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Abstract

More and more people live in cities, cities that both present opportunities, in terms
of potential sustainable growth and challenges, for example regarding insufficient
infrastructure and waste management. There are several examples on initiatives
to make cities reach their sustainability potential; one is to turn municipal organic
waste, MOW, and sewage sludge into biogas and use it to produce electricity and/or
heat or to upgrade it to biomethane and use it as a fuel in for example public
transport or feed it to a gas grid.

This study has focused on the potential and feasibility of producing and using bio-
gas/biomethane as well as the remains from the production process, called digestate,
in Chisinau, the capital of Moldova. For the most feasible options an indication of
the environmental improvement and economic performance was also estimated. The
study included biogas produced from municipal organic waste, sewage sludge and
methane collected at landfills. For the areas of use, electricity or heat produced
from biogas was included as well as using biomethane in public transport or feeding
it to the gas grid and to use the digestate as biofertilizer. Since multiple factors
needs to be considered in order to adequately assess the potential and feasibility
a multi-criteria approach was used for developing a framework based on an early
assessment tool for biomethane solutions in the urban context.

In summary it is indicated that there are good conditions for biogas production
in Chisinau with biogas production from sewage sludge being included in the on-
going rehabilitation of the largest wastewater facility and methane collection from
the largest landfill historically being part of the operations and planned (although
not confirmed) to soon be part of these again. However, the largest potential is
for municipal organic waste where the main impediments relates to financial issues
and to some extent legislation that indirectly favour short term landfilling. When
investigating the possible use of the digestate as biofertilizer the outlooks are con-
siderably less promising than for the supply side. Despite the fact that the law
explicitly allows the use of digestate (both from MOW and sewage sludge) the lack
of knowledge within the farmer community result in a low or non-existent customer
demand. Regarding the possible use of biogas/biomethane it was concluded that
electricity production is the most feasible option and heat generation placing as the
second most feasible. Feeding the gas to the grid appears more difficult and the
least likely option is for the biogas to be used within public transport. Overall it
is in general technically possible to use the gas in terms of infrastructure and there
is some demand, especially for electricity and heat. The biggest inhibitory factors
are rather institutional since biogas in general is overlooked or not prioritized in the
strategies leading to a shortcoming in economical instruments or funds and to some
extent in the legislation.

This thesis is complemented by an executive summary with the same name, both in
English and translated to Romanian.

Keywords: Biogas, Biofertilizer, Biomethane, Potential, Feasibility, Chisinau,
Moldova, Sustainable cities
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1 Introduction

In this section the background to the thesis is presented leading up to the aim and
research questions. The scope and delimitations are clarified and the report structure
is outlined.

1.1 Background

The urbanization of today brings both opportunities and challenges as more people
move in to the cities. Globally 54 percent of the world’s population live in urban ar-
eas and the numbers are prospected to increase further (UN, 2018). If well managed
this could present great opportunities for sustainable growth since cities generate
more than 80 percent of the global GDP (World Bank, 2018). But cities are also
faced with multifaceted challenges such as insufficient infrastructure in terms of wa-
ter and sanitation, proper waste management and well-connected and sustainable
transport systems to mention a few. Cities also consume two-thirds of the world’s
energy and release 70 percent of the world’s anthropogenic greenhouse gas emissions
contributing to global warming (World Bank, 2018).

Several initiatives to combat these challenges have been taken, for example UN
Habitats and UN Environments joint initiative "Greener Cities Partnership" and
the "European Sustainable Cities Platform" (Sustainable Cities, 2018; UN Habitat,
2018). Sustainable cities are also a clear part of UN’s global goals for sustainable
development, explicitly elaborated in SDG11 that aims at making cities inclusive,
safe, resilient and sustainable (The Global Goals, 2017).

There are several examples on sustainable initiatives connected to cities, both glob-
ally and in the Swedish context, ranging from infrastructure to urban farming and
social inclusion (Hållbar Stad, 2018; Sustainable Cities, 2018). One example con-
nected to infrastructure and waste treatment is Linköping that shows how a city can
be more sustainable by turning the municipal organic solid waste, as well as sludge
from the wastewater treatment plant, in to biomethane used for public transport
and biofertilizer used in the agricultural sector (Tekniska verken, 2018). In clearer
wording biomethane production can address several challenges at the same time.
This type of solution is not unique for Linköping or Sweden and is hence possible
to replicate in other cities. Though, to be successful and beneficial for other cities
in facing their challenges, the local context must be taken in to consideration.

This study will focus on the local context of Chisinau, the capital of Moldova with
close to 700 000 citizens1, to see if a similar biomethane solution can be feasible.
Some things already indicate that this might be the case since Moldova has agreed
on working both towards realizing the UN’s 17 sustainability goals as well as signing

1According to the official statistic the country has a population of 3,55 million out of which
686 000 lives in Chisinau (Statistica Moldovei, 2018). But these numbers are probably lower in
reality since it is hard to estimate the annual migration flows and the number of people that
emigrated. An international recalculation is therefor undertaken by the UN, expected to finish at
the end of this year (UN Statistic, 2018).
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the Paris agreement (The Global Goals, 2017; INDC, 2017). In the latter case the
Moldovan government has among other things stated that they will reduce their
GHG emissions by 15 percent in the transport sector.

Since the country’s independence in 1991 Moldova has also been highly reliant on
Russia for their energy supply, as well as for export, even if the level of depen-
dence has decreased with the increased cooperation with EU, whom they signed
an association agreement with in 2014 (UI, 2018). Around 70 percent of the pro-
duced electricity comes from imported gas and oil and import stop of Moldovan
commodities have been used by Russia as a political tool (UI, 2018).

At the moment, a new Waste Water Treatment Plant is in the construction phase in
Chisinau (Apa Canal, 2018) and the residue/sludge from this plant is one potential
source for biogas which might be a way to decrease the environmental impact and
the dependency on (Russian) import. The city also has a public transport system
with buses that might benefit from a biomethane solution since, at least some of, the
vehicles are old and run on natural gas (Johansson, 2012). The presence of natural
gas pipelines may also be beneficial for a biogas solution.

In 2012 a study on the potential for biogas production from Moldovan Wineries was
carried out by (Johansson, 2012) and some studies on increasing biogas production
from wineries and other agricultural products as well as a model for measuring gas
from landfill have been carried out (Covaliov et al., 2015; Ţîţei, 2017; Ţugui et al.,
2006). But as far as have been found through search on academic website none is
written about the potential of biogas from municipal waste, and no specific study
on biogas potential and use in any Moldovan city. All together this makes it a good
time to systematically approach the potential and feasibility of biogas production
in Chisinau.

This study was initiated by IVL, Swedish environmental institute, as one part of
their cooperation with City Hall in Chisinau through Borlänge Municipality (a co-
operation that has been on-going since 2008). Linköping University is the second
stakeholder that provides supervisor, examiner and a deep academic knowledge base
within the area of study. Through IVL a reference group has also been provided
with three working experts in the field of Biogas solutions. The study is financed
by a Minor Field Study Scholarship that has been received from SIDA, covering all
associated costs.

1.2 Aim and research questions

The purpose of this study is to make an early assessment of the potential and
feasibility of producing, and using, biogas in Chisinau.The study will focus on
producing biogas from selected waste streams and areas of use for the bio-
gas/biomethane and biofertilizer. To realize the stated purpose the following re-
search questions have been outlined:
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RQ1: How much biogas and corresponding amount of methane can be produced?

RQ2: How feasible is it to produce and use the biogas/biomethane and biofertilizer?

RQ3: What would the environmental and economic performance be for the most
feasible area of use from the selected waste streams?

1.3 Scope and delimitations

Regarding the waste streams, the study will focus on sludge from waste water facil-
ities, municipal organic waste and methane collected from landfills since these flows
are commonly used in other cities with successfully implemented biogas solutions.
As for use, biogas used directly to produce heat or electricity will be included as
well as upgraded biogas used in public transport or fed to the existing gas grid, all
motivated by the success rate in other cities. As indicated, the study focuses on the
urban areas of Chisinau and not the whole municipality. Though, in order to make
economical use of the digestate as bio fertilizer, nearby farms will be included.

Lastly, the study will take a holistic approach, focusing on feasibility on a broader
level, rather than being occupied with technical details and optimization’s connected
to the biogas production process itself.

1.4 Disposition

Chapter 1: In this section the background to the thesis is presented, leading up to
the aim and research questions. The scope and delimitations are clarified.

Chapter 2: Provides the reader with the necessary theoretical background to get
a good understanding of the work as well as putting it in an academical context.
The chapter begins with a broad introduction of circular thinking followed by the
biogas process, selected waste streams, areas of use and factors impacting a biogas
solution.

Chapter 3: In this chapter the working method is presented. It begins with declar-
ing the general approach of the work and the used framework and continues with
a section on information gathering; including the selected literature, elaboration on
interviews, document collection and site visits. The chapter ends with a discussion
over the method of choice.

Chapter 4: This chapter presents the gathered information from the study and
assess it using the framework that was derived and presented in the previous chapter.

Chapter 5: This chapter contains the aggregated result from the previous chapter
and offers different comparisons of these results. The comparisons are made at
three different levels: an overall comparison within the different waste streams and
use areas; comparing the waste streams and use areas indicator by indicator; a
comparison between the indicators, highlighting strengths and weaknesses.
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Chapter 6: In this section an indication of environmental performance was calcu-
lated for the most viable combinations of waste streams and areas of use. This is
followed by an estimation regarding indicated economic performance.

Chapter 7: The chapter discuss the findings and presents the conclusions drawn
from the work; what the potential and feasibility for biogas production and use in
Chisinau are as well as an indication of the environmental and economic perfor-
mance for the most feasible solutions. The chapter also includes implications and
recommendations for Chisinau and other cities as well as Swedish institutions and
potential investors. In the end some interesting questions for further research are
stated.



2 Technical background

This section provides the necessary theoretical background to get a good
understanding of the work and put it in an academical context. The chapter be-
gins with a broad introduction of circular thinking followed by the biogas process,
selected waste streams, areas of use and factors impacting a biogas solution.

2.1 Closing loops and making cities sustainable

Industrial ecology (IE) is a broad, holistic framework for guiding the transformation
of the industrial system to a sustainable basis (Lowe and Evans, 1995). By using
ecosystems in nature as a source of inspiration for designing industrial ecosystems a
desired transition from a linear material and energy flow to a closed-loop-one may
be achieved. Biogas production fits this model by replacing the use of virgin ma-
terials by for instance using municipal waste or sludge from waste water treatment
plants. Furthermore, there is the possibility of turning the remains from the diges-
tion process into bio-fertilizer and thus replacing artificial fertilizers and returning
nutrients to the soil. The holistic approach in IE is also recognized in the way of
life-cycle thinking. Although this study does not include conducting a life-cycle
assessment, the viewpoint of life-cycle thinking is ever-present. Taking a products
complete life-cycle into consideration within the system boundaries and including
all impacts from cradle-to-grave is necessary to obtain a just picture of the systems
impact and reduce the risk of problem shifting.

2.2 The biogas process - valorisation of residues

The biogas system from some potential feedstocks to usable product is broadly
described in Figure 1, note the circularities. Some technicalities of the biogas process
in itself is further elaborated on below, focusing on selected feedstocks and use areas.

Figure 1: An example of the biogas process from different feedstocks to useable
products for the community. This is done through anaerobic digestion resulting in
biogas and digestate where the biogas can be upgraded to biomethane. Note the
circularities between the community and some of the potential feedstocks.



6 2 Technical background

Biogas is a renewable fuel gas generated when microorganism under anaerobic condi-
tions break down organic material, such as biomass. The remains from the digestion
process are called digestate and can be used as biofertilizer because most of the nu-
trients in the input feedstock remain in the digestate. The derived biogas mainly
consists of methane and carbon dioxide, but also contains impurities such as nitrogen
and sulfur (S. Energigas Sverige, 2018). If chosen, the biogas can then be upgraded
to biomethane through several possible technological solutions. It is the removal of
impurities that result in the increased methane content and hence facilitates the use
in vehicles or the feeding to the gas grid.

The organic sources for biogas production share similarities with a beautiful statue
being formed from uninviting clay since the feedstock for creating biogas could
for instance be municipal solid waste, sewage sludge, agricultural or forestry
crops/residues or animal residues. The choice of ’clay’ depends on the concerned
context and factors such as availability. When focusing on a city, as this study does,
it becomes natural to include municipal solid waste, sludge from wastewater and
waste on landfills as sources (Lindfors and Lärkhammar, 2017).

