being facedhaoverproduction of animals and corn. Biomass-
and by-product based lactic acid production fornepi@ could be the initial starting route for a
decentralised “biorefinery” based on products fragriculture. Decentralised production and
implementation of anaerobic digestion guaranteesecl cycle operation, simultaneously avoiding
high treatment costs for by-products and wastes.
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Fig. 6 Process integration with combined organic acidl @mergy production

Summary

Anaerobic digestion allows multiple advantageousctical applications. As applied for decades,
AD can serve as a reliable waste stabilisation ggecfor sewage sludge, organic wastes from
industries, municipalities and by-products fromiagture. Compared to other technologies, e.g.
combustion, composting, anaerobic digestion in maases proved to be superior in economic as
well as ecological context (Edelmann and Schl&l€90; Edelmann et al, 2001)). For this reason
waste treatment and —recovery installations of A®sdill increasing world-wide.

Recently, more often AD is applied for biogas remmgvirom renewable biomass (energy crops). A
typical plant (3,850 rhdigester volume) converts 9,00G of silage and 5,500 t of liquid piggery
manure per year to 1,840,00F of biogas (55 % Ck). The biogas yields 3,718 MWh / year of
electricity and 1,600 MWh / year of heat. It hagtestimated, that by 2030 roughly 25 % of the
EU overall energy demand could be supplied throemgrgy crops (Anonymous, 2004). Not more
than 25 % of the actual agricultural arable larel, 33.8 million hectares, would be required fa& th
cultivation of energy crops.

As proved in several reports, anaerobic digesteonke advantageously integrated into bio-refinery
concepts. Provided that the digestate can be retyad fertiliser to agricultural land, full advagea
can be drawn from energy recovery and waste remtuc@oncurrently decentralised production
offers new possibilities of occupation, income amdal development. Compared to synthetic
chemical production processes, ecobalance studidsiogprocesses frequently show superior
performance. Particularly reduced chemicals-, gremnd water consumption marked out
biorefinery processes. As has been estimated, &%o% of fossil raw material based products can
be replaced through biomass based, natural material
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Summary

Production of fuel ethanol from biomass requireghhyields in all conversion steps in order to
make it economically feasible. In the last yearshaee performed several studies on the hydrolysis
and fermentation of various forest and agricultuesidues in a mini-pilot to improve the overall
yield of ethanol and to reduce the energy demaddbaoduction cost.

Steam pretreatment, with small addition of acidiyet, has resulted in sugar yields close to 90% of
the theoretical for various types of raw materiadsg. spruce, salix and corn stover. The
simultaneous saccharification and fermentation,s&§F, has been developed and optimized to
give high yield of ethanol. For spruce an etharieldyof about 80% of theoretical based on the
composition of the raw material has so far beemiobtl using a two-stage steam-pretreatment of
SO, impregnated raw material followed by SSF. Improeets of the SSF step, in the form of high
dry matter content, recirculation of process streand adapted yeast have resulted in ethanol
concentrations around 45 g/l leading to substargi@diction in energy demand and production cost.

The process has been further optimised by prooésgration to further reduce the energy demand.
The ethanol production cost was estimated to barar®.6 SEK/litre ethanol assuming a yearly
capacity of 200 000 ton raw material (dry matter).

Introduction

Replacement of gasoline by liquid fuels producenfrenewable sources is a high-priority goal in
many countries worldwide in order to diminish threen house effect. In order to encourage greater
use of biofuels, the EU has adopted a Directive sbts a target of 2% substitution of gasoline and
diesel with biofuels in 2005 on an energy basis2040 this percentage should have increased to
5.75%.

One such fuel, which has been found well suitedetiganol produced from biomass such as
agricultural waste and forest residues, whichfisrred to as bioethanol. Although carbon dioxide is
emitted during the combustion of bioethanol the esammount will be assimilated when new
biomass is produced. Thus, the total net emissimingarbon dioxide are essentially zero.
Bioethanol has also several other advantages;
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It is non-toxic
it is liquid at room temperature

can be blended with gasoline and used in most masfgark-ignited combustion engines in
concentrations up to 20% without modificationsha# engine

Flexible fuel vehicles can run on pure ethanotemasoline or any blend in between

It can be produced from sugar, starch and cellutosgaining crops and residues

However, to compete with gasoline the productiost enust be substantially lowered. The cost of
the raw material constitutes one of the major dbuations to the total production cost, which makes
it necessary to use the cheapest raw materialsbpmsisignocellulosic biomass is an abundant and
relatively cheap raw material and is the only rgation for replacement of a large fraction of the
gasoline used today.

Ethanol production from lignocellulose comprises tfollowing main steps: hydrolysis of
hemicellulose, hydrolysis of cellulose, fermentatioseparation of lignin, recovery and
concentration of ethanol and wastewater handlimge @nzymatic hydrolysis and fermentation can
either be run separately (SHF) or combined intacnaulsaneous saccharification and fermentation
(SSF), which is the configuration shown in FigureSEF has been shown to result in higher ethanol
yields than SHF. Some of the most important factoreeduce the cost are: efficient utilisation of
the raw material by high ethanol yields, high pratdudty, high ethanol concentration in the feed to
distillation and process integration in order tduee capital cost and energy demand. A part of the
lignin, the remaining part of the biomass, can bbto provide heat and electricity for the praces
and the surplus is sold as a co-product for hedt @ower application. It is also necessary to
minimize the internal energy demand and maximizepttoduction of the solid fuel.

Steam

Water

|
Woodchips
v

FEEdSt.OCk —» Pretreatment ——» SSF Ethanol (94%)—»
handling (

k.

Distillation & --Q----

!

T
Condensates Stillage Q

; ’—> Incineration {------ Q- »

T Drying rSolids

Solid-liquid

....... i le——| )
Q- -+» Evaporation separation

Pelletizing —Solid fuel—»

‘ Syrup

Figure 1 Simplified flowsheet of the base case process.

In Sweden several comprehensive studies have bedoriped on ethanol production from
lignocellulosic materials based on the SSF concEipe studies were performed using a Process
Development Unit (PDU) at Lund University comprigiall the necessary steps. This presentation
will mainly focus on the improvements obtained e fpretreatment and SSF steps in the ethanol
production from softwood. The improvements havenbassessed by techno-economic evaluation
to determine the effect on the ethanol productimst.c
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Most of the studies were performed on spruce vighcomposition according to table 1.

Table 1 Range of composition of spruce used in the varstudies.
Range of composition

(% of DM)

Glucan 42.3-45.0
Mannan 11.4-15.1
Xylan 5.4-6.6
Galactan 2.0-2.9
Arabinan 1.7-3.2
Lignin 23.5-28.1
Acetyl groups 1.0-1.5
Ash 1.0-2.0
Extractives 2.8-4.7

Water content (%)  5o-59

Pretreatment

The enzymatic process is considered to be the aityartive way to degrade cellulose to glucose.
However, enzyme-catalysed conversion of cellulosglicose is very slow unless the biomass has
been subjected to pretreatment as native cellisosell protected by a matrix of hemicellulose and
lignin.

Steam pretreatment, often called steam explos®omne of the most widely used methods for
pretreatment of lignocellulosics. The raw materglfirst chipped and then treated with high-
pressure saturated steam. Typical temperaturesansetb0-240°C, (corresponding to a pressure of
6-34 bar), for several seconds to a few minuteer afhich the pressure is released. During the
pretreatment some of the raw material, predomigdr@micellulose, is solubilised and found in the
liquid phase as oligomer and monomer sugars. Thalase, in the solid phase, is then more
accessible to enzymatic attack.

Steam pretreatment can be improved by using anaatalyst, such asA80, or SQ. The acid
increases the recovery of hemicellulosic sugard,aso improves the enzymatic hydrolysis of the
solid residue. The use of an acid catalyst in stgaetreatment results in an action similar to
chemical pretreatment with acid, but with less iiqut is especially important to use an acid
catalyst for softwood, since the hemicellulose aftwood contains less acetylated groups and
autohydrolysis cannot occur to the same extent aatidwood.

Steam pretreatment is the pretreatment method falrolysis and enzymatic digestibility
improvement that is closest to commercialisatidnhds been widely tested on pilot scale, for
example, in the lotech Pilot Plant (Canada), thes&m pilot plant (France) and in the pilot plant i
Ornskoldsvik (Sweden) and is used in a Demonstraéale ethanol plant at logen (Canada).

Several studies of one step and two-step steanmmeptetent of spruce, assessed by enzymatic
hydrolysis at standard conditions, showed thathibest sugar yields were achieved for two-step
pretreatment with either SGmpregnation or BBO, impregnation in both steps, whereas material
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treated with HSO4 in the first step and $@ the second did not result in a high overalldi@he
optimal conditions are shown in Table 2.

Table 2 Optimized pretreatment conditions for softwood meoand two-stage procedure.

Impregnator
H,SO, SO,

Stepl

Catalyst 0.5% 3%

Temperature (°C) 180 190

Time (min) 10 2
Step 2

Catalyst 1% 3%

Temperature (°C) 210 210

Time (min) 2 5
One-step pretreatment

Catalyst 2.5%

Temperature (°C) 215

Time (min) 5

For pretreatment with SOmpregnation in both steps the maximum overallasugeld was 82%
and was obtained for pretreatment conditions of°C9fdr 2 minutes and 220°C for 5 minutes.
Pretreatment conditions of 180°C for 10 minuteshviit5% HSO, and 200°C for 2 minutes with
2% H,SO, resulted in an overall sugar yield of 77%. Howewssveral different pretreatment
conditions resulted in yields in the same rangee $hgar yields obtained with two-step steam
pretreatment was higher than those previously aedievith one-step steam pretreatment, using
similar conditions in the assay with enzymatic loygsis

During the pretreatment the sugars released framhtmicellulose can be subjected to thermal
degradation to furans and lignin can be partialjgrblysed. These degradation products can be
inhibitory in the downstream processes, mainly famtation but to some extent also enzymatic
hydrolysis. It is therefore important to choose ditons that do not generate toxic hydrolysates.
Impregnation with dilute k8O, followed by pretreatment at high combined seveftityt is high
temperature and/or high residence time) resultedmiaterials that were not fermentable.
Impregnation with S@ however, was successful in creating fermentabkterals for all
investigated pretreatment severities.

Two other materials for which the pretreatment hasn optimised recently are salix and corn
stover. For salix the highest glucose yield, basadthe theoretical glucan content in the raw
material, was 92 %. This was obtained for pretreatnat 200°C for 8 minutes after impregnation
with 0.5% HSO,. The maximum glucose yield was similar to thataoi#d when steam
pretreatment was performed with non- and-8@pregnatedSalix chips. However, the maximum
xylose yield, 86 %, obtained for pretreatment &@°Tfor 4 minutes after impregnation with 0.5 %
H,SO4, was higher than that obtained using, ®® non-impregnated material. The overall yield of
sugars was 55.6 g glucose + xylose per 100 g dvymaterial, corresponding to about 88 % of the
theoretical based on the content in the raw materia
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Pretreatment of SOimpregnated corn stover, with a dry matter cont#nd0 %, at 200°C for 5
minutes resulted in a glucose vyield of 92 % of theoretical and a xylose yield of 66 %. The
maximum xylose yield was 84 % obtained with pretremnt at 190°C for 5 min. At these
conditions the glucose yield was 90 %.

Enzymatic hydrolysis and fermentation vs simultaneos saccharification and fermentation.
Enzymatic hydrolysis can be designed in differelatysv Following the pretreatment, enzymatic
hydrolysis and fermentation can be run separadslgeparate hydrolysis and fermentation (SHF) or
simultaneously, as simultaneous saccharificatiod #&rmentation (SSF). The advantage of
performing enzymatic hydrolysis and fermentatiopagately is that both steps can be performed at
optimal pH and temperature, e.g. enzymatic hydmelgs 45-50°C at pH 4.8 and fermentation at
30°C at pH 5.5. However, one great disadvantag&H# is the end-product inhibition of the
enzymes. The released glucose and cellobiose inhitther hydrolysis by the enzymes. This
makes it difficult to reach high ethanol concentnas prior to distillation, which results in high
energy demand in the distillation. In SSF the ghecs immediately consumed by the fermenting
organism, which removes the end product inhibitaord makes it possible to reach high ethanol
concentrations. The ethanol produced can alsosaahanhibitor in the enzymatic hydrolysis, but
not to the same extent as cellobiose or glucose. @ore disadvantage of SSF is the problem of
recycling the yeast. In SSF the yeast will be mixgtth the solid residue after fermentation, mainly
consisting of lignin, and is thus difficult to redg. Recycling of yeast is much easier in the SHF
case, where fermentation is performed without idp@n residue

The following results are based on enzymatic hydie] performed with a cellulase activity of 15
FPU/g WIS (using a mixture of Celluclast 1.5L andwzyme 188, both kindly donated by
Novozymes A/S, Bagsveerd, Denmark) and fermentatith 5 g/l of Saccharomyces cerevisiae
(ordinary baker’s yeast), which ferments hexosestti@nol. In SSF a compromise must be reached
regarding the pH and the temperature, which inwgk was 37°C and pH 5.0. The yield of sugar
and ethanol was determined in a process developumtwhere the pretreatment was performed
in a 10-L reactor and simultaneous saccharificatemd fermentation (SSF) anzymatic
hydrolysis (EH) were performed in 30-L reactors. &htl SSF of the whole slurry after the second
pretreatment step were performed, at a concentraifo5% water insoluble solids (WIS), to
determine the vyield of sugars and ethanol. Theidigfter the first pretreatment step was also
fermented.

Figure 2 shows the overall ethanol and sugar yield<6 of theoretical based on the raw material
composition, obtained with SSF and SHF of spruatreated at optimal conditions in two-steps.
When SSF and EH were performed at the same dryemedintent and enzymatic activity, the
ethanol yield in SSF exceeded the sugar yield irirEbbth pretreatment cases. Thus SSF is a much
better process alternative if the yield is of manority. Comparison of the acid catalyst used
showed higher yields for the $©@ase in both SSF and EH. The overall ethanol yielthe SSF
alternative for the S@case reached 81% of the theoretical, i.e. 35&slifrer metric ton dry raw
material.
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Figure 2 Overall yields obtained with two-step pretreatmefrgpruce

Also SSF of both salix and corn stover pretreategpéimal conditions using bakers yeast resulted
in high ethanol yields. With salix an overall etbhgield around 84 %, based on the total glucan
and mannan content in the raw material was obtaiosihg 7 % WIS. SSF on pretreated ,SO
impregnated corn stover, with a higher dry mattantent, showed that the concentration of water
insoluble substances in SSF could be increased frémto 10 % without the ethanol yield being
affected. The ethanol yield was around 70 % otlieeretical. It was also shown that the amount of
yeast used in the SSF could be decreased from ®dIg/L without any effect at all on the ethanol
yield and only minor decrease of the productivithe use of yeast cultivated on the pretreatment
hydrolysate at these conditions did nott improve ¢fthanol yield and only slightly improved the
productivity at the beginning of the SSF.

