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1 INTRODUCT ION

ARoadmap for biomethane mar ket devel opment i
and biomethane in Poland. The map was prepat
t he European Commi s siiBEounrbosp efiol nptreol gl recgseaimeed ETnheer g
at the gas sector, biogas plant construction and investors, decision makers, offices and energy
agencies.

Biomethane is biogas upgraded to the parameters of natural gas (calorific value of 3§ MJ/m
which canthen be injected directly intohie gas grid or used in road transport. Injecting
biomethane into the grid is an alteimatfor the currently dominamtractice of using it in
combined heat and power generat{GtP).

THE AIM OF THE GREEN GASGRIDS PROJECT IS
SUPPORTING DEVELOPMENT OF BIOM ETHANE
PRODUCTION FROM BIOG AS AND INJECTING IT INTO THE
GAS GRID

BIOMET HANE/BIOGAS IS USED IN TRANSPORT AND CHP
GENERATION

IT IS PLANNED THAT C OUNTRIES PARTICIPATI NG IN THE
PROJECT WILL EXPERIE NCE AN INCREASE IN
BIOMETHANE PRODUCTIO N

THERE ARE NO BIOMETH ANE PRODUCTION PLANT S IN
POLAND

PROJECT INFORMATION: www.greengasgrids.eu

* 1
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Fig. 1. Agricultural Biogas Plant


http://www.greengasgrids.eu/

2 BIOGAS POLICY IN POLAND

21 POLANDOS ENERGSGYNCRUDING BIOGAS PLANTS

Poland, as anemberstate & the European Union, actively participates in the creation of a
common energy policy, as well as implements the main resolutions andiraiiissspecific
national circumstances, taking into account the protection of the interestipfents the
possesed energy resources, and the technological conditions of energy production and
transmission.

T
1
1
1
1
1
1

improving energy efficiengy

increasing the security of the fuel and energy supply,

diversificaion of the power generation structureibgroducingnuclear power,
development of renewable energy sources use, inclinifigels ,
development otompetitivefuel and energy markets,

limiting the effects of the energy sector on émironment

Thegoal s of Polandés energy policy are

1
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increasing the share of renalsle energy sources (RES)final energy use to at least

15% in 2020 and furthencreasinghis sharein subsequent years,

achieving a 10% share biofuels in the transport fueharket ty 2020 and increasing

the use of % generation biofuels

protecting forests from excessiegploitationfor biomassacquisitionand sustainable

used of agricultural areas for RES, including biofuels, to prevent competition between
renewable energy and agrltureindustriesand maintaining biological diversity,

using existing water impounding measures belonging to the State to generate power,
increasing the diversification of energy supplies and creating optimal conditions for the
development of distribet energy generation based on locally available resources.

th respect to the devel opment of t he bi

he basic directions of APolandds energy pol

0 (

development of agricultural biogas plant in Poland for 2000 20060 def i nes t he
effects of such delopment, namely:

1

creating optimal conditionf®r the construction of 2000 installatiopsducing

agricultural biogas;

developing peliminary changes in the law to facilitetee construction of biogas
installations;

indicating appropriate financing pragnmes as well as educational and promotional
actions;

improving the energy security of the State by increasing the supply of renewable energy
carriers produced from national resources;



1 basing a significant part of the gas, power and heat energy suppbgcwtural
biogas as transport fuel on numerdéasal biogas production plants, which will create
possibilitiesof supplyingbiomethaneo people living in villages and towras well as
economic entities;

1 creatinglocal value added chains, by, amongeosl) economically activating villages
and increasing employment in the local communities and economic entities of t
agriculture and RES energy industries

1 stimulating the development of local enterprises connected to the use of locally
generated heat;

1 improving the energy infrastructure and increasingcthrapetitivenessf the polish
agricultureindustry(dispersed energy infrastructure);

1 generating significant heat and power energy fresourceswhich do not compete
with the foodindustry, defined asgricultural byproducts and waste from the
agricultureand food industry;

1 increasing the income of municipal local governments

1 acquiring significant quantities ehvironmentallyfriendly, high quality organic
fertilizers as postermentation substratg@aste ofagriculturalorigin and granulate;

1 using organic waste, which release greenhouse gases, for energy purposes

DEVELOPMENT OF RENEWABLE ENERGY SOURCESUSE,

INCLUDING BIOGAS, IN POLAND

Accordng to the National Action Plamn energy from renewabources (2010), biogas is a
fuel of significantimportancefor achieving the goals of developing the use of energy sources,
which include both power and heat productidhe increase in energy production up to 2020,
including biogas is presented in Figa2d 3.
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Fig. 2. presents the predicted gross electricity production for various RES technologies in
Poland up to 2020.



It is predicted that in 2020 the increase in energy generation from biogas, with respect to
2010, will be 1125%, with an average anngralwth rate of 28,5%.
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Fig. 3. Predicted final energy use from RES in Poland up to 2020 in*ktoe

It is predicted that in 2020 the increase in heat generation from biogas, with respect to 2010,
will be 597%, with an average annual growth rate of 21,4%.

2.3 GREEN CERTIFICATES N POLAND

The key issue with regard to the economy of RES systems is their support mechanism, which
is based on Green Certificates, a quantitative mechanism introduced in 2005, on the basis of
the amendecEnergy Law(EL) from 10" April 1997 Green certificates are property rights
created from certificates of energy generated from RES which are issued by the Head of the
Energy Regulatory OfficeThey are currently indefinite instruments subject to revocation by
the Head of the Energy Relgtory Office. Energy generated from RES is exempt from excise
tax.

Issuing certificates of biogasrigin was regulatedeparatelyin art. 90 of the EL, and is a
confirmation of producing agricultural biogas and introducing it into the gas distribution
network. For a biogas producer teceivea certificate he mudulfil both conditions, that is
producebiogas and inject it into the grid. Then the proper gas distribution network operator
can confirmthe quantity of gas injected into his grid. Detailedoinfation including the
quality of the agricultural biogas injesd, requirements of measuremamgistration and the
means of calculating the quantity of biogas produced, or converting the quantity of biogas
produced to the equivalent amount of energydpoed from RES is defined ltlge Ordinarce

of the Ministry of Economy fron24" August 2011 on the detailed scope of obligation to

11 toe=41,86&J



confirm data concerning biogas produced and injected into the gas distribution n@ork
U. Nr 187, poz. 1117).