2.2.1 Using municipal organic solid waste as feedstock

An urban context and the density of people living there, enables the possibility of
using municipal organic solid waste as a feedstock. Households, food industries and
restaurants are examples of waste generating entities where the waste blend contains
organic waste, which could potentially be separated at the origin, or secondary
separated, and then used as feedstock. This procedure is being carried out in several
cities. (Woon and Lo, 2016; Lindfors and Lärkhammar, 2017)

Availability is crucial and the amount of organic waste generation is affected by the
level of prosperity in the city. Concerning food waste, the waste generation in the
food supply chain vary depending on whether the country is a medium and high
income country or a low income one (Global Food Losses and Food Waste 2011). For
a low income country it is typical for food waste to arise early in the supply chain and
not so much in the end of it. The opposite is true for middle/high income countries.
This is illustrated in Figure 2. Lindfors and Lärkhammar (2017) conclude that
the annually generated food waste per average person, both directly and indirectly,
ranges from 68-380 kilograms. Although, one kilogram of food waste does not mean
one kilogram of biogas generating waste. To some degree the food waste consist of
water, which does not produce biogas and hence the dry matter (DM) content of
the waste often comes into play when estimating the yield.
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Figure 2: Schematic illustration over food waste generation depending on whether
it is a low or middle/high income country. Low income countries typically have a
large share of food waste generation early in the supply chain and then declining
throughout the chain. For middle and high income countries it is the other way
around. (Global Food Losses and Food Waste 2011)

2.2.2 Sludge from waste water facilities as feedstock

Wastewater treatment plants (WWTP) and their ability to clean water is an impor-
tant part of the infrastructure in many cities. At two steps in the process from
wastewater to clean water sludge is generated (primary and secondary sludge).
When the process is complete, sludge is the most abundant residue and its dis-
posal can account for up to 60% of a WWTP’s total costs (Ucisik and Henze, 2008).
In the EU, the three most common options for recycling or disposing are to use the
sludge in agriculture or to either incinerate or landfill2 it. For the first alternative
it is required by EU directive (86/278/EEC) that the sludge is treated prior to use.
The most common way of treating or stabilizing sewage sludge is via anaerobic di-
gestion (Gendebien et al., 2010). In 2016 biogas produced from WWTPs accounted
for 8,7 % of EU’s total biogas generation, a share that is getting smaller due to the
increase of other waste streams (EurObserv’ER, 2017).

2.2.3 Collecting biogas from organic waste in landfills

Despite factors such as different standards and inconsistencies in definitions, re-
searchers typically agree that the largest share of global municipal solid waste
(MSW) is today being landfilled (Hoornweg and Bhada-Tata, 2012). Further, the
prognosis is that the annual amount of MSW from urban areas going to landfills
will increase from 1,3 billion tonnes in 2010 to 2,2 billion tonnes by 2025, with the
largest increase in tonnes taking place in the lower-middle income group (Hoornweg

2Relatively small overall share due to the Landfill Directive 99/31/EC (Gendebien et al., 2010)



8 2 Technical background

and Bhada-Tata, 2012). The distribution of tonnes per income group is illustrated
in Figure 3.

Figure 3: The urban populations waste generation 2010 as well as the projection for
2025. Presented in different country income groups. (Hoornweg and Bhada-Tata,
2012)

The collectible amount of biogas in landfills are of course depending on a variety of
elements, e.g. size of the landfill, age of the landfill, fraction of organic waste in the
landfill-mix, income level in the country and type of landfill. Usually landfills are
divided into four different categories, namely open-dumping, controlled dumping,
controlled landfilling and sanitary landfilling. Generally it can be said that first two
are the most occurring ones in low-income countries, while the latter two apply for
high-income countries (Hoornweg and Bhada-Tata, 2012).

Furthermore, it can be said that low- and middle-income countries in general have
a high percentage of organic matter in the urban waste stream, ranging from 40 to
85% of the total. The share of organics has relevance since that quota is the one
being anaerobically digested in the landfills. However, it is of course important to
put the percentage in relation to the total amount of urban waste stream. Increase
of other constituents like plastics, glass and paper in the waste stream comes along
with an increase in welfare. Waste composition and total waste generation for 2010
and as well as prognosis for 2025 for the low income and low-middle income groups is
illustrated in Figure 4. Although, it should be noted that waste composition varies
between countries; cultural norms, geographical location and so forth are among the
affecting factors (Hoornweg and Bhada-Tata, 2012).
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Figure 4: Waste composition for the low-income and the low-middle-income group.
Showing both for 2010 and prognosis for 2025. (Hoornweg and Bhada-Tata, 2012)

Regarding landfills the uncontrolled methane leakage is problematic. On account
of methane being a roughly 30 times as potent greenhouse gas as carbon dioxide
it naturally gives global warming an undesired boost (EPA, 2018). Hence, double
benefits can be achieved through obtaining biogas; the first one being to acquire
biogas for utilization and the second one being climate penance. In the EU, biogas
from landfills accounted for 17.2% of the 2016’s total production (EurObserv’ER,
2017).

2.2.4 Electricity and heat generation from biogas

Biogas can be used as fuel in boilers to produce heat and/or steam and it can also
be used in CHP plants to produce both heat and power (Wellinger et al., 2013).
The latter one being the preferred option from an efficiency point of view.

Electricity generation via the use of a generator is a practical and extensively used
option. In this case the biogas is burned in a combustion engine which converts the
gas to mechanical energy that can power an electric generator. In theory biogas can
be used in virtually all sorts of combustion engines, such as gas engines, gas turbines
and diesel engines (Mitzlaff, 1988). The calorific value of the biogas largely depends
on the methane content, thus a high methane share is desirable.

Lastly, the levels of hydrogen sulphide (H2S) in the biogas is important. Hydrogen
sulphide has corrosive nature and as a consequence it is harmful for a motor, i.e
shortening the lifetime (Mitzlaff, 1988). In general robust engines are therefore
desirable. The H2S can also be cleaned away prior to use.
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2.2.5 Biomethane used in public transport

Biogas in public transport is used in several cities where Linköping is one example
(Fallde and Eklund, 2015). As previously mentioned biogas that is to be used in
the heavy duty vehicles in for instance the public transport system needs to be
upgraded. The methane content is in these cases typically boosted to 97% (Lindfors
and Lärkhammar, 2017).

Emphasising the environmental performance of biomethane as a fuel is of impor-
tance. When taking greenhouse gases (GHG), particles and NOx into consideration
biomethane-powered vehicles are considerably better than those that run on diesel
or petroleum. Pål Börjesson, Lantz, et al. (2016) concluded in a well-to-wheel anal-
ysis that a change to biomethane generally result in a reduction in GHG of more
than 80%, compared to diesel and gasoline vehicles. This is regardless of how the
biomethane is produced, distributed or used in vehicle engines. Further, according
to Lindfors and Lärkhammar (2017) based on P. Börjesson and M. Berglund (2006),
particle emissions are reduced by approximately 74 % when considering the full life-
cycle and up to 88% if only end-use is considered. Regarding nitrogen oxides the
reduction for the life-cycle is esimated to 65% and 77% when replacing diesel. The
reductions in particle emissions and nitrogen oxides apply for biogas produced from
municipal solid waste 3 and with assumptions regarding the efficiency of diesel and
gas engines, 40 and 36 % respectively. Lastly, it should be noted that the calcula-
tions made by P. Börjesson and M. Berglund (2006) and Pål Börjesson and Maria
Berglund (2007) are based on literature reviews, Swedish conditions and state-of-
the-art technologies (P. Börjesson and M. Berglund, 2006; Pål Börjesson and Maria
Berglund, 2007). In summary, when used in vehicles biomethane has the potential
to locally increase the air quality in cities and fight global warming.

2.2.6 Biomethane injected in the gas grid

Biogas can also be fed directly to the gas grid, after proper upgrading to biomethane,
and then later used in any application as a substitute of natural gas (Persson et al.,
2006). Feeding the gas directly to the grid is increasingly popular and a rising
trend (rather than burn the gas to produce electricity and heat) (Deublein and
Steinhauser, 2011). Using the gas like this, or as renewable vehicle fuel as described
above, is also beneficial since it is a more efficient way of using the gas according to
Weiland (2010). Some benefits are that you can produce gas at one site and then
distribute it to densely populated areas or increase the production on a more remote
site that does not have need for more but then can send the surplus out on the grid
(Persson et al., 2006). Since many countries also use more gas than they produce
injecting locally produced biogas to the grid will also increase the energy security
and decrease dependency on others (Persson et al., 2006).

Generally there are requirements and standards that needs to be met before injecting
the gas to the grid, for example limits on certain components in the gas such as

3For other feedstocks the authors refer to P. Börjesson and M. Berglund (2006) and Pål Bör-
jesson and Maria Berglund (2007)
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sulphur, oxygen, particles and water dew point (Persson et al., 2006). Most of the
time these demands are achieved with existing upgrading processes, but in some
cases this might be problematic for gas originating from landfills (Persson et al.,
2006). There are no international standard so far but several national and Marco
Gaz 4 has adopted final recommendations regarding "Injection of Gases from Non-
Conventional Sources" that may serve as guidelines for both actors and developers
of standards, even though some gaps are still highlighted making it impossible to
determine international minimum requirements (Marcogaz, 2006; Persson et al.,
2006).

2.2.7 Valorisation or disposal of digestate

The organic material in the bioreactor is not completely digested and the residue
is as familiar called digestate. Besides water and organic material the digestate
also contains nutrients from the substrate (E. Energigas Sverige, 2018), making the
digestate a valuable fertilizer on account of the increased availability of nitrogen and
the better short-term fertilization effect (Weiland, 2010). However, this procedure
is not entirely complication free; legislation and health factors affect. This could
be the case for digestate from sewage sludge if the wastewater treatment does not
include removal of for instance medical traces in the water. Furthermore, there
could be a potential risk of accumulation of heavy metals (such as Copper, Zinc
and Mangaese) in the soil, especially for anaerobic co-digestion with cattle and pig
slurries (Nkoa, 2014). If the digestate is proven not to be usable or demand from
regional farmers is too low the digestate needs to be disposed. There are various
possibilities for disposal which affects the cost of a biogas solution and hence its
attractiveness (Lindfors and Lärkhammar, 2017).

2.3 Factors affecting the implementation of a biogas solution

When implementing a biogas solution it is not only the technicalities that needs to
work, other external factors also impacts the potential success-rate and feasibility
of the solution. An old review of biogas in developing countries showed that 50-60%
was non-functioning due to non-technical reasons, the reasons were rather related
to lack of maintenance and routine-operation (since it is a laborious work) which
points to the need of finding a long-term actor with enough technical know-how
(see Niab and Nynsan (1996)). This is also highlighted by Johansson (2012) that
showed that the five present biogas reactors in Moldova was out of use due to non-
technical reasons, for example disputes regarding ownership and economic failure;
further pointing to the need of a long term actor and that the system is economically
profitable.

This makes the implementation of a solution typically relating to a few general
questions, to some extent overlapping, regarding the areas of potential, feasibility
and performance, as can be seen both in Feiz and Ammenberg (2017) and Lindfors
and Lärkhammar (2017).

4The technical association of the European Natural Gas Industry
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First comes the area of potential referring to the amount of accessible biogas, limited
by what is practically and theoretically possible to extract from each waste stream
and also impacted by how scattered the considered source is. The more scattered,
the less likely it is that the full potential will be collected, leading in to the area of
feasibility.

How feasible a solution is to implement can be dependent on current customer
demand, if the considered raw-material is currently used for something else and how
compatible the current infrastructure is with a biogas solution. Policy and legislation
might also comes into play within the area of feasibility. There might be legislations
prohibiting organic waste to be put on land-fills, hence benefiting a biogas solution,
or a prohibition to use fertilizer from sewage-digestate on farms. Since biogas is
renewable there might also be a political will favoring this type of solution through
for example feed-in tariffs or other instruments used in several European countries to
make renewables competitive on the market (EU, 2018; RES Legal, 2018). Though,
one should also be aware if there are other policies or goals favoring other renewables
above biogas.

The third area could generally be seen to cover two areas of performance, both the
economical and the environmental. The economic performance of the solution has a
vital impact on the potential success and feasibility in considered solution. It must
be economically viable to collect the organic matter, digest it and then distribute
the biogas or upgraded biomethane, either on its own or through political incentives
until it meets the market competition as mentioned above.

Connecting to all three dimensions of sustainability (economic, social and envi-
ronmental) the solution should also have a desirable impact on the environment
and society. For example through decreasing emissions and use of fossil fuels and
creating new jobs. To sum it up, the implementation of a biogas solution needs
to be viewed from several different areas and perspectives, all of them requiring
a different approach, thus representing a multidimensional problem in need of a
multi-dimensional approach.
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In this chapter the working method is presented. It begins with declaring the gen-
eral approach of the work and the used framework and continues with a section on
information gathering; including the selected literature, elaboration on interviews,
document collection and site visits. The chapter ends with a discussion over the
method of choice.

