From vegetable oil to fuel: Biodiesel
production — An overview
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Presentation overview

The topics covered will include:

« Forecasted increase in biofuel production

 Biofuel classification

* Diesel engines and how they operate

 Demonstrate how to make transesterified biodiesel

« Case studies of small scale biodiesel production and use
« Presenting a typical home "biodiesel” processor

« Biodiesel production 2" and 3' generation production

« Future biodiesel development
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Forecast for increase in biofuel production

Source: DECD and FAD Secretariats.
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Consider liquid biofuels (complex)......

Lignocellulose
Forest \
Wénig Gasification | == Syngas = | F-T Synthesis \
4
Jet Fuel

—  Diesel
Gasoline

I Chemicals ¢
Lignin I 1 /

Pretreatment .. Aqueous | Aqueous-phase
Hydrolysis Sugars { Processing

Pyrolysis | == Bio-oil =+ | Upgrading

A

Saccharification

Ethanol

Fermentation

et BUtANO!

(v Hydrotreating élycerol
Transesterification » Biodiesel

(Source: Serrano/Ruiz and Dumesic, Energy Environ Sci, 2011)




Consider liquid biofuels (simplified).....

Starch/Sugars

Sources of carbohydrates

Petrol ‘substitute’
(sugars and starches)

Sources of fats

Diesel ‘substitute’
(saturated, mono/polyunsaturated & fatty acids)

Philip Hollins @ Jamk 6




Liquid bio-fuel classification
(by conversion)

Neste (and others) define generation .......

N\
' Vegetable Vegetable Oils Biomass
Oils & animal fats

}

Esterification

}

'

Gasification
& Fischer-

l

Hydrotreating

Tropsch

|

BTL ("FT
diesel”)

!

Vegetable oil
esters

2nd Gen 3'd Gen
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Currently diesel costs Cost is increasing

Huomaathan. otts

1.1.2012
Nloihin;

v°'°“"<0rotus
Vaikuttaa pj

Bensiini
+ 2,88 sntlitra

Diesel
+ 12,98 sntilitra

How about making it for 0.57cents !*

' K
* Including tax - assumes free Palhouima@defeedstoc



Rudolf Diesel

1892: Patent obtained

1897: First prototype developed

Born 1858 Died 1913

1900: Demonstrated World Exhibition in Paris running on peanut oil

1912: Presentation to the British Institute of Mechanical Engineers

1913: Died in ‘mysterious’ circumstances - found drowned in the English
Channel



Deutsches Museum in Munich.

“The fact that fat oils from vegetable sources can be used may seem
insignificant today, but such oils may perhaps become in course of time
of the same importance as some natural mineral oils and the tar
products are now” (Diesel, 1912)

Philip Hollins @ Jamk 10



How a diesel engine works (Cl: Compression ignition)

intake valve fuel injector exhaust valve

intake compression power
2007 Encyclopaedia Britannica, Inc.

Hyperlink to video 1........
Hyperlink to video 2........ Philip Hollins @ Jamk 11
Hyperlink to video 3.......



http://www.youtube.com/watch?v=21ma2nyz0SQ&feature=related
http://www.youtube.com/watch?v=Q3RX64DbciM&feature=related
http://www.youtube.com/watch?v=hsKMiAE5Zmk

Diesel ‘substitute’ vegetable oil yields

Crop Litres oil/ha

Carn (maize) 712

Jatrapha 1892 Fuel'  [Viscosity @ 40° Celcius

LLpin 237 Diesel 2.50 Cst
Rapeseed 24.10 Cst

Dats 217
Soyaflower 35.40 Cst

Cipium poppy 1163 Sunflower 35.20 Cst

Ealim oil 5050 Palm oil 47.80 Cst
Peanut oil 42.00 Cst

HE[IIESEEH 1130 Source: Adapted from www.Green Team Alternative Fuels.com

aovhean A4 B

sunflower 052

Source: Adapted from www.journeytoforever.org
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Problems with vegetable oll......

 Originally diesel engines where designed to
operate using raw vegetable oill.

 Modern diesel engines are too specialised to
reliably run on pure vegetable oll

* Vegetable oll is too viscous to use directly

Philip Hollins @ Jamk

13



Modifying the engine.........

Dual tank system

Diesel/(waste) veg’ oil

Philip Hollins @ Jamk
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Start on diesel.....

Engine heat exchanger
- lower viscosity

Switch to vegetable oll

Cost of system
—>fitted ~ €1600

Example manufacturer: Elsbett

Home made system taken from : www.reuk.co.uk
Philip Hollins @ Jamk
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Modifying the vegetable oil.........

