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UrbanBiogas Economic Feasibility of WtB projects

1 Introduction

Within this report the local concepts “Biogas & Biomethane Production” in the cities of Graz,
Valmiera and Zagreb will be reviewed and commented concerning their economic feasibility.
Neither the cities of Gdynia nor Rzeszow, both Poland, provided a biogas concept for the
project UrbanBiogas. The city of Abrantes, Portugal, did not provide a concept precise
enough and in time to be assessed economically.

The calculation tool of EKODOMA for the biogas concept of the target city of Valmiera was
found a more than appropriate mean for the economic assessment of the biogas concepts
and forms the basis for the following evaluations for Valmiera and Zagreb.

2 Economic Feasibility of the Biogas Concept of Valmiera

2.1 Available Feedstock and Client Base

The availability of municipal solid waste has been assessed in the Waste Management
Concept for Valmiera City and the draft North Vidzeme Regional Waste Management
Development Plan 2014-2020. According to these investigations the amount of organic
waste available for biogas production is given in Figure 1. The amount of organic waste
gradually increases from ~10000 t/a to ~15000 t/a in 2030.
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Figure 1: Availability of organic waste for biogas and biomethane production in Valmiera (LV)

Industrial organic waste particularly from food and beverage processing is not considered
because in most cases these residues are used in agriculture and are bound with contracts.

Surplus sludge from waste water treatment plants in and around Valmiera sums up to 2,000
t/a in 2012. Available amounts range from 350 t/a in 2012 to 500 to/a in 2030.

Residues from the agriculture and energy crops are not considered — not even as an option —
since there are eight biogas plants in the region with an installed capacity of more than 6
MW, which are consuming this feedstock.

At present there is no demand for biomethane in Valmiera city. This is due to the absence of
a biomethane infrastructure. In order to create the demand for compressed biomethane in
the transport sector, the gradual change of existing vehicles to CNG/CBG vehicles is
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necessary. Discussions with Valmiera city council regarding the transition of the public
transport fleet has started during the biomethane task force meetings and will be continued
during the first years of operation when electricity only is produced with the biogas plant.
There is no market at all for the product biomethane in Latvia; and this is true for the next
couple of years; without incentives no market for transport fuel will develop; and there are no
standards for grid injection; currently a monopolist rules the access to the gas grid; finally
neither a legal framework nor technical standards rule the access to the gas grid.

2.2 Prospective Plant Location

The preferred option is the Daibe landfill which is operated by ZAAO already. Figure 2 shows
that the Daibe landfill is located in the central part of the North Vidzeme region in Pargauja
district.

The Daibe landfill is located in a remote area and has a potential to extend the territory, so
the prospective biogas plant can either be located on site or very close to the landfill. The
area is connected to a 20 kV power line. Pargauja district is crossed by the major state road
A3 and the Daibe landfill is located approximately 7km from the main road A3 (see Figure 3).
Also the main gas transmission pipeline is crossing North Vidzeme region, however not over
the Pargauja district. Therefore at Daibe the access to the pipeline is not yet provided.
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Figure 2: Location of Daibe landfill (source: http://www.zaao.lv/public/lat/par_sia_zaao/)

Around the landfill there are neither major residential areas nor industrial or commercial
areas. And there are no historical sites in the vicinity.

In 2009 the project on landfill gas extraction and its use in a CHP has started. The capacity
of the CHP unit was 175 kW, and 201 kWy,. In 2010 the 2" part of the landfill gas collection
project was launched by increasing the landfill gas extraction rate and installing an additional
CHP unit. Electricity generated in the CHPs is sold for the feed-in tariff. On the preferred
location, Daibe landfill, the future biogas plant could be connected with the existing CHP
plant. The capacity of the plant allows the combustion of more biogas since the amount of
landfill gas which is collected from the landfill body is decreasing over the years.
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Figure 3: Location of Daibe landfill (source: http://www.pargaujasnovads.lv/lv/pargaujas-novada-
teritorijas-planojuma-2013.-2024.gadam-galiga-redakcija---/)

2.3 Financial Feasibility

The calculation of the investment cost for the preferred technical solution - dry fermentation
garage type biogas plant - is based on an offer provided by a biogas plant technology
provider upon ZAAOQ call for quotations in 2012 (see Table 1).

Table 1: Investment costs for a dry fermentation unit (ZAAO, 2012)

Investments Cost (excluding VAT)

LVL EUR
Preparation of the site, local engineering works 17 570 25 000
Bering constructions 224 897 320 001
Technological equipment 768 692 1093 756
Torch 10 191 14 501
Supply costs for technological equipment 2811 4000
Start-up, control, training 2 811 4 000
Unforeseen expenses (5%) 51 349 73 063
TOTAL: 1078 321 1534 321

The batch process has a number of advantages over other systems, in terms of lower costs
of the process and the lesser sophisticated equipment behind it. This in turn has an adverse
effect on process energy consumption and on maintenance costs. Operation and
maintenance costs are assumed as an annual share of 5% of the total investment — 76,716
EUR/year. Operation and maintenance costs include regular maintenance of the biogas
plant, staff, administration, energy (electricity) and insurance. Depreciation is equally
distributed over the first 10 years.

