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Abstract:

The utilization of waste biomass and lignocellulosic residues for conversion into energy carriers
is proposed to contribute to the decarbonization of the transport sector. Advanced and waste-
based biofuel production is estimated to lie in the ranges of 46-97 Mtoe (2030) and 71-176
Mtoe (2050). The core objective of this paper is an economic assessment of synthetic natural
gas (SNG) and bio-methanol (bio-MeOH) production through biomass conversion and CO;
utilization. Two different investment costs for each conversion technology and three feedstocks
were compared. Production costs for SNG are between 7.9-10 €ct/ kWh and for bio-MeOH
7.1-13 €ct/ kWh. Feedstock costs have a larger share in bio-MeOH than in SNG production.

The major issue of advanced biofuels is still the economic competitiveness as prices for NG
and fossil-based MeOH are lower. Further research is necessary because some economic
assumptions were based on steam gasification and these parameters will change for the CO»
gasification. A sensitivity analysis could be applied to determine the influence of technological
learning on the investment cost of SNG and bio-MeOH production.

Keywords: CO utilization, synthetic natural gas, Bio-methanol, transport sector

1 Introduction

The transport sector is a major contributor to greenhouse gas (GHG) emissions in Austria and
the EU. Figure 1 shows GHG emissions in Austria from 1990-2019 in Mio. t CO2 eq. per sector.
The emissions in the transport sector strongly increased by around 75%, in the EU by around
25%. Other sectors showed decreasing or stagnating trends since 1990.

The utilization of biowastes and lignocellulosic biomass for conversion into energy carriers is
proposed to contribute to the decarbonization of the energy system and progress towards a
circular economy [1]. These kinds of feedstocks gained more attention in recent years because
the EU restricts the use of food crops for biofuel production to 7% of all renewable fuels [2].
Lignocellulosic biomass has a greater potential than energy crops towards a decrease of GHG
emissions, because biomass cultivation, harvesting and transport have a substantial influence
on environmental impact. The usage of local biomass is suggested to be the most
environmentally friendly and economically feasible way of producing biofuels [3].

Energy crops are currently widely used for biofuel production in Europe. However, conversion
of residues and waste streams should be promoted in the future, because of conflicts with
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agricultural land and material utilization [4]. Furthermore, it is also expected that fuels derived
from waste streams will earlier reach economic competitiveness with fossil fuels than fuels
from energy crops [5].
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Figure 1. Sectoral emssions in Austria from 1990-2019, Other: Waste, Residential heating, F-gases (Data sources:
Umweltbundesamt [6], [7])

The core objective of this paper is an economic assessment of synthetic natural gas (SNG)
and bio-methanol (bio-MeOH) production through biomass conversion and CO- utilization.
Both fuels have the potential to contribute to the decarbonization of the transport sector. The
usage of CO; as a renewable carbon source is an innovative approach in recent years. CO»
can be utilized via conversion or non-conversion, e.g. as a solvent or for material processing.
In carbon capture and utilization (CCU) as seen in Figure 2, CO, becomes converted into
valuable products for example fuels, chemicals, etc.

Power-to-fuels technologies using renewable electricity are currently under intensive research.
Other technologies for example photocatalytic CO;, reduction have a lower technology
readiness level (TRL). It is also possible to cultivate algae, which directly transform CO- into
biomass, but there are still many challenges for implementation on a large scale existing [8].
The currently most studied process for combined biomass conversion with CO, utilization is
gasification e.g., in the dual fluidized bed gasification (DFB) reactor with CO; as gasifying agent
[9]. The DFB is a combination of two reactors. In the combustion reactor, which is fluidized
with air, full oxidation of char and extra biomass, when required, takes place and provides heat
to the gasification reactor. The gasification reactor can be separated into two parts: a lower
part with heterogeneous reactions between solid and gas substances and an upper part with
homogenous reforming reactions between gaseous compounds. The product gas composition
is strongly influenced by the gasifying agent, temperature and elemental composition of the
fuel. High C content showed higher CO yields, more oxygen in the feedstock lead to increased
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CO, formation in experiments [10]. An important reaction in this process is the Boudouard-
reaction:

CO,+C «>2CO, AH =+172,5 kJ/ mol (1)

The reaction of gaseous CO, with solid C from biomass is supposed to form carbon monoxide
(CO), which is more favorable for certain fuel synthesis reactions.
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Figure 2. Scheme of biomass conversion and carbon capture and utilization (CCU) to produce CO2-derived products
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2 Material and methods

Our approach is based on: (i) an extensive literature research of state-of-the-art technologies
for CO- utilization and biomass conversion; (ii) an assessment of feedstock potentials with a
focus on Europe; (iii) an economic discussion regarding production cost of renewable fuels
compared to fossil fuels.