Methanol
&
Catalyst

—

All rights resenved!

Qil
&
Fats

\T/

Pretreatment
||

Transesterification
Separation

BHielscher - Ulirasound Technology

||
Washing
O

Drying

ES

Biodiesel

—

Transesterification process
—> remove glycerine molecule

- reduces viscosity (x3)

Philip Hollins @ Jamk 16



Modifying the fuel (FAME).........

Convert vegetable oil to bio-diesel

o Vegetable oil = Triglycerine ester
N Large molecule = viscous

Glycenne

Transesterification process

-> reducing viscosity = remove glycerine molecule

methanol

Methyl ester

.f'-_\\-__'_'_,_,_
M (Biodiesel) and Glveerel
N catalyst

Viscosity decrease x 3 Waste product > with uses 1’



The chemisty ......

Triglveeride

O

CH-0-C-ERu

O

CH-O-C-R2 +

O

CH2-0O-C-R3

Methanol Methvl Esters Glyvcerol
O
|
CH:-0-C-FRu
O CH:2- OH

|
3CHsOH — C(CH3:-0O-C-R2 + CH-OH
(Catalyst)
0O CH:2- OH

I
CH:3-0-C-Rs
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Methanol

SIGMA-ALDRICH

SAFETY DATA SHEET
according to Regulation (EC) No. 1907/2008
Version 3.3 Revision Date 12.12.2008

Print Date 01.07.2008

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE COMPANY/UNDERTAKING

Product name : Methanol

Product Mumber o MIATTS

Brand ©  Sigma-Aldrich

Company :  Sigma-Aldrich Company Ltd.

The Old Brickyard
MNEW ROAD, GILLINGHAM

Dorset

SP84XT

UNITED KINGDOM
Telephone o +44 (D)1747 833000
Fax o #44 (0)1747 833313
Emergency Phone # o +44 (D)1747 833100
E-mail address :  eurtechserv@sial.com

2. HAZARDS IDENTIFICATION

Risk advice to man and the environment
Highly flammable. Toxic by inhalation, in contact with skin and if swallowed. Toxic: danger of very serious
ireversible effects through inhalation, in contact with skin and if swallowed.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Formula : CH40O
Molecular Weight : 32.04 gimol
CAS-No. |EC-No. | Index-Mo. | Classification | Concentration
Methanol
B7-56-1 200-659-6 603-001-00-X F, T. R11- R23/24/25 - -
R39/23/24/25

4. FIRST AlD MEASURES

General advice
Consult a physician. Show this safety data sheet to the doctor in attendance.

If inhaled

If breathed in, move person into fresh air. If not breathing give artificial respiration Consult a physician.
In case of skin contact

Wash off with scap and plenty of water. Take victim immediately to hospital. Consult a physician.

In case of eye contact

Rinse thoroughly with plenty of water for at least 15 minutes and consult a physician.

If swallowed
Do NOT induce vomiting. Mewver give anything by mouth to an unconscious person. Rinse mouth with water.
Consult a physician.

Sigma-Aldrich - M1775 www_sigma-aldrich.com Page1 of 6

* Clear, colorless liquid odour

like alcohol.

Four milliliters can cause
blindness and 80 to 150
milliliters can be fatal

Inhalation of methanol vapor
IS the most common route of
occupational exposure.

Poisoning also possible from
absorption through the skin

You will be using 100ml
19



Potassium Hydroxide (KOH)

SIGMA-ALDRICH

SAFETY DATA SHEET
according to Regulation (EC) Mo. 190772006
Version 3.1 Revision Date 12.12.2008

Print Date 01.07.2000

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE COMPANY/UNDERTAKING

Product name - Potassium hydroxide
Product Mumber - 4B4018
Brand :  Sigma-Aldrich
Company 2 Sigma-Aldrich Company Ltd.
The Old Brickyard
NEW ROAD, GILLINGHAM
Dorset
SP8aXT
UNITED KINGDOM
Telephone o +44 (D)1747 833000
Fax T +44 (0)1747 833313
Emergency Phone # 1 +44 (D)1747 833100
E-mail address : eurtechservi@sial.com

2. HAZARDS IDENTIFICATION

Risk advice to man and the environment p H 13 = d ral n C | ean er

Harmiul if swallowed. Causes severe bums.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Synonyms -__Caustic potash

Formula
Molecular Weight

=== EXPOSUre Routes
= L2 inhalation, ingestion, skin and/or eye contact

4. FIRST AID MEASURES

General advice
Consult a physician. Show

If inhaled

If breathed in, move persor| Sv m p t O m S

In case of skin contact
Take off contaminated clotl

e e | ITITALION eYyes, skin, respiratory system; cough, sneezing; eye, skin

Rinse thoroughly with plen

el DUMNS; VOMIiting, diarrhoea

Consult a physician.