The economical evaluation was done by using a cash flow analysis. Two subsequent
scenarios were investigated:

. Dry fermentation + CHP until 2019
. Dry fermentation + CHP + biogas upgrading from 2020 on.
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In the first phase the income is generated by sales of electricity according to the feed-in tariff.
The guaranteed feed-in tariff for company “ZAAO Energija” (ZAAO Energy) is 212.64
EUR/MWh until 2019 and 170.11 EUR/MWh until 2029.

The revenues from the waste management in Latvia are kind of regulated and calculated
with a complex equation where the profit margin for the waste management companies is
limited. E. g. if costs for the long-term loan are included in the tariff costs, then the profit
margin is limited to 3.5%.

Now the biogas part and waste management part in company ZAAO is legally separated.
The daughter company “ZAAO Energija”, Ltd. has been established to operate CHP plants
and sell electricity for the feed-in tariff. Mother company ZAAO is selling landfill gas to its
daughter company “ZAAO Energija” and each company is keeping its own cash flow. In
reality two separate cash flows would have to be analysed. In the cash flow of ZAAO two
sources of revenues are identified — the income from the waste management tariff and
income from the biogas sales to “ZAAO Energija”. In the cash flow of “ZAAO Energija” the
revenues are coming from the sales of electricity, but costs are related to the purchase of
biogas which is supplied by ZAAO. In this appraisal the costs for the feedstock and revenues
from the waste management are set to zero. In this way the biogas project is separated from
the waste management part and the financial analysis is made only on the project base. The
cash flow analysis for Valmiera is given in
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3 Economic Feasibility of the Biogas Concept of Graz

The following evaluation is mainly based on documents [10], [11], [12] and [14]. The focus
will be on document [14].

3.1 Available Feedstock and Client Base

Based on [10] the estimated potential of organic waste, which could be utilized in the biogas
plant, accounts for approximately 48.000 t/a. It consists of 33.000 t/a organic waste from the
brown organic waste bins and other biowastes according to the following table:

Table 8: Substrate mass flows (estimated potential of organic waste), biogas yields and volume flows for
biogas plant Graz.[14]

Estimated potential of organic waste [t/a] freg;;:‘?ner dry matter (DM) biogas n::::‘t::te
- . Ya__ ] DOM% |oDM% of DM a |} mfPM | Pt DM | mifa (based on DM) | m¥a (based on FM) %
Jorganic waste from organic waste bins 33.000; 30% 72% 7.118} 81 350 2.491.335 2.673.000] &3%
food waste from restaurants. caterings and food industry 8.000 20% 93% 1.486] 1447 856 1.272.358 1.157.600] 56%
expired food from supermarkets and suppliers 5.000 20% 93% o29] 1447 856 795.224 723.500] 56%
old bread from bakeries 1.500] 65% 97% 946] 482 760 718.770 723.000] 53%
total 47.500) 10.4?g| 5.277.687 5.277.100] 59%

The table shows that about 2/3 of the estimated mass flow of substrates will be organic
wastes from households but roughly 50 % of the calculated energy output is expected to be
from other biowaste fractions. To ensure a sufficient security of supply - especially for
substrates that don’t come from the household collection - it's highly recommended to
generate long-term delivery contracts for those substrate fractions.

3.2 Prospective Plant Location
According to [13] a new site selection took place in 2014.

According to [13] [16] [17] the framework conditions of this new site are similar to the
formerly described one:

“Concerning the plant location there are very positive news from Graz: plant location should
be cleared, it is a little bit outside from Graz (about Bl km from the city center), good
connection to highway, very near to gas grid. Option agreement for the land site is in
elaboration. ....”

3.3 Financial Feasibility

According to [13] after the site selection in 2014 Energie Steiermark is currently preparing a
complete recalculation of the project.