The amout of produced agricultural biogas is converted into the equivalent arabenergy
possibly produced frorRES according to the equation:

O — 0 zi

where the symbols represent

0O - theamountof electricalpower possibly produced froRES as equivalent to the
biogas produced and injected into the gas distributedwaork [MJ],

n - thenumberof batches of agricultural biogas injected into the gas distributior
network

m - designation of the nexiatch of agricultural biogas injected into the gas
distribution network

Mori - amount of biogas injected into the gas distribution network in each [patkh
with a defined calorific value measured witle measuring equipment

ri - real calorific vale of each batch of agricultural biogas injected into the gas

distribution networ§MJ/m?,
- reference efficiency value of generating electricity in units uagrgcultural
biogas t h b

In accordance with the regulation in art. 9 act 1 effh the scope of the entities obligated to
submit and revoke certificates of origin is defined in art. 9 act 1a of thEWHilment of this
obligation can also be done bgttlemenbf the substitute fee. (art 9a act 1 section 2 of EL) or
fulfilment of the obligation part in certificates of origin and part in settlement of the substitute
fee. Failure tofulfil these obligationsn either of the above mentionedethodscauses
monetary fines being levied by the Head of Energy Regulatory Office.

In January2014 anamendmentof the EL brought back support mechanism for high
efficiency combined heat ambwer (CHP) generation, called yellow certificates, which will
be available and used by biogas plants. The support mecheorsarnsunits with a total
instaled power of 1 MW ofuelledby gasfuels Theamendmenéxtended the duration of the
mechanisnuntil 2018.

2.4 ENERGY LAW AMENDMENTT A SMALL T-PREEKEO (2013

In July 2013 theParliamentaccepted the Energy Law (EBjnendment t he so cal | ed

Threepak 0 . The new | aw promotes the prTleducer
document introduces a number of new notions and solutions as follows:
A Il n art. 3 section 20f of the EL ARenewabl €

using wind, solar, aerthermal,geothermal, hydrothermal, wave, sea currents, river



drop energy and energy from biomass, biogas from landfill sites and biogas from
sewage removal and treatment, or decomposition of plant or animal refuse.

A The @ Smaplalc kTohraeles o i noh of midreinstallations, asIRES i ni t i
installations below 40 kW, the owners of which, will be exempt from the costs of
connection and registering their economic activity.

A The new EL defines the notion of a AProsur
who can sell energy. Therosume is not obligated to deduct health care premiums.

A The EL promotes using energy generated from RES fsopat use and selling its
surplws to thepowergrid. In accordance with art. 9u of the EL, generating electricity in
a miro-installationby a private entity, who is nainentrepreneytin the sense of the
freedom of economic activity law, afdrther, the sale of this energy is not considered
economic activity. What is more art. 9v of the EL emphasises that the energgtgdne
in the micraeinstallation connected to the distribution network in the area of operation of
an official energy seller and offered for sale by the seller mentioned in art. 9u, the
official seller is obliged to buy ifThe price of energy sold in thigay is equal to 80%
of the average price of energy in the previous calendar year, which is established by the
Head of the Energy Regulatory Officeancordancevith art. 23 act 2 section 18 of the
EL.

The regul ati on -poafc ktoh, e dfinSenh atine@ntlyt Tehézeel single biogas
plants, will not directly affect their development, just like the law on RES under development.

2.5 MAIN ASSUPMTION OF THE RENEWABLE ENERGYSOURCES LAW

BEING PREPARED (2012014)

2.5.1 SCOPE OF THE LAW

The new law is aimedtadapting current solutions to the market conditions, whighafly
include maintaining the current support mechanism for existing RES installalioesiew

law is supposed to guaranteespecting the established rights of everyone who produced
energy fom RES before the law came into power.

The regulation on the production of energy from renewable resources concerns defining the
rules and conditions of operation in generating electricity, heat or cold and energy from
agricultural biogas. The documentaldescribes the support mechanisms and instruments for
generating power as well as heat and the rules of issuing certificates of renewable resources
origin in RES and agricultural biogas installations.



2.5.2 AIMS OF THE LAW

The law on renewable energy sowds to ensure thachievemenbf the goals set in the
ANati onal Action Pland and APolandds energy

Poland is to achieve intermediate goals for increasing energy production fron®, BESuUp

to 2014, 10,71%up to2016and12,27%up t02018 The achievement of these goals will be

based on two resource pillars availablePmland thais an increase in generating electricity

from wind generation and increasing biomass energyTusegoals can only be achieved if

RES development is sustalme. This growth should commence not only with regard to

Pol anddbs obligations to the EU, but al so in
energy generation from RES cannot compete with food produchoe. to this RES
developmentshould follow in harmony with the interests of the investors and entities
concerned witlagriculturalactivity.

The RES law assumes the achievement of a number of goals, among others:

A increasing energy security and environmental protection by, inter alia, effectiwsly us
renewable energy sourges

A rational RES use, taking into account the long term economic development policy of

Poland, thdulfilment of international agreements and increasing the innovativeness and

competitivenessf the Polish economy

shaping suppomnechanisms and instruments for generating electricity, hear or cold, or

agricultural biogas in installations using renewable energy sources;

creating and optimal and sustainable supply for end consumers in electricity, heat or

cold, or agricultural biogafsom installations using renewable energy sources

creating new employment opportunities as a result of an increase in new operational

installations using renewable energy sources;

ensuring byproducts and refuse from the agricultural industry and iniéssuising

agricultural resources is used for energy purposes.

o Do Do Do

[2.5.3 AUCTIONING SYSTEM

The new law also proposes solutions based on optimizing the economic accaxisting

RES installations and introducing a modern auctioning system for new and moderaed R
installation, which guarantees the maximization of benefits connected to the need to achieve
the set share of RES in 2020, and allows the devedapof the small scale prosunarergy

sector aimed at the users satisfying their own energy needs.
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3 POSSIBILITIES FOR FINAN CING BIOGAS INSTALLA TIONS

|3.1.1 BIOGAS PLANT SUPPORT N THE @ BOCI| RRANDME CRTOEB

| NATIONAL FUND FOR ENVIRONMENTAL PROTECTION AND

| WATER MANAGEMENT

Preparing RES investments such as agricultural biogas plants involves high preliminary
investmentosts, which significantly slow down their development.