3.1 Overall working approach

In order to conduct the study and answer the research questions, the work have
been separated into three phases as seen in Figure 5. The second one is the most
important including a visit to Chisinau for two months for information gathering
and data collection. This phase will be preceded by a preparatory phase in Sweden
including planning, information gathering and a pre-study on Chisinau based on
existing literature and then later finished with the third, concluding phase, where
the results will be compiled and summarized, both while being in Moldova and back
in Sweden.

Figure 5: The overall working approach separated into three phases.

3.1.1 Multi-criteria Approach

As described in section 2.3 above implementing a biogas solution depends on a
range of factors and aspects to be considered. One way to understand this multi-
dimensional impact is through a Multi Criteria Approach, MCA. Mendoza et al
(1999) states MCA to be a decision-support method for complex multi-dimensional
problems that includes qualitative and/or quantitative aspects. To adequately assess
potential and feasibility for producing and utilizing biogas, and thereby attaining the
authors’ purpose of the study, several factors ought to be considered. The amount
of available feedstock, presence or absence of a gas grid, legislation, valorisation of
biofertilizer and attitude towards the solution are a few examples. Hence, MCA was
deemed appropriate for this study. Further supporting this choice is the fact that
it has been selected in studies facing similar evaluation challenges, e.g Lindfors and
Lärkhammar (2017), Feiz and Ammenberg (2017), and Yap and Nixon (2015)
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An international standard for MCA is non-existent and hence the course of action
can vary in different studies. Although, Feiz and Ammenberg (2017) identified
that most MCA studies contains the steps of problem definition, identifying the
alternatives, defining the criteria and indicators, weighting and quantitative analysis,
and finally recommendation of the preferred alternatives. Since every case also have
some unique features an MCA framework needs to be designed with the specific
objective in mind when identifying key areas, key questions and key indicators. This
is a relatively time-consuming process if done properly and hence the authors were
glad when they found a recently developed framework designed to answer similar
types of questions as those asked in this report. The key areas, key questions and
key indicators identified by Lindfors and Lärkhammar (2017) has therefor formed
the foundation for this study but was where needed adapted to the authors’ case and
local context. This means that where it was necessary new key questions and key
indicators were formulated. Further, since the authors’ aim is to compare different
solutions within the city of Chisinau and Lindfors and Lärkhammar (2017) made a
framework to compare different cities, the different waste streams and uses has been
separated to be able to highlight and compare different possibilities within the city.

Unlike the identified tool this study will also continue by trying to compare the
different waste streams and areas of use and hence apply the adapted framework in
order to reach some final recommendations on how to proceed in the specific case.
When applying a MCA-framework one can follow the steps of first selecting the area
of study (this step was met the moment Chisinau was the determined as the au-
thors’ case). After the selection, information from experts and the literature will be
gathered and assessed. This is the step where the key indicators gets assigned val-
ues and the uncertainty in those assigned value becomes evaluated and highlighted.
When this has been carried out the results are interpreted and lastly a comparison
between the options are made (Feiz and Ammenberg, 2017). This described process
of basing the study on the previous developed framework together with the steps
included when applying the adopted framework is illustrated in Figure 6. Our used
framework is then described in the following section.

Figure 6: The process from selecting the case of study to applying the adapted
framework and reaching some final recommendations.

3.2 Used framework

The framework covers the four categories of potential, feasibility, economic- and
environmental performance and can be applied for different combinations of feed-
stocks and areas of use. In this work the potential and feasibility are firstly assessed
for the different feedstocks and use areas individually and then the economic and
environmental performance of the most viable combinations are considered.
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The potential and feasibility is assessed both qualitatively and quantitatively, con-
necting each area to different indicators as shown in Figure 7 for the three con-
sidered waste streams for biogas production, the four areas of possible use for the
biogas/biomethane and the possible use of digestate as biofertilizer.

Figure 7: An overview of the used framework where indicators for potential are
marked with bold lines and feasibility with dotted lines for the studied waste-streams
and areas of use, including valorisation of the digestate as biofertilizer.

As stated, the indicators are a combination av qualitative and quantitative informa-
tion where the former is graded on a five-step scale from very poor to very good, fair
being in the middle. Definitions of what is considered good and poor and further
descriptions of the indicators have been developed based on Lindfors and Lärkham-
mar (2017) and can be seen in Table 1 and Table 2. When assessing each indicator
it should be termed "very good" if better than good, "very poor" if worse than poor
or fair if it is somewhere in between the two.

Table 1: Further description of the indicators for potential including corresponding
key areas and related key questions.
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Table 2: Further description of the feasibility indicators including corresponding key
areas, related key questions and what is considered good and poor for each indicator.

For both the potential and the feasibility the authors have also included a result
certainty indicating the certainty of their assessment. If the assessment was based
on sufficiently established and context specific information the certainty was assessed
as high (three stars), but if the assessment was based on limited, ambiguous or non-
contextual information, the certainty was deemed as low (one star). An example of
the rating including the certainty of the result is shown in Figure 8.

Figure 8: Example of indicator including the gathered inforamtion, rating based on
that information and the level of certainty.



3.3 Information gathering 17

3.3 Information gathering

The information gathering mainly consists of five areas including literature selection,
interviews, site-visits, documentation gathering and a presentation of the prelimi-
nary results in Chisinau to be able to validate the result and get input. The approach
of combining different means of information gathering is inspired by the structure of
doing a case study described by Yin (2014) since its proved beneficial to use several
types of information gathering in order to understand how and why something is as
it is. The different means of information gathering are further elaborated on below.

Complementing the areas of information gathering invaluable information have also
been collected by being situated in the studied context, both through general obser-
vations, informal conversations, visits to the Swedish embassy and having our daily
working environment at City Hall.

3.3.1 Selection of literature

The study includes a literature base to put the work in an academic context and pave
the way for the rest of the information collection. The literature was mainly iden-
tified through references used in previously conducted case studies and other works
regarding biogas potential and feasibility. The main area hence became biogas pro-
duction including surrounding impacts supported by MCA and industrial ecology.
A very limited amount of academic literature was also found using the key-words
biogas, biomethane and waste-treatment combined with Chisinau/Moldova.

The knowledge gathered through the literature, together with the used framework
for implementing a biomethane solution previously introduced, and a test-run for
the selected case conducted in the same, helped to determine what actors where
relevant to interview, what sites that needed to be visited, what documents could
prove useful as well as what questions and main themes that ought to be considered.

3.3.2 Interviews

Interviews have the potential to give a great amount and range of information (May-
oux, 2006). They are also a good way to get to know the actors and people related
to the field and access their excessive, case specific, knowledge. Hence, interviews
has proved a good method in information gathering and has been the most used
form of information gathering in this study, also leading the way to other sorts of
information such as documents, site-visits and new interviews. To give an overview
over the conducted interviews they have been grouped around the framework in
Figure 9 indicating what areas different actors contributed with information to and
covering the important areas while implementing a biomethane solution.



18 3 Method

Figure 9: An overview over the different actors interviewed in the study including
representatives from government bodies, institutions and departments as well as pub-
lic and private companies. Further information is found in the reference list under
"Interviews".

Different actors to interview were identified based on the literature search, the pre-
viously mentioned framework implementing a biomethane solutions and previous
studies as well as the authors previous knowledge regarding important actors and
factors influencing biogas solutions. Conversations with IVL, that has context spe-
cific knowledge and contacts, were also helpful as well as the interviewed actors that
were asked to recommend other relevant persons, i.e. identifying new interviewees
via snowballing (Willis, 2006).

For all interviews a semi-structured method have been used since it gave the op-
portunity to prepare an interview guide and at the same time be flexible and open
for conversation providing the benefit of the respondent to add things and for the
authors to ask follow up questions (Mayoux, 2006). Since a translator has been
used in almost every interview, the interview guide was translated into Romanian
or Russian and given to the interviewee before the interview. During the interview
the guide then provided a good structure, making everybody aware of the aim and
what was asked for. For the same purpose all guides where also equipped with a
bullet point stating the purpose and what information was expected to be delivered
at each interview. All interviews were also recorded and partly transcribed.

The key questions for each indicators that formed the basis for the corresponding
interview is seen in Table 1 and 2 above.
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3.3.3 Site Visits

Complementing the interviews site visits where also conducted, solidifying previously
gathered knowledge and providing new insights. Visits have been done to the cities
biggest existing WWTP, the cities largest landfill and to the site for solid waste
management including sorting. During the site visits it was possible to ask questions
to a person or persons employed at the location.

3.3.4 Documentation gathering

Through out the work, documents has also been gathered; both through different
government bodies and departments, mostly at City Hall, official web-pages, such
as the Moldovan National Bureau of Statistic, and the different interviewees and
site visits. These documents will both serve as a mean of triangulation to cross-
check given information as well as provide new information themselves. Some of the
documents were provided in English but most in Romanian and hence translation
became necessary. This was carried out using digital tools, such as Google translate,
and for uncertainties and confirmation of correct understanding the translators were
used.

3.3.5 Presentation of the preliminary results

To complement the gathered information in previous steps a presentation of the
preliminary results was held at City Hall with all interviewees invited as well as the
different translators. A representative from the Swedish Embassy was also present.

The presentation served as an opportunity to present and discuss the findings with
contributing actors and receive their feedback. It also gave an opportunity to cor-
rect potentially wrong or miss-interpreted information as well as contributing with
additional information.

3.4 Methodology discussion

It is important to acknowledge that the choice of method and the approach affects
the results of the study and thus it is elaborated on in this section. The choice
of using a MCA facilitated the assessing of both quantitative and qualitative data
from a wide range of areas. However, in one aspect this was achieved by the cost
of loosing depth in the analysis. MCA is an important tool for this type of broader
analysis but for highlighting nuances within specific areas, other approaches may be
more appropriate.

The MCA narrowed down to a framework and as stated earlier the framework has
been based on a previous one aiming for a standard procedure when making an early
assessment of biogas potential, feasibility and performance in a city context.
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Though in regard to the considered context of a low-middle income country, this
framework turned out to be a little too focused on using the upgraded gas to suit the
context where biogas used to produce heat and/or electricity also is a clear option.
Hence, one contribution became to add this to the tool as potential areas of use,
also separating the different types of use and possible supplies more clearly.

Striving towards objectivity is desirable and using a framework is one way to avoid
subjectivity by relating the gathered information to what is considered good and
poor for the different indicators. Including the level of certainty also facilitate this.
With that said others may conclude differently and reach a slightly different assess-
ment.

In the used framework the different feasibility indicators were sometimes overlap-
ping and some information was hard to place in just one of them. This made the
same information influence in more than one category and some of the indicators
hence became hard to rank. Though, combining some of the indicators, for example
strategies and economic instruments, might risk that some important information
is not highlighted enough.

Regarding the snowballing method applied for identifying potentially interesting
interviewees, the decision to start from both a self-compiled list of actors and com-
bining this with input from knowledgeable persons is perceived to have strengthened
the method. One risk of snowballing is that by beginning with just one person you
just apprehend the names of one branch instead of the entire tree. An attempt to
mitigate this was by using more than one person as point of departure. Further-
more, the authors experienced circulation of names, organizations and/or actors,
something that is interpreted as a success factor for the approach.

To a large extent the context-specific information was based on the interviews or doc-
uments received through the interviewees. The reliability of the results are therefor
interlocked with the reliability of the interviews.

Since none of the authors speak Romanian och Russian the use of an interpreter
became necessary. The translation procedure entails a risk of information and de-
tails being lost or leading to inconsistencies. Supporting this is the fact that during
interviews it was occasionally perceived as if the translated message was a briefer
summary of the original message. So there is a risk that useful or important infor-
mation was sorted out because the interpreter deemed it as useless or insignificant.

There is also the difficulty of being dependent on other individuals to be able to
organize and carry out the interviews. An example from the study being that the
that the person who assisted in contacting potential interviewees was on sick-leave
for two weeks. Thus affecting the possibility to establish meetings and furthermore
slowing down the momentum of a crucial part of the study.

The limited number of weeks in Chisinau also affected the number of conducted
interviews. In the end the authors were not able to organize interviews with two
desired actors who may have been able to give a more nuanced view within these
areas. After leaving Moldova it has also been perceived to be substantially harder
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to acquire complementary information. An example being confirmation on figures
received through an interview.

One way the authors tried to mitigate the inherent uncertainty from the interviews
was through the presentation of the preliminary results. All the concerned parties
were invited to this presentation and were encouraged to comment on any irregu-
larities in the presentation. This proved good, although the number of participants
could have been more.





4 Prerequisites for biogas production and use in
Chisinau, Moldova

This chapter presents the gathered information and assess it using the framework
previously presented in chapter 3.2.

4.1 General prerequisites

The prerequisites for biogas production and use in Chisinau are not only impacted by
local conditions, national and international conditions also influences the potential
and feasibility.