Based on the latest information, following comments will be given:

e Overall investment costs of ~ M € are realistic for a biogas plant of this substrate
mass flow using mainly household biowastes and including biogas upgrading and grid
injection. According to [15] also costs for infrastructure are included.

e Investment costs of M € for the biogas upgrading and grid injection plants seem to
be not unrealistic. For the upgrading plant itself (estimated capacity of ~700 m3/h
biogas) around P Mio € (may be a little bit less) can be calculated. Costs for grid
injection stations mainly depend on national requirements (standards in the natural
gas sector and legislative incentive systems) but Mio € seem to be not unrealistic.
Nevertheless these costs depend mainly on pressure levels and also on the length of
the connection pipe to the natural gas grid.
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e 8,500 operation hours per year related to full operation mode are expected to be very
optimistic. Only for the upgrading plant availabilities of 96 % can be seen as realistic.
Also technology providers can give the warranty for that. But 96 % corresponds to
8,410 h/a. 8,500 h/a can be also not unrealistic for the upgrading plant itself but not
for the whole system-chain of biogas production — biogas upgrading — grid injection.

e Costs for maintenance and spare parts seem not unrealistic. Depending on the
technology (provider) and the plant size full maintenance contracts can be expected
roughly in a range of 2-4 % related to investment costs. These percentages are
related to sites in Germany of German plant manufacturers and can be expected (if
choosing a foreign plant manufacturer) to be a little bit increased for Austria.

e The electricity demand of 0.3 kWhg/m? biomethane seems to be too low.
e [ Cent/kWh biomethane seems to be realistic based on the assumptions made:

o Especially the costs for biowaste from household collection are calculated
conservatively what is basically advantageous. On the other hand especially
revenues for this kind of feedstock fraction are very sensitive for the economic
success of the project.

o ~ Cent/kWh for upgrading seems to be in a realistic scale.

o ~ [l Cent/kWh for grid injection could be too low, especially if gas conditioning
(addition of LPG) is necessary to adapt heating value and Wobbe-Index.

o Depending on the transfer point to the biomethane customer also further costs
such as transport costs in the natural gas grid, accounting cost management
costs, etc. can/will occur. This should be respected. It can be seen as relevant
advantage that the gas grid operator is also partner of this project.

Confidential data

Figure 7: Cost fractions as specific costs for Graz biogas plant [14]

3.4 Project Risks

3.4.1 Economic Risks

Basically it has to be stressed that the calculation and the financial modelling of the project
had been done relatively conservative. Concerning the Capex there should be a sufficient
financial buffer available to realize the project within the calculated budget.

Within [14] it had been stated that the market price for biomethane from waste would be [l
Cent/kWhys. That would have meant that the production costs for biomethane, also without
profit, were [ICent/kWh,,s higher compared to the current market price of biomethane from
waste (Bl Cent/kWh,). Furthermore tax was not included what would have caused a further
difference of ~ [l Cent/kWh,. Finally there would have been a difference of around — i
Cent/kWhys between costs and revenues.

This has been clarified within [18]. The formerly mentioned value for the market price of
biomethane from waste (B Cent/kWh.) is related to average production costs for
biomethane from waste in Austria. According to [18] the current market price for biomethane
from waste would be around 1 Cent/kWhys increased compared to average production costs.
Therefore an economic success of the project would be possible.

The economic success of the project depends therefore mainly on two parameters:

e Specific revenues that can be received for biowaste from household collection. At the
moment there are [ €/t (including transport costs) calculated what seems to be
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relatively conservative. 1 €/t increased revenues from biowaste (related to 33000 t/a)
means decreased production costs of ca. 0.1 Cent/kWh.
e The price that can be generated for biomethane.

3.4.2 Organisational Risks

According to [15] LOIs by the city of Graz and Energie Steiermark are already available. As
mentioned above “Option agreement for the land site is in elaboration.”.

Confidential data

Figure 8: Sales concept and stakeholder structure of the produced biomethane (Source: GEA project
presentation) [14]

According to [16] biomethane utilization is organized as follows:

Confidential data

This concept seems to be promising especially because of the chance of long-term delivery
contracts without having an ongoing competition situation with market prices of biomethane.

3.4.3 Legal Risks

According to [15] caused by the selection of the new site legal risks concerning the planning
and permission process are significantly reduced. By now there are no objections by the
municipality.

A relevant financial risks is the tax to be paid when injecting biomethane into the natural gas
grid. Currently there is a political discussion to exempt biomethane from this regulation. [15]

3.4.4 Social Risks

In the past risks caused by groups that were dealing critically with the plant site selection was
significant.

At the current planning stage this risk seems to be reduced. The municipality where the new
selected site will be located seems to support the project. [15]

Nevertheless it will be an ongoing process to inform authorities, politicians and especially
citizens sufficiently about the project and to convince them about the need and advantages
of the sustainability of such a project.
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4 References

[1] Eggenreich S., Schinnerl D. (2012): ,Stadtische Abfallwirtschaft in Graz
Municipal waste management in Graz®, WP3 — Task 3.4 / D 3.3, July 2012.

[2] Eggenreich S., MeiBner, E., Schinnerl D. (2013): ,Biogas und Biomethan
Produktion in Graz / Biogas & Biomethane Production in Graz®, WP 4 —
Task 4.3/ D 4.3, May 2013.