Economy

All experimental data obtained in the process dgwaent unit has been used to perform technical
and economic evaluation of various process alte@st The whole process, from wood to ethanol
as well as the production of solid fuel has beaalumted. The approach has been to establish a base
case, which has been used as a reference wheragnglalternative process configurations and to
study the influence of various process parameifdrs.base case configurations is for a production
unit with a capacity of 200 000 tons of dry raw eratl (spruce). The simulated process (Figure 1)
consists of the following process steps: pretreatm&SF, distillation, dewatering of solids,
evaporation, drying, pellet- and steam productiorthe economic evaluation a feedstock handling
area and an off-site area are included as well.

The overall ethanol yield for the SSF process wa% ©f the theoretical based on the glucan,
mannan and galactan in the raw material, basedoore @tage pretreatment. In the SHF process the
yield was estimated to be 62%. In the base case3F and SHF were performed at 5% WIS.

According to the data used in the evaluation, usth® SSF process results in a lower ethanol
production cost, see Table 3. The production cast® estimated to 4.81 and 5.32 SEKI/I for the
SSF and SHF base cases, respectively. The maione#sr the cost for the SHF process being
higher are the capital cost being higher and therailvethanol yield being lower. If SHF can be

improved, (without additional costs) to reach tleme ethanol yield as the SSF process, its
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production cost would be lower than SSF. A sigaificcost reduction could also be achieved if the
residence time in the enzymatic hydrolysis steplcctne shortened without affecting the ethanol

yield. At a residence time of around 30 h, compacethe base case value of 96 h, the production
cost is the same as the SSF base case. Howeveraliogher yield and a shorter residence time
would require higher enzyme loadings or a morecigffit enzyme cocktail.

Table 3 Effect of improvements in SSF on the productiostc

Cost (SEKI/L) SSF-5% SHF-5% SSF*-8%
Wood 1.36 1.57 1.36
Enzymes 0.70 0.48 0.70
Yeast 0.50 0.00 0.16
By-products -0.08 -0.08 -0.62
Other chemicals and utilities 0.35 0.43 0.27
Labour, Maintenance, insurance 0.59 0.84 0.53
Capital 1.39 2.08 1.18
Total 4.81 5.32 3.58

* Improvements including 8% non-soluble solid mateniecirculation of process stream after distitiat(26%) and
reduction of yeast load to 2 g/l

The income from the solid fuel is crucial to theeaemics of both the SSF and the SHF process.
Since the base cases investigated require largergned energy, the production of solid fuel they
provide is low. Experiments have shown that it asgble to reduce the addition of fresh water
either by running the process at a higher conceotraf non-soluble solid material (WIS) or by
recycling of the process streams both alternativél a considerable reduction in the cost of
ethanol. Figure 3 shows the effect of increased Wi%o 8%. Recent SSF-runs have actually been
performed with up to 12% WIS. This results in etlaconcentrations around 4.5 wt-%, which
reduces the energy demand in the distillation aragh@eration steps considerably leading to a larger
amount of lignin co-product for sale.
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A major drawback of the SSF process is the addiiopeast required. The residue slurry leaving
the SSF step contains, along with the yeast, atbials such as lignin and cellulose. Recirculation
is thus very difficult to perform, although if ibald be performed it would reduce the production
cost significantly. Another option is, of course, lbwer the concentration of yeast. This can be
done by using adapted yeast to overcome possibibition from the sugar and lignin degradation

products present in the hydrolysate. This is egfigdmportant at high WIS concentration as the

concentration of inhibitors is increased proporibnto the increase in WIS. The performance of
adapted yeast is shown in Figure 4, where yeasvatdd on the hydrolysate from the pretreatment
shows a much better performance than normal bad&sty The maximum ethanol concentration is
reached already after 24 hours and is higher thahdbtained with normal bakers yeast after 72
hours.
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Figure 4Ethanol yield in SSF with 8% WIS (pretreated soiba) using various yeasts
P-BY = normal package yeast (bakers yeast)
C-BY bakers yeast cultivated on hydrolysate froetqgatment
C-TMB TMB3000 cultivated on hydrolysis

The cumulative effect of the most promising altéres was evaluated for the SSF process. The
effect of a combination of higher concentration mmin-soluble solid material, the recycling of
process streams and lower concentration of yeastimaestigated. A realistic case would be a
process involving at least 8% non-soluble solidemiat and 26% recycling of the stillage stream,
which together with a 50% reduction in the yeagunement would result in an ethanol production
cost of 3.58 SEKI/I, see Table 3. This is a decreage26% compared with the SSF base case.

Conclusions

Steam pretreatment, with small addition of,S® H,SO,, has been shown to be a very effective

pretreatment method, prior to enzymatic hydrolysisSSF. It has resulted in overall sugar yields

around 90% of theoretical for several raw materialg. spruce, salix and corn stover. For spruce,
an overall ethanol yield around 80% of the theoethas been achieved. Steam pretreatment
results also in high solids content, which makgso#sible to reach high ethanol concentrations in
the SSF. Future challenges are to run at even higth® concentrations in SSF with lower dosages

of enzymes and yeast.

The results have to be verified in the Swedishyfiritegrated pilot plant, with a capacity of 2 ton
raw material per day, which has been taken intoaimn in the middle of Sweden by Etek —
Ethanol Technology Corp. This will provide detailddta for scale up to a full scale production
unit.
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Abstract

Modern waste-fired and biomass-fired power plardasehlow electrical efficiency compared to
power plants using fossil fuels. The low electrigdficiency is mainly due to the increased
corrosion risk caused by alkali chlorides. Hydrothal pre-treatment of the primary ligno-
cellulosic biomass can reduce this problem.

The leachate from the hydrothermal extraction pgedeas a high content of alkali chlorides and
organic compounds, which can be used for ethammaymtion using a thermophilic bacillus strain.
The remaining fibre fraction can be hydrolysed emagically and fermented by yeast to ethanol.
The ethanol will be suitable for utilisation in theansportation sector in a cost effective and
environmentally sound way. The lignin containinggscake can be dried and co-fired with coal in
power plants with advanced steam data without sa@rorisks.

Elsam is the project coordinator in a large EU g@cbjcontract no. ENK6-CT-2002-00650) with the
aim of demonstrating this new technology in a besidie plant and a pilot plant with a capacity of
1 t/h. The project also comprises a detailed deaighfeasibility study of a full-scale plant with a
total capacity of 450,000 t/y of biomass. The tgirdject budget is approx 13.6 million Euro of
which the European Commission funds 6.5 milliondzurhe project partners are: the British tmo
Biotec, and the four Danish companies Sicco, RVRi$g, and Elsam.

The production of liquid fuels - methanol, and anittoned here - ethanol, is the basis of Elsam's
VEnzin vision from 2004). With the VEnzin vision|dam's line of products, viz electricity and
district heating, now also includes liquid fuelséd on renewables.

In the past two and a half years, Elsam has beeprbject coordinator of a large EU-project with
the aim of demonstrating a new technology for poinly fuel ethanol from agricultural residues
and household waste. In the course of the progegre-treatment reactor with a capacity of 100
kg/h of straw has been designed, built and operatedome 250 hours, and a pilot plant with the
capacity of 1 t/h has been designed and built. Makidesign and operational experience from the
100 kg/h facility have been incorporated in theigle®f the pilot plant. In 2002, when the project

" Corresponding author: Phone +45 79 23 33 56. E-chai@elsam-eng.com
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was initiated, the primary task was to extract kalkeetals and C5 sugars (hemicellulose) from
straw. The reduced alkali content in the straw omps the combustion properties, making co-
combustion more feasible, and the C5 sugars weended for fermentation with special micro

organisms producing ethanol. A number of technalmgiadvances have changed the overall
process, incorporating ethanol production from ttlulose fraction as well. With these

achievements, ethanol yields of approximately 20@ér ton of straw can be achieved.

100 kg/h pilot plant
In 2003, the first pilot plant with 100 kg/h capgtoivas constructed and brought into operation.

More than 250 hours of operation with the smalbfpjplant have given Elsam a lot of valuable
operation and design experience, and through varihie operational parameters in cooperation
with the scientists from RIS@ and RVAU, a much &efticture of the processes has been achieved.
A large number of samples of both the solid frattamd the liquid fraction has been analysed by
the researchers for sugar yield, fermentability poential ethanol yield.

On the mechanical side, Elsam has gained valuatderience with the design of the equipment,
and this knowledge has been put into the desigheol000 kg/h plant. Some of the most important
findings are:

- The design of the valves in the particle pumpsitgal for the operation of the plant

- The (standard) valves installed in the 100 kg/l can be kept in operation in shorter periods at
a time (app 1 day), but will not be suitable fontiouous operation.

- Different types of valves are needed for the défgrpositions in the process.
- Several new valves have been designed for the R@BOplant.

- The first reactor was constructed for pressureoufOtbar, but a process optimum is achieved at
a lower pressure.

- The original system for internal recirculation oater/hydrolysate has been modified for the
1000 kg/h reactor.

- With a good recirculation in the system, trials @ahown that it is possible to wash out more
than 60% of the hemicellulose in the straw.

- A very good pretreatment process has been achigeildhe potential of high yields of ethanol.

Trials with household waste

Lightly sorted household waste has been testederpilot plant under cold conditions, in order to
investigate the mechanical function of the equipihweith household waste. The preliminary test
showed that the chosen fractions could be transgdhrough the pressurised reactor. No samples
were taken out for analysis.

The first ethanol

Preliminary trials with enzymatic hydrolysis andrrfeentation (including SSF) have already
produced the first amounts of ethanol, both at Ristat Fynsveerket.
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1000 kg/h pre-treatment plant

In the autumn of 2004 the first equipment was @eéd to the site for the 1000 kg/h pilot plant, and
in April 2005, the last component was installede TID00 kg/h pilot plant includes the following
components:

Weighing table for registration of the straw input.

Feeding table with a capacity of 6 bales.

De-baler

Stone trap

Straw cutter

3-stage reactor comprising a soaking reactor (vélbperated at 80°C), a new reactor designed for
operation at 25 bar/200°C and the reactor froml@@kg/h pilot plant, which has been modified in
order to increase the capacity to 1000 kg/h.

In May and June 2005, the installation will be céetgd with electrical installations, piping, steam
supply etc, and the plant will be put into openati@he first experimental data is expected in
August/September 2005.

Fermentation unit

In order to optimise and develop the fermentatioocess in an industrial scale, a fermentation
facility is installed in connection with the pree&itment facility. The facility includes fermentafs
various sizes (5 1, 50 I, 100 I). The combinatidriesmentors can be used for batch-, fed batch- and
cascade fermentation and C6 fermentation follome€5 fermentation. The facility also includes
mobile feeding tanks, control system, and a 5@attor for hydrolysis. The 500 | reactor will be
specially designed for liquefaction and enzymadrblysis of the fibre fraction and can also be
used for fermentation. Finally, equipment for contus ethanol recovery will be added.

The primary objective of the hydrolysis and fernagiain facility is to demonstrate the complete
process from straw to ethanol in an industrialescBbr example, the hydrolysis process cannot be
fully demonstrated for straw in laboratory scaleedo the physical properties of straw. In this
facility, it will be possible to investigate hydysis of straw (and other pretreated biomass) in a
realistic scale.

It will also be possible to asses the suitabilityath combinations of pretreated biomass, extracted
liquid and different types of micro organisms (ytedlsermophile organisms, fungi) for the IBUS
process.

The size of the fermentation units allows for pratihn of ample amounts of biofuel (residual
cellulose and lignin) for large-scale (co)-firimiats.

Feasibility study

From the beginning of the project, a detailed feiligi study with a complete model of mass and
energy flows has been elaborated. In the courdleeoproject, the feasibility study has provided the
design team with valuable information about optatien of the process and equipment in order to
improve the overall feasibility of the concept.

Based on the experimental data, the mass balarmes shown, that 200 kg of ethanol can be
produced from 1000 kg straw, under the conditi@t thicro organisms, which can produce ethanol
from C5 sugar are available.
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Detailed energy balances of the process have deratet that approximately 55% of the total
energy content in the straw remains in the fibaetion and will be converted to energy (heat and
electricity) in the power plant. This in turn wilirovide enough energy for the complete pre-
treatment, hydrolysis, fermentation, distillatiomdadrying of ethanol — in fact, a surplus of
electricity produced from co-firing the fibre framt in the power plant can be exported to the grid.
Of the total energy content in the straw, 34% télconverted to ethanol, and 17% will be sold as
electricity from the power plant.

Integrated Biomass Utilisation
An essential part of the system is the integratiih other facilities:

- Ethanol production from conventional sources (graarn etc).

- Power plant supplying low value steam for the IBftScess and converting the lignin fraction
to useful energy (heat and electricity).

Plans for an ethanol production facility based mairgand situated at one of Elsam’s power plants
are being made, and detailed feasibility studies Hmeen carried out demonstrating a considerable
economic benefit in integrating ethanol productieith the power plant. The plant will convert
320,000 t/y of grain to 100,000 t/y of ethanol.

Included in the planning of the grain to ethananplare all necessary preparations for adding a
straw based ethanol production facility to the gtaased facility. The plant will convert 150,000 t/
of straw to 30,000 t/y of ethanol.

The overall aim is to demonstrate the IBUS systerfuli scale.

Information and Communication Technology
In order to promote implementation of the technglogn Information and Communication
Technology (ICT) system is being developed. The $g§3tem consists of three parts:

A public website with general information about iv@ject. The website has been established and
is updated on a regular basis. The website isédcat http://www.ibusystem.info.

A website for potential end-users of the technoldgyvill be possible for potential users to give
input data concerning local conditions (prices b@mass, steam, power, site conditions etc) and
receive output from the system concerning the balégi of establishing an ethanol plant under the
given conditions. Modified versions of the modelsnfi the feasibility study will form the basis of
the ICT system, and a user interface designed bgnklwill be used for exchanging data with
potential end-users via the website.

A project web with exclusive access for the profetticipants has been established, and more than
200 documents have been uploaded to the website.

In addition to the ICT system, the results from preject have been published in a number of
scientific papers from Risg, RVAU, Sicco and Els&uwthermore, a significant number of students
from various educational institutions have madggats in connection with the pilot plant.

11¢€



Baltic Biorefinery Symposium

Future work
The following work is planned for the remaining t@nths of the project:

- optimisation of the pre-treatment process for straw

- trials with other raw materials (bagasse, cornetopalm oil residues)
- development of a system for receiving and handkihgle-grain bales
- long term continuous operation of the 1000 kg/mp({80 days)

- optimisation of the hydrolysation and fermentatiocess

- development of equipment for handling (drying) tlgmin fraction, and determination of the
combustion properties

- improving the quality of input to the feasibilityusly based on trial results

completion of the ICT system.