Sigma-Aldrich - 434018

Target Organs
Eyes, skin, respiratory system

You will be using 149 max

20



Convert (waste) vegetable oil to bio-diesel
Waste vegetable oil contains:

Wonoglycerides . . .
DI glycerides
Free fatty acids

Mono and Di—glycerides = no problem
Free fatty acids = problem

Neutralised by the addition of potassium hydroxide
Determined by pH test titration

Potassium hydroxide also acts as catalyst
Potassium hydroxide.® wmethanol -2 methoxide 2




Sourcing the waste oill...

Philip Hollins @ Jamk
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The processing unit.........

=,

Golde

BIODIESEL

PROCESSORS
Q 01494 55822
Biodiesel

a yiee e4e] from used
165p pér hitrel

yoking o for just

Golden Ray is the UK's
lesding Biodiesel Processor
manufacturer.

In most cases your
investment is repaid within
5 months!

Prices start from £997

-

nRay

Save money Save the Planet

BIODIESEL - THE

CONTACTS FACTS

TRY BEFORE YOU BUY

Proc

GRSO GR120

essors Comparison Chart

BIODIESEL PROCESSOR
RANGE

DISTRIBUTORS

TESTIMONIALS

BIODIESEL ,

EQUIPMENT R

FREE OPEN
DAYS

Philip Hollins @ Jamk
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Testing the pH - titration......
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Determining the amount of
‘neutraliser to add...........

NEW Qil (No Titration Needed)

Methanaol (L) Amount of KCOH required (grams)
24 1080
WASTE OQil (W.V.0.) Titration Chart
Methanol (L) | il Titration reading (mlis) | Amount of KOH required (grams)
24 1 1200
24 2 1320
24 3 1440
24 4 1560
24 5 1680
24 6 1800

Philip Hollins @ Jamk



Preparing and adding the
methoxide.........

Philip Hollins @ Jamk
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Removing the glycerol.....



P7050364.AVI

‘Washing’ the bio-diesel.......

“—




‘Drying’ and filtering the bio-diesel...

&

-
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- —

Ry e sy

S
A
9
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Distributing the finished
bio-diesel......




K. Kapilakarn, A _Peugtong / International Energy Journal 8 (2007) 1-6 Pu ”ty 1

A Comparison of Costs of Biodiesel Production from
Transesterication

www.zerd.ait ac th'reric

e L D

Int J. Environ Sci Tech. 5 (1), 75-82, Winter 2008 ;

Abstract - Nowaday 1SSN: 1735-1472 Conversion
is a remaining prof ©TFSEN. CEERS. AU
condition by using

ester (biodiesel) wa

all units in the proc Production optimization and quality assessment of biodiesel from
were reaction timed waste vegetable oil

Moreover the work

found that the optir 1% 4. A Refaat; °N. K. Attia; "H. A. Sibak; 'S. T. El Sheltawy, °G. L ElDiwani

Wr.), the reaction té
the process with [lo
reactors, it is foun

the é':‘t’_}'?a’ﬁ*‘(l’fé?’i‘f size. Feceived & November 2007; revised 26 November 2007; accepted 3 December 2007;  available online 26 December 2007

'Department of Chemical Engineering, Faculty of Engineering, Cairo University, Egypt

Department of Chemical Engineering, National Research Center, Dokki, Egypt

ABSTRACT: Biodiesel production 1s worthy of continued study and optimization of production procedures because
Keywords - Biodiese of its environmentally beneficial attributes and its renewable nature. In Egypt, millions L. of oil used for fiving foods

whether from neat vegetable o1l or waste vegetable o1l was within the recommended standards of iodiesel fuel

Kev words: Biodiesel, waste vegetable oil, transesterification, optimization

are discarded each vyear mnto sewage systems. Thus. it adds to the cost of treating effluent or pollutes waterways. This
study 15 mtended to consider aspects related to the feasibility of the production of biodiesel from waste/recycled oals
mn an attempt to help reduce the cost of biodiesel and reduce waste and pollution coming from waste oils. The variables
affecting the vield and characteristics of the biodiesel produced from used fiving oil were studied, the achieved results
were analyzed and a set of recommendations was proposed. From the obtamned results. the best yield percentage was
obtamed using a methanol/o1l molar ratio of 6:1, potassium hydroxide as catalyst (1%) and 65 °C temperature for one
hour. The vield percentage obtammed from waste vegetable oil was comparable to that obtained from neat vegetable oil
which reached 96.15% under optimum conditions. [From the results it was clear that the produced biodiesel fuel,