[3] Eggenreich S., MeiBner, E., Schinnerl D., Stadtschreiber E. (2013):
,Biomethannutzung: Netzeinspeiszung und Transport in Graz (Osterreich)
/ Biomethane use for cities: grid injection & transport in Graz (Austria)
Final, WP 5 — Task 5.2/5.3 / D 5.2/5.3, July 2013.

[4] MeiBner E. (2014): Personal communication (E-Mail MeiBner E. to Beil M.
and Rutz D.)

[5] Eggenreich S., MeiBner, E., Schinnerl D. (2013): ,Biogas & Biomethane
Production in Graz", Draft V 2 CONFIDENTIAL, WP 4 — Task 4.3/ D 4.3,
May 2013.

[6] Beil M., MeiBner E. (2014): Personal communication

[7] MeiBner E. (2014): Personal communication (E-Mails MeiBner E. to Beil
M. and Rutz D.)

[8] MeiBner E. (2014): Personal communication (E-Mail MeiBner E. to
Hoffstede U.)

[9] MeiBner E. (2014): Personal communication (E-Mail MeiBner E. to Beil M.
and Rutz D.)

June 2014 11 FRAUNHOFER



UrbanBiogas Economic Feasibility of WtB projects

Annex 01 to this document. The IRR for this project is 6% without investment subsidy.

5.1 Project Risks

5.1.1 Economic Risks

A long pay-back period is a general risk but the private economic risk is still outweighed by
the positive environmental aspects.

As long as there are no promoting measures for the use of renewable fuels (tax exemptions
e. g.) the use of biomethane in transport vehicles is almost impossible to develop. And there
is always the competitor natural gas to be observed.

The minor availability of feedstock — here tendering the regional waste management — may
be compensated with different feedstock from agriculture or industry or may be covered by
long-term contracts.

Latvia provides less experience in the operation of biogas plants than Western Europe.
There is only little knowledge about the suitability of Western Europe equipment in Latvian
climate, its durability, maintenance efforts and costs, and therefore the annual full load hours.

Finally the competitive use of organic waste in waste incineration plants has to be assessed
and taken into account.

5.1.2 Organisational Risks

Excellent expertise among the designers, manufacturers, assemblers and — last but not least
— among the operators is a basis for the success of a biogas production and biomethane up-
grading facility. Particularly the training of the latter group is essential.

5.1.3 Legal Risks

At present there are no legal problems with the treatment of the digestate, particularly in
combination with the existing composting plant and the Daibe landfill.

The reliability of feed-in tariffs for electricity and biomethane is crucial for the investment in a
project in Valmiera.

5.1.4 Social Risks

The risk of critical citizens is very low for this project because the plant location is in a remote
area and far away from dwelling areas.

6 Economic Feasibility of the Biogas Concept of Zagreb

6.1 Available Feedstock and Client Base

The availability of feedstock suitable for anaerobic digestion (AD from hereon) in the capital
city of Croatia — Zagreb - will greatly depend on the future actions in respect to the waste
management and efforts to fulfil several goals stipulated as national obligations particularly
related to the reduction of the biodegradable part of municipal solid waste (MSW). Namely,
although the obligation demands a reduction of up to 65% of biodegradable waste based on
the year 1997, this would equal to only ~20% of today's (actually existing) quantities, Landfill
Directive and Renewables Directive being the foremost, by 2020. In any case, as the capital
is also the largest city in Croatia, the City of Zagreb carries significant contribution in
achieving overall national goals.

Diverting the biodegradable part of MSW from landfills is an overall EU task, where each
member country has its mandates. For most of the member states, the percentage of
biodegradable municipal waste (BMW) landfilled in each European country with derogation
periods for fulfilling the BMW diversion targets of the EU Landfill Directive, are compared with

June 2014 12 FRAUNHOFER



UrbanBiogas Economic Feasibility of WtB projects

the amount generated in 1995. The general derogation is a four year period implying that the
countries have to fulfil the targets by 2010, 2013 and 2020 instead of by 2006, 2009 and
2016. Croatia must match the targets by 2013, 2016 and 2020 based on the year 1997
(Waste and material resources, 2013).

For the purpose of this study, the base quantity of calculating the share of the biodegradable
fraction of municipal solid waste would be the quantity of waste landfilled on Prudinec — the
landfilling site of the City of Zagreb in 1997 which is about 209,000 to (Croatian Environment
Agency, 2006) Although it is true that the city's waste management company has collected
184,502 to of waste in that year, here it is assumed that all waste that was landfilled at the
city's landfill falls under the Landfill Directive mandate.

