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Abstract— This paper argues, among other things, that lodabas Combined Heat and Power plants (CHP) that
distributes district heating should have first pitg when selecting a distribution option, if a caent winter and
summer heat market can be identified. In this vieyemergy will be produced and consumed locallir Wigh energy
efficiency and environmental benefits as a consaecpieDue to long heat market distances, or duenlaeady
saturated local heat market, this might not alwhgsan opportunity. In such situations it is beriafito look at other
distribution options. The supply of e.g. non-upgmdity gas to households, and upgraded biogaseématural gas
(Ngas) network, were found to be feasible in suthatons. It is further concluded that non-upgrddéiogas
distributed in separate gas networks is an optiimarily for industry, to cover process heat demsnTo support
such distribution options new stakeholders like d\gad energy companies, as well as industry, asdea in the
future. As far as governmental support is conceritad, for example, important to promote and istigate alternative
heat markets to support the development of newbgasters and to provide funding for initial anakysdf the
possibilities for implementing biogas facilitiesthin local communities, all of which would suppat further
development of the biogas sector.

Keywords— Biogas, Combined heat and power (CHP), Denmark,istrict heating, heat markets, renewable energy.

Denmark accounts for 30 m. tons, but only six pentc

1. INTRODUCTION of this amount is digested. The political focus the
biogas technology has been strengthened in reeamsy
and the government’s targets for biogas have isecka

Today, the political target is to digest 50 % oé th
manure before 2020, which will contribute to anrgge
production of approximately 20 PJ [3]. This willopide
a reduction in C@ emissions corresponding to
approximately 580,000 tonnes annually [1].

There are currently 21 centralized biogas CHP plans
Denmark that receive livestock manure from several
connected farms, primarily from pig and dairy cow
farmers, as well as organic waste from industry and
households to increase the gas production. Denaiaok
host approximately 45 farm biogas plants, which are

located at a single farm and most oft.en based arurea Apart from the CQ® emission reductions there are
from al Ial;ge stocklof slaughtered plgz. Apart frts  goueral  other important environmental  benefits
several biogas plants are operated on wastewatefsqqciated with biogas, which emphasize the retmvan
treatment plants, digesting sludge from the clegnin ot yingag as a valuable technology in a forthcoming
process. Hence, 5,8_ b"?gas plants_are connecte@tt_er W' transition of the energy supply. Production of kisdnas,
treatment, 26 to utilization of landfill gas, anddlly six for instance, the ability to transform organic veast

indu_strial plants digesting S_|Udge fror_n, for exaenpl  aterials into valuable resources for society, tiljzing
medical and food manufacturing industries [1] & [2] waste from animal livestock or organic waste from

The gas is primarily used for CHP production, ,,sehold, industry etc. The generation of wasta is
providing elec_tncny to the grld_ and district hef to large problem globally, and challenges with
local communities. Biogas distributed on the nédtges overproduction of organic wastes from industry,

(Ngg?) network, by mel?ns O{ upgradeld biogas, "Simlr:i  agriculture and household, are commonly observkd [4
its infancy in Denmark. Only one plant injects smal “cenirajized biogas plants digest agricultural sash
amounts of upgraded biogas from a wastewater tegatm Rape oil and seed, soybean, corn residues, frudt an

facility,_ and gnother is operated as a pilpt planta vegetables residues this emphasizes the plantbitibpa
centralized biogas plant. The total production GBS, , "re_circulate nutrients. Furthermore, the followi

mainly from centralized biogas plants, equals Bdror —i,qstrial waste products are often applied toptiats:
around 0.5 % of the total national energy consuompti Fish residues, different waste from food industries

[1]. . ) . flotation grease, and intestinal contents from
The annual production of livestock manure in slaughterhouses. Again, other plants also digegmic
source separated food waste from kitchens and easite
This research was funded by the Bi Seslamion # from e.g. Copenhagen. The organic waste is hence re
ERDFIS—12—OO72, vthe Eu Foné/ fo? Rg)geigﬁ;?yDe?/aeg?rﬁgnd cycled in the biogas plant toget.her. with manure €l
Vaekstforum Zealand. biogas technology can thus assist in re-circulateents
Rikke Lybaek (corresponding author) and Tyge Kjaer with the ~ from organic waste back to the soil, instead ofieiin
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European countries and elsewhere. Thus, the volfme enhance the framework conditions for biogas to eupp
the total waste will decrease, just like nutrieni be such new distribution options? Thus, the following
re-cycled, which can increase the fertility of gl [2]. research question is posed:

