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Bio Bio basedbased hydrogen in hydrogen in futurefuture refineriesrefineries
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SOx som SO2 NOx som NO2 CO2

Refinery emissions of nitrogen and sulphuroxides, as NO2 and SO2 ton per Mton refinery throughput.                             

CO2, as ton per ton refinery througput.

Preem -                             
Western Europe

CO2  - 40%

NOx  - 73%
SOx  - 78%
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To maximize the ”green part of existing fossil diesel by following two different tracks:

”Green hydrogen” = bio mass gasification and recovery of enough H2 to existing hydrotreaters 
to minimize CRU combined with replacement of natural gas with ”green fuel gas”

”Green diesel”= maximizing bio fees stock such as veg/animal fat , tall oil, pyrolysis oil to 
existing gas oil hydrotreaters
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To maximize bio feed stock to existing gas oil hydrotreaters
(Synsat and/or MHC) and minimizing the CRU by making hydrogen, using bio mass gasification
The syngas will have to be nitrogen free

There are two cases:

1. Minimize the consumption of biomass by maximizing the H2 yield using oxygen blow 
gasification combined with water gas shift. 
This scheme will give little or no fuel gas

1. Sacrificing some H2 yield but giving green fuel gas to replace imported natural gas.  
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To maximize bio feed stock to existing gas oil hydrotreaters
(Synsat and/or MHC) with minimum modification in existing units

Three categories of feedstock's are possible today:

1. Triglycerides such as vegetable oils or animal fats

2. Tall oil which consists of fatty acids, alcohols etc.

3. Pyrolysis (or bio) oil produces by fast pyrolysis of wood

All three categories above contains considerable amount of oxygen which 
has to be removed with hydrogen.
They also contain unsaturated hydrocarbon chains which will consume hydrogen as 
well
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Technology:

Two types of technology exists
• High temperature: 14-1600 deg C
• Low temperature: 800-1100 deg C

(Low temperature generates more tar which has to be  converted to H2 or CO, but have other advantages

The winning technology has to meet the following requirement:

• handle alkaline fly ash and convert tar, hydrocarbons and BTX
• cost effective investment => as few pressure vessels as possible
• high conversion efficiency => as few heating and cooling steps as   possible
• pressurized operation to avoid compressing product gas   

Timing
The crude oil price is today so high that a switch to abundant and cheap biomass, 
should be feasible. Thus there is already now a market demand for “green” synthesis 
gas.
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Process alternatives:
1. Chrisgas – VVBGC, Sweden, rebuilt 2006 

8000 h operation as IGCC
18 MW CFB/pressurized/GOX

2. Choren, Germany, 2006/2007
45 MW, rotating pyrolyzer/pressurized/GOX     

3. Güssing, Austria, 2001
side stream for synthesis gas
8 MW/CFB-FB/atmospheric/air

4. UCG, Finland, decision planned for 2007
30-50 MW/CFB/pressurized/GOX

5. HTW, Germany, decision planned for 2007
10 MW/CFB/pressurized/GOX 

6. Stora Enso-Neste, Finland, recently     
communicated, possible technology as 4
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Comparing the different process alternatives based upon important 
aspects,  the Swedish plant in Värnamo is probably the most 
interesting unit. 
The UCG and HTW unit have more or less the same configuration, 
but the only exist in papers, giving a delay of 2-5 years compared 
to the Värnamo unit.  
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Example- sustainable energy system

Crude oil

Environmentally adopted fuels

Gasifier

Gas-
cleaning

Synthesis

H2, DME, FT, 
Methanol

G
A
S
G
R
I
D

Oxygen plant

Green H2 for 
desulphurization 
units 3-5 energy%

H2/CH4

CO2

O2 Powerplant

Industry

Biomass

Syntethic
gas



Syngas
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BIO MASS
430 TON/D

85 MW

GREEN HYDROGEN
30 TON/D   >99%
45 MW

GREEN FUEL GAS
10 MW

OXYGEN
190 TON /D



CRUDE

C
D
U

LGO

OVHD

SYN
HDS

$��� ��	�����	�% 	&��'	(���

SYN
HDA

DIESEL

MHCHGO

LIGHT FUEL OIL

H2

ATRES

DHT

KERO

CRU

ISOM

GASOLINE

LPG PROPANE

BUTANE

GREEN H2 Abt. 30 Ton /D

BIO FEED
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Crude Oil

Butane

UL98 Gasoline

UL95 
Gasoline

Diesel

Home 
Heating Oil

Heavy Fuel 
Oil

Isome risa tion
Isomerisate

CCR  P la tfo rme r

Reformate

Butane

Propane

S ynS a t-U nit 

Naphtha

Kerosene

LAGO

M ild  H ydro  Cra cke r 

HAGO

V a cuum D istilla tion
V isb re a ke r Vistar

Gas o il

VGO

HHAGO
Ca ta lytic  

Cra cke r  (FCC)

Decant o il

P o ly. unit

Poly. gasoline

Crude  O il
D istilla tion

SynSat 
product

MK- I/II Diesel

S ulphur R e cove ry T a il Ga s T re a tme nt
Sulphur

Refinery fuel gas

LPG-MEROX

Pitch

CCS

Amine
treatment

P
P
R
O
D
U
C
T
 
B
L
E
N
D
I
N
G
 
S
T
A
T
I
O
N
S

 Naphtha

Atm. Residue

"Desulphurised" flue gas to stack

Kerosene

FCC gas oil (LCO)

N a phtha -
hydro tre a ting

Propylene

H ydro  Cra cke r 

UCO

H ydroge n 
P roduction

3

GREEN H2 Abt. 170 
Ton /D  (2400ton/D 
biomass)BiofeedBiofeed BiofeedBiofeed
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