Since January 2014 the National Fund EmvironmentalProtection and Watdvlanagement

offers funds for financing dispersed renewable resources.elémento f the HABoOCI «
programme, with a kg et of about 420 mln zg, wi || b
elimination of CQ emissions and increasing the production of green energy by constructing

and redeveloping renewable energy sources installati@ualified systems are photovoltaic
installatons between 200 kw and 1 MW, wind farms up to 3 MW, small water power plants

up to 5 MW, biomassheating plants up 20 MW, biogas plants, as installations producing
electricity and heat using agricultural biogas between 300 kW and 2 MW, installations
produdng biogas for injections into direct and distribution networks, and producing electricity

in high efficiency CHP up to 5 MW. The produced energy can be used for the personal use of

the investor or commercial purposes. Per unit costs of the investmentd slob exceed

specified limits i financing rates are determined by the propagation of innovative
technologies by the projects.

The predicted financing mechanism for the A
subject to redemptigwith a minimav al ue of 2 mln z§ and a maxi I
Due to the EU set target athievingl5% shares of RES in final energy use in 2020, green
energyinvestmentsare unavoidable. At the same time funding them is necessary. Potential
sources of financingnithe new 2014 2020 perspective will be available at the end of 214.

The main criterion for grant will be the investors readiness to realize the project
(environmental decisions, building permit, financial planning). Matters concerning the form

of finandng are still being discussed. Appealing loangp to 70% of qualified costs will be

tough to realize. A business plan for a new energy installation, construction of which will
begin after 2014 using financing funds, should includeaamtgin the form ofa refundable

loan. In the new programme period, the loan will rederredfiorm of grant forinvestments

with low risk indicators, among others, for RES installations. Grants will be awarded for
actions in disciplines requiring the development of nevovative solutionsjn accord with

the science and industry sector as well as their commercializatitte case ofesearchand
development projects where the investor takes greater risk, it will be minimizead nats
refundablegrant.

The above menti@ed instruments are meant to support construction of biogas producing and
generating power and heat from biogas investments.

11



3.1.2 BIOGAS PLANT SUPPORTIN THE GREEN INVESTMENT SCHEME
(GIS)

As part of the Green Investment Scheme, the National Fund for EnvintalrReotection and

Water Managementacting as the National Operator of the Green InvestnSaiteme

implements a new priority programri@gricultural biogas plants.

Among the financing options available to theneficiarieghe ones worth noting are:
1 interest loans
1 providing cefinancing

As part of the programme the National Fund for Environmental Protection and Water
Managementoreseesfinancing for the following actions connect to the production of
biogas andiomethane:

1 costs of acquisition or ostruction of new fixe@dssetsincluding:
structures and buildings (there should be a direct link between the bought
structure and buildings and the projects purpose)
machines and equipment,
tools, instruments arapparatus
technical infrastructureonneted to the new investment, while the construction of
the technical infrastructure equipment is understood as indoor installations in
technological buildings, connections providing utilities to the technological
buildings,
- roads and technological squarés,e
1 cost of the assembly and starting the fixedassets
1 cost of building materials or construction work given they rerdaiectly connected to
the project financed
1 cost of acquiring nomaterial assets andhtellectual properties such as patents,
licenses, unpatented kndww, technical, technological or concerning organization and
maregement;
1 cost of oversight required by law.

Budget
1. The budget is set for:
1 planned commitments for neefundable forms of financing are
100 729,2housandz §fundsfrom transactions of granted emission units or other
Nation Fund for Environmental Protection and Walanagemenassets,
1 payoutsof funds from realized or planned commitments for-nefiundable forms of
financing of the programme atd0 576,%housandz ¢ ,
1 planned commitments for refundable forms of financinglé&® 789,1 housandz §
from National Fund for Environmental Protection and Wktanagementunds
1 payouts of funds from realized and planned commitments for refundable forms of
financing in tke programme ar209 001,3housandz § .

12



More information available ahttp://www.nfosigw.qgov.pl/systemielonychinwestycji--
gis/programypriorytetowe/

3.1.3 BIOGAS PLANT SUPPORT B THE ENVIRONMENTAL PROTECTION
BANK (BOS)
Since July 2014 the Environment al Protectiol
E n e rigintanded for financing of projects concerning RES. The programme is designed
for:
1 territorial governmententities
1 municipal utility companies
1 large, small and medium enterprises

ALoans with Good Energyo wil!/ I mpl ement proc
energy sources, with financing for the constructian of

1 biogas plants

1 wind farm power @nts

1 photovoltaic power plants

1 installations producing energy from biomass

1 other projects concerning renewableergy

ALoan with Good Energyo offers
1 financing up to 90% of the net investment cost, 100% of the cost for territorial
government entities

1 long loan period, which allows the distribution of investment costs over 15 years;

1 deferralof paying the loan capital up to 18 months;

1 deferralof paying interest up to 18 months;

1 the loan is available in a number of currenciesLldN, EUR, USD;

1 variable interest rates, based on WéBOR 3M/6Mr at e and i ncreased b
margin.

More information available ahttp://www.bosbank.pl/?page=3243

13


http://www.nfosigw.gov.pl/system-zielonych-inwestycji---gis/programy-priorytetowe/
http://www.nfosigw.gov.pl/system-zielonych-inwestycji---gis/programy-priorytetowe/

3.1.4 BIOGAS PLANT SUPPORTN THE INFRASTRUCTURE AND
ENVIRIONMENT OPERATIONAL PROGRAMME 2014i 2020

Funds fran the programme are mainly intended for low carbon emission economy,

environmental protection, limiting and adapting to climate change, transport, energy security

as well as protection of health and cultural heritage.