Philip Hollins @ Jamk 31



Homebrew Tests Listed ="
Nritten by Rickdatech

Best of the Tests The Rest of the Tests
. - pH Testing
Tests for Finished Biodiesel Reprocess Test from JTF
Specific Gravity of Biodiesel

ASTM Laberatory Testing

The pHLip Test

Clarity Test for Water

Cloud Point Testing

el Point Testing

The Methanol Test from JTF
The Dr Pepper Viscosity Test
The Dr Pepper Reprocess Test

The Wash Test from JTF
The Shakem Up Test
Wash Water Clarity Test
pH Testing the Wash Water
Smelling for Methanol

Initial Feadstock Testing

om Bi(rbdiese.l
Titration Test for WVO pHLip
The Frying Pan Test Teat
The HDt PHI'I TESt Instructions for Use at Room Temperature
Quantitative test for water il et RS S
Specific Gravity of Methanol

Tightencap and Sip the al1o times gexdy, then allow B sund for 10 misstes

ook for Chear & Bright fosd Souting on Se Lodicator Soletion, the Tnfisator Soluton sbos i remain
Cherry Raf inedior and bave no Sarbidity (ondin ) whasoever

L
S
3
4 Toddiy infiaws somtamimnt are preent Sat were imiible In Se fiel over Sue Sey may
&

eomoen trate onthe lndicgor It riae Gemeflect)

High quality ASTM Bio0 will crete a ‘mimor' an e smooth surfa of S foed and the Inficawor
Solution, if youste a good refiee fon e nycer B100 & of good qulity

T he foed i alightly ma a4 but She indieator soletion & Tassparest and the normal ‘cherry red edior,
Ben you prol e o Glycerine o

Mid Process Tests

badly bave alggtly aged fud or traws of Clycer orer fom Se

prode: Son prees
" 7. Mthe Indicisor Solution turss crasge or yellow from achd s sl ion, the fud & probably aged
Soap Test Titration £ itk it sluton o arkil, g s 1 e e cdr s mring e ha you heve
o010 NOT e S fuel
-rhe Drying Test 9 PH Can be corresed wing. Magaaol, orP PD)

Detection of catalyst contamination
from poorly washed biodiesel fuels

Source: http://www.make-biodiesel.org/ o

-v‘

T Mirror Finish

Neutral pH
Indicator

wwew ollybits.com - +44 (0)774 8655589 / 08700 347473
3 Wakzx Conm, 0, tag g i
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Intertek

Walued Quality. Delvesed.

Biofuels Testing and

Inspection

Biofuels Services A-Z Listing

Biomass Fuel Testing
Biodizsel Testing
Ethanol Fuel Testing

Fuel Testing

Biofuels Sustainability Auditing

Renewable Energy

Energy

Services  AboutUs  Careers  Press & Media Imvestors  Locations & Contacts B

Wou are here: Home = Services » Biofuels » Biodiesoul

Biodiesel Fuel Tes
EN-14214

Biodiesel fuel EN-14214 co

Quality specifications for European B
for distillate fuels are confirmed by In|
laboratory testing. Intertek biofuel la
complete testing to EN-14214 Europ
biodiesel fuels. Biodiesel testing cust
analysis, reliable results, and a comp
service.

EN-14214 biodiesel testing:

Biodiesel Tests for Europe

EM and ASTM Biodiesel Quality Sp
Diesel Fuel Testing

Diesel Lubricity Testing

Biodiesel Fuel Filter Blocking
Biofuels Testing and Inspection

Biodiesel fuel testing:

® Biodiesel Fuels Testing
# Biodiesel Feedstock Testing and Ey

ASTM Laboratory Testing

ASTM D6TES1 is a battery of tests that are the accepted American Standard for testing
B100 biodiesel intended for use as blend stock. A full battery of tests cost from 1000

to $3000 per sample making it too expensive for homebrewing. It is not an accepted

T L

standard for neat or pure biodiesel. Below is a table that outlines the tests that
compose ASTM DE731

Propeny..........ocooooeeeeeeeeeeeee  Method. . Limits... o Units..__
Flash point, closed cup D93 130 min "C