On the local level the municipal council of Chisinau City with its mayor and deputy
mayors has the responsibility and major influence. At date there is an interim mayor
since the previous was detained for corruption and new, early, elections are held in
May this year. This contributes to an uncertainty and makes it hard to take (long
term) decisions, since decisions taken now are likely to change after the elections.
Sensitive decisions (such as raising taxes) and risk taking in general are also avoided.
The prerequisites are also impacted by national laws, strategies and investments. For
example through the institutional framework to support renewable energy sources
(RES) realized through law 105 and the Waste Management Strategy6. Connected
to the local and national levels are also different departments, institutions and com-
panies that execute different decisions and have a great influence on what solutions
that finally becomes implemented.7

There is also an international impact, both since the country is approaching EU
and through different funds. The country has signed an association agreement with
EU that includes that the countries legislation should approach and harmonize with
that of the EU as well as increasing international cooperation and participate in
different EU policies, programs and agencies (EU Law, 2018). There are also several
investments and studies financed through different EU bodies such as the European
Bank for Reconstruction and development (EBRD) and European Investment Bank
(EIB).

All of these have been seen to influence the prerequisites in different ways and in
the following sections the gathered information is presented and assessed. First, the
three different waste streams has been evaluated, thereafter the four potential areas
use of before finally looking in to the use of digestate as biofertilizer.

5Law 10 of 2016.02.26 on promotion of the use of renewable energy (Lex Justice, 2018).
6DECISION NO. 248 from 10.04.2013 on the approval of the Waste Management Strategy in

the Republic of Moldova for the years 2013-2027 (Waste Management Strategy, 2018)
7Some examples are the National Agency for Energy Regulation (ANRE) that among other

things sets tariffs for renewable electricity, the municipally owned waste water treatment company
Apa Canal and the municipal enterprise Regia Autosalubritate responsible for waste management.
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4.2 Waste streams for biogas generation

The used framework, displaying the three investigated waste streams with indicators
for potential and feasibility, is presented in Figure 10.

Figure 10: The three investigated waste streams with corresponding potential and
feasibility indicators according to the used framework.

4.2.1 Municipal organic waste

The city has a waste-collection system with separate containers for four fractions:
glass, paper, plastic and other waste (Interview: Serghienco, 2018).8 In 2017 the
collected waste amounted to somewhere between 205 - 223 thousand tonnes9 (In-
terview: Serghienco, 2018). This is in the same range as the official statistic from
2016 with an amount of 241 thousand tonnes of production and consumption waste
generated (Statistica Moldovei, 2018).

According to the prognosis made in the Waste Management Strategy for 2013-202710

the domestic waste in Chisinau is expected to increase with between 5-15 percent
until 2015, and then with 5 percent per yer until 2027 (Waste Management Strategy,
2018). The increased amount of waste is attributed to higher access to waste-
collection as well as increased consumption (Waste Management Strategy, 2018).
The projected increase is confirmed in the statistics, though a little lower than
the prognosis, with an increased volume of solid waste in the municipality between
0,4-6,5 percent from 2009-2016 and on average of 3,2 percent (Statistica Moldovei,
2018).

8The collection of waste is handled by the municipal enterprise Regia Autosalubritate, situated
under the General Department for Housing and Planning (Chisinau City Hall, 2018; Interview:
Serghienco, 2018).

9The value of 1 718 000 m3 received from Interview: Serghienco (2018) is converted to tonnes
using Autosalubritates estimated conversion factor of 0,12-0,13 tonne/m3. The lower boundary
stems from the waste management company’s internal document

10Government decision Nr. 248 from 10.04.2013 (Lex Justice, 2018).
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Since May 2017 part of the collected waste is transported to a sorting facility11, this is
something that is necessary since a large part of the waste is wrongly sorted and more
fractions can be recycled then what is separately collected (e.g. metal) (Interview:
Balica, 2018; Interview: Serghienco, 2018). The facility is built and operated by
the private company ABS that receives the waste for free and separates selected
fractions12 before the remaining part is transported to landfill (Interview: Balica,
2018; Interview: Serghienco, 2018). One reason that most waste ends up in landfills
is related to legislation where the Parliament Law 209 from 29.07.2016 prohibits
incineration of waste, including organic waste, and no law restricting organic waste
to be put on landfill exist (Lex Justice, 2018).

Regarding the share of organic waste, all of it is sent to landfill and not used in
other applications such as compost, animal feeding or biogas production (Interview:
Serghienco, 2018). The organic waste amounts to nearly 60 percent, with municipal
organic waste (food waste) being around 50 percent of the total MSW 13 (Interview:
Serghienco, 2018). Based on the amount of waste generated in 2017 the amount of
organic waste is somewhere between 102 - 112 thousand tonnes. With a dry matter
concentration of 33 percent obtained from Feiz and Ammenberg (2017) this equals
34-37 thousand tonnes per year resulting in a biogas yield between 21,9-23,8 million
Nm3 per year with a methane concentration of 60 percent . This in turn corresponds
to a biomethane yield of 293,8 kg/tonne dry matter MOW.14

At date there is a fee for waste management included in the tax and calculated by the
municipal waste management company to cover the associated waste management
costs of 3,56 euro per m3, differentiated between the population and companies,
the latter paying more per volume (Interview: Serghienco, 2018). 15 Though, this
cost is seen to be too low according to both ABS and the General Department for
Housing and Planning since it does not cover the costs of sorting the waste, also
leaving small possibilities for expanding with other waste treatment options such
as biogas and incineration (if the law where to allow it) (Interview: Balica, 2018;
Interview: Gontea, 2018). Both agree that a small raise in the fee would help 16 but

11The sorting company receives 37 percent of the waste at date and rest of the MSW is sent
directly to landfill. See Appendix A. Though, they have the capacity to receive it all but does not
get all the waste that the waste management company, Autosalubritate, report that they collect
(Interview: Balica, 2018).

12The sorting company receives 37 percent of the waste and reduce the volume by 30-50 percent
and the weight with approximately 15 percent. This corresponds to 5,5 percent of the total amount
of waste being separated for recycling. See Appendix A.

13The other fractions within organic waste consists of waste from crop-production, textiles and
footwear and are hence not considered in the share possible to digest. Further, the share for
different fractions can be seen in Appendix A.

14For complete calculations for both the biogas yield and biomethane yield see Appendix B.
15Exact cost for waste management have not been found, but to put it in some context, some

obtained numbers are 55,5 MDL per m3 for the population and 120 MDL per m3 for economic
agents to cover the associated costs of 70 MDL per m3 according to Interview: Serghienco (2018).
This corresponds to 83 MDL/year based on the average amount of waste per inhabitant of 1,5 m3

per year. Continue speaking in cost per year the cost is 48 MDL for those living in apartments
and 60 MDL for villas according to (Interview: Gontea, 2018). This corresponds to between 2,41
- 4,17 euro/year.

16According to Interview: Gontea (2018) a raise with 5 MDLs, corresponding to 0,25 euro would
be enough.
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it is politically sensitive to raise fees and taxes, especially now with the upcoming
elections of a new mayor in May (Interview: Gontea, 2018).

Strategies, possibilities and external financing

The national Waste Management Strategy encourage, among other things, the re-
covery of organic waste by anaerobic processes, suggesting to build at least one
system in each of the seven waste-management zones the country is separated in,
Chisinau being zone number 4 (Lex Justice, 2018). The private company, ABS,
operating the sorting station in Chisinau is interested in doing this and have an
empty facility ready to be equipped for dry-fermentation of the organic waste at the
same location as the sorting station. They have identified an equipment supplier
17. but are not able to do this investment alone (estimated to a cost of 15 million
euro) and hence look after a public (or private) partner to share the associated costs,
responsibility and operation with (Interview: Balica, 2018). Since they are a private
company they are not entitled to apply for the different projects and financing that
aims at public authorities and NGO:s (Interview: Balica, 2018). Svetlana Bolocan,
Head of Direction for pollution prevention and waste management confirms this pic-
ture by stating that there are no good way to encourage good initiatives (in general
penalties, fees and taxes are used). There is also an environmental fund built up by
the collected taxes and where the money are distributed to different (not necessarily
associated) projects made by public authorities (Interview: Bolocan, 2018).

Narrowing the focus even more to Chisinau, a feasibility study was carried out
by the consultancy firm Fichtner as part of a considered financial transaction to
a priority investment program in solid waste management operations in Chisinau
by EBRD. The proposed project focused mainly on closing the temporary landfill
and re-opening and upgrading the main landfill in Tintareni, including methane
collection, increasing the vehicle fleet as well as an investment in a sorting line
separating collected waste (Fichtner, 2016). These investments are more short term
than what for example ABS would have like them to be, putting to much focus
on short-term landfilling rather then emphasizing the recycling and valorization of
waste and reducing the amount ending up at landfills (Interview: Balica, 2018).

Based on the gathered information the authors have assessed the feasibility of turn-
ing municipal organic waste in to biogas. This assessment is presented in Figure
11. For the feasibility indicators, the situation regarding competing applications
is assessed as good because the waste is currently just sent to landfill (no use as
animal feeding or compost) and incineration of waste is prohibited. The infrastruc-
ture suitability is assessed as good on account of an existing waste-collection system
and possibility of secondary sorting. The legislation and economic instruments are
assessed as fair and poor, respectively. For legislation the rating is due to the per-
mission to landfill organic waste but at time prohibiting incineration. For economic
instruments the rating stems from the insufficient waste-collection fee. Consequently,
for municipal organic waste the assessment indicates that there is a good possibility
to use the waste for biogas generation, the biggest impediments relate to economic

17The company plan to use a batch system of 10 dry-fermentators á 1 000 ton with a retention
time of 21 days , resulting in three back-up fermentation based on a regular month when 7 000
tons of organic waste is generated (Interview: Balica, 2018)
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factors. Regarding the certainty of the ratings there might be unidentified laws
affecting the rating and hence the certainty level is sat to medium. This level of
certainty is the same for biomethane yield since it is calculated from non-contextual
sources. There is also limited information on how the waste-collecting fee works as
well as ambiguous information regarding if it in fact is a fee or tax, resulting in low
certainty.

Figure 11: The prerequisites for turning MOW in to biogas is assessed based on
the gathered information and presented in the figure, which stems from the used
framework. The first two indicators includes a quantitative estimation of the poten-
tial. The following feasibility indicators are then described and rated to show if the
different findings are beneficial or not for the aim of producing biogas from MOW.
The assessment also includes a notion of the certainty of the rating.

4.2.2 Sludge from wastewater treatment plants

In Chisinau between 87,5-95 percent of the inhabitants are connected to the sewage
network and the largest WWTP is currently managing approximately 160 000 m3

of wastewater per day (Interview: Grozavu, 2018; Interview: Secu, 2018). This
corresponds to roughly half of the facility’s capacity of 340 000 m3/day (Interview:
Secu, 2018). As a result of the activity 17 000 tonnes of dry matter per year is
generated (Interview: Secu, 2018). At the moment the sludge is not subjected to
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any treament but stored in geotubes 18 and subsequently deposited. Where deposited
in this context is more similar to being stored, i.e. not landfilled (Interview: Secu,
2018).

The WWTP is currently being rehabilitated and the process is expected to be com-
pleted within 900 days from 29 December 2017. The rehabilitation includes the
building of four digestion chambers.19 These are estimated to produce 8,1 million
Nm3 biogas per year with a methane content of 65 percent, corresponding to a
biomethane yield of 235,1 kg/tonne sewage sludge.20 The total cost for the rehabil-
itation is 24 million euro and out of these around 4,5 million euro is allotted to the
sludge digester line. The rehabilitation is financed by EU:s Neighbourhood Invest-
ment Facility (11 million), EBRD (6,5 million) and EIB (6,5 million). Further, after
the construction a defect notification period of 730 days is included in the contract
where the constructing company is responsible for the functionality of the facility.
On a relevant note there is no law prohibiting the use of sewage sludge digestate in
agriculture (Interview: Secu, 2018).

Today there are two CHP units at the WWTP that run on natural gas. The idea
is that these units in the future will operate on biogas and thereafter use the heat
and electricity in the processes at site; providing hot water for heating the sludge
inside the digesters, for the heating of the sludge treatment building, for the sludge
dewatering preheating and for the heating of the existing buildings (Interview: Secu,
2018).

Based on the gathered information the authors have assessed the feasibility of using
sludge from the largest WWTP in Chisinau to generate biogas. This assessment is
presented in Figure 12 where it is seen that there is accessible potential and that
the use of sludge for biogas generation is already on its way to be implemented
at the largest WWTP in Chisinau. There are no competing applications for the
sludge, the suitable infrastructure is in place (or on its way), legislation is in line
with producing sludge from biogas and the financing as part of economic instruments
is secured. Hence all indicators are deemed as good or very good and a successful
outcome is considered likely. The result certainty is high, with the exception of
yield-calculations where non-context specific methane yield and methane content
have been used leading to a medium certainty.