Table 2: Collectable biodegradable waste in the city of Zagreb by the year 2020

Input Dry Matter [%] | Amount [to/a]
biowaste from shopping centres and households 20 5,000
biowaste from kitchens and restaurants 20 10,000
market residues 20 3,000
industrial biodegradable waste (brewery, dairy, food processing) 20 1,500
expired milk and eggs 17 500
Total 20,000

This scenario is based on the Waste Management Concept delivered by Zagreb holding -
branch Cistoca. It presents total estimated quantities of biowaste which might be collected in
Zagreb and directed towards a biogas production by 2020. Its main subjects are:

- composition of the collectable biodegradable waste in the City of Zagreb (Table 2)
- dynamic of its implementation by 2020 (Table 3, Figure 4).
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Figure 4: Estimate of the increase of separately collected biowaste in Zagreb (2014-2020)

The available amounts of biowaste for an AD project start with 1,500 t/a in 2011 and develop
to 20,000 t/a in the year 2020 which is a conservative assessment.
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Table 3: Total estimated quantities of biowaste in Zagreb [kto/a]

Type of waste 2011 2015 2017 2020
Biowaste from shopping centres and households 1.5 2.6 3.8 5.0
Biowaste from kitchens and restaurants 0 3.4 6.7 10.0
Market biowaste 0 1.0 2.0 3.0
Industrigl biodegradable waste (brewery, dairy, food 0 05 10 15
processing)

Expired milk & eggs 0 0.2 0.3 0.5
Total 1.5 7.7 13.8 20.0

Natural gas consumption in the City of Zagreb in 2011 totalled 12.63 PJ (371.6 million m3),
which represents 26.1 % of the final energy consumption. Natural gas is mostly used by
households (66%) followed by industry (27%) and the service sector (7%) and a very
insignificant share of final energy consumption in transport. Namely, the final energy
consumption in transport in the City of Zagreb in 2011 totalled up to 12.01 PJ. Natural gas
consumption in the transport sector totalled up to only 0.027 PJ (0.8 mil. m®), which
represents only 0.22 % of the total energy consumption in the transport sector in Zagreb in
2011.

Currently, the City of Zagreb runs 60 public transport busses powered by CNG which
represents the existing demand for biomethane. Comparing the possible biogas/biomethane
production (Table 4) for the year 2020, the assessment meets the existing demand for the
existing public transport.

The biomethane production given in Table 4 will meet about 0.3% of the final consumption of
natural gas in the City of Zagreb. On the other hand, the same production will surpass (39%)
the existing demand for biomethane in the transport sector by eightfold. Based on this
comparison, it can be concluded that there is potential to fully close waste-to-biomethane
concept for the City of Zagreb where biomethane use will be aimed at injection into the
natural gas grid instead of having a filling station on the production site. The local distribution
gas network operator — Gradska plinara Zagreb - would be a potential client for taking over
the produced biomethane into the gas grid. The local gas grid operator operates 3,709 km of
gas pipes and delivered approximately 421 million cubic meters of natural gas in 2012.

Table 4: Biogas and biomethane production in Zagreb [10° mp?]

Parameter 2011 2015 2017 2020
Biogas production 0.19 1.07 1.41 2.04
Biomethane production 0.09 0.60 0.77 1.11

6.2 Prospective Plant Location

Resnik (see Figure 5) is considered mostly due to the already existing biogas plant and
availability of existing facilities for treating the waste water after the wet AD process. It has
limited road access for regular biowaste supply. Delivery would be through populated
suburbs of Zagreb (nuisance due to increased traffic) but the plant itself is sufficiently remote
from the settlement. The location has sufficient electrical power supply. Access to medium
pressure natural gas grid is in a distance of about 0.5 km (Figure 6).
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The main additional criterion for investigating this location is an operating waste water
treatment plant — producing and using biogas from surplus sludge. There are numerous
examples where biowaste and excess sludge from waste water treatment plants are
combined in one biogas production plant. Examples are: Henriksdal biogas plant of
Stockholm Vatten (Sweden), Linkdping biogas plant of Svensk Biogas (Sweden) which also
includes incineration plant, Boras biogas plant (Sweden) is connected with 7 km biogas
pipeline with WWTP to combine upgrading; Grindsted Municipality Biogas Plant (Denmark).

Pregledna karta __\_\

sustava
otpadom grada Zagreba .,.f

,,,,

Figure 5: Resnik, joint areas of existing waste water management site and considered thermal waste
processing plant

The Central WWTF has a biogas plant with an installed capacity of 2x1.5 MW, It uses
biogas in a CHP where a part of the heat is used internally and electricity is sold to the grid.
The current Feed-in tariff (FiT) system does not support preferential price for electricity from
landfill gas and the electricity is purchased at average production price (0.53 HRK/kWh or
0.07 €/kWh).