From Petrol to REtrol

The IBUS project is a part of Elsam’s overall visitor the Danish energy sector. The vision is
named VEnzin and aims to combine the existing sugpbtem for electricity and heat (power
plants, wind turbines, waste-to-energy plants) wtoduction of liquid fuels (ethanol and

methanol), which can be blended with gasoline, atilise the existing distribution system and
existing vehicle technology. Ethanol and methandl e produced from renewable sources,
ethanol from straw and other biomass, and meth&anal hydrogen produced with electrolysis
driven by surplus wind turbine power. The new fuehich is a blend of gasoline, ethanol and
methanol is called REtrol, and the share of fuekhia blend, which has been produced from
renewable energy can be increased when the econsitn@tion allows it (as the conversion

technologies are improved, the gasoline price ggesor the politicians request it). Learn more
about the VEnNzin vision at http://www.elsam.com.
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Bio-ethanol production in the region of Southern Damark — SFL, Tgnder bio-
ethanol project

Erik C. Wormslev

Chief Project Manager, COWI A/S,
Parallelvej 2, DK-2800 Kongens Lyngby, Denmark

Introduction

The production of bio fuels is increasing rapidllycver the world. In the US, bio-ethanol has been
used for many years based on corn and bio-ethaasbken produced on sugar canes in Mexico
and Brazil.

Today, no plants in Denmark produce bio-ethanol there is one existing, ongoing plant
producing bio-diesel (RME, rapeseed methyl esteBnamelev Mglle on Funen, Denmark.

Basically, the production costs of bio-ethanol dmokdiesel are higher than those of equivalent
products based on oil. Thus, there is a need fdudieg the fuel taxes in order to render an
industrial production of these products feasiblé attractive to the industry.

At present, there is no such tax reduction in Deknmut an EU directive has been presented,
urging the national governments all over Europtake appropriate measures in order to bring bio-
ethanol and bio-diesel on the market aiming ataaiesbf 5-6% of the fuel supply by 2010.

Today the Danish government has taken measureséstigate the potential of reducing the tax on
bio-fuels and we expect that there will be someintives in the year to come.

Basic principles of bio-ethanol production

The basic principles of producing bio-ethanol araitilise the starch content in crops by means of
enzymes which convert the starch into sugar. Afteds, a simple fermentation of the sugar
produces a slurry with an ethanol content of aldd#12%. After the fermentation, the liquid is
distilled and the ethanol is purified. The remagnart, mainly containing proteins, is sold as a
feedstuff directly to the farmers following a siraptle-watering, or it is dried to a more stable
foodstuff which can be stored for extended periods.

The raw material for bio-ethanol production canvhgous kinds of cereals, sugar beets, sugar cane
or even whey, which is a surplus product in theeskeproduction. The content of starch in the raw
material is quite essential and the content ofrdatter to be pumped into the digesters limits the
amount of alcohol to be produced in each batchth&ssubsequent distillation is rather costly it is
necessary to maximize the content of ethanol irfehmentation.

Alternative raw materials

During the past 10-15 years, extensive researchéas carried out in order to utilize other typés o
raw material such as straw, wood chips, paper aganec household waste. It is however difficult
to open the straw and take out the starch, butessss using wet oxidation or thermal cracking
have been investigated.
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Small pilot plants have been set up, but the teldgyohas not yet reached an appropriate result
which enables the industry to utilise the processam industrial scale with financial results
comparable to the traditional methods.

Feasibility study of bio-ethanol production in Dennark

In 2004, the farmer's association Sgnderjysk Lafatbaing in Southern Jutland and COWI carried
out a feasibility study regarding full-scale indiedt production of bio-ethanol to be located in the
southern part of Jutland. The production capaditthis plant is estimated to 150,000 per year,
mainly based on wheat or other cereals. The byymtsdwill be foodstuffs, very rich in protein, in
the magnitude of 140,000 tons per year.

The main characteristics of the process and itspatgnt, together with the final results of the
financial calculations are listed in the slideddaiing this introduction.

Future potentials

As mentioned above, there is an ongoing reseamhrtts the possibilities of utilizing straw and
other raw materials for the bio-ethanol producti@mzyme researchers have obtained a lot of
improvements but it is still necessary to utilizegggen or thermal cracking to liberate the starch.

Researchers have also looked at the potential &king a combined process, utilizing bio gas and
simultaneous fermentation in order to optimize dkerall energy consumption. In some countries
deep-shaft processing has been investigated, egatile process to take place at a very high
pressure. During our study, we have looked at tesipility of extracting the protein as the first

part of the process and thereby create a simptensestage, but the capital costs of this process i
higher than the traditional process. The efficientyaking out the protein from the wheat upfront

is that the foodstuff will be at a higher cost tmT and it might even be possible to utilize thetgh

for human consumption. More research has to be tefae the final decision on the concept for
this first plant to be established in Denmark.

As mentioned above, the power consumption, espedla steam consumption, of a bio-ethanol
plant is very high and measures should be takerorder to minimize the overall energy
consumption, for example by means of combined bhadtpower production with sale of excess
heat to a district heating network, for example.

Realisation of the plant

At present we are in dialogue with potential ineest for the realisation of the plant in
Sgnderjylland. We expect that this work will congnover the summer period 2005, awaiting
initiatives to be taken by the Government in reséceducing the fuel tax in the nearest futute. |
will however be possible to realise a plant in Temdith export of bio-ethanol to the German
market, which is increasing and even demanding mop@ly. In parallel, we are awaiting the WTO
negotiations regarding the future situation for arigax towards agricultural import from the third
world. Depending on these negotiations, a prodndticEurope can be stimulated (if the import tax
is maintained) or the consumption of these produats be stopped, considering the much lower
production prices in for example Brazil and Mexico.

Below slides present the final results of the friahcalculations from the feasibility study of bio
ethanol production in Denmark.
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Sampling in Practice: a TOS Toolbox of Unit Operatbns
Kim H. Esbensen* & Lars Petersen

Aalborg University Esbjerg,
Niels Bohrs Vej 8, DK-6700 Esbjerg, Denmark, wwvalbs.dk

Abstract

A basic knowledge of the Theory of Sampling (TO8) a small set of sampling unit operations is
all the practical sampler needs to ens@gresentativenessf samples extracted from all kinds of
lots, including biotechnical systems: productiortchas, barrels, sub-division in the laboratory,
sampling in nature and in the field (environmers@npling, forestry, geology, biology), from raw
materials or manufactory processes etc. We here gibrief introduction to the Fundamental
Sampling Principle (FSP) and eight Sampling Unite@pions (SUO). Respecting FSP and
invoking only the necessary SUQ’s (problem-depenhderihe specific practical situation) is the
only prerequisite needed for eliminating all samglbias and simultaneously minimizing sampling
variance. No reliable analytical results can bedpoed unless the entire sampling_and_analysis
process corresponds with TOS.

Introduction

Scientists, engineers and process operators speigghificant amount of time, money and efforts
on optimizing and validating process and produetyital procedures and methods, purportedly to
ensure optimal quality of the analytical resultst Bhat if it is stated that very nearly alwayseaath
errorsarise that are in the order of 10, 100 or everDliifies_largethan the analytical error? It is
in fact fully documented over more than 50 yeaes #il primary, secondary and tertiary sampling
of heterogeneous materials indeed produces erfatisomagnitude [Gy, Pitard]. The Theory of
Sampling (TOS) is more than 50 years old but it Igtle known and/or heeded in both industry
and academe.

Although alarming the situation is not at all hagssl; there are many ways of getting such sampling
errors in control. But nothing is for free — thendoating sampling errors cannot be reduced and/or
eliminated without doing the necessary work, indkeeowing what constitutes the work needed is
half the game. There are no possibilities for adimg or making up for flawed sampling, but this is
unfortunately not well known: “bias-corrections” disampling robustness” and similarly
unfortunately cannot remedy erroneous sampling.ré&emtative sampling is eminently doable
however, only it does not come about by itself. dimum of TOS knowledge is necessary.

Proper sampling takes place on many scales, framapy sampling in the field/process to the
smallest sub-samplings with a spatula from sampaés \n the laboratory of the order of only
micrograms, because all materials are inherentlierbgeneous. Sampling of heterogeneous
materials will always result in sampling errors nigding variances), because any two samples
extracted as close to each other as physicallyilgeswill necessarily still make for different
analytical results, precisely because one canmopkathe same volume twice, and because there
will always exist a local, residual heterogeneityte scale of the sampling tool volume.
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It is simultaneously equally important to realidsattall sampling procedures and stages by
themselves will generate their own unavoidablersrro

In this contribution we present a number of simfdels (conceptual as well as practical) for
optimal sampling in practise. After intensive saglof the Theory of Sampling (TOS), developed
by the French scientist Pierre Gy, we have fornealdhe salient aspects of TOS in a small number
of simple “Sampling Unit Operations” (SUO) that eowall aspects of practical sampling, ranging
from simple procedures such as mixing to more cemgleterogeneity characterizations and
variographic experiments. Of these unit operatisoise are intuitive and easy to perform while
others are more labour intensive and perhaps navwd to untutored minds. We here present only
the necessary minimum of theoretical understandinthe principles of TOS, without which the
system of SUO would degenerate to rote learning.

This presentation first gives a short introducttormaterial heterogeneijtyan introduction to the
Fundamental Sampling Principle (FSRnd a description of the seven basic Samplingt Uni
Operationg(SUO).Additionally we must also refer to the extiee general literature on sampling
[Gy, Pitard, Minkkinen, Smith, Esbensen & Minkkijen

Heterogeneity

The basis for understanding all practical samplatgrts with the material to be sampled; in
particular we need to be able to describe the phmenon of_heterogeneityAny material is
heterogeneous @&omelevel with regard tesomeof its parameters. Even a so-called 100% pure
particulate chemical substance to be used in higidaboratory experiments is not homogeneous:
If we keep on magnifying the scale of an “obsenvatmodule”, we will at some point observe
differences in particle size, shape and composition

But the question for practical sampling rather fether the material is “sufficiently homogenized”
at all scales from the original lot down to scaléeh® sampling tool volume (which we use for the
actual sampling from the lot). In order to addréss issue competently we need to understand the
following minimum of the concepts of heterogeneity.

A material must be described by two different kinddieterogeneity: Constitutional Heterogeneity
(CH) and Distributional Heterogeneity (DH). Constibnal heterogeneity, CH, describes the
differences in composition, shape, density etcwbeh the smallest individual and separable
constituents of the lot: thieagments Thus CH is concerned with the heterogenb#jweenthese
fundamental units at the smallest scale level térast. Distributional heterogeneity, DH, then
further describes the part of the overall hetereggnstemming from spatial distributions at a
higher scale level, i.e. the scale representingstteof so-calledbservation modulesvhich in
practise corresponds to a sample volume. Thus Balsdwith the intermediate to full lot scale
heterogeneity aspects stemming from the spatiatilwlision of the entire set ofirtual samples
together making up the entire lot. It is in factiabto the heterogeneity contributiomstweerthese
sample-size units of observation at the intermediatle.

The generic term for a potential sample volumedsélected is an “increment”.

CH can be affected (reduced) only by processesattetthe physical composition or appearance of
the individual particles (crushing, comminution .gtavhereas DH can be affected (reduced) by
mixing, blending and other, similar means of honmzgtion.

Further, in-depth heterogeneity theory can be founthe extensive primary sampling literature
[Gy, Pitard, Smith, Esbensen & Minkkinen)].
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The fundamental sampling principle (FSP)
The master governing rule for all sampling is thmdamental Sampling Principle (FSP), which can
be stated:

Any virtual increment of the lot musthave a non-zero
and equal probability of being materialised in the final sanple

Respecting the fundamental sampling principle (F®Ryuresprobabilistic sampling Any
deviation from FSP leads to “incorrect sampling’ievhwill result in an unavoidable sampling bias.
Imagine a stockpile of material to be sampled, ati@rised by a significant grain-size distribution.
A normal procedure would be grapping a few incretsidrere and there from the surface (the
readily available parts of the lot) or at the meghin a reasonably accessible depth. This is blear
non-probabilistic sampling and since there are yeany parts of the lot (all the interior parts as
well as the bottom of the pile) which in this scémavith certainly has a zero probability of being
sampled, there is no way the sample can be repetisenof the whole lot.

Sampling unit operations

In order to perform correct samplimg practice, always respecting the principles &SI we only
have to know about sevdrasic sampling unit operations (SUO) pertaining to ndreanpling of
0-D lots and one in addition, specifically relatedhe special case of sampling 1-D lots (defimitio
of lot dimensionality given below). All these uoperations will be explained in detail below.

Structurally correct samplinig theonly safeguard against sampling bias
Mandatory heterogeneity characterizatajrall 0-D lots
Homogenizationmixing, blending

Composite sampling

Representative mass reduction

Particle size reductiofcomminution or crushing)

Lot dimensionality transformatio8D or 2D  1-D or 0-D)

Variographic characterisatiqi-D lot heterogeneity characterization)

NN E

Armed with these tools anybody can perform corsachpling, all it takes is a little practical work,
which will be repaid generously from the signifitlgrmore reliable analytical results.

Structurally correct sampling

If handed a particular sample, there is no wayeliihly whether it igepresentativeor not from any
type pf inspection or characterisation of the samjdelf — not even by the most refined and
expensive analytical techniques in the world, regithy any kind of statistical analysis.

Representativeness can only be ensured by performsinucturally correct sampling, i.e.
representative samples result from a representas@mpling process The focus should
consequently always be on the samplingcess It is outside the scope of the present papeetd d
completely with all the principles of structuralgorrect sampling, but a brief introduction will
suffice.

There is a fundamental difference between accanadeprecise sampling. Precise sampling means
that a number of replicated samples will displajow standard deviation, or variance, between
them. Accurate sampling means that the replicatadptes, regardless of their precision, on
average will allow an estimate (the mean) that liesaly coincident with the true mean
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(grade/concentration) of the lot. In other wordsamcurate sampling process does not posses a
significant systematic sampling bias! Performintydsturally correct” sampling then means that all
sources of bias have been eliminated from the sagipkocess. What are these sources of bias?
According to the extensive analysis of heteroggnaitd sampling in TOS, there exist only three
sources:

1. Increment Delineation Error (IDE)
2. Increment Extraction Error (IEE)
3. Increment Preparation Error (IPE)

These errors are jointly named Incorrect Samplingr& (ISE), as they all result from incorrect

sampling. A highly appealing fact about ISE is tthesty can ultimately be eliminated completely by
careful considerations and efforts during the desimaintenance and use of the sampling
procedures and equipment; this often involves mifsignt amount of work though.

Ad 1) To be structurally correct, a sample mustbeectly delineated, meaning that it must cover
an entire dimension of the sampled material witfali@ sides so that no part of a cross section is
represented in higher or lower proportions thanather. This is best illustrated graphically (fig 1
which should be viewed asgenericillustration covering both conveyor belts, pipeels etc:

Figure 1. Examples of correct (top) and incorrect ncrement delineation (middle and bottom). A corredy
delineated increment must have fixed parallel sidet® ensure equal representation of the whole widtbf the lot.

In the figure one should imagine that the lot igialy moving on a conveyor belt or in a pipe-line
and consequently that only a small portion of tmarigontal) total lot is shown — please notice the
stratified distribution of large and small partElemphasizing the need of parallel sides.

