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Abstract

Upgraded biogas injected into a natural gas grigt pravide considerable increase of renewable energy
share within the natural gas-fired systems. Thd gbthe study is to determine the costs of bioraath
produced in distributed biogas plants and injeatéal the natural gas grid. The analyzed systenudes
biogas upgrading and transport to the natural gaedipe including the infrastructure. The total tosf
biomethane production for 3 different scenarios &nbiogas upgrading methods are determined. The
results show that under the most favourable scemiaei injected biomethane is approximately 19% more
expensive than the natural gas.
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1. Introduction

Upgraded biogas (biomethane), unlike wind energg isell manageable energy source which can be
stored, distributed and used in the same way asralagjas. Therefore it is one of the most viable
renewable substitutes for natural gas [1]. In recggars, biogas production has gained essential
importance [2]. Biogas, produced in distributedtsinupgraded to the quality of natural gas ancctep
into the natural gas grid may provide consideraiplgortunities for increase of renewable energy Esur
(RES) within the natural gas-fired systems [3]tHis way, it can abate the emissions of greenhgases
(GHG), and thus contribute to sustainable energplsu[4]. It can also be a tool that may be used to
alleviate the problems of global warming, energyusity and waste management [5, 6]. Usage of RES is
important for reduction of energy dependency onartgd resources and it is also a part of the Ewope
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Union’s (EU) common objective and therefore obsdivg Latvia [7]. Latvia has committed that by 2020
the share of RES in the final energy consumptiol e increased to 40% [8] and production of
biomethane can help to achieve this target.

Biogas can be used on-site, in combined heat an@mp@CHP) units or upgraded to biomethane and
used as a vehicle fuel or for the generation ofgrj®], [10]. When using biogas on-site for elexityi-
only applications (e.g. if there is insufficientcld heat demand) only 30-35% of the gas energy is
utilized. But if the biogas is transported via matugas pipeline system and used in an efficienPQid
even efficient and modern domestic boiler, morentte®% of the energy could be utilized [4].
Biomethane injection also enables renewable hehetdelivered into the district heating grid [4In&
over 70% of dwellings and apartment houses in Righ and other Latvian cities are connected to the
district heating network, injection of biomethamoi the gas grid gives the biogas producer access t
much larger market than if the biogas is sold aeddulocally [4]. While in Europe the number of
manufacturers of biogas upgrading plants increasesy year [2] there are no biogas upgrading statio
in Latvia yet. Biomethane (either pure or in blemidh natural gas) is used as a fuel for vehicled2n
European countries. It is also used for heating@ses either directly or blended to natural gas [3]

Under current market conditions, biomethane cacoatpete with natural gas in sales price yet [3],
[7], [8]. And hereby studies are carried out to pane biogas upgrading technologies [4], [11], [,
well as to find the most cost-effective and techlhjc suitable way, considering also environmental
benefits, for biogas and/or biomethane utiliza{ib8]-[17], including grid injection and distributio[5],

[6], [18], [19], or integration biogas plants inethindustry [20], [21]. Research on the technicad an
economic potential of biomethane production andatipn into the natural gas grid is also carrietliou
Latvia [22]-[24].

The aim of this study was to determine the productosts of biomethane produced in distributed
generation units via five methods of the biogasra@ing and injected into the natural gas grid using
Latvia’s conditions as the case study.

2. Materials and methods

The geographic information system program "ArcGisth the “ArcMap” and the “ArcCatalog” [25]
was used to map all Latvia’s biomethane productitamts and natural gas transmission pipelines and
estimate the distances from the plants to the abhgas transmission grid. 42 point and line obfées
were created to represent biogas stations in Lawthto calculate distances for connections. Thp ma
was created on grounds of the data reported iaréift sources and previous studies [9], [26]-[Z8}ee
biogas stations were selected for technical andi@o@ analysis with the aim to determine an optimal
biomethane production and injection solution (Hig.