Water and sediment D 2709 0.050 max % volume
Kinematic viscosity, 40 * C D 445 1.9-60 mm-2/s
Sulfated ash D &74 0.020 max wi. %
Total Sulfur D 5453 0.05 max wi. %
Copper strip corrosion D 130 No. 3 max

Cetane number D613 47 min

Cloud point D 2500 Report "C
Carbon residue D 4530 0.050 max wi. %
Acid number D 664 0.80 max mg KOHI/g
Free glycerin D 6584 0.020 wi. %o
Total glycerin D 6554 0.240 wt. %%
FPhosphorus D 4951 0.0010 wi. %
Wacuum distillation end point D 1160 360 *C max, at T-90 % distilled

For more information on ASTM 6751 see Biodiesel Analytical Methods by the NREL.
The actualt test procedures are available from ASTM.com with the purchase of a
membership or from Techstrest com without membership.

Iy Opinion - What can | say._.. This is the only official standard we have and it's too
expensive for homebreweers to use as a standard.




Finland example 1 (lisalmi, near Kuopio)
= | |

Philip Hollins @ Jamk
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Finland example 2 (Leppéavesi, near Jyvaskyla)

Philip Hollins @ Jamk 35



uses for the waste glycerol
(Leppavesi, near Jyvaskyla)

Silage store

Kalmari Farm, Finland

Philip Hollins @ Jamk
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Types of waste used In

anaerobic digester

Feed m*® CH, per tonne dry
matter
Pig Slurry 240
Dairy Slurry 180
Poultry Manure 250
Sewage Sludge 270
Maize 370
500

Philip Hollins @ Jamk
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Case study — Graz in Austria

YoulllT) [sevessio: | seaen B

transport urban european - Graz - Austria - biodiesel
batesaua 148 videos [¥|  Subscribe

‘From the pan into the tank’
Operational in Graz, Austria (since 1999)
Approx’ 56 buses (50% of public transport)

Hyperlink

Philip Hollins @ Jamk 38


http://www.youtube.com/watch?v=jbFjwecenY0

A typical industrial scale processing unit

\

i|l 1

|Iy\'

| = i
N !
NN
g 8=
_— -
[ ]

B4
BP ‘,\
‘M*‘

green fuels

The Green Fuels FuelMaker up
to 8000 litres per day

Made in batches of 600 litres

Cost £280,000 ~ € 336,600

“For a fully installed biodiesel factory based on this model,
you need to approximately double the cost ™
Greenfuel representative

Phil Hollins@Jamk 39



However, not all biodiesel Is the same...

nesTeE aiu
Generations of renewable diesel components
Gene-| Com- |Production Availability | Quality Invest-
ration | mercial | process of of ment
scale | product feedstocks | product costs
1st | =1995... | Esterification - - +
Ester FAME
2nd
3rd T - -
+ Benefit - Disadvantage
C, H,,., = Paraffinic hydrocarbon

Philip Hollins @ Jamk 40



Neste and UPM are competitors.....

(

Alternative Fuel Options

[da)

Mineral Oil ‘

Refining Fert
Biop
Hydrocarbons:

; Al

Gasoline

Jet
Diesel

Commercial Co

NESTEOIL 4

UPM BIOFUELS

UPM develops biofuels of the future

Conventional biodiesel

*

The Biofore Company TUPM

Advanced biofuels

Hydrogenated
Vegetable oils

Biodiesel

‘ “ly{i,r"c"yéene'ftL

sustainable

biofuels

4 /7 7\
~ Advanced
biodiesel
§ (BTL)

o ~, 4

UPM’s development areas

2005

Raw materials & processes

UPM 2011

UPM 2012

Rapeseed oil Rapeseed oil
Palm oil Palm oil
Soy oil Soy oil

Fats
Esterification Hydrogenation

| © UPM

Forest industry residues

Waste fats
Pyrolysis oil

Hydrogenation

Energy wood

Gasification + Fischer
Tropsch

September 14, 2011

Neste

41




Hydrotreated vegetable oil: HVO
Refinery based NExXBTL unit

Bio Oil Bio Qil - Ffle}pegﬁed oil
aim Ul

Soya Oil
retreatme Animal fat

Impurities
removal

Sludge

Hydrogen == Conversion Fuel gas
of fatty acids
to Sour water
parafins and

isoparafins

Mineral oil diesel

Diesel +
Biodiesel
Blends i

Diesel
tank

Hyperlink (Neste)