Ad 2) Subsequent to correct delineation it is intgoir that this material is actually the only madkri
extracted. If the geometric delineation “cuts” sopaeticles, they must either enter the sample or be
rejected according to the so-called centre of gyavile. This rule simply states that any particle
having its centre of gravity inside the incremembdd in fact end up in the final sample and vice
versa. Even appearing as a triviality this indead breat importance in the physical design of
cutting devices, valves and other sampling de\iGgs Pitard]. This is particularly important if the
cutting device is physicalljnovingacross the process stream. This matter gains poriaince in
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direct proportion to the actual particle size disttion of the material, and forms a distinct non-
trivial challenge concerning bio-slurries and saninaterials.

Ad 3) The Increment Preparation Error is the omhprethat is non-statistical in its nature. It cists
of a number of potential errors that all ocaiter extraction of the increment or sample. Some
examples are:

Loss/gain of water/moisture due to evaporation/emsdtion

Unintentional loss of sample material related tdemals handling etc.

Loss of fines, or addition of fines, due to dust

Contamination from storage devices, equipment-iedwross-contamination

These errors must be avoided by careful supervidgtoorough education of employees and by
showing the greatest responsibility towards thepdsam procedure. Common for all these errors
are that they are thenly sources of systematic sampling bias, and therefmgtbe eliminated (or
at the very least thoroughly minimized).

Sampling is nearly always a multistage processisting of primary-, secondary-, and perhaps
tertiary sampling stages. It is important that esrat all levels are eliminated. What are the neat
error levels at the different stages?

Heterogeneity characterization

In order to describe quantitatively the constitatmf the material to be sampled, we can quantify
the heterogeneity in a given lot either empiricglyperimentally), or by a model of the typical
behaviour of heterogeneous materials (via simpldyreal-world estimation of a few salient
physical mixture characteristics).

It is always recommended, before design of any §amprocedure, that sufficient efforts are spent
on an initial heterogeneity characterization of thaterial to be sampled. In terms of time and
money this is always considered to be expensivethaualternative, which is uncontrolled biased
samples and unnecessarily large erroneous analygmalts, is always much worse - not only from
a scientific point of view but especially also frahee economics surrounding the decisions which
are to be taken based on flawed information!

An empirical heterogeneity characterisation is gsva&arried out by a multi-stage replication
experiment,designed to yield an estimate of the variatiothat relevant different scale-levels of
interest. An absolute minimum would be two repksatt all levels (fig. 2), which can only be
supported under the strong assumption that all Bagnherrors at all levels are normally distributed
— a questionable assumption by itself oftentimesydver up to some 10 replications is highly
recommended. It really does not pay to save theerekipures at this stage of sampling. From
experiences with practical application of TOS, veeédnreached the conclusion that what is needed
is far from a prohibitive large number of total lieptes — always less than 42 (and many times even
less is sufficient). This number of replicates®®l§y, needed in order to reach completely reliable
estimates of the relative magnitudes for all sangpsitages must be distributed over all the relevant
(problem-dependent) sampling + analysis stagesexample PSE: 12; SSE: 12; TSE 12; TAE: 6
replicates. Contrast with figure 2.
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Figure 2. The absolute minimum layout of an experirantal design yielding an estimate of the effectiverrors at
different sampling stage levels. Two replicationssi the ultimate minimum number under strong normality
assumptions; however many more replicates, up to 12, must in general be recommended. Black dots regsent
analysis. PSE (Primary Sampling Error); SSE (Secoraty Sampling Error); TSE (Tertiary Sampling Error);
TAE (Total Analytical Error).

The summation of all errors is termed the Globdingation Error (GEE) and this is estimated
directly as the variance of the uppermost levallicated primary samplings).

By carefully performing the multi-stage replicati@xperiment as laid out in figure 2, either
following the maximum or the minimum layout, onencsuccessively subtract the lower error
estimates from the higher, in a bottom-up procediline errors can be tested statistically by an F-
test if needed, telling whether a particular lewélvariance is significantly different from the
preceding levels or from zero. It will be appreedhow this empirical scheme yields the absolutely
most reliable sampling error estimates, becaillstne empirical sampling -, sample preparation - as
well as all the analytical procedures are involvétiey all contribute to the aggregate errors
precisely because of the bottom-up configuration “ofdinary”, only replicated samplings
delineated. Since there are only empirical ernavslved, and since their reliability will be in dist
proportion to (square root of) the number of regtls decided upon, this empirical heterogeneity
characterisation procedure is greatly popular bpralctical samplers: it is easy to understandiand
extremely simple to implement.

Another way of getting information on the lot hetgeneity would be using the “Gy’s formula”,
which derives from the theoretical apparatus of TDI8s simplified formula is designed to give a
reliable estimate of the order of magnitude of thetor of invariant heterogeneitgwhich is a
material's characteristic irrespective of the totahss present), also called the Heterogeneity
Invariant (IH.), or the variation of the Fundamental SamplingpE(FSE), the error dependent on
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the material itself that can never be eliminategplication of this formula requires knowledge of
the essential physical properties of the mateddbé sampled, which is sometimes easy at hand,
while at other times not so easily available. Aifred expression of “Gy’s formula” reads:

3
?(FSE)= Cxd
MS
where:
C is the sampling constant (actually consistinépaf sub-constants, App. 1)
d is the top particle size (upper 95 % averagmgiae diameter)
Ms is the sample mass

This central formula is rich with information onvado do practical sampling. Once you know three
of the four factors involved one can of course veagily calculate the remaining one (more on this
in section 4.6 below).

Homogenization, mixing and blending

In order to minimize contributions to the samplieigor by segregation and grouping, we should
alwayshomogenize the material to be sampled prior toement extractions. The only allowable
exception to this rule is the primary sampling, vehthis is not always possible for purely practical
reasons — but thecomposite samplingomes to the fore with the greatest emphasisflatieer
below. Sampling effects by segregation and groupihthe lot material is described by TOS as
contributing to the Grouping and Segregation E@GSE). GSE, along with the fundamental
sampling error (FSE), make up the “Correct Samphmgprs” (CSE) which can never be fully
eliminated, only minimized, by following the guid®s prescribed by TOS. GSE has two
contributing parts, as the name suggest, one cetatsegregation and the other to “grouping”. This
latter term may not be obvious to the reader, butimply means contributions to the error
stemming from the fact that neighbouring partidéen beaisomecompositional resemblance to a
higher degree than what concerns particles fartaemy (spatial auto-correlation). Thus
simultaneous extraction of more than one partielen¢cessary effect of using a sampling tool
usually with a volume pertaining to many particle®ans more of rather similar particles in the
increment. After all has been done with regarddmbgenisation, this contribution from grouping
can only be further minimized by reducing the sitghe extracted increments. In fact it will be
totally eliminated if fragments are extracted oh@ éme, independently, but this is of course very
often (completely) impossible in practice.

Heterogeneity contributions from segregation (nait#n vertical segregation, due to the effect of
gravity) can be effectively minimized by homogetiaa.

Composite sampling

This sampling unit operation is very closely retate mixing (or homogenization), since it also
works on minimizing the contribution to the overatror from GSE. As indicated by the
delineations in the above section, it will be apmtd how combined extraction (composite
sampling) of many small(er) increments, which arbsequently combined to add up to form the
final sample, instead of e.g. extracting just cargé increment with the same total mass, Mill
minimize the contribution from grouping and segtema This is always the case, and one can also
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intuitively understand the value of extracting mi@lefrom many areas/sub-volumes in the lot

instead of just one. It is recommended to perfoomgosite sampling whenever at all possible. It is
particularly noteworthy that even if this will rdsin “too-large” primary sample masses, this is no
real excuse for not complying with this SUO, as dayer-mass” can if fact always be easily

reduced to appropriate size, using the very powesfibsequent SUO: representative mass
reduction.

Representative mass reduction

When sub-sampling any sample (i.e. reduce the wfapamary, secondary etc. samples), it is of
great importance that this procedure is carriedrostrict accord with TOS principles; this is ict
the guarantee that SUO No.s 3 & 4 can be effective.

In 2002, a large experimental survey of 17 curaatices and methods for reduction of sample
mass was carried out (2 kg of a tri-component nmétuas reduced to 100 or 125 g respectively). A
summary of the central results are shown in figdileelow, where it is clearly observed that the
correct choice of device has tremendous effecthenreliability of the final sample mass. The
ordinate axis in figure 3 describes this “repreatwness” of the method/device - the smaller the
numeric values of this attribute, the better théhmeé. Representativeness is in TOS defined so as to
contain measures of both accuracy and precisiors, thus a powerful measure to evaluate and
compare such methods. The entire mass reductiabitig} survey, together with all pertinent TOS
interpretations etc. can be found in [Peterseilet a

In the figure are summed representativiness cartabs from three, very differerypes of
constituent elements, representing three diffecententration levels: 89.9 %, 10.0 % and 0.1 % by
weight, so as to produce information on the madsiaton variations of both abundant elements
(90% and 10 % levels) as well as at a typical tedement level (0.1 %, or 1000 ppm).

Figure 3. Summary evaluation of 17 widely used metds for mass reduction. A low value on the comparis
ordinate axis indicates better representativenesshe representativeness is proportional to the efféiwe total
sampling error. Note in particular that the world’s most often used sampling technique — grab sampling is
actually the world’s poorest performer (further comments in text).
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The methods and devices are fully described elsendured we here only outline that ordingnab
sampling(: scooping some material out from an easily asibés part of the lot) is the overall worst
performer of all mass reduction techniques, as esgerd by an extremely high value of
representativeness. By way of contrast, the priaagpriffle splitting [Pitard, Gy, Petersen et. al.]
and its directly equivalents, calledtational dividers all perform very well and are recommended
for use in most situations. A word of caution ipegpriate here as the choice of device in these
categories also has immense influence on the guaflithe final results. The following rules-of-
thumb are relevant:

The higher the number of splitting-chutes (or: tiotzal sectors) the better
Chute width must be a minimum 3 times the top prsize
“Correct usage” is vital (all chutes must be used fedevenly

Particle size reduction

When all other SUO have been invoked etc. but tfecteve total sampling error is still too high,
the only way to minimize the remaining Fundame®ampling Error (FSE) is toomminuteor to
crush, the material particles so as to reduce tleeage particle size. This is evident from Gy’s
formula (see above):

Cxd® . d = Z(FSE)xM s
Mg C

s?(FSP =

The particle size is seen to contribute to therdyyats third exponent, so it is evident that reidg

the particle size greatly reduces the fundameimtalpding error. It is also observed that increasing
the sample size (M results in a reduced error as well. But sinceetvell always be a maximum
physical limit to the size of samples that can beught back from the field or process, at times
there may be no other option than to reduce thicfeasize.

The formula can naturally also be rearranged tlltiee sample size needed to have a certain error
if the particle size is given, or to provide theessary particle size if sample size and erraxesif

Lot dimensionality transformation

According to TOS it is only possible to sample Cabd 1-D bodies completely correctly. The
reader may easily imagine the nature of various 2-D and 3-D objects, which correspond to the
physical shape of many practical lots. If one disien is negligible in size compared to the other
two, we are essentially dealing with a 2-D objacij if two dimensions are negligible in this sense,
we are effectively dealing with a 1-D object. O-Djexts are at first a little harder to understaaxl,
these objects have had this name assigned to thiemarply because they are made up of a set of
units (virtual increments/samples) without intermakrelation. Many 0-D objects in this TOS-
meaning, in fact physically corresponds to 3-D otgebut since they display no significant internal
spatial autocorrelations they can be viewed andpsaincorresponding to the 0-D paradigm. For
this lot type, the potential sampling units are finied” in space and in fact they often can be - o
have been - mixed prior to being laid up. Since T@$/ deals with sampling of 0-D and 1-D
objects one should always consider the possibdityeducing the lot dimensionality prior to
sampling. An example will illustrate this:

A huge stockpile (fig. 4) is to be sampled for agtiahl purposes. In general it is obviously
impossible to sample such a large and unmovealbekmte correctly (according to the
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fundamental sampling principle) without some exteemanipulation (digging to the centre and the
bottom etc.) — and this is clearly not possibleriactise. But this does not mean that it is imgaesi
to sample the stockpile correctly and represergbti\nowever!

Figure 4. A large stockpile is for all practical puposes impossible to sample directly in any correawvay without
enormous, in practise prohibitive, amounts of timeand effort. But no stockpile was ever born into thé physical
form directly however — on the contrary: it was cetainly laid up incrementally, witness the various conveyor
belts present. This simple fact opens up for anothepproach to completely correct and representativesampling!
The example shown here is in point of factcale-invariant i.e. this pile can be envisaged at practically ladcales.

The solution: When the lot material arrives itriagnisported via a conveyor belt and laid up in the
stockpile by a stacker/reclaiming device (also avegor belt). Sampling directly from the
conveyor belt, cmp. Fig. 1, or even better at asfer point between two conveyor belts (both a 1-D
material stream) is by far always the easiest sagglolution. There are two principal ways to go
about this in practise, called tlséopped belt samplinghethod (fig. 5) and by use of a so-called
automatedcross-stream samplgfig. 6). Both will ensure complete, structuratlgrrect sampling,
since they both result in correctly delineated dittb extracted increments with parallel sides etc.
The automated approach (the cross-stream samglar) fact used extensively in very many
industrial sectors where bulk materials handlingrighe agenda.
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Figure 5. Stopped belt samplingesults in structurally correct samples. Correct ncrement delineation and
extraction is ensured in the above situation by usg a device with fixed, parallel sides and a brusto extract all
the fines along the bottom etc.

Figure 6. An automatedcross-stream sampleseen from above-front (left) and above-rear (mida##) and below
(right). The sample box (white) is moving from sidgo side — with aconstantspeed of maximum 0.6 m/s (TOS) -
and so crosses the stream (fully) twice to collettvo increments, combined into one sample, delineatecorrectly
with parallel sides etc. This illustrates an archetpe correct sampling device for particulate materigs.

Discussion and conclusions

We have briefly illustrated a number of the moshtca aspects of practical 0-D sampling
according to TOS. As a minimum level of understagdiit is critically important that anybody
responsible for practical sampling is at least agged with the fundamental sampling principle
and is familiar with all the seven basic samplimit operations. The fundamental requirements first
of all stipulates to do everything concerning tlaenpling processorrectly, and_alwayso obey
FSP. After this we only need invoking the relev8atO’s in the sampling practice as the specific
situations call for. Structurally correct samplingil eliminate any sampling bias and also help
minimizing the effect of the other sampling errdf€S is the onlynodus operandihat will result

in reliable analytical results. There are no shdasdo this goal, contrary to many myths, like the
presence of a “constant sampling bias”.

Even though presented above in largely a partieutatter scenario, it is easy to translate TOS’
general principles e.g. to also cover typical libtelogical systems etc.
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Conclusions:

Only FSP ensures probabilistic sampling.