18TenCate geotubes follow a three-step process: filling the geotubes with sludge, dewatering the
sludge and lastly consolidation of the solids (TenCate, 2018).

19The chambers have a total volume of 26000 m3 with a sludge feed capacity of 1330 m3/d and a
retention time of 20 days. The associated gas storage holds a capacity of 5300 m3 (Interview: Secu,
2018).

20The estimations are based on the amount of dry matter per year and an average methane
content in biogas produced from sewage sludge obtained from Bachmann (2015). For complete
calculations for both the biogas yield and biomethane yield see Appendice B.
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Figure 12: The prerequisites for turning sewage sludge in to biogas is assessed
based on the gathered information and presented in the figure, which stems from the
used framework. The first two indicators includes a quantitative estimation of the
potential. The following feasibility indicators are then described and rated to show
if the different findings are beneficial or not for the aim of producing biogas from
sewage sludge. The assessment also includes a notion of the certainty of the rating.

4.2.3 Utilizing organic waste from landfills

The city has one main landfill, located around 30 kilometers away from the city in
Tintareni. This is the largest landfill in the country and it has a total capacity of
44 million m3, of which today 20,5 million m3 is filled (Interview: Serghienco, 2018;
Interview: Grozavu, 2018). On a yearly basis approximately 195-211 thousand
tonnes MSW is brought to the landfill,21 with food waste and residues from crops
constituting roughly 52 percent (Interview: Serghienco, 2018). Figures that are in
line with organic waste constituting 40-85 percent of the waste stream for low and
low-middle income countries (Hoornweg and Bhada-Tata, 2012).

Biogas was previously collected at the landfill in Tintareni by a private company.
During this period the gas was either used for producing electricity or flared (In-
terview: Serghienco, 2018). In regards to this aspect the landfill satisfies the re-
quirements for landfill gas management within the sanitary landfill classification
(Hoornweg and Bhada-Tata, 2012). Furthermore, in the case where electricity was
produced it was fed to the electrical grid and sold to the company Union Fenosa.
The tariff was set by the National Agency for Energy Regulation, ANRE, for the
capacity of 320kW22 (ANRE, 2018).

21This is 94,5 percent of the total amount of collected waste since 5,5 percent is separated for
recycling at the sorting station, see Appendice A.

22To a price of 1,73 MDL/kWh (approx. e0,087), taxes excluded (ANRE, 2018).
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However, these operations ended around 1,5 year ago as a consequence of a conflict
with the local population. Even though the conflict have been resolved the biogas
collection have not yet been resumed. Equipment and infrastructure such as pipe
collectors, generator and flare is still in place but not functioning. According to
Interview: Serghienco (2018) this is expected to be fixed in May 2018. The yielded
biogas has been established to have a methane content of 50-60 percent (Interview:
Serghienco, 2018). This corresponds well with estimations of the gas quantity gen-
erated at Tintareni by Fichtner (2016) that can be seen in the graph in Figure 13.
Based on the amount of MSW added to the landfill each year and the methane
content the biogas yield is calculated to be between 9,75-10,55 million Nm3 with a
biomethane yield between 19,0-22,8 kg/tonne landfilled MSW.23

Figure 13: Estimation of generated gas at Tintareni landfill from 2017 and 40 years
forth, with the shares of methane and carbon dioxide displayed separately (Fichtner,
2016).

Due to the mentioned conflict at Tintareni, the landfill Bubuieci opened. This was
seen as a temporary landfill where the initial plan was for it to only be open for
1-2 years. In reality it remained open for 6,5 years and as a consequence hosts
10,5 million m3 of waste (Interview: Serghienco, 2018). As part of the final closing,
biogas collection is considered as a possible option (Interview: Serghienco, 2018).

Based on the gathered information the authors have assessed the feasibility of col-
lecting the biogas generated at the largest landfill Tintareni. This assessment is
presented in Figure 14 where it is seen that there is accessible potential and that gas
have been collected before. For the feasibility indicators the assessment indicates
a positive scenario with all indicators deemed as good or very good. No competing
applications are identified and the legislation in place indirectly favour landfilling of
organic waste, there are some allocated financing but no other economic instruments
and the suitable infrastructure is in place, though some parts are not working at the
moment leading to a remark regarding the rating that it might fair rather than good.
This level of certainty is the same for biomethane yield since it is calculated from
non-contextual sources except for the methane content.

23For complete calculations for both the biogas yield and biomethane yield see Appendice B.
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Figure 14: The prerequisites for collecting the biogas generated at the largest land-
fill Tintareni is assessed based on the gathered information and presented in the
figure, which stems from the used framework. The first two indicators includes a
quantitative estimation of the potential. The following feasibility indicators are then
described and rated to show if the different findings are beneficial or not for the aim
of collecting biogas from the landfill. The assessment also includes a notion of the
certainty of the rating.

4.3 Use areas for generated biogas/biomethane

The used framework, displaying the four potential usages of biogas or biomethane
with indicators for potential and feasibility, is presented in Figure 15.
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Figure 15: The four potential usages of biogas or biomethane with corresponding
feasibility indicators according to the used framework.

4.3.1 Produce electricity from biogas

In Chisinau there are five electricity plants that run on natural gas. Though the
efficiency is low, resulting in it being deemed both economically and environmentally
sounder to import (Interview: Grozavu, 2018).

The national renewable energy action plan of Moldova state a quota of 10 percent
RES in electricity by 2020. According to the plan, the share of renewables will largely
be filled by wind power and to a limited extent supplemented by electricity produced
from biogas. The addition from biogas is expected to start with an annual production
of five GWh in 2015 and is intended to reach 31 GWh in 202024 (NREAP, 2013).
Further supporting the use of biogas is the support of renewables in general in the
Energy Strategy of the Republic of Moldova until 203025 and the law on renewable
energy sources26. Where the latter one, among other, ensures non-discriminatory
access to the grid for the renewable energy sources. Besides these two, the law on
promotion of renewable energy and the law on electric power27 cooperate to benefit
electricity from RES (Interview: Rudei, 2018).

Economic instruments for electricity produced from biogas exist in Moldova. Re-
newable energy plants with an installed capacity of minimum 10 kW are eligible for
feed-in tariffs for 15 years (Nicola, 2018). The feed-in tariffs are calculated individ-
ually and determined and approved annually depending on the type and capacity
of the power plant, the amount of electricity produced and the expected amount of
electricity to be delivered. The agency setting the tariffs is the National Agency for
Energy Regulation. From the spring of 2018 the tariff scheme will be complemented
by a tendering procedure and also a net metering scheme, aiming at simplifying the
tariff setting process28.

24The latest statistics from 2015 shows a higher contribution than predicted with 15 GWh
produced (IEA, 2017).

25GD No. 102 of 05.02.2013
26Law No. 160-XVI of 12.07.2007
27Law No. 107 of 27.05.2016
28This is all stated in law No. 10 of 2016.02.26.
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In 2017 the tariffs for two producers of electricity from biogas (obtained from fer-
mentation of organic matter) were approved. The tariff for the electricity production
from a plant with 637 kW capacity has been set at 1,96 MDL (approx. ect 9,92)
per kWh whereas the feed in tariff for electricity from a bigger plant of 1067 kW
capacity have been set at 1,86 MDL (approx. ect 9,36) per kWh (Nicola, 2018). 29

Based on the gathered information the authors have assessed the feasibility of feeding
electricity produced from biogas to the electrical grid. This assessment is presented
in Figure 16. The assessment indicates that it is good (or very good) for most
areas and there are economic instruments in place benefiting electricity from biogas.
Though, it is not particularly prioritized compared to other renewable alternatives
and it is not predicted as a likely part of the energy mix up until 2030 according
to the National Energy Strategy; even if it is clearly feasible. Hence strategies for
renewables are deemed as fair while the customer demand and legislation are rated
as good and the infrastructure suitability and economic instruments as very good.
Therefore the outlook for feeding electricity to the electricity grid is overall deemed
as good.

Figure 16: The prerequisites for using biogas for electricity production is assessed
based on the gathered information and presented in the figure, which stems from
the used framework. The feasibility indicators are described and rated, to show if
the different findings are beneficial or not for the aim of producing electricity from
biogas. The assessment also includes a notion of the certainty of the rating.

29This feed-in tariff can be compared to German values where biogas from bio-waste receives a
tariff between ect 13,05 – 14,88 per kWh (according to plant size), landfill gas between ect 5,66
– 8,17 per kWh and sewage gas between ect 5,66 – 6,49 per kWh (Nicola, 2018).
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4.3.2 Generate heat from biogas

Since Moldova does not have any indigenous energy sources natural gas is imported
from Russia to cover practically the whole demand. One current measure to increase
energy security is the construction of a pipeline from Romania. The share of RES
in heating and cooling ought to be 27 percent by 2020,according to the country’s
goals30. However, projects regarding utilization of renewable energy sources in the
heating and cooling field are conspicuous in their absence (NREAP, 2013). Signifi-
cant is also that according to estimations from NREAP (2013) no share is expected
to come from biogas (only biomass and small proportion from solar energy).

Chisinau’s district heating system is driven on natural gas which is burnt in the
city’s heating plants. The connection rate is around 70 percent and the efficiency is
considerably lower further out in the system (Interview: Grozavu, 2018; Statistica
Moldovei, 2018). Potential restructuring of the district heat supply in Chisinau is
only planned in conjunction with the refurbishment and improvement of existing
CHPs. Furthermore, the input of renewables in the heating plants are nonexistent
and the situation is not expected to change before the renewable energy action plan
reaches its final year 2020.

Further, the law on promotion of the use of energy 31 from renewable sources states
that the Energy Efficiency Agency shall encourage local public administrations to
include heating and cooling from RES in the planning of local infrastructure. This
implies considering specific features of the RES heating and cooling infrastructure
when constructing or renovating them in the industrial/residential area (NREAP,
2013).

Despite that no supportive economic instruments has been identified within this
area, the recycling company ABS has ambition to generate heat for the district
heating from their planned biogas production. The proximity to a small heating
plant that is connected to the network supports this idea (Interview: Balica, 2018).

Based on the gathered information the authors have assessed the feasibility of pro-
ducing heat from biogas. This assessment is presented in Figure 17 where it is seen
that the outlook overall is relatively good. The customer demand is rated as good
because a decrease in the current dependence on imported natural gas is considered
desired. The infrastructure suitability is also rated as good because of an existing
district heating system with good coverage. Even though no legislation is specifically
supporting biogas for heating and cooling there is a general support for renewables,
leading to the indicator being rated as good. Economic instruments are assessed as
fair since no instruments promoting nor discouraging has been identified. The lowest
rated area is strategies for renewables assessed as poor since biogas/biomethane is
not predicted to be part of the energy mix.

30The latest found numbers from 2015 holds a share of almost three percent (IEA, 2017).
31Law No. 10 of 2016.02.26.
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Figure 17: The prerequisites for using biogas for heat production is assessed based
on the gathered information and presented in the figure, which stems from the used
framework. The feasibility indicators are described and rated, to show if the different
findings are beneficial or not for the aim of producing heat from biogas. The assess-
ment also includes a notion of the certainty of the rating.

4.3.3 Biomethane used in public transport

For the transport sector in general a goal of 10 percent RES is set for 2020, assumed
to be fulfilled by the use of biodiesel, biethanol and renewable electricity where only
the latter is assumed to be domestically produced and the rest imported (NREAP,
2013; Energy Community, 2013). As part of the implementation of the EU:s Re-
newable Energy Directive 2009/28/EC Moldova set out to create regulation and
sustainability criteria for biofuels. This was planned for 2017, but have not been
confirmed to be in place (Energy Community, 2013).

On the city level, and focusing on public transport, current policies and goals aims
at expanding electricity driven public transport and a base line for tram is proposed
within two years according to the Deputy Mayor Nistor Interview: Grozavu (2018),
responsible for public transport in Chisinau. The dominating vehicles are a couple
of hundred electricity driven trolley buses and around thousand minibuses (operated
by private companies and mainly run on conventional fossil fuels such as petroleum
and diesel) (Interview: Grozavu, 2018). As stated earlier in the report a gas grid is
present in the city, increasing the possibility to use gas as vehicle fuel, but only two
buses run on natural gas today (and only in summer) (Interview: Grozavu, 2018).32

32Earlier studies from 2012 indicated that the potential where higher in this sector with more
vehicles in public transport running on natural gas but this has changed since then with investments
done in electrified transport instead (Johansson, 2012; Interview: Grozavu, 2018).
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The existing buses are not seen as feasible and they are also associated with security
risks (Interview: Grozavu, 2018).

Based on the gathered information the authors have assessed the feasibility of using
upgraded biogas as vehicle fuel in public transport. Customer demand and strategies
for renewables are assessed as very poor, infrastructure suitability and economic
instruments as poor and legislation as fair. This assessment and the associated
information is presented in Figure 18. To use biomethane in public transport is
indicated not to be feasible in the considered context, mostly due to lack of customer
demand and strategies focusing on other renewable alternatives.