There is a distinction between bio-waste and residues made in the literature. Bio-waste refers
to garden waste, park waste, food and kitchen waste [11]. However, waste biomass is a
broader term and asses agricultural wastes e.g. crop stalks, roots, leaves, etc. and processing
waste of trees, e.g. bark, trimmings, sawdust [12]. Straw and forest thinnings are mostly called
residues and energy wood is also not seen as biomass waste. However, since there is much
data available for straw and forest residue prices, productions costs for these two feedstocks
are also calculated. Following feedstocks are counted to waste biomass: rice husks, nutshells,
roots, leaves, sawdust, bark, garden and park waste, food waste, trimmings at the sawmill,
corn stover, etc.
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Production costs for SNG and bio-methanol (MeOH) were calculated by using the Levelized-
cost-of-energy approach, which is commonly used for the comparison of unit production cost
of various energy carriers [13]. The operating period and interest rate are considered within
the capital recovery factor.

Total fuel production costs in €ct/ kWh were calculated with following formulas:

_ @+
CRF = A+r)n-1 (2)
CRF z
Cfuel =I¢* FLH + Pgiomass * THV + Cyar (3)

CRF=capital recovery factor, r=interest rate, n=project lifetime, pg;omass= biomass price [€/ t FS], z = conversion
factor [t FS/ t fuel], c,q-=variable cost including: operating and maintenance (O&M), heat & electricity, labor [€/
MWh], FLH = full load hours, LHV = lower heating value [MWh/t], FS=Feedstock

Feedstock prices for wood and straw were taken from Statistik Austria 2020 [14] and
“Holzmarktbericht 01/2022” [15] Corn stover prices are from [16] and values for conversion
efficiencies and specific heat and electricity input from ALTETRA [17].

Production capacities of SNG and bio-MeOH plants were chosen to be around 200 MWth
regarding the comparability of production cost. Cost data were derived from the GoBiGas
project because there was the DFB technology used too. Thunman et al. [18] give a detailed
list of cost parameters and scaling factors. The average investment costs for bio-methanol
plants were taken from [19]. The lifetime of the project was assumed to be 20 years, interest
rate 7.5% [20] and electricity price 120 €/ MWh.

3 Results and discussion

The first part of the results is an overview of biomass waste and residues in the EU based on
literature research. The second part presents a comparison of SNG and bio-MeOH production
costs.

3.1 Feedstock potentials

Estimations of feedstock potentials show large variations in the literature. In the Biofrontiers
2016 report [21], 140 Mio. tonnes of waste and residues were assessed for the EU [11].

In a study of the Imperial College London [22] were feedstock potentials of residues and waste
biomass in the former EU-28 were assessed. Thereof, the types of biomasses, which are seen
as waste in a production process or usually are leftovers at the agricultural fields than as by-
products, are presented in Figure 3. A large potential is seen for secondary forest residues,
consisting of sawmill by-products and other forestry industry by-products, bark sawdust, etc.
including post-consumer wood. Primary forest residues consist also of leaves/ needles, which
should remain in the forest, because otherwise there can be a withdrawal of nutrients. This
potential refers to all ways of utilization: products, chemicals and energy. Cereal straw is often
investigated for different biomass conversion technologies e.g., bioethanol. Therefore, it is also
added to the feedstock potentials in this paper, but utilization conflicts due to its importance for

Seite 4 von 9



17. Symposium Energieinnovation, 16.-18.02.2022, Graz/Austria

animal farming should be considered in supply chain management for biomass conversion
plants.

The total estimated biomass for biofuel production refers to 126-262 Mtoe in 2030 and 101-
252 Mtoe in 2050. Advanced and waste-based biofuel production is estimated to lie in the
ranges of 46-97 Mtoe (2030) 71-176 Mtoe (2050).

500
450
400
350
300

250

Mio. tonnes

200

150

100

50

0
2030 2030 2050 2050

B Corn stover W Oil crops ® Agric. Prunnings M 2nd agric residues M Cereal straw ® 2nd forest residues

Figure 3. Feedstock potentials in the EU-28 with a focus on biomass waste and residues. (Data source: [22])

The IEA assessed an overall global technical potential for biomethane production by anaerobic
digestion and biomass gasification for the year 2018 in a bottom-up study, considering only
feedstocks with no food or agricultural land competition. It is estimated at around 730 Mtoe
(30.54 EJ) and corresponds to 20% of worldwide gas demand. Biomass gasification accounts
for 160 Mtoe of the total biomethane potential Between this potential and the actual production
of 35 Mtoe in 2018 shows a huge gap [23].