The main beneficiaries of the new pragmme will be publicentities including territorial

governmententitiesand enterprises, specifically large companies. The programme budget is

27513,9mld EUR from European Funds, 4d4,94midz § .

The priorities of the Infrastructure and Environment Operation Programme 202820

concernedlecreasing the emission in the economy by increasing energy efficiency and using

renewable energy sources by companies, the public and housing sectortingolow

emission strategies, and the development and implementation of intelligent distribution

systems.

14



4 AGRICUTURAL BIOGAS P RODUCTION

4.1 BIOGAS PRODUCTION P®CESS

Organic matter (matter originating from animals and plants) is subject to number pragesses
bacteria in anaerobic conditions, as a result producing a gas rich in methane. The quantity and
quality of the gas produced in anaerobic fermentatiothejgendenbn avariety of factors,
however most importantly:

1 type of primary resourcgeedstock),

degree of resource fermentatjon

temperature of the fermentation progess

mechanical treatment (mixing)

duration of process

The fermentation process of organic matter is facilitated by anaerobic bacteria in a water
environment. Théermentationprocesgpresented in Fig. 4 is a mulitep biological process,
which is faciliated in defineacterialenvironments.

1
1
1
1

Fermenting bacteria Acid producing bacteria Methane producing
bacteria
ﬂ @ Biogas (CH4, Co2, N2)
Complex organic
substance Alcohols, ketones

Hydrolysis phase Acid production phase

:: Methane

production

Simple organic substances (NHs, COz, Hz)
Biodegradation

Remaining organic
substances (compost)

Fig. 4. Biogas production process

The process can take place in a wide rangeraperatureand over various periods of time.

In specifiedtemperature rangeshe micr@rganisms play a deciding role in decreasing the
duration of the fermentation process in conjunction with tdreperatureaanges which is
illustratedin Table 1.Most biogas installation operate in temperatures of ar@@'@ 6 37°C,
corresponding to the range ofiesophyll bacteria. To ensure the proper course of the
fermentation process it is necessary to maintain a steady temperature of the process.
Temperature fluctuations should not exceeziC

15



Table 1. Temperature andudation of fermentation for basamaerobignicroorganisms

No. | Microorganism Temperature Fermentation time
[°C] [dayd
Psychrophilic 12p16 90p 120
Mesophyll 32p 37 25p30
Thermoplile 51p 60 10

Apart from the temperature another impottéactor is the ratio of carbon atoms to nitrogen
atoms (C:N) in the feeiock mass of the biogas plant, which should18825: 1, and the
nitrogen, phosphorus, sulphur ratio (N:P:S) which should:tel. If C:N ratio is too low
nitrogenparticles are leased as ammoniahis increases the pH of the environmelhtthe
C:N ratio is too high biogas production decreases.

Table 2. presents the possible producgadantity of biogas, defined in litres per 1 kg of dry
feedstock mass, in a 26 day cycle, whemgislifferent sources of feedstock, with the time

required to produce biogas for each particular feedstock source.

Table 2. Producing biogas from different feedstock mater(ilstowski, Fechner)

No. | Type of biogas plant feedstock Quantity of biogas aftea
26 day cycle
[1/Kg dry mas}

1. Rape straw 184

2. Potato leaves and stems 171

3. Beetrootleaves 418

4. Grass 427

5. Wheat straw 206

6. Rye straw 252

7. Pig livestock excrement 203

8. Cattle excrement 159

4.2 PRODUCING BIOGAS FRM™M PLANT AND ANIM AL WASTE

Biogas is a ga®btainedfrom biomass particularly in installations processing plant and
animalwaste, water treatment plants and landfill sigisgas is composed of methaGél,,
carbon dioxideCO,, nitrogenN,, carbohydratesl,, sulphuric adils H,S, and oxygerO,. The
chemical composition of biogas is shown in Fig. 5.

16



H Methane (CH4) 55-80%
H Carbon dioxide (CO2) 20-40%

i Nitrogen (N2) 1-3%

H Carbohydrates (H2) <1%
M Sulphuric acid (H2S) 0,1-2%
i Oxygen (02) <1%

Fig. 5. Biogas chemical composition

There are manggriculturalcultivations using only one crop in Polarithe leaves and stems,
as waste products, can also be used astteddfor agricultural biogas plant§he harvesting
method, storage and reus® importantThe most commonly used plant substrates are straw,
grass, crop leaves and stems (p@swstdoeetroot, corn), andgricultural refuse (beetroot
trimmings and pulp)Table 3 shows biogasficiencyfrom different agricultural crops, which
shows thatvheat grainwheatsilage and corn have the highest biogas efficienty#an mass

The highest biogas efficiency per hectare is that of corn silage, which is theataibsiist
often,used in agricultural biogas plants.

Table 3. Biogas efficiency for different agricultural crops

Type Yield [t/ha] Biogas efficiency Biogas efficiency
[ms/t fresh mas]s [mslha]
Cornsilage 50 200 10000
35 215 7525
Fodder beet 80 100 8000
Grassland grasdhree swaths 70 95 6650
Corn 15 450 6750
Whole wheat silage 12 500 6000
Potatoes 40 110 4400
Wheat grain 7 600 4200

Processing animahanuretogetherwith agricultural resources into biogas is the most rational
method of utilizingagricultural waste. The substrates most commonly used in agricultural gas
production are: cattle, pig and poultry excrement, less often those of horses, sheep and goats.
Table 4 presents the biogas efficiency of waste from each species and shows that pig a
poultry manure both have the highest biogas efficiencfter fermentation the
environmentally harmful manure is converted into a multtcompetent high nutrient
agricultural fertilizer, which can used, almost without limit, to fertilize crops.