This could motivate power plant management to consider entering the biomethane market by
joining its existing biogas production with the new biowaste biogas (up-grading) facility.
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Figure 6: Resnik, access to the natural gas grid

The area of this location has sufficient space for biogas production and an up-grading plant.
In addition, biogas production from biodegradable fraction of MSW could improve the
efficiency of a prospective thermal waste treatment facility nearby. One technology of waste
treatment (separation) could be installed for both facilities. Produced digestate could be dried
and used as RDF.

As this area provides an already existing WWTP, it will require minimal spatial alterations for
biogas/biomethane production and it fits well in the considered waste management concept.
This location belongs to lll. category of water protection zones (Limitation and Control Zone)
which allows biogas production from biowaste only with special (additional) waste water
management measures as described in decision on protection of water springs for the City of
Zagreb.

Combining all above mentioned criteria, economic feasibility of the investment via
maximisation of biogas production criteria, symbiosis with existing (biogas production, waste
water treatment facility) and prospective (thermal waste treatment facility) facilities plus
vicinity of natural gas grid access highlights this site for biogas/biomethane production.

6.3 Financial Feasibility

The biogas/biomethane plant on biowaste would be the first of its kind in Croatia and there is
little information on the actual investment costs. However, using the average investment for
plant of that type in developed waste-to-biomethane market and adapting it to the national
situation would provide a sufficient approximation to start from.

The estimated price for a pre-treatment plant would be 1.67 mil. € or 84 €/t (including
engineering, electrical equipment, montage...). Investment in a biogas plant running on
biowaste would be the same as in a biogas plant running on agricultural feedstock. Currently,
there are 8 agricultural biogas plants in Croatia where 7 of them are of 1 MWeiinstalled
capacity. The average investment is 4,500 €/kW which is some 60% higher than its
counterpart investment in Germany. This will lead to an investment of 6.2 mil. € for the AD
installation. For the up-grading plant, the biogas yield from biowaste was taken (biogas yield
in 2020) to which existing biogas production (~500 Nm3/h) was added. The desired methane
content in biomethane was set to 97% (Table 5).
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Table 5: Parameters for the investment in biogas up-grading

Plant availability 98%
Depreciation life 15 years
Interest rate 6%

Electricity price 0.15 EUR/KWh

These assumptions lead to investment costs as given in the following table.

Table 6: techno-economic characteristics of biomethane production

Increased biogas flow PSA Water Scrubber

Volume flow [m*/h] 765 765
Methane content [vol %] 58.1 58.1
Upper heating value Hs [kWh/ms] 6.41 6.41
Methane slip [%] 2 2
Volume flow of biomethane [m*/h] 449.0 449.0
Upper heating value of biomethane Hs [kWh/m3] 10.7 10.7
Investment costs [EUR] 1589 003 1545 384
Annual overall costs [EUR/year] 458 881 453 971
Specific cost per m® biomethane [ct/m°] 11.90 11.78
Specific cost per kWh methane in biomethane (Hs) [ct/kWh] 1.11 1.10

Regarding the access to the natural gas distribution grid of the chosen location (Resnik), the
shortest distance from the medium pressure network (4 bar, 160 mm) is 457 m and from the
high pressure network (6 bar) it is 779 m. The distance to the nearest by transport gas
pipeline connection is 1,848 m (MRS Zg East, 50 bar, 250-300 mm). The distance from the
nearest ZET garage (planned CNG filling station) is 6,666 m (Dubrava). Access to natural
gas grid of chosen location is presented in Figure 6. The length of the gas pipes and the
estimated necessary investments for a connection to the gas distribution and gas
transmission system is shown below in Table 7.

Table 7: Connection to the gas distribution network - length and investments

Gas distribution network 1t (EUR)
Middle/low pressure

length, m

Total (EUR)
Middle/low
pressure

LOCATION Middle/low

pressure

High pressure

nnection
il o Connectiol

High pressure High pressure

, mm

Prudinec

4324

225

5215

432 400

778 320

140 000

572 400

918 320

Resnik

457

160

779

45 700

82 260

140 000

185 700

222 260

Markusevec

365

225

837

36 500

65 700

140 000

176 500

205 700

Dumovecki lug

5380

110

2908

538 000

968 400

140 000

678 000

1108 400

Considering that the difference between the terminal at medium/low pressure and high
pressure gas distribution system is not significant, and that biomethane by injection into a
high pressure distribution gas network will be available throughout the city, injection of
biomethane into a high pressure gas distribution network is proposed (6 bars). Water
scrubber or PSA technology with the working pressure above 6 bars is proposed as the
technology for upgrading of biogas to biomethane.