Nutrients in the fertilizer will also be more ditbc How can dissemination of the biogas technology be
assessable for the farm crops, as the chemical $bifts enhanced on Zealand, and how can new stakeholdérs a
to ammonium when the manure has been digestedOAn 8governmental support move the biogas sector forwvard
% uptake of nitrogen is observed for digested manas
opposed to 70 % for untreated manure. This meaats th 3. METHODOLOGY

the risk of nutrient pollution to rivers, lakes agbund First id . f the bi disti
water reservoirs are reduced. Also, unpleasant sodor IrSt we provide an overview ol the biogas dist
options by looking at alternative ways of using the

connected with distribution of manure on the fields ) LT :
decrease by as much as 30 %. As the digested manurl%,logas produced; e.gh for dls_tr(ljbutlon of fh|gh dod
receives a declaration of its content of nitrogen, témperature process heat to industry, or for torage
phosphorous angotassiumiit enhances the options for to Ngas standard to be supplied on the gas netenrk
controlling and regulating the distribution of riatits on used for transportation purposes. An option CO‘F"""
farmland even further [5]. example, be to distribute _thg energy as non-upglraqy

The manure also undergoes a sanitation proces®in t gas to households, or d'St”.bUte it in separategipy
eactr tank mearing hat pahgen organims,gan  TeC1 Of 3 ocaly establahed gse newor i e
seeds are eliminated, which reduces the risk afasping ) : o L -
diseases between farms. The degradation of hazardoJ'®W heat markets, |dent|f_|ed within local commugsti
substances like for instance PAH (polyaromatic could also be an opportunity. .
hydrocarbons) - which increase the risk of canéer, Second, we present the case studies conducted on

genotoxic, and can damage fetuses and the abiity tZeaIand to illustrate new distribution options. W@l
have chiI(;Iren - can also be significant reducedthsy exemplify t_hese distribution o_ptions taking ourr_nod)f
biogas process [6]. Almost 100 % degradation ohsuc departure in three case studies. Each case widl e

substances was found through experiments made o tilized to examine several different distributioptions,
centralized biogas plants in Denmésk ollowed by a specific choice in the context exasain

and an outline of the selected plant concept inotyds
benefits, etc. Third, the emphasis is put on new
2. PROBLEM AREA & RESEARCH QUESTION stakeholders and their future role in the biogastose
In order to harvest the many benefits associatén wit Finally, we suggest how to enhance the governmental
biogas, as described above, it is important tha& th framework conditions for biogas to promote the
technology is disseminated throughout Denmark; anddissemination of the new distribution options pregub.
more extensively on Zealand. This paper therefore
presents and discusses how the utilization of siagm 4. BIOGAS DISTRIBUTION OPTIONS
be enhanced within municipalities on Zealand, which
lack manure potentials compared to mainland Jutland
The quantity of manure is thus lower and the catatitm
area larger, due to longer distance between farfns o
relevant size. The existing distribution options lidogas
have so far been to establish 1) co-owned cenéliz Heat & gas supply
biogas plants for supplying electricity to the gadd
district heating to a local heat market (households
well as 2) smaller farm biogas plants supplying Existing centralized biogas CHP plants typically
electricity to the grid and heat to farmhouse aablss. distribute heat to a local market of heat consunbsrs
The main stakeholders in the biogas developmere hav means of district heating. The size of the market\cary
primarily been farmers wanting to treat their lited&k  greatly from a few hundred customers to several
manure in biogas plants, to receive back a moreaté  thousand dependent on whether the district heating
fertilizer for their crops. The biogas sector Hasyvever,  network is a smaller local network, or connectedato
not evolved for several years and barriers likek lat |arger conventional network in the region_ The mgm'e
financial loan opportunities, low profitability, fliculties often established with municipal loan guarantiag tb
in locating large centralized biogas plants, arzklaf  their contribution to the municipal heat supply.
gas boosters (organic waste) enhancing the gak yi@é  All centralized biogas CHP plants in Denmark are
hampered a further development. established as conventional plants, and thus not as
Thus, alternative distribution options and inclwsiof  organic plants. In some areas the concentration of
new stakeholders in the biogas development could bQ)rganic farms are relatively high, among others on
beneficial. This, in combination with enhanced Zealand, and it is therefore interesting to focustlee
governmental framework conditions, could push the options for implementing an organic centralizechpl®
biogas sector forward. But which new distribution provide organic crop farmers with fertilizer.
options can be identifies for biogas and which new Another challenge is that existing biogas CHP @lant
stakeholders could be included in the biogas cannot allocate all heat produced during summeogsr
development? And how can the Danish governmentas the demand for primarily space-heating decreases