17



Table 4. Biogasefficiencyof different animamanure

Substrag Content of| Content of dry Theoretical biogas efficiency
dry mass organic mas from 1 kgdry from 1 kg
(dry mas} (dry organic organic mass fresh mass
[%] mas3 [% dry [dm?] [dm?]
mas$
Cattle excrement 8-11 75-82 200500 20-30
Calf excrement 10-13 80-84 220560 20-25
Pig excrement 4-7 75-87 300-700 20-35
Sheepexcrement 12-16 80-85 180-320 18-30
Cattlemanure 20-26 68-78 210300 40-55
Pig manure 20-25 7580 270450 55-65
Horsemanure 20-40 65-80 280-350 50-60
Freshpoultry manure 30-32 63-80 250450 70-90

In some biogas plants additions like animal fat from meat processing plants is also added to
the feedstock substrates.

A model of a typical installation producing agricultural is shawFig. 6.

Fig. 6. Model agricultural biogas plant

The basic elements of the systems are as follows:
1- feedstock tankmanure
2 - fermentation chamber with feeder, heating and mechanical or barbotage mi.
mechanism
3 - fermented product tanfsilt)
4 - biogas tank
5- heat or power generating system connected to the biogas plant

Oftensimpleinstallations producing fertilizer from the fermented feedstock are also added to
the biogas plant. It is important to notettki@e particular equipment and its elements vary in
each type of installation, along with the different technologies used.
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The size of the installation can vary and is dependant of the size of the livestock herd and the
guantity of energy produced. In tiease of biogas plants with small fermentation chambers,
around25m?®, so a livestock heard of 20:40 AL (Adult livestocttje biogas production
process consists of the following:

a) Themanureflows from the livestock building to the fresanuretank (feedstok tank)
using gravity. Thenanures then acutely mixed.

b) From the resource tank the prepame@hures cyclically fed into the fermentation
chamberThe fermentation processasntinuousat above room temperatures (the tank
is equipped in appropriate hees). Inside the fermentation chamber the mixing
continues using special stirrer.

c) Throughthe overflow placed in the fermentation chamber, the fermengeuires
transferredo another tank from where it can tegrievedas a final product of the
fermenation process, or fertilizer.

d) Biogas produced in the fermentation procesgassferredo a biogas tank. Installations
are always equipped wiftressurendfire safeties (flame arresters)

e) A fraction of the energy produced from tlmanurecan, and ofters used for heating
the fermentation tank, while there rest remains for heat and power generation.

The complexity of the installation increases with its size.

The floor of the livestock building should be equipped with a grate. The rinesluretank
canbe pl aced below the I|livestock building.
collects waste from food processing plants. In this case both tanks the feedstock is mixed
using a centrifugal pum@.he fermentation chambesimilarly to before, is egipped with an
overflow transferringalready fermentednanureinto a secondary, drainage tank, where the
fermented product can be composted or converted for fertilizer use. Drainage tank are
equipped with overflow tanks.

In large fermentation chambers aimdportant part of the process, apart from heating the
feedstock, is the mixing, to prevent the feedstock from sinking to the bottom of the tank (the
larger the tank, the more of a significant problem this becorgp)cally hydraulic mixing
mechanismsre employedThe pump of the mixing mechanism forces thanurefrom the
bottom to the top of the fermentation tank.

The ga& installation is equipped witlthe proper control system, safety measures and
purification system made up of sulphur and water resrev
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4.3 TECHNOLOGIES OF UPGRDING BIOGAS TO NATURAL GAS
PARAMETERS

njecting biomethane into the gas network is an alterndtiveusing biogas in areas far
removed from the production plantsjecting biogas into the grid is possible after raising its
pamameters to that of natural gakhe produced biomethane can be used as fuel for motor
vehicles and combined heat and power (CHP) generd&tign7 shows a modedchemdor a
biogas plant with an upgrading installation.

p=20hPa
Biogas p=1625bar biomethane p=5bar
™ Upgrading — -
[Fermentation| o | installation ‘J 4
Compressor Biogas !
Chamber Pressure Gas meter
reducing
station
Gas quality{
measurement - - .
] Expeditionary pipeline to the gas grid
l S - o
| e | e I
“. Gas distribution grid Quickclosing [ =

Pressure regulator valve

Odorizing station

Fig. 7. Schemeof a model biogas upgrading installation in a biogas plant

Biogas containgomponentsvhich are harmful to the gas system mainly hydrogiéphide
nitrogen, oxygen compounds, carbon dioxide, ammonia and water v&iogas upgrading
reduces the presemof these compounds and increases the methane cdrgblg5 shows a
content comparison between biogas, biomedlzanal natural gas.

Table 5. Content comparison between biogas, biomethane and natural gas

Parameter Biogas Biomethane Natural gas
Methare 4575% 94-99% 93-98%
Carbon dioxide 28-45% 0,1-4% 1%
Nitrogen <3% <3% 1%
Oxygen <2% <1% -
Hydrogen Trace amounts Trace amounts -
Hydrogensulphide <10ppm <10ppm
Ammonia Trace amounts Trace amounts -
Ethare - - <3%
Propare - - <2%
Calorific value On averag® kWh/nr, 10,210,9 kWh/nf ok. 9-11 kWh/n?

depending on the biogag

plant feedstock,57,7

kWh/n?*
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4.3.1 METHODS OF BIOGAS UBRADING

The most often used methods of biogas upgrading to natural gas parameterssatge
Swing Adsorption (PSA), water scrubber solvent scrubber membraneseparationand
cryogenicseparationless often th&PFE2 method Table 6 shows technologies of upgrading
biogas to natural ggsmrameterswhich shows that the best method of biogas upgrading is the
aminescrubbeichamical adsorption.

