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LIFE12 ENV/SE/000529

Ett LIFE + projekt fér demonstration av en innovativ metod

for att omvandla industriavfall till etanol i ett oljeraffinaderi.

A LIFE+ project for Demonstration of an innovative
method for converting industrial waste to ethanol
in a refinery.




Etanolix 2.0 faktablad

Etanolix 2.0 ar ett projekt finansierat av
LIFE+, EU:s finansiella instrument fér miljon

(LIFE12 ENV/SE/000529)

Varaktighet: 1 juli 2013 till 1 juli 2017
Total budget: 4 552 000 Euro
EU-bidrag: 1 682 920 Euro

Mal: Visa att etanol kan tillverkas
hallbart med extremt laga
koldioxidutslapp da ravaran
ar en restprodukt, tekniken
utvecklad med avseende pa
milidn och synergier i et
befintligt oljeraffinaderi
utnyttjas.

Projektets hemsida:
st1.se/Milid & teknik/The Life+ Project

Etanolix 2.0 factsheet

Etanolix 2.0 is a project financed by LIFE+,
the financial instrument for the environment
of the European Commission (LIFE12 ENV/
SE/000529)

Duration: TstJuly 2013 to Tst July
2017

Total Budget: 4 552 000 Euro

EU contribution: 1 682 920 Euro

Objectives: The goal with the LIFE+
project is to demonstrate
that ethanol can be pro-
duced sustainably with
extremely low carbon
dioxide emissions since
the raw material is a waste
product, the technology is
developed with respect to
the environment and the
synergies of the processes
in an existing oil refinery.

Project website:
st1.se/Milj6 & teknik/The Life+ Project



Projektets mal

Oljeresurserna i varlden krymper medan
efterfrégan pa energi vaxer. De globala kol-
dioxidutslappen maste minska, sarskilt inom
transportsekforn.

Ca 20 % av EU:s totala CO2-utslapp kom-
mer fran vagtransporter. Tillgangligheten
och tillracklig mangd av férnybara branslen
for transportsektorn ar ett viktigt steg for aft
minska vart beroende av fossila brénslen
och stoppa den globala uppvéarmningen och
de dkade utslappen av vaxthusgaser som
kommer fran denna sektor.

Etanol har lange varit ett alternativ till ben-
sin, men etanolen har fatt kritik for att man
odlar ravarorna pd dkerarealer som kan
anvandas fér livsmedelsproduktion. Mot
denna bakgrund har St1 Biofuels Oy tagit
fram metoder for att utveckla varldens mest
hallbara etanol fran avfall.

| Finland har St1 sedan 2007 anléggningar
i drift fér etanolframstallning. Under manga
ar undersdktes mojligheterna att etablera
biobransletillverkningen i Sverige och man
fann att det egna raffinaderiet i Goteborg
var en mycket bra lokalisering.

Med anlaggningen i Géteborg har St1

tagit Etanolix-konceptet, kallat Etanolix 2.0,
ytterligare ett steg. Malet med LIFE+ projek-
tet Etanolix 2.0 (LIFE12 ENV/SE/000529)
ar att visa att etanol kan tillverkas hallbart
med extremt laga koldioxidutslapp. Ravaran
ar en restprodukt, tekniken ar utvecklad med
avseende pd miljdn och synergierna i ett
befintligt oljeraffinaderi utnyttjas.

Forvantade resultat/Expected results.

Feed-stock (Industrial tfood 15,000 - 21,000
waste) (tons/year)

5,000
Stillage for animal feed 25,000
tons? ear

>90 %

6,760

9,530

Project objectives

Oil resources in the world are shrinking whi-
le demand for energy is growing. The global
carbon dioxide emissions must be reduced,
especially in the transport sector.

About 20 % of the EU’s total CO2-emissions
comes from road transport. The availability
and the sufficient amount of renewable fuels
for the transport sector is an important step
in reducing our dependency on fossil fuels
and stop the global warming and increased
greenhouse gas emissions that originate
from this sector.

Ethanol has long been an alternative to
gasoline, but ethanol has been criticized for
cultivating raw materials on arable land that
can be used for food production. Against
this background, St1 Biofuels Oy has develo-
ped methods for producing the world’s most
sustainable ethanol from waste.