Figure 1 below depicts the distribution options liimgas
emphasized during this research. In the sectidolkow
we will provide examples of some of the distribatio
options provided in the figure.

Local district heating network
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Newer the less, analysis show, that it is econdigica New Ngas CHP Plant:
feasible to utilize biogas for supply of CHP in dbc
communities if the demand for heat is high. By castt,

it is economically feasible to utilize the sharebadgas -
not being supplied as CHP locally - for upgrading t
Ngas if the local heat demand is limited [7]. Thifs,
alternative summer and winter markets for distignof
heat could be identified, it would be beneficial the
economy of the plants, and would increase the dvera
resource efficiency. If not, upgrading to Ngas reks
could be an opportunity.

In areas where the utilization of Ngas and an esitemn

of the conventional district heating network is raot
option, new biomass fuelled CHP plants could be
implemented, receiving gas from nearby biogasifeesl|
New biomass fuelled CHP plants will face the same
problems with lack of heat markets, as describe/ab
unless they supply energy to the Ngas networkyrifjas
from gasification of biomass and upgraded biogas ar
combusted on the plant, they will be capable of
achieving the same flexibility as fuelled by Ngadyo

Local biogas network

Direct supply of non-upgraded biogas e.g. to indaist
and residential areas by means of local biogasarksv

is an option for expanding the distribution of kasgin

the future. The location of especially industriatas -
due to the likeliness of a stable annual heat dengsn
oppose to households - can be coordinated with the
location of existing biogas plants or the locatafmew

plants. Thus, biogas can supply energy to suehsar Heat & gas _
through a local biogas network, where opportunifas — Gamea;_ e AN
extending the conventional district heating netwark ) ]
the implementation of individual renewable energy
solutions, is not an option.

Such a network of non-upgraded biogas to local heaf
consumers is not yet applied in Denmark. But culyen
a network of gas pipes for non-upgraded bioga<teP
production is being established in Ringkabing-Skjer
Municipality. From several smaller livestock farriwe
gas will be piped to a larger Ngas CHP plant inahes,
distributing CHP to the local community (see more o
alternative biogas designs etc. in [2]). Moreowergas
pipe for non-upgraded biogas will be establishedia City gas:
(diary company), which uses large quantities of Nigma
their production of milk powder, which will be coented
to biogas [8].

Ngas CHP
Plant

Alternative
markets

Upgrading
facility

Industry
process heat

Fig.1. Biogas distribution options and case focuses
Alternative markets

The utilization of biogas from animal manure etor f
distribution as city gas is not yet applied witlidanish
municipalities, but could be a future supplementity
Ngas CHP Plant gas coming from Ngas. Supplied as city gas, themoi

- . need to upgrade the biogas to Ngas standardse astyh
Existing Ngas CHP Plant: gas is thin (49 % Ngas and 51 % atmospheric aj)tdJ
Biogas is also supplied to (motor-engine) Ngas CHP30 % biogas can be added without technical probiems
plants in which the gas is combusted for elecyrieind the households, like the flame stopping, whichassed
heat production. The heat is thus distributed bamseof by a high content of COn the biogas.
a larger conventional district heating network, gymg The gas quality is, however, not only determined by
a greater area or region with heat. In coming yesaey  the content of methane, as the biogas will havéeo
Ngas CHP plants will convert to solar energy ommgs  cleaned for hydrogen sulfide and ammonia beforéngix
such as wood pellets etc., as the cost of Ngas willwith Ngas [9]. The distribution of biogas suppliasl city
increase, due to changes in taxes put on fossil fuegas in Denmark is limited and only municipalities i
utilization. It is therefore possible to substittile use of  Aalborg and Copenhagen offer this opportunity ts ga
Ngas with biogas within existing Ngas CHP plants. costumers’. Here, the biogas is produced on wasézwa

