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STORMOSSEN

Founded 1985

Employs 40 persons

Owned by 6 municipalities

100 000 residents in the area

Waste recycle rate 98,5 % (2017) R
Turnover 13,6 M.€ (2017) e Yy .

Products:
Biogas for fuel, electricity and heat —
Compost soil
District heating and electricity
Raw materials
Week '}1

Korshalm

Storkyre

o018 ¢ STORMOSSEN



STORMOSSEN

1985 Founded

1990 Biogas production started

1994 Second Digester + gas-engine (330 kWe)
1995 Heating Botniahalli with biogas

2007 Landfill gas collection

2009 New gas-engine (730 kWe)

2012 Westenergy

2014 Agreement with the city of Vaasa to use
bio-methane in public transport

2017 Upgrading and filling station

Week "bﬁ
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WESTENERGY

Energy recovery
50 municipalities
400 000 residents in the area

150 000 ton/year = 20 ton/hour Q
o L BOINAROSK
District heat 280 GWh = 1/3 of district —
<etaiijii

heating in Vaasa
Electricity 80 GWh = approx. 7000 homes (N wsamaiton oy 2
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WASTE TREATMENT Gastor

BIOGAS MADE BY YOU

National waste plan objectives © Stormossen 2017 (2016)

. 3
o g :‘-m(ﬂ‘- m=:umn:z:c mmmmmmmmm

50 % recycled as material 49 % recycled as material (46)
30 % recycled as energy 50 % recycled as energy (53)
20 % maximum to landfill 1 % maximum to landfill (1)
Best environmental option
| Rewse |

Energy Recovery
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Worstenvironmental option £
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BIOGAS HISTORY

1859 First plant in India

1895 UK and Germany developed the process, for reducing sludge volumes
and the gas was occasionally used as energy

19th and beginning of 20th century Town gas for lighting

1930s in India developed the process for farmers

1930s understanding the anaerobic bacteria producing methane gas

1940s Biogas plant and refueling in Helsinki and a biogas plant in Stockholm
1960s China and India as cooking fuel ——
1970s oil crisis slight increase in interest =
1990s for treating organic waste streams

Week
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METHANE SOURCES Gastor

BIOGAS MADE BY YOU

COMPRESSED
METHANE

OTHER RENEWABLE SYNTHETIC
METHANE D ¢

METHANE (CH,)

SUN METHANE —>

RENEWABLE

H FOSSIL | NATURAL GAS
METHANE - ! — L METHANE (conventional)
| WIND METHANE )_> El=C=i
|
H

Methane clathrate ]

Synthetic biogas —|j=—>

UNCONVENTIONAL

BIO Shale gas ]
s FOSSIL METHANE g

LIQUEFIED

METHANE \[ Other ]

Source: Lampinen (2013) - Proposal for a glossary of methane fuels in transport.
Edited: Johan Saarela (2014)
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PRODUCTION Gastor

BIOGAS MADE BY YOU

For heating
external
facilities  Electricity
BR1 BR2 Flare and heat
Sludge Bio-waste
1500 m? 1700 m? 3"03/ Amino Raw biogas 63 % methane 2,4 million Nm? =
RT14d RT20d Nm/h 300 Nm/h Scrubber . o 3 o,
TS 7% Ts10% 64 % CHa P | I Upgraded biogas 1,6 million Nm® (97 %
120 Nm¥h 180 Nm¥h 0,020 bar Raw biogas 0,050 bar methane) = 16 GWh = 1,6 million liter diesel
> storage —-

1040 m? = Enough for 12 buses + 1000 vehicles or 24

buses

200

Nm3/h Hieh
l 97 % CHs 5,!15 h Bressure storeate 6003/;, Public filling 1,45 €/kg
N ; - -
Compressor station & bar 300 bar 9;"% CHe station 019? € /liter
2X150 Nm¥h 300 bar [ gasoline
st DJI:I] - > = 1,10 € /liter

A

200 .
16 000 ton 16 000 ton bio- Nm3/h diesel
sludge (TS 20%) waste (TS 31%) 97 % CHs .
1 LNG-backup 300 bar Vasa city gas buses
=46 000 ton =36 000 ton 2 80 m? (30 ton) — 12 Scania
sludge-slurry bio waste- -140°C — ) _
| DM 5 bar
(TS 7%) s UurI'V ( High pressure . m: L |
10%) 500 " ¥ W :
Nm*/h
Digestate approx. 7000 ton g;" 9% CHa ing station for
annually mostly used for Crye-pump 300 bar k le gas containers
landscaping —27 [T .
. - (\
130ton P < e > D
*175ton N (S—
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PRODUCTION