Annex 2 shows the cash flow analysis of the scheduled plant. With an initial gate fee of 25
€/t, a price for biomethane starting with 0.27 €/m3 in 2015 and a pay-back period of 15 years
it is obvious that this system is only profitable by a strong support of the local waste
management and a national support for the production and use of biomethane regarding
both tariff systems (gate fee and gas feed-in). Crucial is also the negotiation with the sewage
treatment plant on the price of their biogas and respective escalation clauses. In this cash-
flow analysis the AD and the up-grading facility was built for the full capacity which —
according to the studies of the Zagreb waste management — is true only from 2020 onward;
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meaning the AD and biomethane plants are operated with partial load only which reduces the
profitability. Investments in 2 phases (2014 and 2017 e. g.) might relieve the financial burden.

6.4 Project Risks

6.4.1 Economic Risks

A very long pay-back period is a general risk but the economic risk is still outweighed by the
positive environmental aspects which are maybe not that important for private companies but
are for municipalities.

As long as there are no promoting measures for the use of renewable fuels (tax exemptions,
feed-in tariffs e. g.) the use of biomethane in transport vehicles is almost impossible to
develop. And there is always the competitor natural gas to be observed.

The availability of feedstock seems to be safe in Zagreb but the up-grading of the biogas
from the neighboured WWTP has to be negotiated thoroughly and covered by long-term
contracts. And the figures for the organic fraction of the MSW (input) have to be checked
systematically with respect to the percentage of usable organic fraction (impurities, sieve
overflow) since this influences the output of biogas significantly.

Croatia provides less experience in the operation of biogas plants than Western Europe.
There is only little knowledge about the durability, maintenance efforts and costs, and
therefore the annual full load hours.

Finally the competitive use of organic waste in waste incineration plants has to be assessed
and taken into account politically.
6.4.2 Organisational Risks

Excellent expertise among the designers, manufacturers, assemblers and — last but not least
— among the operators is a basis for the success of a biogas production and biomethane up-
grading facility. Particularly the training of the latter group is essential.

6.4.3 Legal Risks

At present there are no legal problems with the treatment of the digestate, particularly in
combination with the existing WWTP plant in Zagreb.

The existence and reliability of feed-in tariffs for (electricity and) biomethane is crucial for the
investment in a project in Zagreb.
6.4.4 Social Risks

The risk of critical citizens is very high for this project because the plant location is
surrounded by dwelling areas and the citizens showed a NIMBY attitude (not in my
backyard!) in former times with other projects.
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7 Economic Feasibility of the Biogas Concept of Graz

The following evaluation is mainly based on documents [10], [11], [12] and [14]. The focus
will be on document [14].

7.1 Available Feedstock and Client Base

Based on [10] the estimated potential of organic waste, which could be utilized in the biogas
plant, accounts for approximately 48.000 t/a. It consists of 33.000 t/a organic waste from the
brown organic waste bins and other biowastes according to the following table:

Table 8: Substrate mass flows (estimated potential of organic waste), biogas yields and volume flows for

biogas plant Graz.[14]
Estimated potential of organic waste [t/a] freg;;:‘?ner dry matter (DM) biogas n::::‘t::te
- . Ya__ ] DOM% |oDM% of DM a |} mfPM | Pt DM | mifa (based on DM) | m¥a (based on FM) %
Jorganic waste from organic waste bins 33.000; 30% 72% 7.118} 81 350 2.491.335 2.673.000] &3%
food waste from restaurants. caterings and food industry 8.000 20% 93% 1.486] 1447 856 1.272.358 1.157.600] 56%
expired food from supermarkets and suppliers 5.000 20% 93% o29] 1447 856 795.224 723.500] 56%
old bread from bakeries 1.500] 65% 97% 946] 482 760 718.770 723.000] 53%
[total 47.500] 10.479] 5.277.687 5.277.100] 59%

The table shows that about 2/3 of the estimated mass flow of substrates will be organic
wastes from households but roughly 50 % of the calculated energy output is expected to be
from other biowaste fractions. To ensure a sufficient security of supply - especially for
substrates that don’t come from the household collection - it's highly recommended to
generate long-term delivery contracts for those substrate fractions.

7.2 Prospective Plant Location
According to [13] a new site selection took place in 2014.

According to [13] [16] [17] the framework conditions of this new site are similar to the
formerly described one:

“Concerning the plant location there are very positive news from Graz: plant location should
be cleared, it is a little bit outside from Graz (about Bl km from the city center), good
connection to highway, very near to gas grid. Option agreement for the land site is in
elaboration. ....”

7.3 Financial Feasibility

According to [13] after the site selection in 2014 Energie Steiermark is currently preparing a
complete recalculation of the project.