Figure 18: The prerequisites for using upgraded biogas as vehicle fuel in public
transport is assessed based on the gathered information and presented in the figure,
which stems from the used framework. The feasibility indicators are described and
rated, to show if the different findings are beneficial or not for the aim of using
upgraded biogas as vehicle fuel in public transport. The assessment also includes a
notion of the certainty of the rating.

4.3.4 Biomethane injected in the gas grid

There is a possibility to use upgraded biogas in Chisinau since they have a natural
gas grid that provides everyone with gas, even in the villages and outskirts (Inter-
view: Grozavu, 2018). 99,9 percent of the gas is imported, mainly from Russia
33 (IEA, 2017; Moldova Energy Strategy, 2018). However, the main responsible
company (Moldova Gaz) does not accept biomethane in the grid, even though they

33The gas is supplied by Chisinau Gaz through SRL Moldovatranzgas controlled bu Moldovagaz
which in turn has a supply contract with russian Gazprom (Moldovagaz, 2018).
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should (Interview: Grozavu, 2018)34. Further, the country tries to diminish the de-
pendency on Russian gas and increase their energy security by diversifying its supply
routes (building connections to Romania), increasing the numbers of suppliers and
by looking in to the exploitation of existing, fossil, reserves in Moldova. (Moldova
Energy Strategy, 2018). Unconventional gas, such as biomethane, is also mentioned
as a possibility by Moldova Energy Strategy (2018), a possibility supported in the
literature as a way to increase the energy security and decrease dependency on others
(Persson et al., 2006).

Regarding access to the grid is granted on objective and non-discriminatory princi-
ples, though the full legislation for integrating biomethane into the grid is not de-
veloped so far (NREAP, 2013). In the National Renewable Energy Action Plan for
Moldova for 2013-20120 the Ministry of Economy 35 and Energy Efficiency Agency
state that the strategy should focus on using biogas for electricity production and
heat generation, rather then develop the necessary framework for biomethane injec-
tion to the gas grid. Nevertheless, they state that they intend to carry out some
assessments and implement policies for this before the end of 2017 (NREAP, 2013).
Though, according to the progress report from 2017 none of the planned policies
and studies regarding biogas have been carried out and bio-fuels (excluding solid
biomass) is an untapped sub-sector within renewable energy (Energy Community,
2013). Finally, there are no economic instruments related to this.

Based on the gathered information the authors have assessed the feasibility of feeding
upgraded biogas to the gas grid. This assessment is presented in Figure 19. Re-
garding the feasibility, infrastructure suitability is assessed as good with a medium
degree certainty due to partially unconfirmed information (something that results
in the same degree of certainty for customer demand). The customer demand and
economic instruments are assessed as fair while legislation and strategies for renew-
ables are assessed as poor and very poor, respectively. Consequently, the outlook
for feeding biomethane to the gas grid would have been good, or at least fair, if
one only looked at the amount of methane used today and the present infrastruc-
ture. However, feeding unconventional gas (such as biomethane) is not a prioritised
area and the full legislation to feed gas to the grid is lacking, as well as economic
instruments supporting biomethane in the grid.

34Though, this information is not confirmed by Moldova Gaz since the company has not been
able to be reached.

35Since the new government structure came in force 7th of July 2017 part of Ministry of Economy
and Infrastructure.
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Figure 19: The prerequisites for feeding biomethane to the gas grid is assessed
based on the gathered information and presented in the figure, which stems from the
used framework. The feasibility indicators are described and rated, to show if the
different findings are beneficial or not for the aim of feeding biomethane to the gas
grid. The assessment also includes a notion of the certainty of the rating.

4.4 Outlook for use of digestate

The feasibility of using the digestate as biofertilizer is assessed using the framework
including the feasibility indicators presented in Figure 20.

Figure 20: The indicators for feasibility connected to use the digestate as biofertil-
izer following the used framework.

4.4.1 Valorisation or disposal of digestate

The legislation in Moldova allows for the use of digestate both from waste water
sludge and other residual sludge (such as digestate from digestion of MOW) as
long as some requirements regarding heavy-metals, spreading periods etcetera are
met (Lex Justice, 2018)36. Though, through a feasibility study coordinated by Apa
Canal in 2012 it was shown that farmers are reluctant to use sludge as fertilizer
(even though it could bring several benefits) and that it would require a big effort

36Decision No. 1157 from 13.10.2008 attached to law No. 420-XVI from 22.12.2207
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to persuade them to use it (Apa Canal, 2012). This believes to stem from a lack of
knowledge about the nature of the sludge and the general belief of the population,
that considers sewage to be dirty waste with unknown health risks (Apa Canal,
2012). The study emphasize that the use of biofertilizer from treated sludge in
agriculture depends on the consent of the land owner, since it is shown that it is
technically feasible to use it as biofertilizer (Apa Canal, 2012).

Fertilizers are used in agriculture today, though to a lower extent than thirty years
ago due to the cost increase after the Soviet era (Apa Canal, 2012). According to
some people, wine makers and farmers it is also believed that the need for fertilizer
is low since the soil is very fertile in it self (Interview: Grozavu, 2018; Johansson,
2012).

The private company ABS (with thoughts on digesting the MOW through dry fer-
mentation) have no plans for the digestate at date since they are to early in the
project phase and lack finance to fully realise the project (Interview: Balica, 2018).
Regarding the digestate from the sewage sludge they do not know if they have any
buyers for the, soon to be produced, digestate. If they do not get any buyers they
will continue to store the sludge as they do to day, but in reduced quantities due
to thickeners and a centrifuge that are parts of the new solution (Interview: Secu,
2018). There are no economic instruments identified that support the use in agri-
culture.

Based on the gathered information the authors have assessed the feasibility of using
digestate from MOW and sewage sludge as biofertilizer. This assessment is presented
in Figure 21. For the feasibility indicators, the situation regarding legislation is
assessed as very good since the necessary legislation is in place, explicitly allowing
biofertilizers from MOW and sewage sludge to be used. Infrastructure suitability is
assessed as fair due to a lack of linkages between producers and farmers, and since
the digestate from the WWTP will be stored on site (facilitating a later distribution
by truck). Economic instruments is assessed as fair since no instruments promoting
nor discouraging has been identified. Customer demand is assessed as poor due
to the described reluctance at the farmer end. In summary, the findings indicate
that it is feasible to use digestate MOW and sewage sludge as biofertilizer since
the necessary legislation is in place. However, customer demand is deemed to be
poor and linkages for distribution is lacking making it less feasible. Regarding the
certainty of the ratings it is deemed as high with exception for the potential amount
of biofertilizer where the calculations build on non-contextual work. This results in
a medium degree of certainty for the indicator.
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Figure 21: The prerequisites for valorisation of the digestate as biofertilizer is
assessed based on the gathered information and presented in the figure, which stems
from the used framework. The first indicator includes a quantitative estimation of
the potential. The following feasibility indicators are then described and rated to
show if the different findings are beneficial or not for the aim of using the digestate
as biofertilizer. The assessment also includes a notion of the certainty of the rating.



5 Aggregated results for potential and feasibility

This chapter contains the aggregated result from the previous chapter and offers
different comparisons of these results. The comparisons are made at three different
levels: an overall comparison within the different waste streams and use areas;
comparing the waste streams and use areas indicator by indicator; a comparison
between the indicators, highlighting strengths and weaknesses.

5.1 Waste streams for biogas production

When engaging in overviewing the potential and the ratings for the feasibility, it
can be deduced that biogas from sewage sludge is the lowest hanging fruit since
it in fact will happen. Collecting the generated biogas at landfills is within reach
since it has been done before and is expected to shortly occur again. Lastly a large
potential with few feasibility obstructions has been detected for biogas production
from MOW. A comparison between the three studied waste streams based on the
assessment in Chapter 4 is shown in Figure 22.

Figure 22: A comparison of the three considered waste streams including the rating
and level of certainty.

For the potential regarding the amount of waste for MOW and landfills it is worth
emphasizing that it stems from the same numbers and the amount of organic waste
from the MSW is hence counted in both.37 This is because there currently is no
anaerobic digestion of MOW and that fraction is landfilled. Regarding the sludge
it should be noted that it is theoretically possible to manage the double of current

37To see the full biogas potential the values should hence not be added since this would mean
counting the same organic waste twice.
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waste water amounts. An increase in connection rate for households would therefore
increase the amount of available sludge.

Both sludge and MOW has a high biomethane yield in comparison to the biomethane
that can be generated from landfills. Thus, there is an apparent difference between
managing the MOW at that stage and doing so at the landfill. The differences
in yield per year is illustrated in Figure 23 with the amount of biomethane in the
right column, all based on the lower values previously presented in Chapter 4 with
corresponding calculations in Appendix B.

Figure 23: The amount of generated biogas per year for the three considered waste
streams are seen in the graph, with the biogas yield to the left and the amount of
biomethane to the right. Notable is that municipal organic waste yields more than the
other two together. One should also be aware that an increase in biogas production
from MOW will in time mean a decrease in production at landfills.

Regarding the feasibility there are at date no competing applications except for
the MOW that "competes" with the landfilling of MSW. Although, in the future
Moldova’s association agreement with the EU may affect this rivalry since one of the
understandings concerns decreasing the amount of organic waste going to landfills.
Hence, the situation is very good for sludge and landfill and the future might hold
a shift that benefits MOW rather than landfilling. Collecting gas at the landfill will
still be of interest since the landfills eventually should be brought up to EU standard.
Supporting infrastructure exist (i.e. waste collection and a sewage network) and
biogas specific infrastructure is on the way for sludge and likely as well for the
landfill. Thus the feasibility within this indicator is good or very good. On to
legislation where the situation favors landfilling, an unsustainable solution in the long
run and the least preferable option in the waste hierarchy (European Commission,
2018). This negatively impacts the use of MOW for biogas production. With the
exception of the municipal organic waste stream economic support exists, leading to
the feasibility being deemed as good or very good. Notable is that the support is in
the terms of funding.

Overall the situation looks good or very good for all of the feasibility indicators
on the supply side. The only observed obstacles are within certain legislation and
economic incitements and in those cases it only concerns MOW.
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5.2 Use areas for the biogas/biomethane and digestate

Comparing the rating for the possible areas of use for the biogas/biomethane to
the left in Figure 24 it can be seen that electricity is the most feasible option, even
benefited by economic instruments, but not as prioritized in the strategies. Heat
generation is also relatively feasible while the situation looks less promising for the
gas to be fed to the grid and most unlikely to be successfully used in public transport.
When it comes to using the digestate from MOW and sewage sludge as biofertilizer
it also looks less promising, as seen to the right in the same figure. The legislation
allows digestate to be used as biofertilizer, which is very good, but even though
there are nearby farms and vineyards the customer demand is poor. This mostly
stems from a lack of knowledge and it is perceived to require a big effort to persuade
potential customers. A further comparison between the possible areas of use for the
biogas/biomethane on indicator level follows after the figure.

Figure 24: A comparison of the four possible areas of use to the left and the use of
digestate to the right, including the rating and level of certainty.

Regarding the customer demand there is a great dependency on import both for
electricity and gas, where the latter is fed both to the grid and used to produce heat
and to some extent electricity. Since increased energy independence is considered
desired there is an expected demand and the customer demand is hence seen as good.
Though, when it comes to feeding it to the gas grid it is only deemed as fair due to
higher focus on other ways to decrease the dependency on import. The exception
among the four is use in public transport where the feasibility is deemed as very poor
since no customer demand from the operating public company has been identified.
This in turn due to a well developed network for electrified transport with the
potential of being sustainable. The overall situation for strategies promoting the use
of biogas is poor or very poor since other renewables are in focus and biogas generally
not included as a possibility. An exception is within electricity production where it
was assessed as fair since biogas is mentioned as a complement to other renewables.
In all of the cases some or all of the supporting infrastructure is in place in form of
a well developed electrical grid, district heating and a gas grid also supporting the
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use in public transport. There are examples of when electricity has been produced
from biogas and fed to the grid. The functionality of the other areas in practice are
less certain. Within the area of legislation it looks good for electricity production
and heat generation since the legislation in general is promoting RES within these
areas. The legislation is less supportive for public transport and feeding the gas to
the grid since necessary legislation is not implemented, even if it is on its way for
biofuels benefiting public transport. The only supportive economic instruments are
found for electricity production where a feed-in tariff exist. For the others benefiting
economic instruments or funds are conspicuous in there absence. Though, no extra
fees or other punishing economic instruments have been identified either.

Overall it can be seen that it is technically possible in terms of infrastructure and that
there is some demand, especially for electricity and heat. The biggest impediments
are rather institutional since biogas in general are not included in the strategies
which reflects in the absence of economical instruments or funds and to some extent
in the legislation.