In Finland St1 has since 2007 plants in
operation for ethanol production. For many
years St1 has been investigating the pos-
sibility of establishing biofuel production

in Sweden and found that their refinery in
Gothenburg was a very good location.

Here, St1's Etanolix concept, called Etanolix
2.0, takes a further step. The objective with
the LIFE+ project Etanolix 2.0 (LIFE12 ENV/
SE/000529) is to demonstrate that ethanol
can be produced sustainably with extremely
low carbon dioxide emissions since the raw
material is a waste product, the technology
is developed with respect to the environme-
nt and the synergies of the processes in an
existing oil refinery.



LIFE+ projektet - Etanolix 2.0

Etanolix 2.0 ar den korta namngivningen pa
LIFE+ projektet. Har tar St1 Etanolix-koncep-
tet ytterligare ett steg vidare genom uppskal-
ning av befintlig process, vidareutveckling
av t.ex. rdvarumottagningen samt det unika i
att integrera etanolanldggningen i ett kon-
ventionellt raffinaderi. Produkten bioetanol
kan dérmed blandas direkt i slutprodukten,
fordonsbranslet, genom att nyttja raffinaderi-
ets varuforsdriningssystem och pa ett effektivt
satt distribueras ut till konsument.

Ravaran kommer frén ndromradet dar den
samlas upp fran livsmedelsindustrin. Rava-
ran bestdr av restravaror som t.ex. brdd,
bullar, godis och kex och anvands som en
resurs for att framstélla ett hallbart tran-
sportbrénsle.

Mottagningsstationen, f&r fsrbehandling
av r@varan innan j@sning och destillation, ar
unik. Utformningen p& mottagningsstationen

ar helt ny och storleken betydligt stérre @n

pd& motsvarande anléggningar som finns i
Finland.

Mottagningsstation/Receiving station.

Etanolanldggningen producerar bade hall-
bar etanol och en biprodukt som kallas
“drank”. Dranken anvands som djurfoder
och transporteras till djurfoderanvéandning,
eller fér produktion av biogas.

The LIFE+ project - Etanolix 2.0

Etanolix 2.0 is the short name for the LIFE+
project. Here, St1’s Etanolix concept takes
a further step by scaling up the existing
process, further development of e.g. raw
material handling as well as the unique way
of integrating the ethanol plant in a con-
ventional refinery. The product, bio-ethanol,
can thus be blended direct to the finished
product, vehicle fuels, by using the refinery
distribution system and in an effective way
distributed to the consumers.

The raw material comes from bakeries
and shops in the close vicinity. The raw
material consists of industrial food waste
such as bread, buns, candy and biscuits and
is used as a resource for producing a sus-
tainable transport fuel.

The receiving station, for pre-treatment
of the raw material before fermentation and
distillation, is unique. The design of the re-
ceiving station is brand new and the size is
considerably larger than the corresponding
plants located in Finland.

The ethanol plant produces both sustain-
able ethanol and a by-product called
“stillage”. The stillage is used as animal feed,
and is transported for animal feed use or for
the production of biogas.

Ravara till héllbar etanol/Feedstock for
sustainable ethanol.



Projektet visar dven pa majligheten att
integrera en biobrdnsleanléggning i ett

befintligt oljeraffinaderi. Bland annat
anvéands Sverskottsenergi fran raffinaderiet
saval som kylvattensystem och processav-
loppsreningsanléggningen. Raffinaderiper-
sonalens kompetens och erfarenhet kommer
val till pass for att kunna fokusera pa saker-
het och optimal drift. Etanolen anvénds som
bio-komponent i branslen som ska anvéndas
i fordon. Den pumpas efter kvalitetskontroll
in i raffinaderiets lagringstankar och fardig-
stalls enligt marknadsspecifikation. Leverans
av bensin sker darefter fran raffinaderiet ut
till depder och tankstallen.

Distribution
network

The project also shows the possibility of in-
tegrating a biofuel plant into an existing

oil refinery. For example, surplus energy is
used from the refinery as well as the coo-
ling water system and process wastewater
treatment plant. The skills and experience

of the refinery personnel are well suited to
focus on safety and optimal operation. The
ethanol is used as bio-component in fuels for
use in vehicles. It is pumped, after quality
control, into the refinery storage tanks and is
completed according to market specification.
Delivery of gasoline then take place from the
refinery to the depots and service stations.