The total efficiency of Ngas CHP plants and biogas treatment plants digesting sludge. There is hence a
CHP plants are highest on the first, as they cqusathe potential market for distributing biogas to theycgas
heat production to the heat demand and vary thedistribution networks within municipalities on Zeab
electricity production, due to the flexibility oh¢ Ngas  utilizing the already established network.
system. On centralized biogas CHP plants the efficy
are hence lower, due to heat losses during summe
periods where the local heat market is limited. Dua Transport:
constant supply of manure from livestock farms, alahi
are only reduced by 15-20 % during summer peritigs,
flexibility on biogas CHP plants are lower thus and
surplus energy (heat) is therefore produced [7].

Ppgrading facility

Biogas for transportation is still in its infancyn i
Denmark compared to for example Sweden and cuyrentl
there are only three Ngas stations for vehiclddlttheir
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tanks with conventional gas. A large municipal or
company vehicle fleet could however motivate pevat
stakeholders to become interested in providing aghen
and pressurized biogas for transportation purposes;
the municipality of Copenhagen or a large privaei t
company. This could potentially create a market for
biogas or a mix of Ngas and biogas, as opposed t
conventional gas.

The well-distributed gas network in Denmark (see
below) can thus provide the basis for an infrastmecof
gas stations throughout the country [10] & [11].
Currently, however, there are no gas stationsgtatide
biogas in Denmark, but only three Ngas stationsntyg
established. However, within the next year or sewa
biogas stations, will eventually be introduced bivate
stakeholders like energy companies [11].

Ngas network:

As seen, biogas can also be upgraded and cleaned
Ngas standards for distribution on the widespregds\
network, distributing energy to household and itiduys
etc. To achieve Ngas standards biogas has to baede
for CO, and pressurized etc. Today, biogas can be
certified by the governmental organization in Derkna

named ‘Energinet.dk’, who guaranties that the gas.

substitutes fossil fuel like Ngas and thus resulsupply
of CO, neutral energy. The certification makes it
possible for the energy consumers to track down th
origin of the biogas all along the supply chain. fao
only one Danish energy company, DONG energy,

produces and distributes upgraded biogas to thes Nga

network [11].

The challenge regarding upgrading for transpontatio
and distribution on the Ngas network is however the
price, which ad up to 0.5-1.00 DKK (0.067-0.13 €}he
total production price. Thus, only where local nesk
for biogas CHP cannot be identified - or surplusrgg
is produced - it would be favorable to upgradeltiogas
for distribution to a larger market.

Industry process heat
High and low temperature process heat:

Another future opportunity for utilizing biogas Wih
municipalities on Zealand is to substitute the afs®ssil
fuels like Ngas or coal etc. in industrial manufaitg.
Thus, a large industrial application using e.g. Nfar
high temperature process heat, could thus conedhe

5. BIOGAS STAKEHOLDERS

So far the Danish biogas development has beenreente
around farmers, who has been the main drivers in
implementing the technology, supported economically
by municipalities through cheap public loans (mipat

Aoan guarantees with an interest rate of four pentc

p.a.). Some municipalities are however reluctant to
provide such loans, due to bad experiences witledai
biogas projects, e.g. Nysted biogas plant. It isyédver,
important that this ‘Danish-model’ of implementing
biogas plants, which distributes heat in local
communities, supported by the municipal heat plagni

is continued.

If the dissemination of the biogas technology amel t
use of biogas in the energy system should expand
further, new stakeholders are however needed in the
future. Private companies, e.g. Ngas companiegjldho

e active in upgrading biogas for distribution a@fsgn
Re Ngas network, and to provide biogas for
transportation purposes. Ngas companies are therefo
also likely to actually establish biogas plantsetmable
ownership of the entire production chain. This
development is in it infancy, but already seen andh,

where an Ngas company has engaged in the
implementation of a biogas plant in Jutland.
Manufacturing industries too should look for

opportunities for converting fossil fuel fed bodewith

iogas for process heat generation as seen inathe af
Arla producing milk-powder in Ringkabing-Skjern. ih
could be through the supply of biogas from a nearby
biogas plant, or by implementing a biogas planthat
company itself digesting organic waste, e.g. from
slaughterhouses, sugar factories, breweries andr oth
types of beverage and food manufacturing industries