Philip Hollins @ Jamk
Hyperlink (Neste)



http://karmavision.tv/search_video/impossible+is+nothing/video/190/neste_oil_biodiesel/page36.html
http://karmavision.tv/search_video/impossible+is+nothing/video/190/neste_oil_biodiesel/page36.html
http://karmavision.tv/search_video/impossible+is+nothing/video/190/neste_oil_biodiesel/page36.html
http://ecomobility.tv/2011/04/15/renewable-diesel-hydro-treated-vegetable-oil
http://ecomobility.tv/2011/04/15/renewable-diesel-hydro-treated-vegetable-oil/
http://ecomobility.tv/2011/04/15/renewable-diesel-hydro-treated-vegetable-oil/
http://ecomobility.tv/2011/04/15/renewable-diesel-hydro-treated-vegetable-oil/

Neste NExBTL 100 Green Biodiesel

, International Sustainability
&t Carbon Certification

Despite........

Neste Oil's targets for procurement of renewable raw materials in 2011

Raw material Planned share (%) in 2011
Crude palm oll < 50%

Waste and side streams (waste animal fat, PFAD, | ~ 40%

stearin)

Others (e.g. rapeseed, jatropha, and camelina) ~10%

Philip Hollins @ Jamk 43



However, negative publicity........

19 JAN 2009: REPORT

The Cost of the Blofuel Boom:
Destroying

The clearing of Indonesialy
profound effects — threate
indigenous people, and re
the atmosphere.

BY TOM KNUDSON

e A _ A
A e A0 » v T o R .
e et S R S e =
g SR S VRRRE Sare i T
-ty ."" .'_..‘ o — . : -
H link 1



http://make-biodiesel.com/how-to-make-biodiesel/producing-biodiesel-neste-oil-sailor-becomes-a-warrior-of-the-rainbow/
http://make-biodiesel.com/how-to-make-biodiesel/producing-biodiesel-neste-oil-sailor-becomes-a-warrior-of-the-rainbow/
http://make-biodiesel.com/how-to-make-biodiesel/producing-biodiesel-neste-oil-sailor-becomes-a-warrior-of-the-rainbow/

BIODIESEL

biodiesel

panges

Finland.

Second generation biodiesel

annuslly a
Construction of the biorefinery will begin in the sum
imvestment will amount to approximately EUR 150

“The biofuels business has excellent growth potent
significant interest among a wide range of custorne
becoming a significant producer of advanced seco
strateqy”, says UPM President and CED Jussi Pe:

UPM 's advanced bicdiesel, UPM Bioverno, is ani
comparison to fossil fuels. The product’s characten
today's wehicles and fuel distribution systems.

"Cwr biorefinery in Lappesnrants is the first signific

ongoing transformation of forest industry”, says P
The construction of the biorefinery will offer waork fo
bsorefimery will directly employ nearly 50 people an

the project.

EU 2020 targets create demand for sustainable

| | UFM TO BUILD THE WORLD' S FIRST BIOREFINERY PRODUCING WOOD-BASED

UPM to build the world’s first biorefinery producing wood-based

UPM is to invest in a biorefinery producing biofuels from crude tall oil in Lappeenranta,

{LIPM, Hedsinki, 1 February 2012 at 10.00 EET)

The industrial scale investrnent is the first of its kind globally. The biorefinery will produce

The demand for biofuels is expected to grow by appP

Font size: = 4

UPM announced the beginning of 2012, that the company will
invests (€ 150 million} in the world's first advanced wood based
biodiesel production in South Eastern Finland, Lappeenranta.
Process is using hydrotreatment technology and raw

material will be sustainably produced crude tall oil.

Construction of biorefinery will start in the summer of 2012 and
production (100 000 tonnes/year) of advanced second
generation biodiesel will start in 2014. The production will cover

about 25 percent of Finland's 20 percent biofuels targst in
2020.

biofuels in transport fuels to 1023 by the year 2020, In Finland, the comesponding target is even more challenging with an increase of I

Philip Hollins @ Jamk



Fischer-Tropsch (FT) biodiesel*

Indirect Conversion Synthetic Fuels Manufacturing Processes I

. Electricity

** from off-gas
—— _ »
FT product
i
1 t wood

(biomass)

Bif

(o] | |

I

‘ NI

260 | 210 |

blosyngas FT Diesel

Boerrigter 2003 FT wex

e Also known as BTL,CTL AND GTL

Hyperlink —UPM (Fisher Tropsch)
Hyperlink — Neste & Stora Enso
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Biorefineries planned for Finland

Three consortiums are presently planning to establish second
generation biorefineries in Finland. Stora Enso/Neste Qil, UPM
and Metsalitto\Vapo are basing their designs on the gasification
of biomass and the Fischer-Tropsch synthesis. The planned
facilities would each have the capacity to produce 100,000 —
200,000 tonnes of biodiesel annualhy.