Only structurally correct sampling ensures nondxbsamples, i.e. elimination of the
incorrect sampling errors IDE, IEE and IPE.

Initial characterization of the lot heterogeneitsoyides information on optimal sample
size/mass, sampling strategy and at which samgliages most effort should be put into
optimizing the sampling procedure.

Homogenization reduces the error contribution freegregation (part of GSE) and should
always be carried out when possible — betweeraalpéings and sub-samplings.

Composite sampling reduces the error contributromfgrouping (part of GSE). A larger
number of smaller increments reduce sampling exerg effectively.

Choice of correct device/method for mass reductimtically minimizes loss of
representativeness from this procedure, and camaimy cases reduce the time (and hence
money) spent on laborious manual methods that da#ising more than decrease the
reliability of the final reduced sample massesltwégard to the lot representativeness).
Comminution reduces the fundamental sampling eff8E) and is often a worthwhile
effort, since a reduction in average particle sifliences the sampling variance to the third
exponent.

Lot dimensionality transformation (from 3 or 2-D fo or 0-D) brings many sampling
problems directly into the practical TOS realm.
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Introduction

Biomass conversion processes often involve the lmgndf complex heterogenous bioslurries, e.g.

biogas production, which is based on slurries cimg of liquid manure, organic waste and/or

plant silages. In this context on-line sensor syst@re needed as analytical tools to improve the
understanding of the underlying complex procedsesalso as a control tool in the plant. TENIRS

— transflexive embedded near infrared sensor A epgroach that fulfils most requirements of lab-

scale applications (stand-alone NIR measuremembtype). Beyond lab applications it has also the
capability of a process analytical technique (PA&iThiomass conversion plants.

TENIRS was developed in the context of a pig fattgrproject, funded by the German Federal
Ministry of Research and Education. Goal of thejgmbwas to develop a sensor based feeding
control system that integrates not only feed anchahgrowth data, but also changes of the manure.
Properties of the manure are directly related geestion and feed conversion. The manure sensor
was supposed to allow an on-line monitoring of m@nure with little restrictions in volume and
number of samples and it was also aimed to anahesenanure as representative as possible. NIR
spectroscopy, combined with chemometric toolsjlfetf best the basic specifications for an on-line
sensor. Many applications in agriculture, pharm#caband chemical industries have proved the
power of NIRS as a tool for qualitative and quaatitte analysis of organic compounds. Based on a
standard NIR spectrometer (Zeiss CORONA 45 NIRcspkrange 960 — 1600 nm)) a flow
through measuring cell had to be developed andomastructed at the Institute for Agricultural
Process Engineering at the University of Kiel, Ganyn With respect to future application the
complete system was named TENIRS.

The feasibility of measuring dry matter (DM), orgardry matter (ODM), nitrogen (N) and

ammonium-N (NH-N) in liquid hog manure using TENIRS in a flow-tlmgh measuring mode was
tested and is used as main analytical tool withia tattening project. Results of the TENIRS
prototype testing are presented here.

Materials and methods

As most bioslurries, liquid manure is a complex tiphlase system that roughly can be described as
suspension with a liquid and a solid phase. Spleatralyses of liquids are usually performed by
measuring the transmission through a sample witefeaed path-length, whereas for solid samples
the diffuse reflectance can be used (Fig. 1). Hoslbrries both principles are unified in the
transflection mode, which combines reflection amah$mission in one setup. The incident beam of
the measuring head is transmitted through the saanud then scattered back from a reflector. It is
recorded similar to the diffuse reflection of thartles. In this way, liquid and particulate
properties of a sample can be recorded simultahedesr samples with low dry matter content,
where transmission dominates, it is necessaryrti the path length of the measuring cell [1].
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Figure 1. Spectroscopic principles

Measuring cell
The measuring cell is built of polyoxymethylen (PPNOM is a thermoplastic material with very

good mechanical, chemical and thermal propertigs.dcid-proof, has a low co-efficient of friction
and shows good resistance to wear.

Figure 2 depicts the internal layout of the meamyudell that is attached to the measuring head of
the spectrometer. The liquid manure sample flowsuph the measuring cell in a layer of 3mm
between two glass plates (silicate) and is irradiatith near-infrared light. The cell is backedhwit

a ceramic disc opposite the measuring head, aloitly tve light source and the diode-array
detector.

Figure 2. Flow-through measuring cell

The hydrodynamic design of the measuring cell (Bjgintends to provide a uniformly distributed
flow across the measuring window. When enteringnieasuring cell, the cross section of the flow
changes. To avoid separation within the manuresethouilt-in pins cause a turbulence zone that
generates remixing. In that way an evenly distedustream across the entire measuring surface is
assured.
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To avoid clogging, the maximum sizes of particléthin the manure have to be smaller than 3 mm.
Hog manure usually fulfills this requirement withiquretreatment. In the case of slurries with larger
particles it is necessary to macerate the sampte fw the measurement with this cell. Future
generations of TENIRS will be either equipped wéth integrated macerator or with a thicker
sample layer at the measuring window.

The measuring head of the spectrometer is protdobed contamination, since it is attached to the
glass plate of the measuring cell. The cleanlinéske glass in the cell has to be checked in ergul
intervals and cleaned as needed. Cleaning appesatu® integrated into the system. Periodic
referencing of the spectrometer must be carriechoywivays, which implies a clean optical path.

Figure 3. Flow-through measuring cell, interiorwie

TENIRS-Prototype
Based on the measuring cell described above, a-stane prototype for an operating NIR-
measuring system has been constructed and testeadB).

Figure 4. TENIRS stand-alone prototype (front aadkoview)
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The tested prototype consists of a spectrometeZE1$3S CORONA 45 NIR, a measuring cell (2),
an electric pump (3), a multi-way valve (4), a semgompartment unit with a 1 | sample bottle (5),
a frequency inverter (6) and a PC (7).

The pump conveys the liquid manure with constambory in the closed system loop. The first
cycles are used for homogenization. After the Attdcsample has reached a homogeneous state, the
scanning procedure of the spectrometer can bedtatile the manure still flows through the cell.
Spectral data is recorded with the control computaives for water and compressed air allow for
the cleaning of the system (Figure 5).

<p- CORONA

N
————

) main flow direction
measuring

cell

impeller

compres sed
air

frequency

sample inverter

bottle

mains

Figure 5. Functional block diagram of the TENIR®iptype

Samples

One hundred and twenty eight (128) representatiaaure samples were collected from 24 pig
pens during a fattening trial on a commercial fafrom each pen, 3 sample bottles (1l) were
collected and scanned with the NIR-Prototype. Affeanning, the samples were immediately
frozen and stored at -18°C until reference analysithe laboratory. Measurement and sample
handling was carried out in a standardized proeedoravoid uncontrolled environmental effects
and changes in the sample between spectral scaanohgab analyses. Reference analyses were
performed by a certified laboratory for total ngem (N), ammonium nitrogen (NHN), dry matter
(DM) and organic dry matter (ODM).

Calibration Procedure

The possibility of using NIR to perform rapid ansdg and to predict constituents in unknown
samples highly depends on the accuracy of referdata and the quality of the calibration used.
Calibrations were developed with The UnscrambleriG@aProcess AS/Norwayysing principal
component analyses (PCA) and partial least squaggessions (PLS). Calibration that showed the
highest B and lowest SEP (standard error of prediction) ketwNIR-predicted and chemically
measured values were selected as the best [2]cdliteration procedure was repeated for each
constituent.
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Results

Composition of Samples

Results of the reference analysis for the 128 neasamples are listed in Table 1. Values for total
N ranged from 0.59 % to 1.17 % in the original samplee NH;*-N-content varied from 0.40 % to
0.68 %, for DM from 4.37 % to 15.04 %, and for ODMrfr 3.16 % to 11.88 %. The mean
coefficient of variation (CV %) was highest for ODMijth 21.15 %. Mean CVs for total N were
13.29%, for NH-N 12.02 % and for DM 15.69 %.

Table 1. Average chemical composition of the 188iti hog manure samples.

Constituent Mean Range SD-mean CV %-mean
Total N % 0.75 0.59-1.17 0.098 13.29
NH,-N % 0.50 0.40-0.68 0.060 12.02

DM % 7.51 4.37-15.04 1.179 15.69
ODM % 5.87 3.16-11.88 1.242 21.15

Estimates of the laboratory's precision in analyzime hog manure were made by calculating SD
and CV for each sample. The coefficients of vasiatianged from 0.01% to 12% for total N, from
0.03% to 8.55% for NHi-N, from 0.02% to 14.83% for DM, and from 0.003% ta8B% for
ODM. The samples with CVs higher than 5 % were rsetdufor calibration and were kept out from
the data set.

Calibration and validation procedure

The measured and predicted data were matched ibrat@dns by means of PLS1 procedures. In
this algorithm, calibrations were developed for reamnstituent individually. Outliers were
identified by viewing plots of scores for each ditugnt in the Unscrambler software. From the
data set for NG-N, 11 were removed and for total N 4 samples weeatified and deleted as
outliers. Outliers were not identified for DM and® constituents. The calibrations were thereby
developed (Figure 6).
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Figure 6. Linear regression relationships for totdfogen, ammonium nitrogen, dry matter and
organic dry matter.

The quality of the calibration was estimated ugimg types of validations. The first was based on a
leave one-out cross validation. The results arevetio Table 2.

Table 2. Partial least squares regression ressiltg (L-out cross validation
Calibration 1-out cross validation

* ok 2

Constituent  n° pc” r* SEC” Slope Bias PC R° SEP Slope Bias

TotalN% 124 12 097 0021 0.94 4.84-10° 12 094 0.027 0.95  7.39:10°
NH,-N% 117 13 089 0017 0.89 6.54-107 13 0.88 0.024 0.83  9.79:10°
DM % 128 8 0.98 0.287 0.96 8.56-10° 8 0.97  0.340 0.94 0.0078

ODM% 128 8 097 0249 095 288107 8 097 0295 093  0.0080
"n = number of samples
“PC = number of principal components
™ SEC = standard error of calibration

The second method was carried out using a testafidation with random selection of a calibration
set and test set from the basic data set. Theraatih for ammonium nitrogen was tested using 71
samples for calibration and 46 test samples. Totedgen, dry matter and organic dry matter were
also tested using 77 calibration samples and Gk#asples. The result of PLS regression using test
set validation are presented in Table 4.
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Table 4. Partial least squares regression ressiltg tiest-set validation

Calibration Test-set validation
Constituent n PC > SEC Slope Bias n PC R? SEP Slope Bias

Total N % 77 10 0.95 0.023 0.91 2.86.10° 51 10 094 0.032 0.89  0.0053
NH4+-N % 71 11 0.93 0.019 0.87 1.28:10° 46 11 0.88 0.024 0.88  0.0007
DM % 77 8 0.98 0.304 0.96 1.25:10° 51 8 0.97 0.276 1.03  0.0999

ODM % 77 8 0.98 0.239 0.96 9.50-107 51 8 0.97 0.264 0.99  0.0097

The R between NIRS predicted concentrations, and theeamrations determined by chemical
analysis using 1-out cross validation and tesisabtlation were for total N 0.95, for Nf+N 0.89,

for DM and ODM 0.97. SEP for all constituents ratdgem 0.024 for NH'-N to 0.34 for DM for
1-out cross validation and was almost identical tist-set validation. The smaller the SEP, the
closer the estimate is likely to be the actual eatd the dependent variable. Using the SEP to
calculate the ratio of range/SEP for each constitgeves a good indication of the model strength in
predicting accuracy. A large range/SEP (>8) indisagood predictability of quantitative data [3].
The ratios of range/SEP for N, NHN, DM and ODM are 8, 12, 39 and 33, respectively.

Discussion

Even though bioslurryies, here pig manure, areeghiterogeneous it was possible to develop
satisfying calibration models for the tested cdnstits. The high values of principal components
(PC > 8) demonstrate the complexity of the caledatmodels. In this study it could be
demonstrated that NIRS calibrations for total amareonium nitrogen, as well as for dry matter and
organic dry matter, can be developed and usedterdme the composition of bioslurries. Further
constituents have to be tested.

The comparison of these results with the resultsimilar studies with static NIRS measurements
illustrate that flow-through NIRS-measurementsigiid manure are more precise and accurate [4],
[5] and [6]. This is especially important for heigeneous samples with a high tendency to
sedimentation. For pig manure, but also for biogsrwith low dry matter content this could easily

lead to erroneous measurements, if measured atia say.

Another factor in accuracy of measurement is timepsa volume. The flow-through cell used in this
study works on a sample volume of 11, which alloashigher representativeness of the
measurement. The flow through cell can also be asesl bypass measuring system that is attached
to a main line. In that way it is fully suited aspess analytical technology, that gives continuous
information about the process and can be integiatectontrol loops of a plant.
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Abstract

Uncontrolled degradation of organic waste leadshto loss of valuable nutrients to the aquatic
environment, causing problems such as algea grawithalso a major source of greenhouse gases,
such as methane and carbon dioxide which needs teduced. Controlled Anaerobic Digestion
(AD) designed to entrap the nutrients and the predibiogas is considered the best solution to this
problem. Wet organic waste treatment by AD is rpighining dominance as the preferred solution
for waste treatment in EU and the rest of the woflse current AD technology has, however, not
been significantly upgraded and improved for desdde?]. Today’'s systems are overwhelmingly
“process-by-design” batch (or fed-batch) solutiomgh very limited means for process monitoring
and control. These systems have to be fed complgturas of variable feed-stock compositions,
which invariably entails a serious end-product utaiety, e.g. unwanted decrease in bio-gas yields,
unstable production, adverse organic fertiliser amageralised end-product characteristics, which is
unacceptable as these are meant for re-use. Tddai and contribution to sustainable development
depends on their quality and reliability.

Recent research has demonstrated that there gmiéicint enhancement potential in this field [3-
6]. It has also been demonstrated that there igeal fior enhancement measures both in large
industrial scale treatment plants as well as foalsstale AD-systems. Typical large-scale systems
are plants to handle food waste, sludge and industastes in larger cities. Improved treatment of
these systems will benefit from ongoing researchimegrated monitoring systems such as
emerging sensing methods (electronic tongue (E@iitias, Near-InfraRed spectroscopy (NIR),
Image Analysis (as Angle Measure Technique, AMD),nteasure key inorganic and organic
substances and intrinsic system states. Novel m@mabseparation technologies integrated at
several critical process steps may be used as naamgoiding unfavourable interferences and
fouling, thus enabling robust long-term processtmin

In the current presentation focus will be on theégpbial use of integrated membrane separation for
an AD biorefining process.

1. GENERAL ABOUT THE BIOREFINING PROCESS

For concentrated wastewater the membrane biorehatobeen successfully applied at some plants
in full scale. A good overview of the state of the and potential was given by van Dijk and
Roncken back in 1997 [7]. It should be pointed th#t a bioreactor combined with membrane
filtration and a membrane biofilter is not the satyjge of process, but they are both referred to as
membrane bioreactors (MBR). When a bioreactor isanactive part of the membrane treatment, it
may be necessary to disinfect the membrane witertso microorganisms on a regular basis.
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Membranes used for liquid sludge separation denpaadention of fouling in order to maintain
flux and long-life durability of the membrane. ¥$hmeans active control of pre-treatment and
washing routines, as of the pH of the solutji8filZ. Fouling will take place in the bioreactor, and
needs to be controlled; although for a bioprocesdirfig may have both positive and negative
effects (see paragraph on fouling below).