Gastor

BIOGAS MADE BY

YOou

' p D Undre Ovre Medel Rysk naturgas |Rysk naturgas |Vikt, kg/nm3 Uppgraderad biogas, Uppgraderad biogas, |Vikt, Uppgraderad Uppgraderad Vikt, kg/nm3
kg/Nm’ varmevarde varmevdrde vdrmevarde energiinnehdll minimi minimi kg/nm3 biogas, aminscrubbber
MJ/Nm? MJ/Nm? MJ/Nm? MJ/nm3 energiinnehdll MJ/nm3 Aminscrubbber energiinnehall
Stormossen MJ/nm3
Volym-% |Metan CHy 0,717 35,880 39,820 37,850 98,40 %| 35,3059 0,7055 96,00 %) 34,4448 0,6883 97,50 %) 34,9830 0,6991
Volym-% |Etan CyHe 1,355 64,350 70,310 67,330 0,60 %[ 0,3861' 0,0081 0,00 %[ 0,0000( 0,0000 0,00 % 0,0000( 0,0000
Volym-% |Propan C3Hg 2,011 93,210 101,230 97,220 0,20 %[ 0,1864r 0,0040 0,00 %[ 0,0000' 0,0000 0,00 % 0,0000' 0,0000
Volym-% |Butan C4H;o 2,701 123,470 133,690 128,580 0,05 %[ 0,0617' 0,0014 0,00 %[ 0,0000( 0,0000 0,00 % 0,0000( 0,0000
Volym-% |Pentan CsH;» 3,454 156,629 169,269 162,949 0,01 %[ 0,0157r 0,0003 0,00 %[ 0,0000' 0,0000 0,00 % 0,0000' 0,0000
Volym-% [Hexan CgHi4 4,204 189,601 204,630 197,116 0,00 %[ 0,0000' 0,0000 0,00 %[ 0,0000' 0,0000 0,00 % 0,0000' 0,0000
Volym-% [Kvavgas N, 1,2504 0 0 0,000 0,30 %[ 0,0000r 0,0038 0,00 %[ 0,0000' 0,0000 0,00 % 0,0000' 0,0000
Volym-% |Syrgas O, 1,429 0 0 0,000 0,00 %[ 0,0000[ 0,0000 0,00 %[ 0,0000[ 0,0000 0,00 % 0,0000(" 0,0000
Volym-% |Koldioxid CO, 1,9783 0 0 0,000 0,30 %[ 0,0000r 0,0059 4,00 %[ 0,0000[ 0,0791 2,50 % 0,0000' 0,0495
Volym-% [Kolmonoxid CO 1,250 12,634 12,634 12,634 0,00 %[ 0,0000' 0,0000 0,00 %[ 0,0000' 0,0000 0,00 % 0,0000' 0,0000
Volym-% |Vatgas H, 0,090 10,780 12,740 11,760 0,00 %[ 0,0000r 0,0000 0,00 %[ 0,0000[ 0,0000 0,00 % 0,0000' 0,0000
Volym-% |Vatten H,0 0,833 0 0 0,000 0,00 %/’ 0,0000[ 0,0000 0,00 %[ 0,0000[ 0,0000 0,00 % 0,0000( 0,0000
Volym-% |Svavelvate H,S 1,536 23,377 25,361 24,369 0,00 %[ 0,0000r 0,0000 0,00 %[ 0,0001 f 0,0000 0,00 % 0,0001 f 0,0000
Volym-% |SUMMA 100 % 35,9558 0,7291 100 % 34,4449 0,7675 100 % 34,9831 0,7485
10,0 kWh/Nm3 9,6 kWh/Nm3
13,7 kWh/kg 12,5 kWh/kg
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FILLING STATION Gastor

BIOGAS MADE BY YOU
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Elaceen e MYNDIGHETSKRAV

