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A key challenge for anaerobic digestion (AD) plants using food waste as feedstock is get-
ting the substrate contaminant free. For the Swedish municipality-owned Skelleftea Biogas,
it was a serious headache - until it revamped the pre-treatment line with pulp friction.

LOCATED IN NORTH-EASTERN SWEDEN
on the Baltic Sea coast, Skelleftes is
described as the “southern entry
into Swedish Lapland”. Covering
almost 7 175 sq km in area of
which 374 sq km is water, it is the
12th largest municipality by area. It
has a population of around 73 000
of which the city of Skellefted is the
largest urban centre with over 35
000 inhabitants.

In 2007, the municipality com-
missioned a SEK 140 million (=
EUR 13.6 million) dedicated bi-
ogas plant to treat food waste and
produce compressed biomethane,
bio-CNG, for Skelleftebuss AB, a
public transportation company also
wholly-owned by the municipality
that had begun switching its city
bus fleet from diesel to bio-CNG.
Currently operating a fleet of 130
busses of which 40 run on bio-
CNG, the company aims to be run-
ning fossil free by 2021.

Progressive WWTP

The biogas plant was built adjacent

to the existing municipal wastewa-
ter treatment plant (WWTP) “Tu-
van” about 7 km from Skelleftea
city centre.

— Actually the Swedish term
"samrdtning” used for the entire
Tuvan facility is misleading as it
means co-digestion which the plant
isn't. The food waste biogas plant is
co-located but is entirely separate
from the wastewater treatment
plant, Peter Edlund, Head of the
Water and Wastewater Department
at the municipality pointed out.

Semantics aside, it is an impor-
tant point since it has possible im-
plications on the use of the diges-
tate and residual sludge respective-
ly. The former is used as a soil-im-
provement medium whereas the
latter was until recently dried, pel-
letised and used in trials as forest
fertiliser. This has been discontin-
ued in part on account of unclear
forest regulations.

— The dryer and pelletiser will be
removed and another project will
utilise the sewage sludge, said Ed-
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lund referring to the "SludgelsBi-
ofuel" project in which Skelleftea is
a partner.

A European Union (EU) co-
funded demonstrator project under
the LIFE+ programme with
amongst others Outotec (Sweden)
AB and KIC Innoenergy, the over-
all aim is to achieve phosphorous
and energy recovery by drying and
high temperature oxidation of sew-
age sludge using a steam dryer,
which is being installed.

Originally built in 1972, Tuvan
is the main wastewater treatment
facility for Skellefted, receiving
wastewater from several urban areas
in the municipality. It is currently a
conventional three stage treatment
facility with a capacity to treat up to
approximately 120 000 pe.

— The safety flare along with the
biogas storage, cleaning, upgrad-
ing to biomethane and the com-
pression units are the only tech-
nologies shared by the two facili-
ties, said Edlund.

Prior to 2007, the raw sewage
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gas from the biological stage of the
WTTP was used directly in two
gas boilers, 1 MW and 500 kW re-
spectively, to supply heat to the
WWTP or flared when the heat

demand was low.

Bio-CNG and pellet heat
With the biogas and upgrading plant
operational in 2007, all the gas pro-
duced from both facilities is upgrad-
ed to bio-CNG. Instead, to manage
the heat demand for the buildings,
digesters, the hygienisation tanks,
and the digestate/sludge drying, a
heat off-take deal was reached with
the local municipality-owned energy
utility Skelleftekraft that builta
wood pellet fired heat plant on site.
‘The wood pellets are produced at
Skelleftekraft’s integrated combined
heat and power (CHP) and pellet
plantin Skellefted.

— With the municipality as
owners of all three parties — Tu-
van, Skelleftebuss and Skelleft-
ckraft — it made more sense from
the municipality’s overall carbon
reduction goal for us to use a lo-
cally produced forest biomass fuel
and supply as much bio-CNG to
the bus company as possible, ex-
plained Peter Edlund.

Pre-treatment woes
The biogas plant had an original >>
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“We ended up putting in a 100 m> LNG
tank to ensure gas fuel supply, just in case.
1he irony is obvious and although we’re
prepared to pay extra for LBG we haven't been
able to source any

PETER EDLUND
Head of the Water and Wastewater
Department at Skelleftea municipality

>> design capacity to treat up to 15
000 tonnes per annum of source
separated organic household waste
as well as solid and liquid slaugh-
terhouse waste. Some 2.1 million
Nm? biomethane per annum was
the combined total output target of
the sewage gas and biogas facilities
at Tuvan. However, the biogas
plant never got off the ground
properly in terms of functionality
or capacity.

— The problem does not lie
with Skellefted kitchens and
households that have been exem-
pleary since the start when it
comes to source segregating food
waste. We carry out random con-
tent checks from time to time to
assess the accept level and find it
is consistently 96 to 98 percent,
Edlund said.