3.2 Economic assessment

Feedstock prices, conversion efficiencies and plant capacities among other factors have a
strong influence on the overall production cost of SNG from biomass. The bars in Figure 4
indicate variations in the production cost related to different investment capacities for 100 MW
and 200 MWy SNG plants and low/high investment cost from the Innovation Outlook:
Renewable Methanol report [19]. Production costs for SNG production for forest wood residues
are approximately 8.3-9.4 €ct/ kWh and for straw 8.9-10.0 €ct/. Feedstock prices of straw
account for 15.6%-17.5 % of total production cost, whereas in the case of forest wood residues
for only 10.2-11.5 %. Waste biomass, for example, corn stover shows lower production costs
of 7.9 €ct/ kWh for the 200 MWy, plant, because of lower feedstock prices, although the
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conversion efficiency is lower than for wood, meaning that more FS per ton output is
necessary. The feedstock costs account for approximately 6.7 % of the total production cost.
This is a surprising result, because the feedstock costs have usually a higher share in
bioenergy. The highest share of production costs is related to capital cost. Natural gas (NG)
prices, adapted to inflation and with taxes, for the first half of 2021 were approximately 4 €ct/
kWh for non-household consumers [24]. The NG prices increased significantly in the second
half of 2021 and reached an average yearly value of approximately 7.7 €ct/ kWh [25]. However,
it is unclear how these high NG prices will develop in the near future.

Bio-MeOH production costs are in a similar range for forest wood residues and corn stover,
but wheat straw-derived methanol production costs are higher per kWh than for SNG. Corn
stover-based bio-methanol production is approximately 2-4 times higher than fossil methanol.
Fossil-based methanol has lower production costs of 1.5-3.8 €ct/ kWh. By using low-cost
feedstocks and applying carbon credits, bio-methanol costs will decrease.

14

€ct/ kWh

FWR_SNG WS_SNG CS_SNG FWR_MeOH WS_MeOH CS_MeOH

Figure 4. Production cost for SNG and MeOH for three different feedstocks. FWR=forest wood residues, WS=wheat

straw, CS=corn stover, SNG=synthetic natural gas, MeOH=methanol

Feedstock prices can vary significantly in certain years as consequences of droughts,
occurrence of damaged wood, etc. Climate change is a major challenge for forests, because
of changes in precipitation and beetle infestation e.g., in some parts of AT like the “Waldviertel”.
This is interesting because the feedstock prices have an influence on the production cost as
seen in Figure 5. The feedstock prices for MeOH production with forest wood resides and corn
stover account for 29.2 and 18.6% respectively. The share of the feedstock prices on the total
SNG production cost is much lower.
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Figure 5. Differentiated production costs [Ect/ kWh] for SNG= synthetic natural gas and MeOH=methanol for
FWR=forest wood residues and CS=corn stover

4 Conclusions

Large quantities of waste biomass and residues will be available in 2030 and 2050. These are
potential feedstocks for conversion into energy carriers, which can contribute to the emission
reduction goals set by the EU. Gas-powered cars play currently a minor role in the transport
sector, but SNG shows lower unit production costs under some conditions than MeOH in this
paper. SNG production in the context of CCU is therefore also an opportunity to contribute to
the decarbonization of the transport sector. However, these technologies are not cost-
competitive with fossil fuels at the moment and rely on policy mechanisms for example carbon
credit and CO; tax for fossil fuels.

The assumptions for the economic calculation were based on the steam gasification at the
GoBiGas plant. There was not enough data for CO2 gasification available, because it is a
rather new approach for biomass conversion. However, as reported in the experiments of
Mauerhofer et al., more heat is required and the syngas composition is actually not favorable
for fuel synthesis. Therefore, the unit production cost would be eventually higher than stated
in this paper.

No carbon credit was applied in this study as it was done, only the production costs were
calculated and compared with two different investment costs. Other parameters were not
modified in terms of a sensitivity analysis. This leaves room for further investigations on the
key cost drivers for CO; gasification. For this paper, it was assumed that capital costs and
operating costs are the same for different feedstock types, although there may be differences
in the feedstock pre-treatment, gas treatment and related energy input. A sensitivity analysis
could be applied to determine the influence of technological learning on the investment costs
of SNG and bio-MeOH production.
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