The existing pattern of ownership within the Danish
biogas sector - with privately co-owned centralizi
well as farm biogas plants - will thus be challesthgethe
future, if a larger market for and distribution libgas
should be achieved. This also includes the puldatcs
(municipalities), where alternative ways of distrimg
biogas should be provided in the future. The use of
biogas as city gas is an example for the futureyelbas
distribution of public supported non-upgraded boga
separate biogas networks for heat purposes. In the
following section we will exemplify some of these
distribution options previous outlined, by meangtote
case studies conducted on Zealand.

use of non-upgraded biogas substituting Ngas. The
energy produced on biogas CHP plants could also b&. BRIEF PRESENTATION OF CASES

supplied as district heating to cover lower tempee
process heat demands, also here substituting thefus
fossil fuel for process heat generation.

It would be beneficial to identify local industriakat
markets as future distribution option for biogashisT
could be the industry that uses heat, primarilyirdur
summer periods, like in some agricultural or hatigral
businesses. It could also be industries with sezadi
annual heat consumption, complying better with the

Data used in the following section are from the £201
research report conducted by the authors titled:
“Opportunity analysis of biogas distribution optson
Zealand & The future role of municipalities in protimg
biogas” (see ref. [12]).

Case 1: Organic biogas plant in Lejre municipality

Distribution options:

production of gas on biogas CHP plants. In this wayAs indicated in Figure 1 there are three distrifnuti

larger markets for heat will be available all yeaund
and also during summer periods.

options for Case 1. The options are as followgh&)use
of non-upgraded biogas in a local gas network sjimpg!
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households with biogas for heating purposind 2) the
production of CHP in a gas engine for distributioh
electricity and district heating, or heat only bgams of ¢
heat boiler, and 3) supply of biogas to an upgm
facility that upgrades it to Ngas standards, ands
supply the biogas to thexisting Ngas network

Choice of energy supply:

A minimum of 5 m. mbiogas should be produced on
annual basis to deal with the investments in amagigg
facility. As the suggested plant only produ 3.7 m. m3
biogas annually, it is not considered a feasiblatgm in
this case. Distribution of nowpgraded biogas |
households through a local biogas networks res a
steady heat market all year round, as it is proaten-
both technically and economicalt to store the biogas
over longer periods.

The supply of norupgraded biogas directthrough a
local biogas network is howeveampered by lack of
sufficientheat market in the case area. The actual
demand in Kirke Hyllinge is 9,500 MWh of Ng but
the generated biogas will provide 22,900 M heat
only. Thus, there is a surplus of biogas for the |
market in Kirke Hyllinge. A traditional plant conuE

Supply of manure

Supply of energy crops

Supply of different biomass

Supply of energy crops

= N:568 t., P: 140 t., K: 275 t. _I

38,000 t. digestate

= N:237t,P:81t,K:140t. _l

Fig.2. Biogas plant in Kirke Hyllinge.

109,000 t. digestate

where the biogas is converted to hand power by
means of a gas engine is therefore sed in this
specific case, leading to a heat production of QQ
MWh and a power output of 8,800 MWh annu: The
proposed supply of energy is illustrated in Figa:
below.

Plant concept & benefits:

- The plant concepis a traditional CHP plant wit
supply of electricity and heat, a

- Is operated as basead for a more favorable plant
profitability, thus

- The energy needs of the local community is med
with the capacityf the technology

- The biogas plant substitutes the use of Ngas ir
local community

- The plant facilitates an increase in organic fagmim
the local community on Zeala

- The use of ragrass are suggested, but several ¢
types of local ga boosters are identified like industr
waste and agricultural residur

- The fertilizer (digestate)has high value for farmers
due to nitrogen content and is easy distributed
farmland.

Fig.3. Biogas |lant in Harlev / Varpelev-horticulture.
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Supply of manure

Manure from pig
> & cattle
(211,000 t.)

Biogas plant

270,400 t.

Gas pipe

—_—

N:1,293t, P:311t.,K:625t.

bi .
Supply of different biomass En;:)gr;lisrzd'
. . 114,240 MWh
> Organic materials
(58,900 t.) |

257,166 t. digestate

Fig.4. Biogas plant in Tuse.