A proposed system for an AD biorefining processhewn in figure 1. The process consists of two
reactors, and in this case recirculation is appirethe process optimisation. Membranes may be
integrated at several places in the system foobuarpurposes:

1) To stimulate desirable biological conversions, $raatounts of oxygen may be introduced
through a membrane in a systematic manner at fleedtions in the bio-reactor. This
intermittent oxygenation can potentially give réale information about the anaerobic
biological conversion process rates, e.g. througlgen utilisation rate measurements

2) An in-line membrane module (potentially a denseyp@ric membrane) may be used for
extraction of ammonia (as Nkr NH;") — in the figure indicated as a loop

3) For recovery and upgrading of biogas, various mamdrmaterials may be used. Several
different types are recommended; polymeric matgriahrbon membranes or mixed matrix
membranes

Feed 1

o

\

o
\4
(@]

A

Feed N o 3
—

Figure 1 Schematic presentation of a proposed enhancedddmaedigestion process (Bakke-04).

2 MEMBRANES FOR BIOREFINING PROCESSES

The main objective of the current presentatiorois\taluate the three different types of membrane
separations mentioned above when applied in afinorg process, and discuss potential problems
related to their use.

2.1 Membranes for oxygen supply

A membrane system where there is gas on one sifléicand on the other side is usually called a
membrane contactor. The membrane module may bgraekias flat sheets or hollow fibres. The
membrane contactor will not take active part inttla@sport, but will act more as a barrier between
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the gas and liquid phase. If a microporous mensiarused, the oxygen must be supplied at a
pressure governed by LaPlace equation (See figdog @ schematic illustration of the principle
behind LaPlace):

29
[ = —2Co
" DP R

whererp= pore radiusg= surface tensiorn,P = min. transmembrane pressuiyes contact angle

Using a micro-porous membrane may be very efficibat there will always be the possibility of
having liquid leakage into the gas side if the psxis not well controlled unless a hydrophobic
material is being used. It is obvious that only dayeful control and evaluation of data can this
process be optimised. The microporous membrane sometimes be covered by a thin film of
dense rubbery material, like silicon rubber, thif ®duce chance of having liquid break-through,
but will represent an additional resistance todhse transport (now by solution-diffusion) through
the membrane. With a biofilm on the other sidehd membrane, the oxygen must be carefully
controlled. There will always be the possibility ledving back diffusion of Ngl CO, and some
CH, into the membrane which is supplying oxygen — thisy be an advantage or disadvantage
depending on how the process is set up. In Figaeommercially available membrane bioreactor
(the Kubota reactor) where air is introduced thioagdiffuser is shown. The membrane module
may easily be of different construction; for ingtarike a coil put into the reactor.

Figure 2: Schematic illustration of the Figure 3: A schematic diagram of the
Basic mechanism for a contactor [13] Kubota memétaioreactor [14]

2.2 Membranes for extraction of NHor NH 4"

Depending on the pH control of the process, the amiom will be present as gas (B)Hor
dissolved NH', to various extent (at pH 7.8 about 5% will be présas NH [15]). Theoretically

the ammonia gas may be extracted by using stripgiag (like a contactor), vacuum (like
pervaporation) or by acid stripping (liquid/liqusgstem). A simple rubbery membrane can be used
(i.e. silicon membranes) through which the gas lelltransported basically according to a solution
diffusion mechanism. The problem will however batthlong with the ammonia, gases like O
and CH will also permeate. This may cause loss of vdkiéingas, and should be avoided. This
indicates that the best solution may be to use danteof acid stripping where the other volatile
gases will not react with the stripping solutiommeTprinciple of the gas-membrane based ammonia
removal is illustrated in figure 4.
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Figure 4: Schematic illustration of gas membrane based anawemoval [15]

2.3 Membranes for upgrading of biogas

Sweden was one of the countries that broadly dpeeldiogas as energy source after the energy
crisis in the 1970s, and is today the leading matihen it comes to biogas as vehicle fuel. There
are more than twenty plants in Sweden for upgrathiggrenewable gas to fuel quality. Norway got
the first biogas powered vehicle in 2001, whileDenmark the biogas is mainly being burnt to
produce energy; very little is used for vehiclel flirretreatment of the biogas is different depemdin
on the usage. Biogas upgraded to fuel quality, thasmost strict quality demands, and for this
purpose membrane separation may be useful to @mnsid

Corrosive components (water vapour and sulphur) energy diluting gases (mostly carbon

dioxide) must be removed to obtain high quality ,ClBas separation membranes are effective
upgrading units. Polymer membranes have been coomtigravailable for some decades, and new
efficient polymeric materials with facilitated enmfe@d transport are under development.
Microporous carbon constitutes a membrane matevidi better separation performance than

polymers, but suffers currently from high costseThechanisms governing the separation of the
gas components are very different for these twedygf material.

The main components in biogas are methane,@hrid carbon dioxide (C{arising from various
anaerobic processes. Different trade names ardillagds, sewer gas, manure gas, and the
composition of the biogas will be different depergdion the source, digestion time and process
conditions. The most difficult process is extragtiCH, from landfills where there is also
uncontrolled amount of air leaking into the systdrhe most challenging membrane separation is
separation of fland CH as these two gases have very much similar phygiemical properties.

Rautenbach and Welsch [16] evaluated different eisafgbiogas. Upgrading to pipeline quality
gives the highest portion of exportable energy, amdedium range energy demand for the energy
production (10%). In this case, the upgrading wasezhout with a membrane process, figure 5.
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Biogas
|

| | |
| Pretreatment | | Pretreatment | | Pretreatment |

| | |
| Gas engine |- | Gas turbine |- | Steam turbine || Membrane |

67% pipeline
quality gas

60% waste heat 77% steam
(500)

Figure 5: Evaluation of different biogas applications (dadgions show energy production
requirement). After Rautenbach and Welsch [16]

3. CHALLENGES RELATED TO USE OF MEMBRANE SEPARATIO N

3.1 Fouling — membranes for liquid separation

The fouling is essentially a heterotrophilic biofildeveloping on the membrane surface or in the
pores. It is a key issue to investigate and quahiiiw this deposit influences the membrane flux.
While fouling usually have negative effect on thembrane flux, it is expected that for oxygen the
flux will be enhanced, while the methane flux (titeer way) is reducefll7], thus improving the
overall process performance. How the fouling wifeat the transport of Ngand CQ will depend

on the type of membrane material being used. Fgudaused by other compounds in the solution
may need to be controlled — several methods aremmerended[18-21. Challenges related to
fouling will be briefly discussed in the presernati

3.2 Durability of membrane material

It is crucial that the membrane material will negdade when exposed to the gases and liquids in a
bioprocess, but will have a long-life steady parfance. Fundamental knowledge about the process
as well as how certain components may degrade titerial is therefore important, as well as
having good quality washing routines.
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BioFuel Region

BioFuel Region is the propelling force in a longateprocess where regional co-operation is used to
implement the development and introduction of resigle fuel, which is based on biomass from
forests, fields and recycling. For the most pare tounties of Vasternorrland and Vasterbotten
make up the region. The vision for BioFuel RegiBRR) is that we are going to be self sufficient
in transport fuels in 2030 and a world-leading oegin the area of cellulose-based biofuel that will
be in the forefront of the acquisition of knowledgieout biofuel, as well as being a leader in the
development of technology, production and utiliaatof biofuel.

BioFuel Region’s strategy is to promote and leadettgoment by mobilizing, committing and
activating as many potential developmental forepassible in each respective region. BFR began
in 2003 and at the present time there are abost@holders that represent municipalities, county
councils, county administrations, federal authesitand private enterprises.

Work is organized in relatively independent grouphjch are closely connected within different
areas of the biofuel developmental chain, thatoisdy raw materials, production, distribution,
vehicles, laws and regulations, and consumer irdtion. The work groups in question are as
follows: Adult education and commitment, Schoolsa&rch and development, the Public sector,
Development of filling stations, Raw material issuéndustrial development, and Long-term
financing. In total, there are approximately 150ome participating in the work groups.
The motivating forces behind BioFuel Region are kbg problems of climate and energy supply.
As part of the EU's work, these questions were extdid in a directive in May 2003 of the
European Parliament that declared that 2 % of ablyze and diesel fuel in the transport sector
shall be replaced by the year 2005. This percerghgt be increased each year so that by the year
2010 it will total 6 %. This means that the volumi increase 10-fold in seven years. A system
and technology will have to be developed that isemsustainable than that which exists at present,
not to mention supplying facilities that produce &0 billion litres annually that will be needed in
Europe alone up to 2010—and even more in the fuli@-uel Region has a great potential of
being a winner since we can capitalize on our kedgé and experience.

Many things that are going to be implemented in Bf®& activities that the municipalities and the
other stakeholders are required to achieve in th@imal environmental work. However, through
co-operation, exchanges will be greater and thgéwd the region as a global model will become
even clearer and more focused from an internatipeidpective.

During the firstproject period 2003 to 2006, it is calculated tB&R will have a budget of 4
million Euro for process work that aims at prepgrihe foundation for the future. This amount is
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the equivalent of approximately two pro mille oétamount spent on gasoline and diesel fuel in the
region, which is to say 1,8 billion Euro during thject period.

Activities in the region

In Sweden as in many other countries ethanol isrbst spread alternative to gasoline and diesel.
Sweden has more then 400 busses running on neatogtlhbout 14 000 Ford FFV running on e85
and almost every car running on gasoline runs onTé® region has been the base for the
development buses was introduced in 1986, Flexiéuslin 1994 and low blending, e10 at that time
in 1997.

The activities have been based on the insighttthatcould lead to a regional development based
on the tradition of sawmills and pulp productiohid interesting to find that new fields for the
forest by products are needed at the time thatave o change to renewable, sustainable fuels in
the transport sector.

Activities in Schools like project tasks in the @gles have inspired young people to find out more
and do very interesting reports and in some cas¢grrmodifications.

In the communities the task group has reachedfagking for the “environmental cars” and also
supporting rules for public purchase of fuels andcars. The distribution is very important to get
people to really fill the car with ethanol and mah on gasoline. There are about 10 refuelling
stations in the region.

A lot of work has been done in the region togetligh scientists in Sweden, Europe and North
America, to develop the process for ethanol froftulmse

Softwood is the feedstock with the biggest poténtiZSweden for ethanol production. Softwood
residues from harvesting or from sawmills and otheod based production units can be used. Hard
wood residues and cultivated energy crops could bésinteresting feed stocks in Sweden, when
pentoses can be fermented in industrial environmenSweden cultivated energy crops mainly
means salix (willow) and reed canary grass.

Ethanol production in a stand alone unit, basedelulose raw material is hard to motivate today
due to high costs and low energy output. Aboutdiierent feasibility studies have been made in
Sweden by BioAlcohol Fuel Foundation integratinagtol production with municipality power
plants, sawmills, pulp mills, wood pellets plants. e

The development of ethanol production from cellaloaw material has been going on for 20 to 25
years at the Universities in Sweden and other cmmtSeveral process alternatives for hydrolysis
of cellulose materials have been evaluated. Dilatgd in two steps and a third enzyme step seems
to be the most suitable for softwood to get higélds of ethanol.

For hardwood and straw probably just one step lotati acid completed with one enzyme step is
necessary.

Based on results from the bench scale unit atablenical university of Lund the next step in the
development was to build a pilot plant for verifyiand optimising process and technology and
further development.

Bioenergy combines

Regional energy companies are the most committdesblders in ethanol development in Sweden
at the moment. They have a vision to give energypsti to the inhabitants in all fields, electrigity
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district heating, and fuel for transport. This abbk described in the following figure, represemti
a medium-sized municipality in Sweden with abou60 inhabitants.

Figure 1

BIOREFINERY & ENERGYCOMBINE
(Ethanol- Electricity-, District heating production)

50.000 ton DS/
300.000 ton DS/1400 GW h 250 GW h

90.000 ton DS/
540 GW h

e —
62.500 m3350 GW h ethanol
for about 80.000 cars

(5 1/100 km, 18 kW h/100 km)

BHJrge
585 GW h district heating

CO ,efficiency >90% for about 40.000 norm al .
houses 260 GW h household electric for

(15.000 kW h /house) 53.000 household5.000 kW h/house)

Energy efficiency 75%

Kalla: BAFF
2002-03-14/KS3/BAFF

Sweden have about 35 municipal electric and powaart producing totally 5 TWdyear and 15
TWhy/year. By combining these power plants with ethapobduction facilities bioenergy
combines are created.

A bioenergy combine with a capacity of 60 000 0@ér$ ethanol/year is what we can call a
"normal-sized” Swedish plant. In this case rougimgst of the energy demand in the municipality
for transport, heating of buildings and small aneldiom sized enterprises are supported from the
combine excluding bigger industry. Energy saving iterease the share even more.

The same result can be reached with an ethanol plasombination with a sawmill, including a
dryer for board and deal or a plant for upgradiiguzls to pellets.

Pilot plant

To develop the technology for ethanol productianfrsoft wood residues, some regional energy
companies formed, seven years ago, a new compaledc Etek EtanolTeknik
(EthanolTechnology) which has made the procesgdexithe pilot plant or Process Development
Unit (PDU) that was erected in mid 2004. Etek wks® aesponsible for the construction and the
operation of the plant.

The plant will be linked to the three Universitiesthe region and other Swedish Universities like
Lund and Chalmers.

Location for the pilot plant is in Ornskoldsvik the northern part of Sweden, close to an existing
sulphite pulp ethanol plant.

The plant have a capacity in feedstock input ofual2aons of dry substance/day. With the expected
yield the production of ethanol will be 400-500d /day. The plant is basically designed for
development of the continues diluted acid hydralysiocess in two steps with a third step for
enzymatic hydrolysis and for softwood residuesalsilose material.
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The second step in the reactor is a countercureactor which has a good potential to increase the
yield and reduce the amount of byproducts. Thetoedms basically the same design as the reactor
at NREL, Golden, Co, US. ( Figure 2)

Figure 2. Schematic design of the reactor

As catalyst for the hydrolysis diluted sulphuriédaor sulfur dioxide will be used.
The second step, the countercurrent reactor, caegdi@ced or changed to a co current reactor.

The pilot plant will be a complete industrial planith all unit operations like hydrolysis,
dewatering, fermentation, distillation and recyglof process streams.

The plant is operated 24 hours per day in periddsto 4 weeks to get long time effect on deposits
and build up of circulating byproducts. It will lmperated by personnel from the existing sulfite
pulp ethanol plant.

The products from the pilot plant will not be sold the market. The energy content in the ethanol,
lignin and residues will be used in the industh@sg close and for further development.