-
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Biogas

Etanolens kretslopp/Closing the loop.



Den tillverkade etanolen &r jamfart med
andra biokomponenter och brénslen valdigt
vardefull ur milj3- och etisk synpunkt. Ett satt
att jamfdra detta pa ar i CO,-utslappen. |
figuren nedan ser man koldioxidutslapp per
kg oljeekvivalenter for Etanolix-etanol jamfort
med olika transportbrénslen.

Etanolix producerar en s.k. andra

generationens etanol avsedd att blanda
i fordonsbrdnsle sdsom bensin och E85.

Klimatpaverkan, jamfort med fossila pro-
dukter, ar i Etanolix-processen valdigt liten

med en hog CO2-reduktion (>90%).

The produced ethanol compared to other
bio-components and fuels are very valu-
able from an environmental and ethical
point of view. One way of comparison is in
COy-emissions. Figure below shows carbon
dioxide emissions per kg oil equivalent for
Etanolix-ethanol compared with various
transportation fuels.

Etanolix produces a so-called second-
generation ethanol intended for
blending into fuels as gasoline and E85.
The Climate impact compared with fossil
products, is in the Etanolix-process very

small with a high CO reduction (>90 %).

1) Etanol (St1 process)

2) Etanol (Sockerror/Brasilien)
3) Etanol (Majs/USA)

4) Biodiesel RME

5) Fossil bensin

6) Fossil diesel

CO, per kg oljeekvivalenter

0

1 2 3 4

CO2-reduktion for olika etanoltyper/CO2-reduction for different

ethanol types.



Projekiresultat

* Planering, design och projektering av
anlaggningen pagick fran 2013 till 2015
medan byggnation samt integrering ftill
raffinaderiet skedde under 2014 och
férsta halvan av 2015.

e Den forsta brodbilen kom med bréd den
11 maj 2015, for testkdrning av mottag-
ningsstationen.

® Den 31 maj 2015 stod anléggningen
klar for idrifttagning.

* Anlaggningen invigdes den 5 juni 2015
av Sveriges Energiminister lbrahim Baylan.
Ett 100-al personer narvarade bl. a.
politiker och centrala aktérer inom bio-
branslebranschen.

Invigning Etanolix/Inaguration Etanolix.

Férsta brédbilen den11 maj 2015/
First delivery of bread 11th May 2015.

Project results

® Planning and design of the plant lasted
from 2013 to 2015, while construction
and integration to the refinery took place

during 2014 and the first half of 2015.

e The first delivery of bread took place
on 11 May 2015, for test of the receiving
station.

e On 31 May 2015, the plant was ready
for commissioning.

* The plant was inaugurated on 5 June
2015 by the Swedish Energy Minister
lbrahim Baylan. Around 100 people
attended, among other things politicians
and key actors in the biofuel industry.

Invigning Etanolix/Inaguration Etanolix.



Under perioden 1/7 2015 iill
31/1 2017 uppnaddes foljande:

e 4 500 ton livsmedelsavfall processades.
Det finns gott om tillgang pa livsmedels-
avfall i form av t.ex. bréd, godis och kex
och kontrakt har skrivits med leverantérer
fér att kunna processa férvantad méngd

ravara pa 15 000 - 21 000 ton/ar.

e 940 m3 etanol producerades. All pro-
ducerad etanol har varit godkand enligt
specifikation och kunnat anvéndas som
bio-komponent i bensin.

e CO2-reduktionen pa ca 88% har upp-
natts tack vare en val fungerande och
effektiv logistikkedja. Bl.a. har tre bréd-
cirklar upprattats i Géteborg, Malmé och
Stockholm, i vilka en lokal atervinning
kor runt till butiker och bagerier och
samlar in bréd i en container, som sedan
kors till Etanolix-anlaggningens mottag-
ningsstation. Avtal har Gven slutits med
fraktbolag som tar med bréd fran andra
delar av Sverige, pa tillbakaresor fill
Géteborg, som annars hade varit tomma
pa last.

e Integreringen till raffinaderiet for vat-
tentillforsel, kylning, &nga, elekiricitet,
avloppsvatten, infrastruktur i form av
rorledningar och tankanslutningar samt
anslutning till befintligt kontrollrum har
fungerat val och enligt plan.

e 6 460 MWh anga har férbrukats.