The municipality operates a
two-bin refuse collection system
— one for food waste and organics
that is collected in bio-based
plastic bags and the other is for
combustable non-recyclables that
is used for energy recovery.

—We want as little food waste
in the energy recovery fraction as,
apart from the nutrient recycling
aspect, it costs the municipality
money whereas biogas saves mon-
ey by replacing fossil fuel, said
Peter Edlund.

Consultive tender
In mid-2015, Skelleftes issued a
collaborative tender to address the
entire food waste pre-treatment
stage, deemed as the root source of
the biogas plant’s operational woes.
— By that stage we were quite
frustrated with the old food waste
pre-treatment line. It never reached
its stated capacity, and it required a
lot of maintenance. The working
environment was not ideal for the
staffand the machines needed man-
ual cleaning, often, said Edlund
adding that at the same time, there
was the bio-CNG supply agreement

with Skelleftebuss to fulfil.

This was getting increasingly
difficult as new gas busses were be-
ing added to the fleet.

— We ended up putting in a 100
m?® LNG tank to ensure gas fuel
supply, just in case. The irony is
obvious and although we’re pre-
pared to pay extra for LBG we
haven’t been able to source any,

said Edlund.

Collaborative project

The tender was awarded to Cell-
wood Machinery AB, a Swedish
company that develops, manufac-
tures and supplies machinery and
systems for the pulp and paper in-
dustry. The core solution deployed
was a system consisting of a high
concentration (HC) pulper and a
reject separator. Both are technolo-
gies widely used in the paper indus-
try for dissolving pulp and remov-
ing contaminants.

In addition, the order also in-
cluded ancillaries such as a rotary
shredder, pumps, conveyors as well
as stirrers and buffer tanks for the
digester. However, the chosen tech-
nology delivery was not a given
when the initial tender contract
was awarded.

— Being a rebuild and retrofit
project all we really knew was what
didn’t work in the existing pre-
treatment process, not what could
work so we couldn’t place a tender
for a specific type of solution but
form it as a joint project instead,
said Peter Edlund.

Consisting of three phases, the
first part of the contract was a joint
consultancy to thoroughly evaluate
the existing system, identify all the
shortcomings, bottlenecks, pro-
cess- and site constraints along
with specific requirements includ-
ing substrate quality, reject han-
dling and overall plant capacity.

The phase also included exam-
ining different technology options
and ultimately deciding on a tech-

A receiving bin (left) under the reject separator takes the entire volume of
purged reject. A PST screw conveyor feeds the reject in a metered fashion to
the dewatering step for the rejected materials.

nology pathway forward based the
evaluation. The second phase en-
tailed a detailed planning and cost-
ing of the chosen pathway and
phase three was the building and
commissioning of it.

—The entire project was carried
out in a spirit of partnership and
collaboration. Neither of us knew
exactly what would be needed until
the evaluation had been carried
out. Even then there were other op-
tions on the table so it was by no
means a done deal for us, said Peter
Ek, Business Development Man-
ager at Cellwood.

One key criterion was that the
pre-treatment technology had to
have a minimum capacity of 14
tonnes per hour.

— A wet hammer mill solution
was an option studied but would
have meant a setup of two parallel
eight tonne per hour units. While
redundancy might be considered
an advantage, Cellwood tailored
the pulper dimensions so that we
could reach the capacity with a sin-
gle line which meant a lower overall
investment cost. And we had al-
ready seen the pulper concept in
other biogas plants, so we knew
that it was a robust and reliable

process with low operating and
maintenance costs, said Edlund.

Design, build and
commission

‘The new pre-treatment plant is
built inside the existing premises.
The receiving units, substrate buff-
er- and hygienisation tanks and di-
gester along with the existing dedi-
cated receiving and pre-treatment
lines for solid and liquid slaughter-
house waste have been kept from
the original setup.

In the available space, Cell-
wood’s engineers drew up a cus-
tomised layout to accommodate
the shredder, HC pulper, reject sep-
arator, and a reject dewatering and
handling system. Two pieces of
equipment from the original pre-
treatment setup, both of which
were supplied by Cellwood in 2007
and 2013 were reused after up-
grades. The cyclone for removal of
solids such as grit, glass and egg-
shells was upgraded to improve ef-
ficiency. A Disperser - a type of disc
refiner — that creates a substrate of
the solid slaughterhouse waste pre-
treatment line and pumps to the
buffer tanks.
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>> pulper vessel into the reject sepa-
rator. Here, the substrate is
"washed" with recirculated reject
water and screened through 6-mil-
limeter holes. The screen has a slow
rotating scrapper that prevents
blocking of the screen. Plastics, met-
als, citrus peels and other non-solu-
bles are efficiently separated and
dumped into a reject handling sys-
tem, where the reject is dewatered
and transported to a container. The
container is sent for energy recovery.