6 Environmental and Economic Performance

This section offers an indication of the environmental and economic performance,
calculated for the most feasible area of use as well as using the digestate as biofer-
tilizer when applicable.

6.1 Indicated environmental performance

The indicated environmental performance is presented through reduced GHG emis-
sions and amount of commercial nitrogen and phosphorus that might be replaced.
This is done for the scenarios indicated as most feasible in previous chapter.

6.1.1 Reduced climate impact

The environmental improvement of using biogas or biomethane produced from the
considered waste streams depends on what is being replaced. To give an indication of
the environmental performance the reduction of GHG emissions (measured in CO2-
eq) have been calculated replacing electricity produced by natural gas in all three
cases. This was chosen since producing electricity from the biogas was indicated to
be the most feasible scenario of use in the assessment (see Chapter 5.2).

The emissions related to the production of biogas is a little different for the different
waste streams, and also dependent on if you upgrade it or not. Based on Swedish
conditions an estimated value for the emissions are 16,8 g CO2-eq/MJ 38 for upgraded
gas (Pål Börjesson, Lantz, et al., 2016). A value that means a reduction of 93,3 g
CO2-eq/MJ corresponding to 84,8 percent reduced GHG emissions compared to
using natural gas to produce electricity.

There is also reduced emissions when using the digestate as biofertilizer replacing
synthetic fertilizers since a portion of the carbon stays in the soil as long-term
stable organic matter (Lantz, 2013). The reduced GHG emissions are conservatively
assumed to be 0,7 g CO2-eq/MJ even though long-term studied indicated that it
could be as much as 2,8 g CO2-eq/MJ (Lantz, 2013).

The contribution for each waste stream as well as the digestate used as biofertilizer
from MOW is seen in Figure 25 and the associated calculations are found in Ap-
pendix C. As seen the digestate stands for a small part compared to the other but
this small part still corresponds to a little more than 300 tonnes CO2-eq/year.

38This value might be slightly optimistic since Sweden has a low-carbon electricity mix compared
to Moldova. In another aspect it might also be somewhat pessimistic since the value is calculated
for the lowest reduction and for upgraded biogas.
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Figure 25: The figure shows the reduced greenhouse gas emissions when replacing
electricity produced by natural gas for all three waste streams. It also shows the
reduction when using the digestate from MOW as biofertilizer, something that is not
applicable for landfill since the organic residues are too scattered and not calculated
for sewage sludge due to the low feasibility.

Put in relation to emissions per capita in Moldova the reduced GHG emissions from
MOW and sludge from the WWTP corresponds to roughly 19 200 citizens yearly
emissions39.

6.1.2 Nutrient recycling potential

The environmental improvement of replacing virgin nitrogen (N) and phosphorus
(P) are estimated for MOW since this is more likely to be accepted by potential
buyers than digestate from sewage sludge and not applicable for landfill gas since
the organic residues are too scattered and only the gas is collected (see Chapter 5.1).

To give an indication of the amount of nutrients in the digestate from MOW a UK
based study of an anaerobic digester of food waste separated at source is used. The
study showed that the nutrient content in the digestate on a wet waste basis was
8,9 TKN (Total Kjeldahl Nitrogen) and 1,9 kg P per tonne with an exchange rate
of 1:1 between digestate output and food waste input, also on a wet weight basis
(Banks et al., 2011)40.

Since dry matter is the basis in this study it is of interest to know the amount
of N and P in dry matter MOW and dry matter digestate. Using the previously
introduced dry matter content of 33 percent for MOW this corresponds to 27,0 kg

39To avoid double counting as described in Chapter 5.1 the GHG reduction from the collection
of landfill gas is not included since it builds on the same waste stream as MOW. Due to the low
feasibility at the moment to use the digestate as biofertilizer this is also excluded. For associated
calculation see Appendix C

403 936,5 kg for food waste input and 3 969,1 kg for digestate output on a wet waste basis(Banks
et al., 2011).
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TKN and 5,8 kg P per tonne dry matter MOW.41 For digestate the dry matter
content is lower, and in the case of Banks et al. (2011) corresponding to 4,5 percent.
This means that the digestate contains 197,8 kg TKN and 42,2 kg P per tonne dry
matter digestate for the lower amount of dry matter MOW,42

Based on the amount of dry matter MOW the amount of nitrogen and phosphorus
is presented in Figure 26. Though bare in mind that these estimations are for source
separated food waste and might hence be different for secondary separated MOW.

Figure 26: The yearly amount of N and P resulting from the MOW digestate and
hence has the possibility to replace the same amount of virgin nutrients.

6.2 Indicated economic performance

An indication of the economic performance is presented by calculating the monetary
value of the electricity that could have been produced from the three considered
waste streams. The cost to produce this electricity, also including the required
electricity price for a decent payback time is also included. The full equations
and values can be found in Appendix D. The economic performance of treating and
selling the digestate as biofertilizer is not calculated do to uncertainties of the related
cost and potential profit, but in general biofertilizer are very cost efficient with a
cost-benefit ratio of more than 1:10 (Lantz, 2013; BioFIT, 2015).

6.2.1 Biogas to electricity - what would it be worth?

With electricity production being deemed as the most feasible area of use for the
biogas, it is of interest to obtain an indication of how much electricity that is cur-
rently not being utilized and the worth of this electricity. For this indication the
estimated values for biogas production, presented in Chapter 4, were combined with
information regarding energy content for methane and electrical efficiency 43. The
calculations stem from conservative values for generated biogas as well as the lowest

41Nitrogen: 8,9/0,33=26,97 Phosphorus phor: 1,9/0,33=5,76
42Total amount N: 33 660*27,0 = 907,8 Total amount P: 33 660*5,8 = 193,8
431 m3 CH4 = 10 kWh Dubbel (1987) cited by Amon et al. (2007) while electrical efficiency is

assumed to be 37 percent
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of the two observed feed-in tariffs 44. The full equations and values can be found
in Appendix D and the obtained electricity and corresponding monetary value is
shown in Table 3.

Table 3: Indication of how much electricity that is currently not being utilized and
the worth of this electricity.

6.2.2 Biogas to electricity - what is the cost?

For calculating the investment costs from MOW a value of 40 e/tonne treated feed-
stock (including transportation) was used . By multiplying this value by the average
amount of collected MOW in Chisinau an investment cost of approx. 4,3 million was
obtained. Further, a Swedish estimation of 0,39 e/kWh gas from MOW has been
used, combining this with an electrical efficiency of 37 percent this corresponds to
a cost of 0,105 e/kWh of electricity (Vestman et al., 2014)45.

For the WWTP the investment cost for the sludge digester line is 4,5 million euro
(Interview: Secu, 2018). No values were given for annual costs for gas production
and Swedish values of 0,049 e/kWh gas from sewage sludge have been used (Vestman
et al., 2014)4647. Using an electrical efficiency of 37 percent this corresponds to a
cost of 0,132 e/kWh el.

If the cost for producing electricity from MOW and sewage sludge is compared to
the medium tariff price set for electricity produced from biogas in Moldova48 it is
not profitable for any of them. To be profitable and have a payback of five years
the price needs to be 0,179 e/kWh electricity for sewage sludge and 0,149 e/kWh
electricity for MOW . Though, compared to other feed-in tariffs such as the German
it would be profitable for MOW but with a longer payback than five years 49 but
still not profitable for sewage sludge 50.

.

440,09-0,095 e/kWh. More thoroughly described in section 4.3.1
45The capital and personnel costs has in other studies been shown to constitute a small share and

with the assumption that the same applies for this value the differences in Swedish and Moldavian
salaries decrease in importance (Vestman et al., 2014).

46Value converted from 0,50 SEK/kWh gas, likely including handling of substrate and digestate.
47See footnote 45.
48Feed in tariff set to a price of 1,96 MDL/kWh (approx. e0,095) and 1.86 MDL/kWh (approx.

e0.09), taxes excluded (Nicola, 2018)
49Feed-in tariff for biogas produced from bio-waste between e0,1305 – 0,1488 per kWh (accord-

ing to plant size) (Nicola, 2018) compared to the production cost.
50Feed-in tariff for sewage gas between e0,0566 – 0,0649 per kWh compared to the production

cost.
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The investment cost and costs related to produce electricity from collected landfill
gas are uncertain and are hence not included. But based on the tariff set for previous
electricity production at a landfill to approximately e0,08751 one can assume that
is a profitable price and that the production cost hence is lower. The investment
cost, production cost and required electricity price is presented shown in Table 4 for
municipal organic waste and sludge from the WWTP.

Table 4: The investment costs, the production costs and the required selling price
for a payback time of five years when making electricity from MOW and sewage
sludge. Landfill not included on account of uncertainties.

51Feed in tariff set to a price of 1,73 MDL/kWh (approx. e0,087), taxes excluded (ANRE,
2018)





7 Concluding discussion

The results of this potential and feasibility study indicates that there in Chisinau
are good conditions for biogas production and good feasibility for some areas of use
while considerably less promising for others. It also looks less promising for the use
of digestate as bio-fertilizer. Table 5 lists an overview of the results, including the
potential from each waste stream and the environmental and economic performance
for the most feasible use.

Table 5: An overview of the potential for each waste stream and the environmental
and economic performance for the most feasible use of biogas.

A breakdown of these results, including the feasibility-results presented in chapters
4 and 5, imply that with current circumstances sewage sludge is the most feasible
supply for biogas production, followed by collecting the generated biogas at landfills
and lastly biogas production from MOW. The feasibility was mainly impacted by
the understanding that the rehabilitation of Chisinau’s largest WWTP includes the
construction of a sludge digestion line and that funding has been secured. Regard-
ing collection of biogas at landfills it has historically been part of operations and is
planned (although not confirmed) to soon be part of these again. The waste stream
displaying the largest potential was MOW with the main impediments relating to
economic instrument i.e lack of finance and to some extent legislation that indirectly
favours short term landfilling. If legal measures were taken to confine the permission
of landfilling organic waste it would alter the assessment and increase the incitement,
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and hence the feasibility, for the MOW waste stream to be used for biogas produc-
tion. Other factors that may substantially impact and alter the current feasibility
assessment for MOW is raising the waste-collection fee and strengthen the coopera-
tion with private sector. The latter may be achieved by engaging different hubs and
incubators such as Green City LAB and iGROW52, both favoring Public-Private-
Partnerships (UNDP, 2018). Thereby increasing the chances of these questions not
being neglected despite a shift in government.

When investigating the possible use of the digestate as biofertilizer the outlook is
considerably less promising than for the supply side. Even though the legislation
is distinctly allowing the use of digestate from both MOW and sewage sludge in
agriculture the lack of knowledge within the farmer community results in a low or
non-existent customer demand. To alter the feasibility to the better this is the
main concern that needs to change, something that might be done if biofertilizer is
shown to be more cost efficient than synthetic fertilizer or e.g. through information
campaigns and cooperation with the farmers’ association.

Regarding the possible use of biogas it was seen that electricity production is the
most feasible option and heat generation placing as the second most feasible. Feeding
the gas to the grid appears more difficult and the least likely option is for the biogas
to be used as upgraded biomethane within public transport. Overall within the use
areas it was concluded that it often is technically possible in terms of infrastructure
and that there is some demand, especially for electricity and heat. The biggest
inhibitory factors are rather institutional since biogas in general is overlooked or
not prioritized in the strategies leading to a shortcoming in economical instruments
or funds and to some extent in the legislation. Hence, a factor that could change
the current assessment is if biogas becomes more prioritized in the strategies and
the potential for biogas production is appreciated by decision- and policymakers.
Since Moldova is investigating possible ways of increasing their energy independence,
putting biogas in the limelight in regards to this goal could be one conceivable path.
This could also motivate the creation of the lacking legislation for feeding biogas
to the natural gas grid; in the extension leading to gas actors becoming pressured
to include gas from unconventional sources. Concerning the use of biomethane
as a vehicle fuel in public transport the current solution with electrified buses is
considered a good step towards sustainable public transport and therefore efforts in
implementing biogas solutions is deemed to be better placed in the other use areas.

7.1 Implications and recommendations

Some condensed takeaway messages for Chisinau and other cities as well as Swedish
institutions and potential investors.

Chisinau

For actors in Chisinau it is important to know that there are some feasible potential,
though with a need to look more specifically in to how this can be profitable in

52Based on a waste management conference held at City Hall Chisinau the 18th of April where
iGROW shared their vision and objectives.
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regards to local conditions. One possibility here is for decision makers to point to
this as a valuable solution and spark the sector by increasing the feed-in tariffs.
There are some good intentions and initiatives but lack of finance, and maybe too
many different departments responsible for the area and risk-avoidance, slows down
the implementation.

The authors would also like to emphasize their concern regarding the country’s high
focus on landfilling as a way of managing municipal solid waste. A proactive way
of trying to reduce the amount of waste going to landfill would instead be to take
advantage of the high share of organic waste from for example households. Sepa-
rating that share from the waste stream would foster the potential use as feedstock
and thereby decreasing the environmental impact. A further strengthening of col-
laborations between the public and the private sector could be one possible way.