The choice of the biogas plants and locations veagd on the following criteria:

e the plants should be located in a sufficient dis¢éainom natural gas transmission pipelines;
e the plants must be sufficiently dispersed and ocatied a few kilometers away from each other;
e the plants should be located in the same region.

In this study, five commercially available biogapgrading technologies were used for cost
calculations — (1) water scrubbing, (2) amine sbing, (3) membrane separation, (4) physical scngpbi
with organic solvents and (5) pressure swing adgnrp29]. To find the most cost-effective biometiea
production method, three different scenarios ferdblected biogas plants were considered:

e Scenario 1: each biogas plant has an upgradindjtfaand biomethane is produced at each
individual biogas plant and delivered to the ndtges grid.

e Scenario 2: biogas from each plant is deliveredh® large upgrading plant for biomethane
production and subsequent injection into the nagaa transmission line.
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e Scenario 3: instead of distributed biogas productiaw materials from the farms are delivered
to a single joint biogas and biomethane produdiaility.
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Figure 1 Biogas plants chosen for technical amhemic assessment

In Scenario 2 the total input of biogas flow frorh three biogas plants in the methane extraction
facility is 1280 ni/h for the amine scrubbing method and 134%3hnfor other methods. In the"2
scenario, the biogas upgrading costs are lower ihahe f' scenario due to the lower specific total
investment in the upgrading facility. In Scenaribi@methane extraction costs are the same as i#f'the
scenario, but biogas production costs and thergasgortation costs are different. In the 3rd sdgemaw
materials are transported using the existing ra&dstructure.

The study was based on the data available for #bected biogas plants, i.e. the amount and
composition of the produced biogas reported in gb#uting activity permits issued to each biogas
production plant in Latvia [30]-[32]. Based on tik@ta on the composition of biogas, it was assurnad t
0.62 nf methane can be gained from F of the biogas on average. The total costs of bibame
production depend on the investment in connectas gjpelines and biogas upgrading facilities ad wel
as operating costs of the upgrading facility. Tperating costs include water, electricity, heat hiodjas
production costs. Capital costs were calculatedifereconomic lifetime of 10 and 20 years. Based on
information of the natural gas supplier [33], itsvassumed that gas pipeline construction cost®&re
EUR/m. Considering, that it may be impossible tmstouct the pipeline connection with the shortest
distance determined by the “ArcGis” ruler, a coti@t factor of 1.1 was used to increase the lemdth
the pipeline connection. To calculate the investnoasts for all biogas upgrading methods, datahen t
specific investment depending on biogas input faterin ni/h was used (Table 1) [29].

Table 1. Upgraded biogas input flowrate of the b®pglants

Size-biogas input flowrate

Plant for the amine scrubbing  for the other four biogas upgrading methods
method

No.1 937 ih 984 nih

No.2 213 ih 224 nih

No.3 130 nth 137 nih
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The corresponding biogas input flowrates of thelyaeal plants were taken from their “A” category
pollution permits. A heat is required for biogasduction and for the amine scrubbing upgrading oeth
and it was assumed that the on-site biogas-firédrbie used for the heat supply. Thus, the amaoditihe
biogas available for biomethane production in th@ng scrubbing method is reduced by the amount
required for the heat production.

Table 2. Specific investment of biogas upgradimttelogies

Biogas input flowrate, fth . .
Equation for calculation of

Biogas upgrading method 250 500 700 1000 1400 the specific investmeht “R squared”
Water scrubbing, EUR/(ifh) 5000 2000 1000 1000 1000 Y = 980693% %" 0.86
Amine scrubbing, EUR/(ffh) 5400 3000 2357 2000 1607 Y =2392545°% 0.99

Membrane separation, EURRfi) 4400 2900 2286 2000 1786 y = 81046X>% 0.98
Physical scrubbing, EUR/(if) 5000 2000 1000 1000 1000 Y =980693% %% 0.86
Pressure swing adsorption, EURI) - 3000 2200 1750 1500 y = 185034%% 0.98

The lower heating value of biogas was assumed ® l&Vh per 1,000 th[34] and it was calculated
that circa 3% of the total amount of biogas produeg the each station is required for the heat
production. Based on the data [29], the functiarschlculation of the specific (per’h of the biogas
input flowrate) investment in biogas upgrading a&structure were derived (Table 2).