The accept susbtrate is pumped
to a buffer tank before a new batch
cycle begins. From the buffer tank,
the substrate is pumped in one of
the two hygienisation tanks, where
the substrate is heated from around
10°C to above 70°C and held at
70°C for one-hour before being
cooled to 50°C.

Using heat exchangers, cold in-
coming substrate is heated by cool-
ing the outgoing hygienised sub-
strate, which is sent through a cy-
clone to remove sand, grit and egg-
shells. The clean hygenised sub-
strate is then ready for the thermo-
phyllic digester.

A cleaner substrate

For Skellefted, the pre-treatment
retrofit project had three main
goals — produce a cleaner substrate,
increase gas exchange, and less
maintenance.

— With the pulper we get an in-
dustrialised batch process which is
easy to operate and consistently
provides a consitent contaminant
free high-quality substrate, said
Peter Edlund.

The results from independent
laboratory analysis, taken as part of
the commissioning trials, confirm
that the substrate is indeed very
clean. The Swedish standards speci-
fy limit values for visible contami-
nants >2 mm. The measured value
is 0.03 percent, which corresponds
t0 6,6 cmC/kg.

—That is an incredibly low value.
With a clean substrate we get a bet-
ter bacterial culture in the digester,
and that means more gas from the
same material, said Edlund.

Compared with the older Swed-
ish regulatory requirements of 0.5
percent maximum — the HC-pulp-
er process is almost twenty times
better and is a future assurance of
the new standards. The values are
well in line with results achieved at
other biogas facilities in Sweden
and Norway that Cellwood have

installed its pre-treatment solution.
— Our operators are very satisfied.
They have run the new plant for
quite a number of months now, and
they are relieved to be working
with a well-functioning process.
The working environment has im-
proved dramatically, said Edlund.

Unlocked potential

Since the "first waste” input in
April 2017, the process has been
optimised to fine-tune the pulper
"recipies” and corresponding batch
run times. The equipment has also
been trimmed for increased energy
efficiency.

— We've run well over 800
batches, corresponding to approxi-
mately 9 000 tonnes through the
plant, so we are getting to know the
process intimately and the facility
is operating very well, said Edlund.

With the new pre-treatment line
the annual capacity has been confi-
dently raised to 17 000 tonnes.

— This is over double of what we
had reached with the old plant.
Now we can expand our feedstock
sourcing to supermarkets and
neighbouring municipalities, said
Peter Edlund.

New upgrading plant
Clear is that Cellwood's pre-treat-
ment solution has unlocked a
whole chain of other investments at
Tuvan, some of which are already
underway. This includes a new and
significantly larger, 4 000 m?, bi-
ogas storage capacity as well as a
new upgrading unit as the existing
was already operating at full capac-
ity. The upgrading unit is being
supplied by Malmbergs, that also
supplied the original unit which
will be decommissioned.

— With the new biogas storage
and upgrading unit we will have
the capacity to upgrade all the gas
and manage any temporary fluc-
tuations or disruptions in produc-
tion without having to resort to
flaring, said Edlund.

A new gas filling station being
built close to the bus depot and fire
station. Instead of trucking bio-
CNG to the filling stationaa 7 km
dedicated gas pipeline is being laid
directly to the biogas plant.

Text & photos: Alan Sherrard
BI99/6037/IAS

Separated contaminats consisting mainly of plastic- and carton packaging
along with citrus peels coming coming out of the reject seperator before going
into the dewatering process. Notable is the intact "unmacerated" condition.

More gas means more upgrading capacity is needed. A new Malmberg Com-
pact GR 6 upgrading unit along with high-pressure compressors and decom-
pressors is being installed. The total investment is around SEK 100 million (=
EUR 10.1 million) of which SEK 16 million (= EUR 1.62 million) is an investment
grant from the Climate Step (Klimatklivet) programme administered by the
Swedish Environmental Protection Agency (Naturvardsverket). The new upgrad-
ing plant will be able to produce about 2.1 million Nm3 of biomethane annually.

Contrary to the Swedish "co-digestion" terminology used, Tuvan's food waste
biogas plant is a co-located facility and separate from the WWTP. Shared facili-
ties, biogas storage, upgrading, compression and flare are all post-digestion.

In continous operation, the

cyclone effectively removes un-

disolved particles such as sand,
- grit, glass and egg-shell from

risk of future issues with
digester sedimenta-
tion and pump
wear.
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Cellwood Machinery

Reject separator HC-pulper

Reject removal from Gentle dissolving
organic substrate. of organic waste.

Deflaker High density cleaner

Mechanical disintegration for Removal of grit from
increased biogas yield. organic substrate.
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