The plant was inaugurated by the Swedish Prime $##niGoran Persson in May 2004 and taken
into operation in the end of year 2004. To verifie tprocess and technology and to get more
accurate design data for production plants it isde€l to operate and evaluate the pilot plant for
about two years before the design of a full scalmahstration plant.

Production plant

In a bioenergy combine with ethanol production sarh¢he hemicellulose and cellulose are not
converted to ethanol but solved in the process matel evaporated to a liquid fuel residue,
comparable with syrup or spent liquor. This residsidurned in the boiler and could in some
applications correspond to the total energy nedbderplant.

Most of the lignin remains as a solid product attee process. The lignin is used as a fuel in
bioenergy combines, sold as an additive in woodddsofuel pellets or as a biofuel for special
purposes. The lignin fuel is very suitable for gabines and as an incineration additive, becatuse i
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has low alkali content and high energy value, 6@/iodt. In the future it may also be a raw
material for “green” chemicals.

Based on the design data for the pilot plant Elsk has made a study of a production plant in
combination with an existing combined heat, powatt wood biofuel pellets plant in the north of
Sweden. The production of ethanol was set to 7500@0liters a year. The investment costs for the
production plant was calculated to about 120 nill€uro.

In the economic evaluation, the byproducts havariflgence as can be seen in figure 4.

Figure 4. Production costs for ethanol from cellulee

US$ / litre ethanol

Raw material 0.2C
Energy 0.1t
Chemicals 0,0t
Credit by products -0.1¢
Production costs 0,0t
Capital costs 0.1t

Total 0.45

Financing of the pilot plant

Both the basic design of the pilot plant, the staflg full scale production plant and the investimen

in the pilot plant has been financially supportedtite Swedish National Energy Administration,

regional EU-funds, local governments and privaté segional energy companies. The investment
costs in the pilot plant is about 16 million Eumdathe annual running cost about 1-2 million Euro
depending on the research program. An existinggtfucture at the sulphite pulp ethanol plant of
a value of 6 million Euro will also be used.

Further development

Regarding the production technology, different festolcks like hardwood and annual crops like
straw and reed canary grass will further on alstebted in the pilot plant.

The pilot plant will be open for cooperation witlarmers all over Europe and may be other
countries.

In the region big efforts will be taken to informptivate and activate the inhabitant to use biafuel
like Ethanol and Biodiesel. New target groups W#l in the spot for the task groups in different
activities like the taxi drivers, driver schoolsrenechanicals, car dealers
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Abstract

The Danish BioRefinery Concept is constructed tdress the major barriers for bioethanol
production from lignocellulosic materials: the oakiprocess outline has been defined to yield the
maximum amount of biofuels per unit of raw matergadd increasing the process benefit by
utilization of the residues for further energy cersion and by-product refining. The main product
is Bioethanol for use as an alternative transpioriatuel and emphasis has been on optimizing
ethanol production. The supply and efficient cosigr of the raw material is the major economical
burden of bioethanol production and full and optied use of the raw material is the key to future
success. Production of other biofuels such as methad hydrogen and other valuable by-products
from the parts of the biomass not suitable for mthgroduction will add full value to the overall
process benefit. It will further exploit an enviroantally friendly way of producing bioethanol
where recirculation and environmental reuse of sitbams produced in the process can be
encountered. This is in contrast to most other ggscschemes for bioethanol production based on
combustion technology, which will involve pollutirsgeps giving rise to toxic waste or will produce
a polluting effluent demanding large amount of ggefior evaporation and further disposal. The
basic ideas of producing biogas along with bioethamd then to recycle the process water, or part
of the process water within the process (the DamsbRefinery concept), are patented. A
combination of these innovative ideas along witd best available technologies has ensured an
economical feasibility with a competitive advantagempared to outside competitors. The
development of the optimized process of bioeth@natiuction from lignocellulosic biomass can be
integrated into a conventional bioethanol produtbased on starch.

The Danish BioRefinery Concept consist of the fwilog process steps:

Pre-treatment

Hydrolysis

Fermentation

Waste water treatment with anaerobic digestion
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Wheat straw

METHANE

Manure \ ’
[ 55c' ETHANOL —[ ‘

Anaerobic SSF
treatment fermentation

/ (Glucose)
HYDROGEN«” |7 '

Thermophilic
Fermentation
(Xylose)

Enzymes

An example of a Danish Biorefinery using Wheat Straw
and Manure for the production of Bioethanol, Biogas
(methane), and Biohydrogen

Pre treatment

Ethanol production from lignocellulosic biomass asnclude a pre-treatment more intensive than
those used in processing sugar and starch-richdssnn order to release the sugar compounds
contained in the biomass. Agricultural residues hkheat straw or other types of biomass derived
from plant material contain lignin, which is consited to resist microbial attack and to add
strength to the plant. Pre-treatments are usegea the biomass by degrading the lignocellulosic
structure and by partially hydrolysing the substraCurrent pre-treatment methods, however,
contribute to 30-40% of the total costs of bioethgroduction from lignocellulosic biomass. The
National Renewable Energy Laboratories (NREL) estérs that in a N generation plant (mature
technology) feedstock handling and pre-treatmentledvaccount for approximately 20% of the total
ethanol production costs.

DTU and the Norwegian company Cambi has workechsitely for the last years on development
of a pretreatment method aiming at high biomasseomations and resulting in high recovery of
sugars from the biomass. The new pretreatment gsgdéet explosion(WE) is a combination of
steam-explosion and wet oxidation, applying bothalldition of oxygen and pressure release in the
pre-treatment. The optimal combination of processameters such as temperature (180-200°C),
pressure (12 — 30 bar), amount of oxygen additma, residence time (2-15 min) has been tested.
The newly developed method uses no chemicals dncesults show that the method will be
efficient and cost effective for opening of biomasaterial. A patent application has been filed on
the new pretreatment method, and all calculatidvsvs this method to be superior compared to
any other process on the market when it comesgarstield and cost.
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Hydrolysis

The hydrolysate released from the pre-treatmetypisally treated with enzymes in order to break
down cellulose and hemicellulose into hexoses amtgses that are then further fermented to
ethanol. Enzyme production costs are, however, rgépdigh, so that the search for new enzymes
with high efficiency that can be produced at lovstsas the key to overcome the bottleneck of this
process step. Another possible way to reduce tes#toosts is to implement recycle loops in order
to feed back washed out enzymes into the vessehofmatic hydrolysis. The hydrolysis step will
be together with the yeast fermentation of glycoseSF fermentation (simultaneous
saccharofication and fermentation). The Danish &ioery Concept makes use of on-site enzyme
production significantly reducing cost for enzynreguction.

Fermentation

Fermentation bysaccharomyces cerevisiae

Biomass or agricultural residues consist of theymelrs cellulose, hemicellulose, pectin, protein
and lignin. Of the carbohydrate monomers xylosseisond most abundant after glucose. Because
the raw material cost is >50% of the overall costhef ethanol process, fermentation of xylose is
needed to improve the yield over raw material ander the production cost of ethanol. Many
biomasses and agricultural wastes contains xylasethe order of 10-40% of the total
carbohydrates. Co-fermentation of xylose and glaec@s therefore a crucial step forward in
reduction the cost of ethanol production from ligeltulosic raw materials.

The baker's yeasSaccharomyces cereviside a desired process organism for fuel ethanol
production due to its extensive use in currentdasgale industrial ethanol production processes.
Also the excellent ethanol productivity, and totea towards ethanol and the inhibitors found in
biomass hydrolysates has been one of the impagasbns for using this organism even though its
natural xylose utilisation capability is, howeveor. Fermentation will often be done in batch
culture due to the problems with contamination vaither microbes.

A pentose and hexose fermenting thermophilic migganism HY 10 is used to ferment the residual
sugars in the hydrolysate left after yeast ferntéria The thermophilic microorganism is able to
grow under the harsh conditions provided by therblydate, it ferments pentose sugars efficiently
and produces mainly ethanol. Furthermore, it gragygo temperatures of 76, which is close to
the temperature needed for distillation of ethanoin the reactor. Operation of the fermentation
process at thermophilic conditions counteracts rotiaeterial contamination, which is generally a
problem for mesophilic yeast fermentation.

To optimize the feasibility of the bioethanol pration process the thermophilic fermentation is
conducted in an immobilised reactor system. Theafmifization of the fermenting organism inside
the reactor brings an array of important traitghte fermentation process like increased ethanol
tolerance, high substrate conversions and decreasesitivity towards process imbalances.

Waste water treatment

In the effluent from bioethanol production willlstoe a large part of the organics after bioethanol
production- namely the part, which is not composédarbohydrates. Anaerobic digestion (AD)
has been used for a long time as treatment of argaaste streams with a high concentration of
organic matter. The benefit of the anaerobic treatms the stabilization of the waste, the high
reduction of organic matter and the production @thane, which can be used as energy source.
This gives, in contrast to aerobic waste treatmamtpverall positive energy balance of the waste
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treatment process. The income from the methaneupeatiafter bioethanol production compose a
value corresponding to a lowering of the ethanotpction price with 34%.

The effluent from the fermentation step of bioethlaproduction contains lignin derived
degradation products primarily generated during pfeg/sical-chemical pre-treatment. These
aromatic compounds are generally difficult to degrainder anaerobic conditions. Furthermore, a
repeated reuse of the process water has the mitentcausing build up of these fermentation
inhibitors. It is therefore important to achievearaerobic purification technology, which is alie t
remove these compounds from the process water.riix@ets in our laboratory have shown that all
problematic organic components can be removedearattaerobic step. The low hydraulic retention
times and the organic removal is of great impomtdonoking at the overall process feasibility.

The Danish Biorefinery is now ready for implemeiaatin pilot and demonstration scale.
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The biogas programme in Denmark 1998-2001

Johannes Christensen & Jens Bo Holm-Nielsen

The special biogas programme being implemented araavuntil the end of 2001 is intended as a
contribution towards the realisation of plans di@tin respect of energy conservation, the retdise o
waste, and the improvement of the water environméné programme focuses on, among other
things, operating economy, biogas from domestic teveend the improved distribution and
utilization of farmyard manure. It is also desigrieadtreate more movement in the establishment of
new biogas installations.

Since 1987, the Danish Ministry of Food, Agricuitand Fisheries and the Danish Ministry of the
Environment and Energy have jointly financed a dmwement and demonstration programme.
Support for research and development has also bm#mcoming from the Energy Research
Programme and the Development Programme for Redeviatergy. Biogas technology has since
developed significantly in Denmark, helped along ttay by government energy plans, by more
specific biogas plans of action and the above-rmaetli R&D programmes. Many different
institutions, companies and individuals have maatgributions to the results achieved. It has been
teamwork in which the interests of energy consémathe environment, industry, and agriculture
have become united. There is need to continue ke by improving the function and efficiency of
biogas plants, and create improved economic andnisgtional framework conditions to further
the establishment of new installations in accordawih the plans outlined in the government’s
energy plan - Energy 21. At the moment, the widdopgion of biogas installations has stagnated,
especially where new centralized biogas instalsti@are concerned. Instead, new farm biogas
plants are being installed in connection with lasgale pig farming. From a production point of
view, actual progress is quite good and will acedk in the coming years. There will still be a
possibility of expanding the recovery of landfilggand the production of biogas based on domestic
and industrial waste. However, by far the largedeptial can be found in farmyard manure and
slurry based biogas plants and therefore this iare& special significance for the development of
the biogas industry.

Main objective

It was decided to progress the special cross-mairigdtbiogas programme during the period 1998-
2001. The advisory Biogas Group was given the nesipdity of implementing the programme,
which consists of a number of follow-up, developiand information activities undertaken by
different institutions primarily within sector remeh and The Agricultural Council of Denmark.
The total budget for the period is DKK 12 milliomhe government therefore continues to give
significant support to the biogas area for researchdevelopment work, and in the form of support
for installation investments. In addition, theraispecial electricity subsidy and indirect suport
the form of tax exemptions in connection with tlsumption of heat generated from biomass.
Without these support measures no renewable emswgyces would be capable of economic
survival. Behind this state support is the desoesée biogas technology contributing to the
realisation of some of the main objectives of siycie
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There are three part-objectives:

1. Achieving the objectives laid down in Energy 2here in the long term 35 percent of energy
supplies will come from renewable sources. An ah@0&PJ of this energy is to come from biogas,
corresponding to an eightfold increase in relatmthe 1998 biogas production. The whole of the
biogas area is included, but the main effort wil @irected towards installations based on the
digestion of farm manure.

2. Helping to increase the reuse of organic domegtiste, of waste water sludge and other suitable
types of waste. The objective of the plan of actmnwaste - Waste 21 - is to use 100,000 tons of
organic domestic waste in biogas installations rdurthe year 2004. In the longer term, the
objective is 350-400,000 tons.

3. Clarifying the extent to which different typeklogas installation are able to contribute to the
fulfillment of the requirements of agriculture ihet utilisation of livestock manure in relation to
Water Environment Plan Il. Action Plan Il for thewklopment of organic agriculture points to
biogas installations as a means of ensuring theclieg of nutrients from organic waste - a central
issue in being able to convert a major part of@gfire to organic production. In addition to the
three main objectives named above there are alssilplities of providing more jobs and
increasing exports. Export activities are in pregréut these must be further supported, primarily
through well-functioning reference installationstbe home market.

Areas of activity

State research and development activities musbbelmated with the development carried out by
companies who operate in the market. Biogas ptahyino means a new technology, but one that
to a certain extent has made a breakthrough, coomfigrand in terms of development. The public
sector must therefore concentrate on what the warmayers on the market cannot themselves
undertake. Significant parts of the technologicavelopment of the plant itself can be more
appropriately left to the companies who supply ¢a@ipment, for it is this they have to sell and
compete on. The programme covers a number of mamergl conditions in relation to the social
economic function of biogas installations when s&em the point of view of energy supply and
the environment, but there the division of labaunot clear-cut. Agriculture, the district heating
sector and public authorities must also make aritrion if biogas installations are to be further
developed and adopted more widely. Finally, the enfundamental parts of process and
technological development will need state fundifigis article focuses on some of the more
essential activities included in the Biomass Progrne 1998-2001. The programme is quite flexible
in its approach, which means that tasks which suesgly emerge can also be included on the
agenda.

Economic analyses

The economic follow-up programme and the collatdfroperating experience gained from both
farmscale and centralised biogas installationsimarprogress, thus the way the production and
operating economy of established plant are devefps under good control. Economic analyses
and model calculations are being carried out is timnnection in order to illustrate the significanc
of cost reductions, billing, different plant contgpetc. The purpose here is to provide a basis for
the various decision makers involved. There is alsed for information that can be used for
administrative and political purposes. The recemttiopted reform of the policy on electricity
supply in Denmark means that the billing rules baygas installations will have to be scrutinised
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more closely before the end of 2003. The econoraiekbpment will of course determine the rate
at which wider adoption takes place, which types ptdints appear, which financing and
organizational models become dominant. Large variatin earnings can be anticipated and risk
evaluation takes on a special significance. Theneeuc consequences for farmers and authorities,
and the possible supplementary treatment of thasdegl manure are expected to become factors of
more importance. On the municipal side it is esaktd be able to evaluate the economic patterns
arising from domestic waste and sludge treatmdsetntd@ogether livestock manure and its relation to
biogas installations. The programme is intendethitcate the development of better methods and
the compilation of enhanced databases for analy#fieg social and environmental-economic
consequences of biogas installations.