Plans for several biorefineries in Finland.

Source: www.forestindustries.fi
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Neither of these processes are new......
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Thanks for the Cheap Gas, Mr.
Hitler!

¥ How Nazi Germany and apartheid South Africa perfected one of the
world's most exciting new fuel sources.
By Daniel Gross | Posted Monday, Oct. 23, 2006, at 3:30 PMET

When it comes to racial policies, it may be somewhat hyperbolic to say that the apartheid
regime that came into power in South Africa in 1948 picked up where the Nazis left off. It's
not at all hyperbolic to observe that the apartheid regime picked up where the Nazis left
off when it came to producing gasoline from coal. Nazism, apartheid, and international
sanctions created a fuel source that might never have existed in a better world.

The circuitous travels of the Fischer-Tropsch process, a chemical technique to convert
natural gas and coal into liquid fuels, provide an object lesson in historical irony. Used by
the Nazis to make oil from coal during world wWar II, it was commercialized by the
century's second-most-odious racial supremacist regime in the 19505 through South
Africa's state energy company. Now, that privatized company, Sasol, may help liberate
Waestern demaocracies (and non-Western ones, like India) from the grip of crude ol
produced largely by loathsome authoritarian regimes.

Sasol is the ExxonMobil of South Africa,
though its annual sales of about $10
billion are around what Exxon Maobil
does in about 10 days. With 30,000
employees, including the largest
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N &%Eﬁmgﬂ% Africa's fuel needs and accounts for Music Video
- about 4.4 percent of the country's GDP.

Ruins of the Nazi synthetic
petrol plant (Hydrierwerke
Pdlitz — Aktiengesellschaft), in
Poland

What is new, Is the use of a sustainable feedstocks




Sasol Ltd. (Afrikaans: Suid Afrikaanse Steenkool en Olie,
English: South African Coal and Oil)

SasoL

reaching new frontiers

The largest producer of motor fuels from coal (Bloomberg,2011)
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Future biodiesel developments......."
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Harvesting the power of Algae, for a cleaner tomorrow

Ed Begley Jr. of Planet Green's
reality show “Living with Ed”
filmed at SunEco Energy facilities
in Imperial Valley

SunEco Energy and J.B. Hunt -
Algae Power Hits the Road ...click
here to read press release

View More Videos Here

| Imperial Valley works on growing
algae industry

May 6-8, 2009 - SunEco sponsors
IVEDC Alternative Energy Summit.

Hyperlink 2

Neste Qil in Joint Algae Research

SunEcoEnergy

FINLAND - Meste Dil has launched a joint algae research programme with the

Marine Research Centre at Finnish Enviro

The programme is part of Neste Qil's efforts ai
for producing MExBTL renawable dizsel in the

Some | Mest=olfl | Metheriands

Research with SYKE will focus on testing the [ nESTE ulL

of zlgae and analysing how the quality and qud
adjusting the conditions under which algas
programme will last twe years.

At SYKE's Marine Research Centre, the use of d
has been studied since 2008 during several nag

The main objective has been screening and og
the zlgas strains isolated frem the Baltic Sea.

"It is great to have the opportunity to tap into

that SYKE has to support our own in-house
Research Project Manager at Meste Oil

"The new programme is intended to help ensur
volumes of cast-effective algae oil for cur fuzurd

Neste Oil is already working with a numbe
universities, and companies in the algze resear

The company anmounced in the summer
international algae research projects in Australi

The suitability of zlgas cil for use in the NExBT

Algzes that produce =nd store lipids represel
material for NExBTL renewable diesel.

Algae grow rapidly 2nd one hectare of cultivatg
ail.