For the plants where the biogas input flowratesewautside the range of validity of the equations
shown in Table 2, the specific investment was dated using the data for the reference plant.

The operating costs of the biogas upgrading féeslitvere calculated using the data shown in Table

The electricity tariff applied in the calculation$ electricity costs was 0.151 EUR/kWh [35]. The
water price of 1.24 EUR/iwas used for the calculations of the water co88j.[Heat costs are
calculated considering the capital, operation amihtenance costs of the biogas boiler [37], as all
biogas and biomethane production parameters [29].

Table 3. Resources required for the biogas upggatiethods [3]

water amine membrane physical pressure swing
scrubbing scrubbing  separation scrubbing adsorption
Water consumption, #im® of biogas 22(10° 3(10% - - -
Electricity consumption, kWh/frof biogas 0.265 0.1 0.22 0.25 0.23
Thermal energy consumption, kWH/of biogas - 0.55 - - -

The total costs of the biogas in 1 MWh of biomethanthe %' scenario (Table 4) is lower than in the
other two scenarios, since single joint biogas petidn plant is used instead of the three sepdniatgas

2x - biogas input flowrate (ffh); y - specific investment cost (EURAfm). Note: the equations are valid within the @amj
biogas input flowrate from 250 to 1406/ (500-1400 riih for the “pressure swing adsorption method”).
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plants which have smaller biogas production volusagh. The operating costs for 10 and 20 year
economic lifetime differ due to the difference e tcapital costs of heat production.

Table 4. Biogas production parameters and the tottlof the biogas in 1 MWh of the biomethanesibB scenarios

Parameter Scenario Unit
1&2 3
Investment:
raw biogas flow of: 4 million rtyear 6.84 MEUR
12 million n/year 15
Capital costs (10 years) 51 36 EUR/MWh
Capital costs (20 years) 37 26 EUR/MWh
Electric power equipment capacity 18 36 kW
Equipment heat capacity 148 677 kw
Operating costs (10 years) 30614 (1.4) 70939 (1.15UR (EUR/MWh)
Operating costs (20 years) 28238 (1.3) 69500 (1.BUR (EUR/MWHh)
Raw material costs 7 7 EUR/MWh
Total costs (10 years) 59 44 EUR/MWh
Total costs (20 years) 45 34 EUR/MWh

To ascertain the costs of raw material transpamafrom the location of each farm to the biogas
production and upgrading plant in th€ cenario, the distances were determined using map [38]
and the location coordinates which were enterealtimt "ArcGis" software. The distance from the pdan
No.1 to No. 3 to the biogas production and upgrggitant is 29, 35 and 13 km, respectively. Datatlier
calculations of the transportation costs (amouht®@ materials) were obtained from the “A” categor
permits [30] - [32] and from the study funded by tRuropean Commission (the costs per ton-km)
regarding the costs of the public transport asretfan of distance traveled [39]. Because the déta
transportation costs in the Baltic countries weoé awvailable, the transportation costs were caledla
using the costs value given for the Eastern Uneawvig vehicle (0.07 EUR/ton-km) [39].

