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TEF objectives

SINTcF

ere gass produksjon, gass-sammensetning, logistikk og andre lokale
bvanem Biogass (Hellandsjgen) og Biogass Mgre (Andalsnes)

* | tillegg skal 1 case knyttes til Innherred og Mare landbruksskole

* Omfangsanalyse der man finner ut hvilke elementer som skal med i et
kostnadsestimat

* SINTEF:
* Tekniske vurdering rundt oppkomprimering av ragass
* Transport av gass og oppgradering
* Bedriftsgkonomisk vurdering

Technology for a better society
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Bio Gas Treatment

Bio Gas Compressor
AP =230 bar

Waste water to municipal
drain/sewage
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Composite Gas Bottles Pressure
P =230 barg Reduction
Q=1650L (pr bottle)

P=0,2-16barg

Bio Gas Upgrading Plant



TEF map of locations (ref Google)

Svanem case 212 km / 3h

Andalsnes case 396 km / 5,57h
Truck: 60 km/h -> 3,5h

km / 0,54h
-> 0,55h Truck: 60 km/h -> 6,6h

Trongsundet

Gangstadhaugen @ sl
Henning
otngérd. Rakvag
Sistizpcal Ecopr6ASO
Mzere Agricultural high&%Mm@ Nor atlammanvikal
school and R&D-arena SR vl Mosvik 'Y
) : ( soll | sa
\ Botngard P ;.,
v Hitra | Eopro A;?
15 afaty @4t47min P!
3t = 285km
svagen Raket @ Meraker Ka Ekne' SKogn
sV ¢ 5 Brekstad
® o o
S Koppers. / nariage
& Are F o
4 Visjova Fillan Agen
@ Selbu Skarvan og A
& Roltdalen bt w e &
= 44 min Valsoyfioiden o i Vanvikan Mested
el Neset Knistiansund| = Ui
42km i y i Sendstad
g also Rindal A = 7t21 min As Stadébyod, Moo
Straumen e 2 i 517k B
> loydegard su‘c{aa\ Heors o
5 Singsas, A Flomes
Aksnes ot 4 0o s by el <
X Kvanne " Merake
! A a %, Al anem Krokstadera
AlVtindiiord el I
Hylla EtlIngimen Yire Snillford
fiellomrade I
Holla gakafger
Sundalsore 4 Glamos Ky[kSRterora R
Fannrem S,
e A 4 e 6“%9” Innbygda Skarvan|og|
Musum Andalsnes stasjon ’ . [=] Selbu Roltdalen
o o Viriée Ler overbygda
: Vingeien Svorkmo
Knutshy =t
Dovrefjell‘Sunndalsfiella nulshe Iolga,
stiklestad 1 Nasjonalpark : oty JFemunds
Verdal ; t % sngdolens { [Rasjong
afjord Hjefkinn
Tinder ey A
Reinheimen oldal J5Crimsbu ([ 3
g b i
Grot )4
66 |
B3 Rinnan Lysthaugen
Mule Nordberg Rondane g
4 B Vi, Nesionaliark Drevsiol |
Levanger
Ecopro ASO
(66 |
Technology fora b i

Momarka

Google



TEF — base case assumptions

LP compressor Power 2 (kW Krav til avkastning

HP compressor Power 16,6 kW Rente 7,5 %
Waste Water treatment (pump++) 3,5|kw Antall ar 25
Volume flow raw bio gas (theorethical) 1200,0|Nm3/day Byggetid 1
Gas volume pr sheet 14,9|m3 Driftstid 24
Bio gas production rate -Real compr 0,2|m3/h CAPE Ul 2008
Bio gas production rate -Real compr 5,2|m3/day

Transport cost pr year 1 405 358 |NOK/year

Required transport frequency 130,1|trips/year

Required transport frequency 10,7 |trips/month

Required transport frequency 2,5|trips/week

Number of gas cylinders pr day 3,5

Number of gas cylinders pr week 24,6

Required sheet change 2,6|day

Electricity cost 0,5|NOK/kWh
Hourly transport rate 1300{NOK/h
Bio gas export pressure 230|barg

Bio gas flow rate - production 50|{Nm3/h
Bio gas pressure - production 0,2|barg

Inlet temperature - production 20|DegC

Gas bottle size (water volume) 1,65(m3

Gas volume pr sheet 14850|L

Gas bottle sheet size 9|bottles
Gas bottle filling ratio 0,9|-

No of sheets pr truck load 1

No of sheets for initial purchase 2|Sheet
Operational hours 8000|h/year
Plant uptime 0,91(%
Operational hours 24(t/day
Maintenance 4 %|of CAPEX
Truck on/off loading time 1|h