* Hantering av anlédggningens avlopps-
vatten har fungerat val och har inte haft
nagon negativ paverkan pé raffinaderi-
ets vattenrening.

e 12 600 ton av bi-produkten “drank”
har producerats varav ca 5 200 ton har
anvants som djurfoder och 7400 ton for
biogasproduktion.

During the period 01/07/2015
until 31/01/2017, the follow-
ing were achieved:

e 4,500 tons of industrial food waste were
processed. There is ample access to
industrial food waste in the form of e.g.
bread, sweets and biscuits and contracts
have been signed with suppliers to pro-

cess the expected amount of raw materi-
al at 15,000 - 21,000 tons/year.

® 940 m3 of ethanol was produced. All
produced ethanol has been approved
according to specification and has been
used as a bio-component in gasoline.

* A CO2 reduction of about 88% has
been achieved thanks to a well-func-
tioning and efficient logistics chain.
Among other things, three bread circles
have been established in Gothenburg,
Malmé and Stockholm, in which a local
recycling car is driving around fo sto-
res and bakeries and collects bread in
a container, which is delivered to the
Etanolix plant’s receiving station. Agre-
ements have also been concluded with
freight companies that collect bread from
other parts of Sweden, on return trips to
Gothenburg. Return trips which would
otherwise have been empty.

* The integration into the refinery for water
supply, cooling, steam, electricity, was-
tewater, pipelines and tank connections,
and connection to the existing control
room has worked well and according to
plan.

e 6,460 MWh steam has been consumed.

® Handling of the sewage water has wor-
ked well and has not had any negative
impact on the refinery’s waste water
treatment.



Det har inte forekommit nagra luktpro-
blem sedan anlaggningen togs i drift.

Mellan 2014 och 31/12 2015 har totalt
145 anstallda utbildats i anlaggningens
drift och funktion, instrumentering samt
analys av kontrollparametrar.

Totalt har 10 seminarium och studiebe-
sok hallits for bl.a. aktérer inom bio- och
petroleumbranslebranschen, universitets-
studenter samt anstallda fran St1:s évriga
affarsomraden.

St1-anstéllda har deltagit i och hallit
foredrag om Etanolix-anlaggningen och
LIFE+ projektet p& 7 konferenser med
fokus pa biobranslen och héllbarhet.
Konferenserna har égt rum i Finland,
Sverige, Danmark, Ungern och Spanien.

7 artiklar kring LIFE+ Etanolix-projektet
har publicerats i bade dagstidningar och
tidningar med specifika fokusomraden.

Ett TV-inslag om anléggningen har sénts
pa de lokala Tv-nyheterna “Véstnytt”.

12,600 tons of bi-product “stillage” have
been produced, of which about 5,200
tons have been used as animal feed and
7,400 tons for biogas production.

There have been no odor problems since
the plant was put into operation.

Between 2014 and 31/12/2015, a
total of 145 employees have been trai-
ned in the operation and function of the
facility, instrumentation and analysis of
control parameters.

A total of 10 seminars and study visits
have been held for key actors in the bio
and petroleum fuel industry, university
students and employees from St1’s other
business areas.

St1 employees have participated in and
held lecture about the Etanolix plant and
the LIFE+ project at 7 conferences focu-
sing on biofuels and sustainability. The
conferences have taken place in Finland,
Sweden, Denmark, Hungary and Spain.

7 articles about the LIFE+ Etanolix project
have been published in both newspapers
and magazines with specific focus areas.

The Etanolix plant has been shown on
the local TV news “Vastnytt”.

Actual results (2016) Actual resulis
01/07 /2015 until
31/01/2017
Feed-stock (food waste) 3,337 4,527
(fons)
Ethanol (m3 825 943
nge capact 16.5 11.3
Stillage for animal feed (tons 4,383 5,194
CO2-reduction (% 87.8 -
Excess steam (MWh 4,151 6,460
Cooling water (MWh 2,242 3,589

* CO2-reduktion bérjade berdknas fran kvartal 4 2015 och kan endast réknas
ut per kvartal varfor det inte &r méjligt att redovisa reduktionen fér perioden

01/07/2015 till 31/01/2017.

