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using the Aspen process economic analyzer, considering the plant size and the upgrading methods.
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The base case had an annual processing capacity of 55,000 m®> OMSW. The capital costs and the net
present value (NPV) after 20 years of operation were 34.6 and 27.2 million USD, respectively. The base
case was compared to the modified scenarios, which had different upgrading methods, processing
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Techno-economic analysis between +200 USD/ton. The sensitivity analyses were carried out considering the cost of the OMSW
MSW imposed on citizens for collection and transportation of wastes and the different sizes of the plant. The
Vehicle fuel result suggests that producing biogas and selling it, as a vehicle fuel from OMSW is a profitable venture
Process design in most scenarios. However, there are some uncertainties, including the collection and transportation

costs, landfilling fee, and process operation at lower capacities, which affect its profitability.
© 2014 Elsevier Ltd. All rights reserved.

1. Introduction
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loading rate; CSTR, continuously stirred tank reactor; TS, total solids; MMSP, the MSW ends up in dumping areas or landfills, creating three
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composts [2]. While the aerobic biodegradation in composting re-
sults only in CO, and fertilizer, biogas from anaerobic digestion
contains about 50-70% methane and the rest is practically CO,. En-
ergy-rich methane (~37 MJ/m?) can be used for different purposes
including heat, electricity, and vehicle- and cooking fuels [3]. It can
be calculated that the MSW with an average 33% total solids (TS)
content can result in 321 billion m>® pure methane from the global
MSW production, based on the average biogas yield of 618 m?/ton
TS. The 321 billion m® methane is equivalent to 3104 TW h/year
energy (1 m> methane equivalent to 9.67 kW h) [4], which is
equivalent to 2% of the global energy consumption per year.

Several million bio-digesters for households are available in the
world, while industrial biogas plants for commercial applications
such as electricity and fuel are relatively few [5,6]. According to
International Energy Agency, about 970 plants are in operation
for municipal solid waste and industrial waste together in Europe
[7]. Very few plants produce methane for vehicle fuel as com-
pressed biogas (CBG); on the contrary, most of the plants produce
power or combined heat and power (CHP) from biogas [8]. Biogas
from the organic fractions of MSW is not only attractive in terms of
energy, but also economically sound. The capital costs of the biogas
plants treating 100,000 tons MSW/year was 20 million USD in
2003 [9]. Upgrading the produced biogas to vehicle fuel requires
about 13% of the total investment costs [9,10].

Techno-economic models are used as a measure to identify the
industrialization potential of a project. Several techno-economic
models have been reported for ethanol production; however, for
biogas, the literature is mainly based on laboratory data with novel
substrates such as citrus wastes, chicken-feather, and its pretreat-
ments [8,11-17]. According to our knowledge, no industrial based
biogas plants have been considered for techno-economic evalua-
tion of MSW. The techno-economic evaluation considered in this
study was based on an industrial biogas plant located in Bords
(Sweden) that is fed with sorted organic MSW.

Boras, with a population of more than 100,000 people, produces
on average about 22,600 tons of MSW every year. In addition, the
MSW from Norway and other nearby Swedish cities such as Goth-
enburg, and the industrial wastes from companies, slaughter-
houses, restaurants, etc., also end up in the waste station in
Bords. Approximately, 27% of the MSW is recycled as materials,
30% (organic wastes) is sent for biological treatment for the pro-
duction of biogas, and the remaining 43% is combusted to produce
electricity and district heat for the city. The biogas produced after
the biological treatment is used as CBG for vehicle fuel to run
buses, garbage trucks, and other gas vehicles [18,19].

In this study, the techno-economic feasibility of an industrial
biogas plant for MSW, located in Bords, Sweden was investigated
under six different scenarios. The process was simulated using As-
pen Plus® version 8.0 (AspenTech, Massachusetts, U.S.A.) based on
the industrial data obtained from Bords Energy and Environment
AB, Sweden. The six different scenarios were simulated using As-
pen Plus®, and process economics were carried out using the Aspen
Process Economic Analyzer (V 8.0). Furthermore, sensitivity analy-
sis was carried out for different costs of the MSW, which varied be-
tween +200 USD/ton, number of digesters operating in the plant,
and effect of operational loading in the plant. The main objective
of this work was to study the uncertainties around the techno-eco-
nomic feasibility of the biogas production from OMSW, affected by
factors mentioned above.