Case 2: Biogas plant in the towns ¥arpelev- Harlev
Distribution options:

There aretwo distribution options for Case 2. T
options are as follows: 1) production of CHP by n&
of a gas engine distributing power to the grid disdrict
heating through an existing or new district hea
network, or 2) supply of energy to a local intry
substituting orsite consumption of fossil fuels for Io
temperature process heat.

Choice of energy supply:

The energy production is estimatasl beincsufficient to
provide energy to both cases examined; to a di
heating network supplying heat ¢idizens of Harle and
to substitute the use of a coal fired boiler forat
production at Varpelev horticulturélhe biogas plar
will produce 22,300 MWh electricity distributed dine
power grid and 28,700 MWh heat, which partly wié
used for distrit heating supplied to the town of Har
(primarily during winter) and partly for low temperatu
process heat to Varpelev horticultuj@uring summer)
They producgomatoes and cucumbers in greenhot
The company will additionally produce heat fronlar
heat collectors and fromombustion of wood chips, 1
which some of this heat also will be supplied taleN
by means of district heating network from the comp:
when surplus occuThe energy system is depicted
Figure 3.

Plant concept & benefits:

- The plant is a traditional CHP plant with supply
electricity and heatwhere

- The heat market is matched to the local context,

- Alternative heat markets provided la horticulture
requiring heat in summer periods, this

- Supply of low temperature process heat to ind

- The biogas plant is operated as blasel, and

- Substitutethe use of Ngas and coal in the lo
community and industry

- Straw and grassom grass seeds are identified in
local community and could be supplied as gas bos

- A valuable fertilizer is produced like in tl
previously case.

Case 3: Biogas plant ithe town ofTuse
Distribution options:

There arethree distribution options for Case 3. 1
options are as followsl) the use of biogas for CF
production with supplyf electricity to the grid and he
by meas of district heating, or = distribution of biogas
as city gas substituting Ngas, or 3) upe biogas to
Ngas standards for supply in the gas network suitisig

Ngas.

Choice of energy supply:

The large city near TusenamedHolbaek - is currently
supplied by Ngas, which is used for heating
households in individual installationheat boilers). The
high production of biogagrom the suggested pl;
which totals 17.7 m. m3nakes it economic feasible
upgrade it and distribute the gathrough a gas pipe - to
the city of Holbaek, where thenergywill cover half of
the existing heat demand based on Ngas. Alterrgti
and less cost full, the biogas can simply be clédoe
hydrogen sulfide and ammaenbefore mixed wh Ngas,
and then distributed as city g cooking in Holbaek.
Both options are therefore viahle the case of Holbeek,
and they provide opptunities for achieving higtCO,
emission reductions.

Even though a part of the biog- with a future
expansion of the supply of district heati- could be
utilized for district heating purposes also, theriediate
selected distribution options are here to upgrdus
biogas to Ngas standards for heatingposes, and to
clean and distributéhe biogas as city gas. When -
district heating network is expandfurthermore, energy
from biogas can be supplied this w Figure 4 above
illustrates the proposed energy supply sys

Plant concept & benefits:

- Productionof city gas or/and upgraded gas to
Ngas system is proposed in this case, due to lakical
heat markets, but

- Due to an expansion of the district heating sysie
the future, it will be possible to

- Supply district heating to households in winterd

- Upgradebiogas to the Ngas network during sumt
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periods

- The flexibility of biogas as energy carrier isishused
to facilitate a transition period from Ngas to didt
heating in the local community

- Biomass boosters like deep litter, straw and ggsis
are identified in the local community, and if espég
the latter are applied,

- A valuable fertilizer is produced due to the high
content of nitrogen.

Case discussion and highlights

Besides the production of energy on biogas CHRigatpl
- supplying energy to local communities as eleitjrito
the grid and district heating to local communities,

amounts of nitrogen, which is favorable when appiyit

on farmland later on as digested fertilizer. Du¢ht dry
matter content obtained (below 10-12 % TS), theact
distribution of the fertilizer is easy. Besides thgtion
and benefits of using grasses, the cases also #faiw
manure from mink and deep litter can be utilizedd a
that waste from agriculture, like straw, as well as
industrial waste are assessable; the latter howaver
limited amounts.