* CO2 reduction began to be calculated from quarter 4 2015 and can only be
calculated per quarter, why it is not possible to report the reduction for the period

01/07/2015 to 31/01/2017.



Utmaningar

Vi har kommit igang bra men det finns kvar-
stdende utmaningar:

* Mottagningsstationen, i vilken restrava-
ran tas emot och som utgér en del av
LIFE+ projektet, har haft lagre kapaci-
tet an beraknat, pa grund av att vissa
justeringar har genomférts i mottagnings-
stationen.

e Restrdvaror som levererats har varit av
varierande kvalitet och férpackningsma-
terialen som restravaror levererats i har
stallt till problem.

e FEtanolix-anlaggningen har nu byggts
utomhus for forsta gangen och den an-
passning som gjorts av anlaggningen fér
vinterklimat har visat sig vara ofillrécklig,
vilket lett till frysningsskador av utrust-
ning.

Vi jobbar vidare for att 16sa dessa utmaning-
ar och ser goda chanser att lyckas.

Challenges

We have started well but there are still chal-
lenges:

e The receiving station, in which the indu-
strial food waste is received and which
forms part of the LIFE+ project, has had
less capacity than estimated, mainly be-
cause the screws in the receiving contai-
ner are under-dimensioned.

* Industrial food waste delivered have
been of varying quality and the packa-
ging materials, containing the industrial
food waste delivered, have caused pro-
blems.

* The Etanolix plant has now been built
outdoors for the first time and the adap-
tation for the winter climate has proved
insufficient, which have resulted in fre-
ezing of equipment.

We continue to work with these challenges
and see good chances of success.



Langsiktiga miljofordelar /
Socioekonomiska fordelar

Den dvergripande langsiktiga miljéférdelen
med Etanolix 2.0 &r framstdliningen av ett
hallbart biobransle for transportsektorn.

Genom att anvanda Etanolix-etanol mins-

kar utsldppen av koldioxid i jamfsrelse
med anvandning av fossila branslen. Bland
annat genom att anvanda restravara fran
ndromrédet, vilket medfér kortare transport-
vagar, men ocksd genom ett effektivt resurs-
utnyttiande av dverskottsenergi fran det
befintliga raffinaderiet.

Anvandande av restravara fsr produk-
tion av Etanolix-etanol:

e Medfor ett béttre resursutnyttiande
genom dteranvandning och omvandling
av avfall till ett férnybart bransle, vilket
ar i linje med avfallshierarkin.

*  Medfdr eft battre resursutnyttjande ge-
nom anvandning av avfall fran livsmed-
elsindustrin istallet for att ta i ansprak
odlingsmarker, fér produktion av bio-
bransle.

e Gor att den biologiska méangfalden inte
behover paverkas da odlingsarealer inte
tas i ansprak. Arealer kan istdllet fa utgo-
ra habitat for olika vaxter och djur.

Long-term environmental
benefits / Socioeconomic
benefits

The overall long-term environmental benefit
of Etanolix 2.0 is the production of a sustai-
nable biofuel for the transport sector.

Using Etanolix ethanol reduces carbon
dioxide emissions compared with fossil fuels.
Among other things, using industrial food
waste from the close vicinity, resulting in
shorter transport routes, but also through ef-
ficient resource utilization of surplus energy
from the existing refinery.

Use of industrial food waste for the produc-
tion of Etanolix ethanol:

® Provides better resource utilization
through reuse and conversion of waste
into renewable fuel, which is in line with
the waste hierarchy.

* Bring better resource utilization by using
waste from the food industry instead of
claiming cultivation fields, for the produc-
tion of biofuels.

e Does not influence on biodiversity as
crops are not used. Areas can instead be
habitat for different plants and animals.

St1 Refinery office in Gothenburg.



LIFET2 ENV/SE/000529

A LIFE+ project for Demonstration of an innovative method
for converting industrial waste to ethanol in a refinery.

Contacts

St1 Refinery AB

Box 8889

402 72 Gothenburg

Tel.: + 46 8-31 744 6000

Website: www.st1.se/the-life-project