MAP OF ACTORS

DEKRA

Transportforetag

Raddningsverket
Privathilister

TUKES

Ovriga foretag

Inspecta (Kiwi)
Codab Korsholms kommun
Nets

Energimyndigheten

NTM-centralen

Arbets- och
ndringsministeriet

Agarkommuner

Gastor

BIOGAS MADE BY YOU

Nordic Gas Solutions

Ammongas

Roscher

Fma.
Kaasusuunnittelija

Citec
Ab Stormossen Oy
Foretag, handel och Biomil
industri
Kommuninvanare
Pattska BBJ
Avloppsreningsverk
Pratacon
HONAN- Vasa stad SdhkoWasa
AGGET Skangas

Scania

Vasa lokaltrafik

Vasa elektriska

Oy Tecon Trans Ab

Politiker och
beslutsfattare

Byggtjanst G.West

Resendrer

Sundstrém

Berglund
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BIOGAS AS FUEL Gastor

BIOGAS MADE BY YOU

CO2-ekv./km Source: German Energy Agency DENA (2010) The role of
180 natural gas and biomethane in the fuel mix of the future
in Germany.
160
140
120
100
80
60
40
20
0 | | ||
Bensin Diesel Gas - 100 % Gas-80% Gas - 100% El - 100 % El - EU mix
naturgas naturgas 20 % biometan vindkraftsel
biometan
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BIOGAS AS FUEL Gastor

BIOGAS MADE BY YOU

Oslo kommune ;‘
Vanerogaylapsetaten Exhaust emission and noise e

Local
Diesel Bio-methane || Reduction% Emissions
(NOX, Biodiesel
NO, g/km 8.1 HC, PM)
Particulate
matter g/km 0.3

o, l kg/km
Noise ﬂ dBA

Petrol (HEV)

Biogas Natural gas

Climate effect (CO,-eqv)

Source: Rashid Abdi EImi (2013) Oslo kommune Vann- og Source: Miljéfaktabok fér branslen (2011) IVL —
avloppsvatten Svenska miljGinstitutet. Edited figure: Sylwia Klatka
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BIOGAS AS FUEL

Vehicle

Range

Short

Medium

Long

Short

Medium

Long

Short sea and ferries

Electricity

Hydrogen

Biofuels

Biogas

Source: Biogas 2020 (2016)
project
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BIOGAS MADE BY YOU
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Photo: Stormossen (2016)
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VALUE CHAIN

Biogas upgrading
Biomethane for transport sector

Less flaring AN /<

Flaring is done by the gas engine % oo \DY\ //
5000 \¥

Reconstruction of pre-treatment and

m.

heating SIS TS
Al
District heating from Westenergy 100%
Less electricity consumption o
- ’ Flare Heat Gas engine (CHP) Vehicle fuel 70 %
4 Heat, §/MWh 0 42 42 0 60%
El, €/MWh 0 0 80 0 50%
Vehicle fuel, €/ MWh 0 0 0 90  40%
Output, % (heat) 0 95 43 | 3%
Output, % (power) 0 38 - jg:"
» Value, € 0 40 49 90 ’
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STRATEGY Gasto

First filling station for CNG-vehicles in the Vaasa region
Upgrade biogas to bio-methane

District heating for process heat
Optimize biogas production

Second filling station in the Vaasa region
Increase substrate and biogas production

Third filling station in the Vaasa region

STORMOSSEN



SECOND FILLING STATION Gastor

BIOGAS MADE BY YOU

LAY )
dKorsholm
Mustasaari

e PR

* \Vaasany

lentoasema
\Vasa\flygplats
\ + Kompressor—

A \@
RuZSSEN station
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TARGETS

The Paris climate agreement adopted in December 2015
Limit global warming to well below 2° Celsius

EU 2020 strategy, directive for renewable energy ity
10 % biofuel in transport

EU 2030 Al che o achieee
40 % cut of greenhouse emissions - v SeEe

27 % share of renewable energy NODES

EU 2050 A .