3. Resultsand discussion

The total cost of biomethane per 1 MWh in the Temnario is quite similar for all upgrading methods
with the difference of about 3 % (Fig. 2). All fiddscussed biogas upgrading methods are commaerciall
available [13]. As studied in [5], the economicfpemance is sensitive to such factors as the biggdd

and the biomass (raw material) costs, but pipaeloss, electricity price and biomass transportatiosts

are of minor influence. The total cost in tH¥ &enario (Fig. 2) is by circa 2% to 4% lower (defiag

on the type of treatment method) than in thiestenario. The greatest share of the total costs of
biomethane (72% to 77% — depending on the bioggsadmg method) is taken by the biogas production
costs (Fig. 2), and that is true for all other sc@s. The total cost in thé®Zcenario (Fig. 2) is by circa
22% to 27% lower (depending on the type of treatmegthod and on the economic life time) than in the
2" scenario. Therefore, it can be concluded thaBthecenario has the lowest costs (Fig. 2) although it
may be most difficult to implement for the existihmpgas plants. However, it could be a feasibléonpt
for the new plants. For the existing biogas plahes2® scenario could be the preferred solution. It can
also be concluded that the cheapest biogas upgratiethods are amine scrubbing and physical
scrubbing with organic solvents (Fig. 2). In 201% water scrubber was the most popular upgrading
technology, followed by the pressure swing adsorpéind chemical adsorption.
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Figure 2 Comparison of the total cost of biomethfaneall scenarios and all five biogas upgradinghrods for 10 and 20 years of
economic life time. Reduction of the capital casikulated for 20 year economic lifetime is markeéth L. Biogas upgrading
methods: 1 - water scrubbing, 2 - amine scrubl8ngnembrane separation, 4 - physical scrubbinly @iganic solvents, 5 -
pressure swing adsorption

The price of natural gas, which is 39 EUR/MWh, is dbout 54% lower than the total costs of the
delivered biomethane in thé' $cenario if the economic lifetime used in the ehitions is 10 years and
by about 40% lower if the economic life time is ¥ars, and if the most favorable upgrading metisod i
chosen (Fig. 2). The price of natural gas is byuats2% lower than costs of the biomethane in tie 2
scenario for 10 year economic life time and by al88% lower for the economic life time of 20 years
(Fig. 2).

In the 3rd scenario, the price of natural gas isabput 34% lower than the total cost of injected
biomethane for a 10 year economic life time andLB6Y6 lower for the economic life time of 20 years
(Fig. 2). In research presenting results of 2013 [¢is shown that in the scenarios that inclutbémbas
upgrading to biomethane for the injection into tiees network, only the scenario with coupled small-
scale CHP unit covering internal heat requiremestsld reduce the overall impact on fossil fuel
degradation, compared to electricity generation@lo

Currently, the legislation of Latvia does not pudwmiconditions for biomethane injection into the
natural gas network. In conditions of no financ&lpport for biomethane production it is not
economically feasible. However, it is necessaryansider energy policy supporting the injection of
biomethane into the natural gas grid. Although kéthmane injection currently is not regulated at the
European level, some countries, such as Germanyg0Oit2 have introduced legislation regulating
biomethane grid injection [41]. In the initial seggwhen the first biomethane generation plants were
constructed in Germany, such legislation did nastex the country. The first innovative stationsre
set up by the agreement between the main stakeholsiech as the operator of the biogas plant, the
natural gas network operator and the authoritié [4

4. Conclusions

Results of the study show that the total cost eflifomethane produced and delivered to the natural
gas grid is circa 46 EUR/MWh when the most favagalggrading method and 20 year economic lifetime
is used in calculations. Therefore, under curremddions, biomethane production would need finahci
support to make the costs compatible with the pofceatural gas, and the minimum subsidy is ab@ut 2
EUR/MWh if the existing biogas plants decide to stouct joint biogas upgrading facility. The amooht
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subsidy for larger joint biogas production and @ging facilities could be reduced to as low as alfou
EUR/MWh. Results of this study also show that & thiogas producers could co-operate in constructing
larger joint biogas production and upgrading féiedi (Scenario 3), this would be the most econoliyica
attractive solution. This option most likely coldd feasible for new plants in the future. For thisteng
biogas plants, the option to consider would bedwstruct joint biogas upgrading facilities as Stped

in Scenario 2.
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