Table 6 Technologis of biogas upgrading

Technology Effect Methane  content| Methane loss
after process
Pressure Swing Adsorption of CQon > 96% 2-4%
Adsorption (PSA) active charcoalinder
pressure
Waterscrubber DissolvingCO, in > 96% 1-3%
pressirized water
Chemical adsorption | Chemi@l reaction of > 99% <0,1%
Amine scrubber CO, with MEA
( monoethanolaming
Physical adsorption DissolvingCG; in > 96% ok. 2%
Solventscrubber solvent under pressure
Membraneseparation | Different speds of gas > 95% ok. 2%
molecule fermentation
Cryogenicseparation | Aggregation conditions > 99% -
dependent on the
temperature

When choosing biogas upgrading methoddssentiato keep in mind a number of aspects. It

is important to include the powand heat requirements of each installation and a rage of
processes generating additional costs such as: sulphur removal, water removal, adjusting the
calorific value and pressure of the gas

2 www.gtsbv.com
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4.3.2 WATER SCRUBBER METH®

The water scrubber method is curfgn

the most commonly used of upgradi

biogas to natural gas parametef$e

process consists of:

s compressing and cooling raw gas

s physical absorption d€O; in
pressurized wad

¢ drying pure gas and content analysis

s compression to grid pressure and
legalizedmeasurement, followed by
injection into the grid

s regeneration of the water scrubber b
reducing thepressure.

Fig. 8. Biogas upgrading installation

Biogas upgrading installations using t

water scrubber method consist of thi - -
columns: ey |
1 desorption clmn (called the st S

Stripper)

2 absorptiorcolumn

1 separatingcO, from biogas F——
1 pressuréaround? bar) s :
s water and biogas meet in counttew |
3 Flash columns

1 water treatment

s reducing pressure ®bar

Fig. 9. Biogas upgrading columns

|4.3.3 COSTS OF BIOGAS UPGRDING

The costs of biogas upgrading aependent on the technology used. The average investment
cost of biogas plant investments using biogas purification technologies 25@ivim?
biogagh (equivalent to500kW,)) efficiency range betwee®,5and0,8 min EUR. Investment
costs of and installation with an efficiency TOONmMh (equivalent t?2 MWy) range close

to 1,27 15mIinEUR. The operating costs of technologies producing biomethane are
inversely proportional to thet e ¢ h n o kfficigrnicye kafger unit operating costs are
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generated by a smaller biomethane production. An installation prod2sinigm? biogagh
generates costs ot3 i 17EUR/MWh, while and installation with an efficiency of
1 000Nm? biogazu/hgenerates costs @fi 13 EUR/MWh.

|4.3.4 QUALITY OF THE BIOMETHANE INJECTED INTO THE GRD

According to art. 9a law. 11 and art. 7 law 8, when connecting a biogas installation to the grid
one must pay special attention:to:

i the qualitative parameters of the agricultural biogas injected to the gasutistrigrid,
which are as follows:
hydrogensulphidecontent should not exce&D mg/nf;
thiol content should not exceé®,0 mg/ni;
total sulphur content should not excej0 mg/nf;
mercury vapour content should not exc8eél , 0 % 0g/ m
water dew pointémperature at pressuressob MPashould be
from 1% April to 30" September 2011 no morethan + 3, 7 AC,
from 1% October to 3% March 2011 no more than5 A C;
1 heat of combustion should not be lower than:
34,0 MJ/m3i for agricultural biogas injectddto a grid transporting high
methane group E natural gas with a Wobbe index range4BoenMJ/ni up
to and includings4,0 MJ/m,
30,0 MJ/ndi for agricultural biogas injected into a grid transporting
nitrified subgroup Lw natural gas with a Wobbe inda®ge fron37,5
MJ/m® up to and including5,0 MJ/nf,
26,0 MJ/nii for agricultural biogas injected into a grid transporting
nitrified subgroup.s natural gas with a Wobbe index range @25
MJI/m® up to and includin®7,5 MJ/n,
22,0 MJ/n - for agriculural biogas injected into a grid transporting
nitrified subgroud.n natural gas with a Wobbe index range fram0
MJI/m® up to and including2,5 MJ/n,
18,0 MJ/ni - for agricultural biogas injected into a grid transporting
nitrified subgroug_m natural ga with a Wobbe index range fra#3,0
MJ/m® up to and includin@7,0 MJ/n.
1 Parameters, in law 1, are defined for the followsogditions of the combustion
process
pressure 101,325 kPa,
temperatie-2 98, 15 K (25AC) ;
1 of volume
pressure 101,325 kPa,
tempeature-2 73, 15 K (0AC) .
i requirements concerning measurements, registration and methmadsutétingthe
amount of the produced agricultural biogas

== =4 =4 =4 =a
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i place where the measurement of the biogas quantity was done fiolfithent of
obligations

i methodof converting theguality of agricultural biogas produced into equivalent
electricity produced in renewable energy resources fduthienent of the obligation in
art. 9alaw 1

i conditions for connecting a installation producing agricultural biogasetdistribution
network, taking into account the need to ensure the operational safety of the gas system
and the available agricultural biogas production technologies,

i the biogas supplier bears the cost of injecting biogas into the distribution network,

i the conditions for connecting to the network are set by the operator of the distribution
grid.

The amount of agricultural biogas injected into the gas distribution network is calculated
according to the formulalbio = Ibiok i Ibiop,

where thesymbolsrepresent:

Ibio i amount of produced biogas injected into the gas distribution nefwdk

Ibiok i final value shown by measuring equipmgmf],
Ibiop 1 initial value shown by the measuring equipmient].

Injecting biogas into the gas distribution gridjrei r es const ant contr ol
value and period testing of thermful substance content. The amount of biogas possibly
injected into the distribution network @ependenbn the gas demand in the supply station
Developing a monitoring syste for the injected biogas is required, but most importantly
monitoring of the following parameters must be improved:

sulphur content

siloxane content,

trace elements, which could affect health,

oxygen content,

hydrogen content

methane numbepérameteconnected to knocking combustion in engines, comparison
T octane rating for liquid fue)s

= =4 =4 =4 -a -

24



5 BIOGAS PLANTS IN POL AND

|5.1.1 AVAILIBILITY OF SUBS TRATE AND BIOGAS POTENTIAL

The huge ener gy potenti al o freatRlwahca rod the agr.i
developnent of the biomethangibgassector. The estimated resource potential is equal to 5

mln mj of Dbiogas. The potenti al i ncludes t he
animalmanureand refuse from the agriculture and food sectAlsngsidewith using these

resources, the creation of energy crop cultivations, with the purpose of using them as substrate

for biogas plants, is predicteBventually this is possible for abod@0 thousandha, which

would cover the national food demand and obtaiditemhal resources required to produce

biofuels and agricultural biogashe real potential of agriculturbl-productsand refuse from

the agriculture and food industries is7 mid m* of biogasannually (847ktoe, 35,6PJ)“.