Other cities

This study supports what previous studies has shown regarding high content of
organic waste in the municipal waste stream for low-middle income countries; an
opportunity to be utilized. It also shows that it not necessarily is a need to upgrade
the gas but that it might have a more feasible use as it is, burning it to produce heat
and/or electricity. This might be connected to the economic state of the country or
a city but also to where green solutions are needed. For example if the renewable
share is high for electricity but low in the transport sector the will or incitement to
upgrade it might be higher.

IVL and Sweden

There is an interest in Waste Management Technology in Chisinau but in general
low price solutions are in focus and technology from Germany is often mentioned.
And unfortunately the interest in upgrading technology is fairly low. Otherwise this
is an area where Swedish companies are internationally recognized. In addition to
the low demand, the market might also be too small for Swedish actors to establish.
If there is an interest in establishing on the Moldovan market this might preferably
be done through Romania that is a bigger market with relatively strong connections
to Moldova, also sharing the same language. Sweden, waste management companies,
municipalities and institutions like IVL might instead contribute by showing how
co-operations and contracts between the public and the private sector might work.

Furthermore, the authors advertise for more and clearer follow up by IVL regarding
their projects in Moldova. The people interviewed for this study have all been im-
mensely generous with their time and in the authors’ experience they seldom see the
advantages and eventual later effects of a conducted study. By connecting stakehold-
ers to a special adviser at IVL (within the specific study area), more continuity could
be achieved. A suggestion would be that this special advisor within the field take
a more holistic approach to benefit and build on the work that has been previously
conducted; one example could be to look into the further research recommendations
and design the next thesis to continue that work. By having a special advisor this
might also make it possible to facilitate contacts between Swedish companies and
other actors to create business opportunities and further cooperation and knowledge
sharing.
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Executive summary

By condensing the results, assessments and implications in this study to an executive
summary it is the authors ambition to facilitate that it reaches and is read by
more stakeholders than if the report would have been sent alone. It is the hope
of the authors that the summary in that case can enlighten the readers about the
potential, feasibility and impediments for biogas production and use in Chisinau
and to motivate further work and research within the area. The summary, both
in English and Romanian have been distributed to interviewees and contacts in
Chisinau.

7.2 Further research

A factor in need of a deeper analysis is the differences that entails from secondary
sorting compared to if the MOW is separated at source. Would the biogas yield
differ significantly? How will it affect the use of digestate as biofertilizer?

On the same topic, how would the biogas yield from the Chisinau-MOW vary with
dry fermentation in comparison to wet fermentation? The private company that
have expressed interest in biogas production from MOW is currently interested in a
dry fermentation solution and the calculations for biogas yield calculations in this
study stem from literature regarding wet fermentation.

A third area of interest is the reluctance to use digestate as biofertilizers. How
would a burst of effort affect the farmers’ community’s currently skeptical view on
using biofertilizers? If the advantages of biofertilizers would reach out, could this
persuade the community to embrace it? And if this is made possible: What type of
distribution approach would be most successful? E.g. connecting with bigger farm
or distribute to small scale farmers and households.
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Appendices

A Data on municipal solid waste

Amount of municipal organic waste from the municipal waste management company
Autosalubritate received from Interview: Balica (2018)

Waste compositions received from the municipal waste management company Au-
tosalubritate through Interview: Serghienco (2018).
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B Conducted calculations of potential for bio-
gas/biomethane generation

The potential have been calculated using the following equations and values for biogas
and biomethane yield.

Biogas and biomethane yield

The biogas yield in Nm3/Year is calculated using the following equation with the
corresponding values for municipal organic waste, sewage sludge and gas collected
from landfill:

Amount of waste

[
Tonnes

Y ear

]
×Biogas yield

[
Nm3

Tonne

]
= Biogas yield

[
Nm3

Y ear

]

The amount of methane in the biogas is calculated by multiplying the biogas yield
with the methane content:

Biogas yield

[
Nm3

Y ear

]
×Methane contentbiogas = Amount of methane

[
Nm3

Y ear

]

The biomethane yield in kg/tonne for each considered waste stream when upgrading
the biogas is calculated using the following equation with the corresponding values
for municipal organic waste, sewage sludge and gas collected from landfill:

Biogas yield

[
Nm3

Tonne

]
×Methane contentbiogas

Methane contentbiomethane

× (1−Methaneslip)× ρ

[
kg

Nm3

]

= Biomethane yield

[
kg

Tonne

]
General data for biomethane used in the calculation for biomethane yield based on
Lindfors and Lärkhammar (2017):
Density, ρ, biomethane: 0,739 kg/Nm3

Methane content biomethane: 97 %
Methane slip: 0,05 % (when assuming Amine Scrubbing)
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Municipal organic waste

Inserted values:

Amount of waste: 33 660 -36 960 Tonnes drymatter organic waste/year

Based on the amount of MOW generated per year, 102 000 - 112 000 tonnes, and a
dry matter concentration of 33 percent obtained from Feiz and Ammenberg (2017).

Biogas yield: 643 Nm3/Tonne dry matter organic waste

Methane content biogas: 60 %

Average biogas yield and methane content is based on Feiz and Ammenberg (2017).

This results in:

A biogas yield per year between: 21,6 - 23,8 million
[
Nm3

Y ear

]

With an amount of methane between: 13,0 - 14,3 million
[
Nm3

Y ear

]

A biomethane yield when upgrading of: 293,8
[

kg

Tonne dry matter MOW

]
Sewage sludge

Inserted values:

Amount of waste: 17 000 Tonnes dry matter/year

Biogas yield: 475 Nm3/Tonne dry matter

Methane content biogas: 65 %

An average biogas yield and methane content for biogas produced from sewage sludge
obtained from Bachmann (2015).

This results in:

A biogas yield per year of: 8,1 million
[
Nm3

Y ear

]

With an amount of methane of: 5,2 million
[
Nm3

Y ear

]

A biomethane yield when upgrading of: 235,1
[

kg

Tonne dry matter

]
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Collected from landfill

Inserted values:

Amount of waste: 195 000 - 211 000 Tonnes landfilled MSW/year

Biogas yield: 50 Nm3/Tonne landfilled MSW

A conservative value for biogas yield for biogas collected from landfill based on
Themelis and Ulloa (2007).

Methane content biogas: 50-60 %

This results in:

A biogas yield per year of: 9,8 - 10,6 million
[
Nm3

Y ear

]

With an amount of methane between: 4,9 - 6,3 million
[
Nm3

Y ear

]

A biomethane yield when upgrading of: 235,1
[

kg

Tonne landfilled MSW

]





C Conducted calculations of indicated environmen-
tal performance

The equations used when calculating the indication of the environmental performance
for replacing electricity produced from natural gas with biogas from the three studied
waste streams are found below.

GHG emissions from the studied systems
When producing biomethane the reduced GHG emissions is at minimum 80 percent
when compared to diesel (Pål Börjesson, Lantz, et al., 2016). Using the average CO2

reference value for diesel in European conditions of 83,8 g CO2-eq/MJ (RED, 2018)
this results in the GHG emissions of 16,76 g CO2/MJ from the studied systems. See
equation below.

CO2 reference for diesel

[
g CO2 − eq

MJ

]
× (1−Reduced GHG emissions)

= GHG emissions from the studied system

[
g CO2 − eq

MJ

]
Assuming a GHG emission factor of 110 g CO2-eq/MJ for electricity generated
from natural gas (Bird et al., 2011) and calculating the reduced GHG emissions
according to EU standards (RED, 2018) this results in a reduction of 84,8 percent
corresponding to 93,28 g CO2-eq/MJ when generating electricity from biogas instead
of natural gas. See equation below.

(EF − EB

EF

)
= Reduction of GHG emissions [%]

EB = total emissions from the biofuel or bioliquid

EF = total emissions from the fossil fuel comparator

Reduced GHG emissions
For calculating the reduced greenhouse gas emissions for the three waste streams
the following equation was used:

Amount of methane in biogas

[
Nm3

Y ear

]
× Energy content biomethane

[
MJ

Nm3

]

× ReducedGHGemissions

[
g CO2−eq

MJ

]
= Reduced GHG Emissions

[
g CO2−eq

Y ear

]
The figures inserted in the calculations are:
The above calculated values for reduced GHG emissions, 93,28 g CO2-eq/MJ.
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The amount of methane in biogas found in Appendix B, using the lower values for
MOW and landfill gas.
Energy content biomethane: 0,0361 GJ/Nm3

Resulting in the following values for reduced GHG emissions:

Reduced GHG emissions from MOW: 42 285
[
tonnes CO2 − eq

year

]
Reduced GHG emissions from sludge from the WWTP: 17 091

[
tonnes CO2 − eq

year

]
Reduced GHG emissions from landfill: 15 874

[
tonnes CO2 − eq

year

]

For the savings using the digestate as biofertilizer the same equation is used but
with reduced GHG emissions of 0,7 g CO2-eq/MJ (Lantz, 2013) resulting in 328
tonnes CO2-eq/year for the MOW.

Reduced GHG emissions when compared to per capita emissions
Based on the yearly emission per capita in Moldova the reduction av GHG emissions
in amount of citizens is also calculated using the following equation:

(Red. emissions MOW +Red. emissions sludge)

Emissions per year
= Amount of citizens

The figures inserted in the calculations are:
Emissions per year: 3,2 tonnes CO2-eq/capita (INDC, 2017)
The reduced GHG emissions from MOW and sludge from the WWTP calculated
above, 42 285 and 15 874 tonnes CO2-eq/year respectively.

This results in 19 203 citizens.



D Conducted calculations of indicated economic
performance

The equations used when calculating the indication of the economic performance for
replacing electricity produced from natural gas with biogas from the three studied
waste streams are found below.

With 1 m3 of methane corresponding to 10 kWh and an electrical efficiency of 37
percent , it results in the following produced electricity per year:

Methane content in biogas

[
Nm3

year

]
× 10

[
kWh

m3 CH4

]
× Electrical efficiency =

Produced electricity

[
kWh electricity

year

]
When adding the feed-in tariff of 0,09 euro per kWh to calculate the value of the
electricity it lead to the following calculation:

Produced electricity

[
kWh electricity

year

]
× Feed− in tariff

[
Euro

kWh

]
=

V alue of electricity

[
Euro

year

]
This results in:
Value of electricity produced from MOW: 4 366 743 euro/year
Value of electricity produced from sewage sludge: 1 747 834 euro/year
Value of electricity produced from biogas collected at landfill: 1 461 038 euro/year

The equations used when calculating the indicated production cost, investment cost
and needed electricity price to receive a payback of 5,5 years are found below for
biogas produced from MOW and sewage sludge.

Production cost

[
Euro

kWh gas

]
Electrical efficiency [year]

= Production cost

[
Euro

kWh el

]
The figures inserted in the calculations are:
Production cost for MOW: 0,039 euro/kWh gas
Production cost for sewage sludge: 0,049 euro/kWh gas
Electrical efficiency: 37 percent
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The investment cost for producing biogas from MOW is calculated by multiplying the
investment cost per tonne with the average amount of collected MOW in Chisinau.

Inv. cost

[
Euro

tonne

]
× Av. amount of MOW

[
tonnes

year

]
= Investment cost [Euro]

The figures inserted in the calculations are:
Investment cost: 40 euro/tonne
Amount of MOW generated per year: 102 000 - 112 000 tonnes
Average amount of MOW generated per year: 107 000 tonnes

This results in: An investment cost for producing biogas from MOW of: 4,28 million
euro.

(
Investment cost [Euro]

Required pay back [year]

)
Produced electricity

[
kWh el

year

]+

Production cost

[
Euro

kWh el

]
= Required electricity price

[
Euro

kWh el

]
The figures inserted in the calculations are:
Investment cost MOW: 4 280 000 euro
Investment cost sewage sludge: 4 500 000 euro
Required payback: 5,5 years
Production cost for electricity from MOW: 0,105 euro/kWh el
Production cost for electricity from sewage sludge: 0,132 euro/kWh el

This results in:
Required electricity price MOW: 0,145 euro/kWh el
Required electricity price sewage sludge: 0,175 euro/kWh el

The required electricity price compared to the medium tariff for electricity produced
from biogas:

Required electricity price

[
Euro

kWh el

]
−Medium tariff

[
Euro

kWh el

]
Medium tariff

[
Euro

kWh el

] =

Percentage higher cost [%]

The figures inserted in the calculations are:
Required electricity price MOW: 0,145 euro/kWh el



71

Required electricity price sewage sludge: 0,175 euro/kWh el
Medium tariff price: 0,0925

This results in:
Percentage higher cost for MOW: 57%
Percentage higher cost for sewage sludge: 89 %
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