Blgae oil is also an excellent zlernative in
compete with food production for supplies of pd
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Eiock Exchange Rekesses

Prass Releases

Neste O vifually quadrupled Rs
u=a of cerifled raw materials in
progucing renewable fugl

Discarding he confroniatianal
view - The biofual ana food
Indussiries ghare @ number of
majar patential eynengles
Neste Ol again wins high
ranking In fha Farest Faotpint
Distlosure Repart

Neste Ol halved Bs wark-ralated
accldents In 2011

Meste Ol fo publish s 2011
r2sults on 3 February 2012

Mesie Ol ranked ha warkl'e
19 moel susiainatie company
In tha Glokal 100 st

Nesie Oi's lea-ootane plant sake
confimed

Neste Ol iz take part In Serlin's
Intemational Graen Vaek,
January 20-29

Neste Oi's MEXETL ranawabla
aviation fued used for the firsl
1ime on an Intercantinental
Lufthansa fight

Mesie Ol again wotad ona of tha
‘hott2st names In biaenergy

Supecribe

FEE Faead

Source: www.thebioen

Mewe s2arch

Mesiecil.com f Madia ; Raleases | Press

MNeste Qil to build a pilot plant to produce waste-based
microbial oil at Porvoo

Meeta Oll Corgoratian
Prass release
15 Decemiber 2011 319 am (EET)

Hezta O to bulid a pllot plant to producs waste-based microblal oll af Porvoo

Megtz Ol I 1o bulld 3 pliot plant 1o produs: waste-based microbial ofl a1 Its Parvoo rafinery. Itwil be the first pliat
plant In Europe designad to produce microblal ol for us2 In manufaciuring renewable fuel from wasie-basad raw
matenials

The plant will be used 1o develop microblal oll production procegsas and t26t varkius raw matenals for producing
microbdal oll, uch 26 siraw and ciher agricultural resldues, a5 well as Industrial wasie and resldues. The plant wil
suppart Nasie Oll's goal of uelng micrablal oll to produce NExBTL renawable diesal In the fufure. The faclllty ks due
%0 be complztad In the s2cond hall of 2012 and repragants an Investment of approx. EUR 3 million.

“In strategic ieams, MIE I 3 very IMpartant desishan far ug, 35 the naw plict plant will 2nabie us 2 progrese 1o the
next stage In our microblal ol d2valopmant work,” says Neste OIfe Vise Pracident, Research and Technology Petn
Lehmus. "The declslon wary much supparts Neste Ol's sirategy almed at exiending our raw material baga.”

Meet2 Qll has aiready succeaded In praducing NEXETL renawatia diesed from mierabial il 3t laboratory scale. The
new pllat plant 16 an Impartant steg an the way to scaling up the iechnoligy o commercial capabilty.

“The nexi elages In our developmeant wark wil concandrate on funing the production process and enabilng | to
oparale on an Ingusinal ecale. Commercial prodwetion of microdial ol ks kaly to be possible by 2015 at e earliest,”
£3Ys Lehmus.

Making use of waste and razlduss

Megtz Ol appliad far patents cavering it mikcrablal oll t2chngdogy In fall 2010. The technalogy enabize 1o produce
microbial ofl from waste and residues with tha help of fungl for uee 35 3 raw material for produsing NEXSTL diesel
These micrabes break down wasie and resldues Indo sugars o grow and produce ol

“Qur alm Is to make us2 of wasle and reslidue materals that offer the maximum polential far reducing greenhouse
gas emisslons. Waste-basad microbial oll ks @ very promiging raw matsrial, Interms of ks eMcient pradustion
potenial and susiainabill Hruss Lehmus

#g fungl oo not reguire suNight to grow, thay can be grown Yirtually anywhera. Microbial ol production can be sanaly
carriad out In the blareaciars widely emplayed by 1083y's brewers and blatachindlogy companise

Finland Iz a plonser in microblal ¢l production

Meet2 Qll has camled gut plon2enng collaboraiva wark with Azl University Schaol of Chemical Technoiogy on
developing microbial ol technolagy, and Mis Knaw-how hae Deen uesd to develop pracical applications.

25 [ Nesta Ol ko bulld 2 pliol piant 1o procuce wasie-baced microbial of 31 Ponvas
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http://sunecoenergy.com/index.cfm

Bio-based diesel - summary

« FAME (Transesterification)
— Production: Oil + alcohol = Fatty acid ester (+ glycerol)
& Simple production, low emissions
& Quality, food vs fuel, enough feedstocks

« HVO (Neste)
— Oils/fats +hydrotreatment => parrafin HC
& Quality, emissions low, production at refinery level
& Food vs fuel, enough feedstocks ?, deforestation, price?
 Fischer-Tropsch (BTL)
— Biomass =>gasification=>syngas (CO+H,0) => (Fisher-Tropsch synthesis)=>paraffin HC
& Quality, emissions low, any biomass
& Price,development stage, diffucult process, small production so far

Source: Adapted from, Larmi and Tilli — Aalto University 2011
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Thank you for listening

Any questions ?
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