All cases showed environmental benefits as far@s C
emission reductions and the production of valuable
fertilizer. The case of Tuse however also prove tha
centralized biogas plant based on organic farmiaig c
support the development of organic farms on Zealand

substituting the use of Ngas etc. - the cases als@®ven more, and thus assist in limiting the oveaaibunt

highlights the opportunity of identifying new types
heat markets. The cases show thatisitpossible to
identify alternative heat markets that are vitat fbe
plant profitability. This was shown by the distrttmn of
district heating to a horticulture company requgrimeat
during summer periods, where supply of low tempeeat

of pesticides, fungicides etc. used in Lejre mypatty.
Currently, there is lack of organic manure that para a
further development of organic farming on Zealand.

The cases further proved that new stakeholdersighou
engagein biogas development, as the need to upgrade
biogas will occur in the future as distribution iopt

process heat (district heating) was suggested. SuchVhere the local heat market is too small or already
markets are hence assessable and should be idéntifi saturated, etc., it is important to be able to aggrto the

more thoroughly in the future. In situations where
alternative summer heat markets are not availalaled-
surplus energy occur - it would be possible to apgr

Ngas system. The supply of non-upgraded bioga#ys c
gas was also identified as a distribution opti@guiring
new stakeholders to engage. Thus, Ngas companées an

the biogas to the Ngas network, and hence suppmy thother energy companies could play a role in prowdi

energy to the national network.

In addition to the heat markets identified above w
suggest the following alternative heat markets dpein
supplied by heat from biogas plants during summe
periods: Other types of agricultural business, Bkgar

industries using large amounts of heat during summe

periods when processing sugar beet. The heat edsid
be used during summer periods for drying fractiohs
municipal waste. Thus, fractions for incineratiomot
being digestible - could be dried during summer thsn
and incinerated during winter periods, and the we
fractions however immediately supplied to biogasts.

Alternatively, the heat could be supplied to answle
swimming pools requiring heat to provide a comfolda
water temperature. On an annual basis, but to @rmin
extent, the heat could also be supplied as hotrviate
washing machines and dishwashers in householdsilthat
rely on electricity to produce hot water. This abul
instead be supplied by means of district heatinghls
way the energy efficiency will increase, and the
machines will avoid heating elements that are k#dc
by calcification.

The cases also illustrated that it is possible &ici
the local energy demand with the plant capacity, that
the biogas plant should be operated as base-loadier
to achieve a favorable plant profitability. If pealeat
demand is required,

fuelled boiler or solar energy. All cases show taisses
can be applied to the biogas plant, hence avoitiagise
of food products (maize and beet which are trad#io
gas boosters) to boost the gas production.

Emphasis was put on ray-grass, but clover grass an

lucerne could also be an option. These grassesderav
high gas yield, and at the same time they contaigel

it should be covered by an
alternative energy source, for example a small wood

such upgrading services.

7. FRAMEWORK CONDITIONS

The newly increased construction grant is most
beneficial for the biogas sector that faces verghhi
construction costs, hampering favourable plant
profitability. We, however, suggest that the comstion
grant - when not fully utilized, as is currentlyppeening

- should be used to provide cheap municipal loan
tguarantees. The expected support to biogas uséihwit
industry and for transportation purposes is alsoy ve
beneficial. Support for biogas used in industriighly
relevant, as it facilitates the development of ldoeat
markets. Thus, these framework conditions suppwt t
new distribution options outlined.

We further propose that the 10 and 26 DKK/GJ (1.33
and 3.46 €) become index-regulated, and thus folleav
general economic trend. Otherwise, the operatipgpat
will not be worth much due to the relatively high
inflation currently seen. The electricity price shbalso
follow the Ngas price, as the increasing gas prices
eventually will de-value the price of electricitghdeved
at the plants. In addition to the suggestion abdke,
following initiatives could be provided by the
government to support the biogas sector:

The government could also provide financial support
for initial surveys and analysis of possibilitiesr f
implementing biogas plants in local communitiesisTh
type of support is for instance provided for wintdsi
and has proved beneficial. In addition to thisafioial
support for implementing local biogas networks rion-

pgraded biogas could be very useful. The biogas ca

us supply energy to industry and households pbasi
out Ngas or other types of individual solutionsdzhsn

r
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fossil fuels. This will support new heat markets fo the biogas technology.
biogas within local communities, and thus enharee t Departing from the case studies conducted, we argue
profitability of the biogas plants implemented. We that local biogas CHP plants should have first nisio
further suggest that the government support a mapgi when selecting distribution options if a sufficient
alternative heat markets within the Danish comniegit  (summer and winter) market for heat can be idertjfas
which could be conducted by municipalities, andultes the energy will be produced and consumed locally,
in a more local and non-upgraded distribution andfollowed by high energy efficiency and environménta
consumption of the energy where possible. benefits. It is, however, not obvious that all #wergy