2. Methods
2.1. Process description

The process scheme for the six scenarios is shown in Fig. 1. The
six different scenarios considered were based on the current

operation of the plant (scenario 1), and scenarios 2 and 3 were
considered to facilitate different upgrading methods and the effect
of adding biogas from wastewater treatment respectively. The
other three scenarios considered were to double the capacity, to
check how the size or the number of digester used, and their effects
on the process profitability. Scenarios 1-3 have a capacity of
55,000 m> MSW/year, while scenarios 4-6 have a base capacity of
110,000 m® MSW/year. In this study, scenario 1 is the base case,
which will be compared to other scenarios. The total solids (TS)
content of the MSW fed to the digester was 15%. The preprocessing
step for the MSW was common under all scenarios, while the
digesters and the biogas upgrading to obtain methane vary for
the different scenarios.

Initially, the MSW is crushed using a hammer mill crusher with
the addition of water, to reduce the particle size to less than 5 mm.
The TS of the MSW is reduced from 33% to 15% with the addition of
water. The crushed materials are transported using a centrifugal
pump to two storage tanks, buffer tanks 1 and 2, with a respective
volume of 200 m>® and 650 m3, which have a combined retention
time of 3 days. Then, the waste slurry is pumped into a 3000-m>
anaerobic digester. Scenarios 1-3 have a single digester, whilst sce-
narios 4-6 have two digesters of the same volume running in par-
allel. The organic loading rate (OLR) maintained in the digester is
3.3 kgys/m>/day with a hydraulic retention time (HRT) of 19 days.
The digesters operate at 55 °C, heated internally.

The digestate from the digester is pumped into a 340-m? stor-
age tank with a retention time of 2.2 days. The digestate is further
pumped into a big storage tank of 2000 m>, from where it is trans-
ported to nearby farmlands. Part of the biogas is produced from the
storage tank. All the biogas production is connected to a common
upgrading system. The upgrading methods used in this study are
water scrubbing and absorption through COOAB (carbon dioxide
absorption by amine) using monoethanol amine (MEA). Water
scrubbing is a common upgrading method for biogas, while in
the COOAB process MEA is used for the absorption of carbon diox-
ide and hydrogen sulfide. The raw biogas flowing out of the diges-
ter passes through a centrifugal compressor to increase the
pressure to 8 bar, and is then cooled down to 5 °C using a heat ex-
changer, before it passes through the upgrading column either by
water scrubbing or COOAB [4].

The scrubber column operates at 8 bar, where the CO, is re-
moved with the water. The recycling ratio in the scrubber for water
was maintained at 0.90. Similarly, the absorption column for the
COOAB process was operated at 5 bar. The recycling ratio of the
MEA in the absorption column was 0.95. Purified methane
(~97%) is sent through another separator to remove final impuri-
ties. Thereafter, the CBG (compressed biogas with 99% purity of
methane) is stored at 5 °C and 300 bar, before it is sold to the mar-
ket as car fuel. The CBG is sold at a price of 2.2 USD/L, including
0.4 USD/L tax, resulting in the industry selling CBG at a net price
of 1.81 USD/L (Table 1).

Based on the aforementioned processes, six scenarios (Fig. 1)
were compared, as follows:

Scenario 1: annually, 55,000 m®> MSW is used with one digester
in operation. The upgrading method employed was COOAB
only. This scenario was considered as the base case scenario
(currently in existence at the plant), which was compared to
other scenarios. Fig. 2 shows the process flow diagram for the
base case.

Scenario 2: similar to scenario 1, but the upgrading method was
water scrubbing,.

Scenario 3: in this scenario, the same amount of waste was
used; however, the biogas was upgraded by both water scrub-
bing (30%) and the COOAB process (70%). In addition,
3500 m>/day biogas was added, which was obtained from the
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