Quantities of this magnitudgould be enough for 1,2% of the final energy demand.

The Institute of Renewable Energy, in an 2007 expertise for the Ministry of Economy, states
that the economic potential of biogas in 2020 is estimat2@4aPJwhich isequivalento 6,6
mld m? of biogas, making ug,6 %of the final energy use.

|5.1.2 CURRENT STATE OF BI@AS PLANTS IN POLAND

The recent years have shown a significant development of the Imolgassryin Poland Over

the last couple of years the number of biogas units produced almost daubiell,could
indicate investment profitability and substraisilability. There are currently 44 biogas plant

is Poland (Table 7) with a combined efficiencyld?2170554m>year, an installed electric
power of51,743MW, and 50,985MW; of installed heabhg power.However the quantity of
biogascurrently produced is still low compared to the possible poteniibls is due to a
number of barriers slowing down the development of the biogas sector in Poland. One of
them is the lack of regulation on renewebhergy sources and waiting for potential investors.

‘ADirections for the development bDZ02®dicul t
*‘APol ando6s energy policy up to 20300
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Table 7. Registered biogas plants in Poland

No. | Energy company name Location Annual Installed power
agricultural biogas
pr%?;;:gglg;ihe electricity heat
i iyl (MWg) | (MW))
1. | Poldanor S.A. Koczags 8 212 500 2,126 2,206
2. | Poldanor S.A. Pawg- - wk 3802 655 0,946 1,101
3. | Poldanor S.A. Pgaszc1Z 2 299 500 0,625 0,68
4. | Poldanor S.A. Nacgaw 2 299 500 0,625 0,686
5. | Poldanor S.A. Swi el in 2 299 500 0,625 0,686
6. | Poldaror S.A. Uni ech- 4 100 200 1,063 1,081
7. | Poldanor S.A. Gi Uyno 4100 200 1,063 1,081
8. | Poldanor S.A. Kujanki 1124 470 0,33 0,342
9. | Biogaz AgriSp. z 0.0. | Niedoradz 631 000 0,252 0,291
10. |ISp:- gka Rol nfKalsk 5000 000 1,140 1,060
Sp. z o.o.
11. | Elektrownie WodneSp. | Liszkowo 7 400 000 2,126 1,198
z 0.0.
12. | Biogaz Zeneris Sp.z.0.0 Skrzatusz 2 080 000 0,526 0,505
13. |[Eko-Ener gi a Gr zmi N 7 000 000 1,600 1,600
Sp. z o.o.
14. | BIO-WAT Sp. z 0.0. Swinicseé 4 000 000 0,900 1,100
15. | BIO-BUT Sp. z 0.0. SoSni cd 2 470 915 0,526 0,540
16. | Bioelektrownia Uhnin 4 500 000 1,200 1,160
Sp. z 0.0.
17. | Bioenergy Project Konopnica 9353 755 1,998 2,128
Sp. z o.0.
18. | Allter PowerSp.zo0.0. |Me g n o 6 200 000 1,600 1,800
19. | Wikana Bioenagia Piaski 3 906 960 0,999 1,040
Sp. z 0.0.
20. | AWW Wawrzyniak Zbiersk 4176 558 1,600 1,620
Sp.j. Cukrownia
21. | Biogal Sp.z.0.0. Boleszyn 7 840 000 2,000 2,020
22. | Gospodarstwo Rolne |KI| np s k 4633 117 1,000 1,400

Kargowa-K | np s k

Ryszard Maj

5Agricultural Market Agency
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23. | P.PH.U. "SERAFIN" Szklarka 3 000 000 0,660 0,640
Sp.z o.0. My S1 ni e

24. |El ektroci ep Pi ekosz 2 464 000 0,800 0,855
BartosSp. z o.0.

25. | Polskie Biogazownie Domaszowice 8 000 000 2,000 2,016
"EnergyZalesie"
Sp. z o.o.

26. | DOBITT ENERGIA Liszkowo 7 400 000 2,126 1,198
Sp.z o.0.

27. | FARM FRITES Poland |[L i b or k 3 500 000 1,200 1,223
S.A.

28. |S¢dzucker P Strzelin 5173 875 2,000 2,065

29. | DMG Sp. z 0.0. Koczergi 3 900 000 1,200 1,300

30. | "BIO-POWERSp.zo0.0./Za Sc i a 3 500 000 1,20 1,251

31. | Cargill PolandSp. z 0.0. | Kobierzyce 1 300 000 0,526 0,581

32. | Biogazownia Rypin Rypin 6 811 090 1,875 1,813
Sp. z o.o.

33. | Minex-Invest Sp.z.0.0. |[Ghigut vy 4 561 200 1,200 1,220

34. | "EKOENERGIA WKM" | Or ¢ h - we 3 500 000 1,063 1,299
Sp. z 0.0.

35. | Nadmorskie Elektrownig Dar Uy n @ 7 700 000 2,400 2,448
Wi atrowe Da
Sp. z o.o.

36. |[Zakgad Us g ul Opoczno 1 883 314 0,500 0,646
Handlowy
AWojciechow
Zdzi sgaw
Wojciechowski

37. | EL-KA Sp.z.o0.0. Byszewo 4 400 000 1,00 1,201

38. | BI OGAZ Pawz e Resko 7 000 000 1,600 1,600
"GNkrol" Sp

39. | PFEIFER&LANGEN Glinojeck 7 305 840 1,560 a
GLINOJECK S.A.

40. | Elektrownia Biogazowa|Bor z nc i 3600 000 1,200 1,320
ABorzfhnciczk

41. | Agro Bio Sp. z o.o0. Kintr zyn 1 680 000 0,400 0,445

42 |[AEGBrogresoGi Ue 4240 000 1,063 1,104
Sp. z o.o.