Where this is not possible, the Danish governmentcan be distributed locally by means of CHP, dutim
should require decentralized Ngas CHP plants to beheat market distances or due to a saturated hekema
obliged to use and thus purchase biogas from awyear In such situations it is beneficial to look at athe
biogas plant. This would create a larger market fordistribution options, as mentioned above. Distiirutof
biogas, but still, however, be connected to a sedso non-upgraded biogas in separate gas networks dmild
need (reduced demand during summer periods). Thusan option to e.g. households, but most beneficitdly
the expected governmental support related to upggad industry for process heat purposes.
of biogas to Ngas standard - to be utilized within The cases highlight that upgrading of biogas to the
industry and for transportation purposes etcthésefore  Ngas network during summer periods could be a new
also important for creating additional markets. distribution option if local heat markets cannotfbend.

Besides carrots and sticks, the government may als@&reenhouses requiring heat during summer periods an
engage municipalities on a voluntary basis in thesugar factories processing beet during the warnmsenn
dissemination of the biogas technology, by elaliogat etc., can for instance provide alternative heatketar
on its benefits. Much more must be done in order toThere are, however, no unified solutions and each
provide and distribute knowledge of the effectbioigas context will have to be exanimated separately in
within local communities. Thus, the biogas sectarusd collaboration with e.g. neighbor municipalities fiod
not only be promoted by rules, regulation and eactno  the optimal solution.
support etc., but definitely also by the many bisef The government has enhanced the economic support to
associated with the technology such as how it lisnef biogas compared to previously, but there is stiltad to
the climate, water resources, and the benefitsradatay enhance the framework conditions for biogas inousi
farmers through better crop nutrients etc. Locaksand ways, e.g. index-regulate the economic support{tBad
long term jobs are also created and new taxpayer@nd 3.46 €/GJ), and have the electricity priceofslthe
provided. Ngas price. The support to biogas within industrg &or

We suggest that governmental officials and greentransportation purposes is highly relevant for
organisations, together with the biogas branchdisseminating the new distribution options propogsed
organisation, including farmers etc., provide sewsn this research. The government should also, very
and conferences conducted in each region or withinimportantly, assist in providing alternative gaosters,
specific municipalities where the potential for g is  preferably grasses with multiple benefits for thaunal
very high. Courses should be provided to local environment, which can also support the foundatan
politicians and planners within municipalities dnidgas  organic farming. The government could assist in
networks across municipal boarders should beplanning how such resources should be harvested and
established. Visits to biogas plants and study rizdée  shared between the regions in Denmark to avoid
can be disseminated, and people in the branchetizhe unfavourable competition. To oblige CHP plants to

‘good story’. utilize biogas from nearby biogas plants in tha&lfmix,
can also support the biogas sector.
8. CONCLUSION We further suggest that the government fund initial

analysis of opportunities for implementing biogashin
unicipalities - equal to the fund provided for din
energy - and support the implementation of locad ga
networks for non-upgraded biogas, as well as mappin
alternative heat markets within Danish municipedti
Pivotal is also that the government provide knogtetb
municipalities about the benefits of biogas, fongson
climate, nutrients, water resources and job creakdc.
New stakeholders in the biogas sector could besiingu
r Ngas companies and other energy companies providing
upgrading facilities for supply of biogas on the asg
etwork, or for use within the transportation secto

The Danish biogas sector is currently hampered by
technology track focuses on large scale biogas CH
plants distributing electricity and heat to locahnkets,
and the fact that municipalities are reluctant tovjge
municipal loan guaranties, which limits new plabésng
implemented. The main purpose of implementing ksoga
plants has also shifted, challenging the technotoagk.
Previously, the importance for farmers engaging in
biogas was primarily to receive back digested manu
providing a good quality fertilizer [13]. Today, Wwever,
new priorities have emerged where farmers and othe
potential investors would like to gain a profit finctheir
investments in biogas. In order for this sectomtove
forward new stakeholders should therefore be iredud REFERENCES
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