80-95 % reduction & 60 % reduction in transport o s

decision tion
DAFI - Directive on alternative fuels infrastructure 2025 &5 "
CNG/CBG fueling stations 150 km and LNG/LBG fueling station 400 km

Finland 50 000 CNG-vehicles by 2030
City of Vaasa to be CO2-neutral by 2035

WEES '1‘1
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TARGETS Gastor

BIOGAS MADE BY YOU

FINLAND VASA KORSHOLM MALAX KORSNAS VOYRI ISOKYRO LAIHIA VAASA-REGION Political
Henkiloa goals
utot 2652765 33705 11626 3202 1273 3843 3293 4776
Pakettiau
316 095 2705 1449 560 283 701 599 612 .
tot Market Incentives
Kuorma- fullfills the to achieve
tot 95 626 697 350 145 50 245 196 149 goals BALTIC the goals
auto BIOGAS
Linja-
12516 104 76 27 2 6 26 16 NODES
autot
Erikoi
rikolsau 2749 35 7 3 1 7 7 7
tot S
egiona A
TOTAL 3079751 37246 13508 3937 1609 4802 4121 5560 70783 2,3% ﬁ,m |nf0rglat10n
Goal 2030 50 000 1149 decision and eo=

operation

| making
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/ BIOGAS MADE BY YOU

MARKET
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g / 1,45 €/kg = 0,97 € /liter bensin

g 5 . .

z J 1,45 €/kg\= 1,10 € /liter diesel
04 : T T T T T T T T T T T T 1 '
$8333 3 S88SS8833888¢8¢8¢% v

Source: Lampinen (2016) CBG100

M naturgas biogas WM total férséljning fordonsgas

Kila:scB  Source: Gasum (2017)
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MARKET

2500000

33 GWh

2 000000
kg

1500000
1000000

500 000

2017 2018 2019 2020 2021

Target, kg

2022

Sold gas, kg

2023

2024

2025

2026

Heavy duty vehicles, gty

2027

Passenger cars, gty

2028

2029

2030

Gastor

BIOGAS MADE BY YOU

1000
900
800 .
quantity Maksu-/luottokorttitankkaukset, Ikm - Antal
tankningar, betal-/kreditkort
700
180
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MARKET

In use 9% of 420 GWh Attitude towards CBG-use in the Vasa region
Fuel demand in Ostrobothnia:
1465 GWh = 420 GWh =29 %

GWh Biogas potential in Ostrobothnia

300

250

200

150

100

50 I

o - H = = I
.

e Energy crops  Food wi g Sludge Food industry In ut
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MARKET Gastor

BIOGAS MADE BY J

Tl
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CIRCULAR ECONOMY

: Get paid for
:&\/ bus tickets A~
== Get paid for k '\\
— fertiliser Ff 4 g <
B = Get paid for fuel
instead of bying
diesel
‘= Get paid to take /~, Reduced costs for

—_—

care of waste and
sewage sludge

- NOx, particulates
< - Climate change
- Waste handling

Source: BioGaC (2015) Skellefted kommun and Biofuel region

Source: Biogas Botnia (2013) Samhdllsekonomiska effekter av en utékad produktion
och anvindning av biogas i Vésterbottens Ién, Vésternorrlands Iin och Osterbottens
landskap.

==
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o ¥

Energi
(biogas, el, varme; \\

P ¥
- ws
Avlopps\erk 3

Vattenverk [|
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Gastor

BIOGAS MADE BY YOU

Source: Svenskt vatten
(2013) Vattenvisionen

Vasterbotten | Véasternorrland | Osterbotten
GRP (BRP)-effect, million € 17 15 27
Earned income, million € 5 4 8
Disposable income, million € 3 2 5
Effect on tax revenue, million. € 2 2 3
Environmental effects, million € 3 2 3
Employment, persons 110 90 180
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SUSTAINABLE DEVELOPMENT GOALS (CE50)

EllIJD HEALTH [!UAUTY GENDER
AND WELL-BEING [DUCATION EQIIAI.ITV
8 DECENT WORK AND IIIIS“N INNOVATION REDUCED
ECONOMIC GROWTH mmmmm INEOUALITIES
GLIMATE LIFE 1 PEACE, JUSTICE PARTNERSHIPS
ACTION BELOW WATER AND STRONG FORTHEGOALS
INSTITUTIUNS
S USTAI N ABLE
& | > s
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SUMMARY

High quality fuel from waste, versatile, local and renewable

Lots of unused potential and better than burning the organic waste
Working technology with very low emissions

Biomethane benefits from the development of LNG

To achieve environmental goals biogas has to be strongly considered
when planning use of natural gas

Biogas can’t be compared one to one in terms of energy productlon
A possibility to replace artificial fertilizers o
System integration to create

circular economies

Week '}1
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Gastor

Thank you

! I
Find out more at:
| www.stormossen.fi/gastor