Based on the latest information, following comments will be given:

e Overall investment costs of ~ M € are realistic for a biogas plant of this substrate
mass flow using mainly household biowastes and including biogas upgrading and grid
injection. According to [15] also costs for infrastructure are included.

e Investment costs of M € for the biogas upgrading and grid injection plants seem to
be not unrealistic. For the upgrading plant itself (estimated capacity of ~700 m3/h
biogas) around P Mio € (may be a little bit less) can be calculated. Costs for grid
injection stations mainly depend on national requirements (standards in the natural
gas sector and legislative incentive systems) but Mio € seem to be not unrealistic.
Nevertheless these costs depend mainly on pressure levels and also on the length of
the connection pipe to the natural gas grid.
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e 8,500 operation hours per year related to full operation mode are expected to be very
optimistic. Only for the upgrading plant availabilities of 96 % can be seen as realistic.
Also technology providers can give the warranty for that. But 96 % corresponds to
8,410 h/a. 8,500 h/a can be also not unrealistic for the upgrading plant itself but not
for the whole system-chain of biogas production — biogas upgrading — grid injection.

e Costs for maintenance and spare parts seem not unrealistic. Depending on the
technology (provider) and the plant size full maintenance contracts can be expected
roughly in a range of 2-4 % related to investment costs. These percentages are
related to sites in Germany of German plant manufacturers and can be expected (if
choosing a foreign plant manufacturer) to be a little bit increased for Austria.

e The electricity demand of 0.3 kWhg/m? biomethane seems to be too low.
e [ Cent/kWh biomethane seems to be realistic based on the assumptions made:

o Especially the costs for biowaste from household collection are calculated
conservatively what is basically advantageous. On the other hand especially
revenues for this kind of feedstock fraction are very sensitive for the economic
success of the project.

o ~ Cent/kWh for upgrading seems to be in a realistic scale.

o ~ [l Cent/kWh for grid injection could be too low, especially if gas conditioning
(addition of LPG) is necessary to adapt heating value and Wobbe-Index.

o Depending on the transfer point to the biomethane customer also further costs
such as transport costs in the natural gas grid, accounting cost management
costs, etc. can/will occur. This should be respected. It can be seen as relevant
advantage that the gas grid operator is also partner of this project.

Confidential data

Figure 7: Cost fractions as specific costs for Graz biogas plant [14]

7.4 Project Risks

7.4.1 Economic Risks

Basically it has to be stressed that the calculation and the financial modelling of the project
had been done relatively conservative. Concerning the Capex there should be a sufficient
financial buffer available to realize the project within the calculated budget.

Within [14] it had been stated that the market price for biomethane from waste would be [l
Cent/kWhys. That would have meant that the production costs for biomethane, also without
profit, were [ICent/kWh,,s higher compared to the current market price of biomethane from
waste (Bl Cent/kWh,). Furthermore tax was not included what would have caused a further
difference of ~ [l Cent/kWh,. Finally there would have been a difference of around — i
Cent/kWhys between costs and revenues.

This has been clarified within [18]. The formerly mentioned value for the market price of
biomethane from waste (B Cent/kWh.) is related to average production costs for
biomethane from waste in Austria. According to [18] the current market price for biomethane
from waste would be around 1 Cent/kWhys increased compared to average production costs.
Therefore an economic success of the project would be possible.

The economic success of the project depends therefore mainly on two parameters:

e Specific revenues that can be received for biowaste from household collection. At the
moment there are [ €/t (including transport costs) calculated what seems to be
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relatively conservative. 1 €/t increased revenues from biowaste (related to 33000 t/a)
means decreased production costs of ca. 0.1 Cent/kWh.
e The price that can be generated for biomethane.

7.4.2 Organisational Risks

According to [15] LOIs by the city of Graz and Energie Steiermark are already available. As
mentioned above “Option agreement for the land site is in elaboration.”.

Confidential data

Figure 8: Sales concept and stakeholder structure of the produced biomethane (Source: GEA project
presentation) [14]

According to [16] biomethane utilization is organized as follows:

Confidential data

This concept seems to be promising especially because of the chance of long-term delivery
contracts without having an ongoing competition situation with market prices of biomethane.

7.4.3 Legal Risks

According to [15] caused by the selection of the new site legal risks concerning the planning
and permission process are significantly reduced. By now there are no objections by the
municipality.

A relevant financial risks is the tax to be paid when injecting biomethane into the natural gas
grid. Currently there is a political discussion to exempt biomethane from this regulation. [15]

7.4.4 Social Risks

In the past risks caused by groups that were dealing critically with the plant site selection was
significant.

At the current planning stage this risk seems to be reduced. The municipality where the new
selected site will be located seems to support the project. [15]

Nevertheless it will be an ongoing process to inform authorities, politicians and especially
citizens sufficiently about the project and to convince them about the need and advantages
of the sustainability of such a project.
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