More gas from manure

The results of research suggest among other thivagshrough comminution around 20% more gas
from manure can be obtained than is possible tdfltyis does show itself as a practical possipilit

at not too high a cost, it will have much impacthldagas economics. Work is being carried out on
upscaling the experiments with a view to demonistyathe practical possibilities. The aim is to
transfer the results to both existing and futuentd, provided of course that the system does prove
to be economically advantageous. The programmelsis amed at increasing knowledge on
winning gas from livestock manure, including thesgibility of being able to predetermine the gas
potential. In practice there are large variatidreg;ause of feed, collection and storage methods for
example. For this reason, investigations have stated to shed more light on these conditions.

Integrated waste treatment

The programme will help improve and clarify the trology, economy, and the organisational
conditions surrounding the use of domestic wastd aludge in agriculturally-based biogas
installations through goal-oriented technologicavelopment and the establishment of new
demonstration plants. Considerable experienceisnaiea has already been gained, but more work
is necessary, specifically on the sorting of domestste - primarily with the object of avoiding
plastics, and with techniques for separating plagtiat cannot be avoided. The development work
itself is to be undertaken by municipalities, thaste disposal sector and plant suppliers. The
primary role of biogas programme activities will e document results achieved and operating
experience in a form that creates a decision-malasys for future integrated waste treatment.

In the same connection there must be closer asabjghe role biogas installations can play in the
recirculation of nutrients as a factor in the maieespread adoption of organic agriculture and
horticulture. Domestic waste and sludge are whatheacalled “problem products” in the sense that
they might contain substances which burden therenwient. Steps must also be taken to ensure
that no germs can be present to spread diseasstigation and analysis are needed in both areas
and the programme is designed to help the pro¢esther investigation must be devoted to the
significance of biogas installations in connectith the prevention of contagious disease among
livestock.

Distribution and use of nutrients

Centralised biogas plants provide good possilslifer the redistribution and better utilisation of

nutrients in livestock manure and waste. The Bidgagramme 1998-2001 develops and further
documents these possibilities in the light of tlwevrstricter requirements of Water Environment

Plan Il. This work is aimed especially at:



Baltic Biorefinery Symposium

» The preparation of a nitrogen report on untreatedi degassed manure in order to quantify the
effect on washing out and nitrogen loss includimat tvhich occurs when transferring the manure
from stable to field using different spreading tgies.

* The preparation of a follow-up programme for rerit transformation by using separation plant in
connection with biogas installations, with speéwaus on the phosphorus burden on agricultural
soil.

* The possibilities of using the potential of imped nitrogen utilisation of degassed manure seen in
the light of legislation which reduces permissiaieounts of nitrogen fertiliser. The motivation of
farmers in taking part in the wider use of censedi biogas plants largely depends on what can be
documented and demonstrated, i.e. they must berstimt there are marked practical and
economic advantages in treating farmyard manutkeisnway.

Information
The information and dissemination activities wik lsontinued and adapted to the needs of the
Danish biogas sector, the authorities, and decisiakers in general - in an international setting.

Regular seminars will be held for operations marmgé which specific facets of management will
be discussed and at which there will be opportesito exchange experience. There will also be
regular seminars on the economic side for manager$ chairmen of centralised biogas
installations. Here such matters as operating engndéinancing, maintenance strategies and plant
improvements will be discussed. Information is alsging issued through articles in “Dansk
Bioenergi”. Detailed background reports from vasaiher areas of activity are also being issued.

The promotion of new installations

The reform of the policy on electricity supply ireBmark, adopted on 3 March 1999, to a certain
extent clarified future billing rules for biogasdwmal electricity and heat. Experience from already
established centralised biogas installations shibsas normally it is very time-consuming to plan
and finance an installation. The planning time often be 2-3 years. Authority requirements have
gradually increased in significance concurrentlyhwthe sector becoming an important factor in
energy supply. Therefore a proposal under condiderés to create a team of experienced board
members from established installations to advise indiators so that they avoid the obvious traps
in setting up new projects. Some existing instalfet, even quite new ones, have suffered from
technical defects that have led to many difficslti@n appeal must be made here to suppliers and
consultants to make sure that the quality of itetiahs prevents the teething troubles that gise ri

to a poor reputation, and uncertainty on the partuture owners. The biogas programme will
continue to include the offer of detailed techniaasistance and the discussion of new installation
projects with a group of experienced managers actnicians for the purpose of establishing
quality assurance and the transfer of experience.

The interest of farmers in taking the initiativedeaccepting the responsibility for centralised biog
installation is less clear than it was 5-10 ye@s. &t was then advantageous for farmers to provide
the required manure storage capacity in a centidllzogas installation. This capacity has now
been created, but new requirements concerninggtieuétural environment again direct the interest
of farmers to phosphorus distribution, increaséabgen utilisation in cultivation, and less emissio
and odour from pig production and manure spreadiwyvever, biogas installations still offer a
number of advantages which up to now have perhapbaen made sufficiently visible, but which
are so good that they would at least stimulateddsre of farmers to become suppliers to biogas
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installations. Others can assume the responsiliditgstablishing and operating them. “Others” in
this context might be already established biogaspamies who would benefit from being able to
expand. Initiatives might also come from equipmsmppliers or from waste disposal companies
perhaps in cooperation with a financing instituti@ommon to the new organisation models is that
from now on satisfactory economic conditions cancbeated, to the extent that money can be
earned from biogas. The main objective of the Bogeogramme is thus to contribute to the
greatest extent possible in ensuring that suchrareercial foundation can be created.
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Description of Ribe Biogas Plant
Teodorita Al Seadi

Bioenergy Department
University of Southern Denmark
Niels Bohrs Vej 9
DK-6700 Esbjerg
Denmark

Ribe Biogas Plant was built in 1989-90 and stadpedrating in 1990. The plant is owned by Ribe
Biogas Ltd. The owners are the slurry supplyingniens, a food processing company that supplies
organic waste to the plant, the regional power amgpand two investment companies. The aim of
Ribe Biogas Ltd. is to establish and operate adsioglant and to develop and promote biogas
production technologies.

The biogas plant contributes to solving some meajoiironmental and agricultural problems in the
area, related to handling, storage and redistobubif animal manure, and brings some economic
advantages for the farmers.

The plant receives cattle, pig, poultry and minksl from 69 livestock farms. The slurry is mixed
and co-digested with intestinal content from abegfaligestible fatty organic wastes from food and
fish processing industries and from medicinal induand with sludge from poultry abattoir. The
digestion temperature is 53 °C (termophilic). A mam guaranteed retention time of 4 hours at 53
°C ensures efficient sanitation of digested biomass

The digested biomass is returned to the slurry Isnspas a pathogen free, nutritionally declared,
liquid fertiliser. The surplus is sold to about @®p farmers in the area. 25 decentralised storage
tanks for the digested biomass, with a total capa¢i50,000 m, are shared by the slurry suppliers.
The storage tanks are placed close to the fieldsrevithe fertiliser is to be applied. This has
significantly reduced the cost and time consumpf@artransport and has enlarged the application
area for digested biomass. The tanks were consttueith a 40 % investment grant from the
Ministry of Agriculture.

The biogas is piped via a low pressure transmissystem to the new CHP-plant at Ribe. The plant
supplies the city of Ribe with electricity and heatd was established in 1996/97, to replace three
earlier coal-fired CHP- units. The gas engine isllad with a mixture of biogas and natural gas

(dual-fuel). The biogas fuel has first priority.
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Main data

Animal manure 352 tons /day

Alternative biomass 68 tons / day

Biogas production 4.8 mill. Nm3/year

Digester capacity (3 x 1745m3) 5235 m3

Process temperature (thermophilic) 53°C

Sanitation MGRT 4 hours at 53 °C

Gas storage capacity 1000 m3

Utilisation of biogas Gas engine, CHP-generation
Biomass transport vehicle Three vacuum tanker 2x2 +1x 30 m3
Average transport distance 11 km

Investment cost (incl. storage capacity) 45.3.KK

Government grant 12.9 mill. DKK

EEC-grant 4.8 mill. DKK

Contractor Kruger Ltd.

Operation start-up 1990

More interesting plant descriptions can be downdobiiom the web: www.sdu.dk/bio.
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BIOENERGY DEVELOPMENT IN UKRAINE: STATE OF THE ART AND PERSPECTIVES

Geletukha G.Zhelyezna T., Matveev Yu., Zhovmir N.
The Institute of Engineering Thermophysics of NagélbAcademy of Sciences of Ukraine, Scientific Ewgiring Center “Biomass”
P/O Box 66, Kyiv, 03067, Ukraine, t/f (+380 44) 496-62,geletukha@biomass.kiev.uaww.biomass.kiev.ua

ABSTRACT: The paper presents data on biomass pateint Ukraine. Present state of bioenergy develepimand future targets are
analyzed. Examples of successful implementatiobiafnass-to-energy projects and their economic atdis are given. The strategy of
bioenergy development in Ukraine is developed. Teteergy potential of biomass in Ukraine is estiedaat 12.3 mtoe (9% of the total
primary energy consumption). The most promisingtetogies are analyzed.

1 INTRODUCTION

Ukraine is a country with a lack of domestic
energy sources. Own extraction of fossil fuels in
the country is about 56 mill toe while primary
energy consumption (PEC) is 140 mill toe.

2 PRESENT
DEVELOPMENT

STATE OF BIOENERGY

29 PJ (only heat) is produced from biomass in
Ukraine (0.5% of total PEC) mainly from wood
residues.

Fig 1: CHP biogas plant 160 kw300 kW, at
farm Agro-Oven (15 thous. pigs), Ukraine. Design
of BTG, the Netherlands.

Table 1: Modern bioenergy projects implemented
in Ukraine

Place of Type and Invest-| Pay-

implementation| capacity of ments,| back
equipment thous. | period,

$ years

Plywood Wood fired 430 18

factory Odek{boiler 5 MW

Ukraine

Malin  Timber| Wood fired 215 3.2

Enterprise boiler 1.5 MW

Agricultural straw fired 100 4.7

farm “DiM” boiler 980 kW

Farm Agro-{ CHP biogas 413 8.1

Oven (15 thoug.plant 160

pigs) KWe+300 kW

Lugansk LFG power 1395 3.9

landfill (plan) | plant 1.5 MW,

3 ENERGY POTENTIAL OF BIOMASS

Table 2: Energy potential of biomass in Ukraine
(2001)

Type of biomass Energy Energy
potential, | potential,
mill toely | mill toely
(moderate) | (optimistic)
Cereal crops/ straw: 2.54 3.9
Maize / stems, ears 0.83 1.70
Sunflower/  stems| 1.62 1.60
husk
Manure/ biogas 1.1 1.13
Sewage gas - 0.16
Landfill gas 0.21 1.12
Wood wastes 11 14
Fuel from MSW - 1.3
TOTAL 7.42 12.3

*) W - mass moisture content

Fig. 2 5 MW wood fired boiler at veneer plant
Odek-Ukraine. Design of KARA, the Netherlands.

4 STATE TARGETS
According to draft version of “Energy

Strategy of Ukraine till 2030” targeted utilization
of RES is 6.6 mtoe (4.7% of PEC) in 2010 and

Table 3: Bioenergy equipment that can be installed withimimplementation of proposed conception

24.6 mtoe (17.5% of PEC) in 2030. Corresponding
figures for biomass are 1.9 mtoe (1.35% of PEC)
and 6.5 mtoe (4.6% of PEC).

5 STRATEGY OF
DEVELOPMENT IN UKRAINE

BIOENERGY

Table 3 summarizes data on the equipment
that may be installed in Ukraine under the
realization of developed strategy.

Fig. 3: 980 kW straw fired boiler in Kyiv oblast.
Design of PASSAT, Denmark.

6 CONCLUSIONS

Ukraine has rather big potential of biomass
available for energy production. Biomass can
cover up to 9% of the total PEC.

If elaborated strategy is realized, total installed
capacity will come to 9071 MWand 415 MW. It
would result in the replacement of 4.7 mill toetyea
and reduction of COemission at rate of 34 mill
t/year.

Type of equipment Capacity pinstalled capacity, OperatiopReplacement KH Invest-
market, time, of fossil fuels, | reduction, ments,
units MWy | MW hlyear mtoe/year mill t/yea mill US §

Wood-fired DH plants, 1-10 MW 250 500 4400 0.21 0.49 38

Industrial wood-fired boilers, 0.1-5 MW 250 250 8000 0.19 0.45 25

Wood-fired CHP plants, 1-10 MW 1 10 5 8000 0.014 0.05 5

Domestic wood-fired boilers, 10-50 kW 53000 1590 4400 0.67 1.57 80

Farm straw-fired boilers, 0.1-1 M\ 15900 3180 4400 1.34 3.14 254

Straw-fired DH plants, 1-10 MW 1400 2800 4400 1.18 2.76 280

Straw-fired CHP plants, 1-10 MW 1 10 5 8000 0.014 0.05 8

Large-scale biogas plants 2903 711 325 8000 0.93 22.36 290

Small-scale LFG power plants 90 20 8 800( 0.17 3.2¢ 48

TOTAL 73795 9071 415 4.7 34.13 1027

*) including 2478 plants on cattle farms, 295 ptaoh pig-breeding farms, 130 plants at poultrydaes.



Organising Group

Aalborg University Esbjerg, ACABS

Secretariat:

Niels Bohrs Vej 8

DK-6700 Esbjerg

Tel: +45 7912 7666

www.aaue.dk

Kim H. Esbensen, kes@aaue.dk, www.acabs.dk
Jens Bo Holm-Nielsen, jhn@aaue.dk, www.sdu.dk/bio
Ellen Karlsen, ek@aaue.dk

FH Flensburg University of Applied Sciences
Kanzleistr. 91-93

D-24943 Flensburg

Tel: +49 (0461) 805 1293/1394
www.fh-flensburg.de

Jens Born, jens.born@fh-flensburg.de

Network for Industrial Biotechnology;

AgroFerm A/S

Limfjordsvej 4

DK-6715 Esbjerg N

Tel: +45 7915 9500

www.agroferm.dk

Pauli Kiel, pk@agroferm.dk, www.bioteknet.dk

WTSH - Wirtschaftsférderung und
Technologietransfer Schleswig-Holstein GmbH
Heinrichstr. 28-34

D-24937 Flensburg, Germany

Tel: +49 (0) 461-806-149

www.wtsh.de

Michaela Oesser, oesser@wtsh.de

ISBN: 87-7606-009-8

Artists: Jette Dumke & Jytte Krarup