43. |OSr odek Ho d Tragamin 2880 000 0,800 0,789
Zarodowej A
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Sp. z 0.0.

Total : 162170554 51,743 50,985

5.1.3 CONSTRUCTION OF NEWAGRICULTURAL BIOGAS PLANTS IN
POLAND

Between2015 and 2018 completion of the following biogas plant is expected:

1 Rz n di-9@MW bio-power planit completion2015.1 commissionin2016

1 Starachowicd 7 MW bio-power plantincluding a3 MW biogas plani completion
20167 commissioning2017

1 Goni ri-2MW bio-power planf 1MW biogas plarit completion 20167

commissionin2017

Kopaninyi 3 MW bio-power plarit completion20177 commissionin2018

K o EsikL MW@/ bio-power plarnit completion 2017 commissioning2018

Gnojnoi 2 MW bio- power plant completion 2016 commissioning 2017

Wielopoli 2 MW bio- power plant

Pokutulskai PHU Rolpako Sp. z 0.6.0,5 MW

Barai Poldanor S.Ai 0,3MW

Tychowoi Biogas Kikowo Sp. J. 0,5MW

Jerzycd Jabro Sp. z 0.6.1 MW

= =4 =4 =4 -4 -4 -a -a

Significant development of biomethane installasiam Poland is not possible without proper
legislation (RES Law), however if projects concerning biomethane will be successful, in the
near future stations for injecting biomethane into the gas grid will be built, along with CNG
distribution installations.

[5.1.4 PRODUCTION OF AGRICWTURAL BIOGAS

Currentlyagricultural biogas plant generate both electric power and heat. In 20amhohmt

of agricultural biogas produced wa$,64minm?, the amount of electricity produced was
73,43GWh, while the amount of heatrpduced was32,63GWh. In 2012 the amount of
agricultural biogas produced wag3,14minm?® the amount of electricity produced
141,79GWh, and the amount of heat produceti58,64GWh. The data shows that between
2011 and 2012 the production of agricudtubiogas doubled. This indicates significant
growth of this energy sector in Poland
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Table 8 Production of agricultural biogas, electricity and heat from agricultural biogas

between 2011 and 2012

Year Amount of produced Amount of electricity Amount of heat
agricultural biogas produced from produced from
[min m3] agricultural biogas agricultural biogas
[GWh] [GWh]
2011r. 36,64 73,43 82,63
2012r. 73,14 141,79 158,64
1% half of 2013r. 52,53 106,80 121,54

Fig. 10 Biogas plant fermentation chéers

For the sake of comparison, presented below are data concerning biogas plants in Germany.
Based on statistical data from a German statistical website, in August 2013 there were over
7 500 operating biogas plants in Germany, with a combined totalrpafv@e5 GW (heat and

powel) (source Fachverband BiogasAit the same time in Poland there where 38 biogas
plants with a combined total power ®8 MW. In October 2013 there were 127 biomethane
plants in Germany, each wi0Nmh of efficiency. Polands yet to build its first biogas
upgrading installation.

5.1.5 LIST OF RESOURCES UBD IN BIOGAS PRODUCTON

Biogas production requires a suitable substrate as well as bacteria which directly affect the
fermentation proces3able9 lists the resources used faodpas production between 2011 and
2012.
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Table 9. List of resources used for agricultural biogas production between 2011 and 2012

No. | Type of resource used fq Amount of resource used for
agricultural biogas production agricultural biogas production
(in tonne$

Total 2011 Total 2012
1. Liquid manure 265960,79 349173,12
2. corn silage 108876,14 241641,63
3. distillery refuse 30465,11 146607,49
4. beet pulp 6 922,45 36409,11
5. | vegetableand fruit refuse 10984,35 102383,65
6. lecithin and soap mixture 8 906,87 2086,42
7. potato pulp 7 258,49 6 668,13
8. | Whey 1 933,00 12775,44
9. grass silage 7217,10 1683,17
10. | grain silage 5973,80 348,48
11. | manure 11640,53 23477,30
12. | vegetable oils 0,00 1,08
13. | fodder 0,00 1947,31
14. | stomach contents 1278,30 1 056,62
15. | protein deposits 0,00 1 020,08
16. | liquid wheat refuse 0,00 864,79
17. | grain 1611,77 690,78
18. | slaughterhouse refuse 0,00 685,56
19. | slime from rapeseed refining 0,00 644,98
20. | flour, loaf, batter 101,71 450,40
21. | proteinfat slime 0,00 384,76
22. | fatty refuse 285,65 305,17
23. | chocolate washings 0,00 303,58
24. | glycerine 0,00 302,71
25. | refuse plant mass 0,00 292,98
26. | yeast deposits 0,00 230,08
27. | straw 0,00 153,45
28. | deposits from plant  prodt 0,00 50,06

manufacturing

29. | out-of-date food 0,00 36,54
30. | fats 0,00 15,50
Total 469416,06 932690,37

The dominating substrates in Polish biogas plamtaie, manure, corgilageand distillery

refuse along with vegetable and fruit refuse
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Fig. 11. Biogas tank and a tank burning excess gas
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6 BARRIERS FOR BIOMETH ANE USE AND MECHANIS MS OF GOAL
ACHIEVEMENT

Poland faces many barriers for biogas and biomethane production, which are:

1 location decision for biogas plants are burdensome and @kiécant amounts of time
(Local Spatial Use Plans do not include RES installatjons)

1 before biogas plant construction the agricultural status of the plot must be removed

1 no guarantee/priority of connecting the biogas power plant to the power or gas grids

1 procedure of acquiring connection terms is 150 days long, regardless to the size of the
installation

1 low stability of thecertificatesystem and their low price,

1 unregulated issue of using fermentation product (silt) as crop fertilizer, even in cases

where the installation uses substrates of agricultural origin (plant and animal, waste)

necessary testing of the silt if it is to be used as fertjlizer

no regulation on handing off the silt to physical entities,

no technical and methodological support, wgak power and heat gridfrastructures

no access to information on biogas plant operation,

no public support for biogas investments.

= =4 =4 =4 =2
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Fig. 12. CNGdistributor
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