Energy density Biogas 6,5/kWh/Nm3
Energy density diesel 10,7 (kWh/L
Diesel cost 14[NOK/L

e Ecoprocanreceive large batches of biogas

e Cost of operational personel NOT included

*  Waiting time for truck between each trip is not considered —assume full truck utilization

*  Only additional equipment for raw bio gas compression and transport considered
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Case 2 — 1500 NOK/h
Purchase of 3 sheets

Case 3 — 1800 NOK/h
Purchase of 4 sheets

(Courtesey of Umoe Advanced Composites)
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nem base case cost calculation

Case 1 - Svanem small scale bio gas production CAPEX CAPEX Pr Year | Energy cost | Truck transport | Maintenance OPEX
Components within scope [NOK] [NOK/year] [NOK/year ] [NOK/year ] [NOK/year ] [NOK/year ]
LP compressor/blower/fan 400 000 36 420 8 000 16 000 24 000
HP multi-stage compressor w/ intercooling 3 000 000 273 150 66 400 120 000 186 400
Bio Gas Treatment system (cooler + carbon filter) 2 000 000 182 100 13 926 80 000 93 926
Gas bottles + sheets 3 000 000 273 150 120 000 120 000
Transport of gas bottles/sheets - - 1522 471 - 1522 471
Control System 150 000 13 658 6 000 6 000
Platform of concrete for loading of trucks 100 000 9 105 4 000 4 000
Roads and turning point 100 000 9 105 4 000 4 000
Utilities (water, el, drains, detergents, ...?) 100 000 9 105 4 000 4 000
SUM 8 850 000 805 793 88 326 1522471 354 000 1964 797

Technology for a better society

Calculated cost (or sales price CBG)

NOK/Nm3

Calculated cost

NOK/kWh




anem —distribution of yearly cost

Platform of concrete for loading of Control System Roads and turning point Utiliti
trucks 0,7% s ‘:lslt;as
A ,5 %

o,
0,5 e LP compressor/blower/fan

2,2%

HP multi-stage compressor w/
intercooling
16,6 %

SINTEF

Bio Gas Treatment system (cooler +
carbon filter)
10,0 %

Transport of gas bottles/sheets
55,0 %

Gas bottles + sheets
14,2 %

M LP compressor/blower/fan HP multi-stage compressor w/ intercooling M Bio Gas Treatment system (cooler + carbon filter)
= Gas bottles + sheets W Transport of gas bottles/sheets B Control System
M Platform of concrete for loading of trucks Roads and turning point W Utilities (water, €l, drains, detergents, ...?)
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anem — Bio gas production rate
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dalsnes base case cost calculation

Case 1 - Andalsnes small scale bio gas production CAPEX CAPEX Pr Year | Energy cost | Truck transport | Maintenance OPEX
Components within scope [NOK] [NOK/year] [NOK/year ] [NOK/year ] [NOK/year ] [NOK/year ]
LP compressor/blower/fan 400 000 36420 8 000 16 000 24 000
HP multi-stage compressor w/ intercooling 3 000 000 273 150 66 400 120 000 186 400
Bio Gas Treatment system (cooler + carbon filter) 2 000 000 182 100 13 926 80 000 93 926
Gas bottles + sheets 3 000 000 273 150 120 000 120 000
Transport of gas bottles/sheets - - 2 571 285 - 2 571 285
Control System 150 000 13 658 6 000 6 000
Platform of concrete for loading of trucks 100 000 9 105 4 000 4 000
Roads and turning point 100 000 9 105 4 000 4 000
Utilities (water, el, drains, detergents, ...?) 100 000 9 105 4 000 4 000
SUM 8 850 000 805 793 88 326 2 571 285 354 000 3013 610

Calculated cost (or sales price CBG)

NOK/Nm3

Calculated cost

NOK/kWh
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SINTEF
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alsnes —distribution of yearly cost

PI; Utilities (water, el, drains, detergents,

HP compressor
13%

Bio Gas Treatment system (cooloer +
carbon filter)
8%

Gas bottles + sheets
11%

Transport of gas bottles/sheets
65 %

m LP compressor/blower/fan HP compressor M Bio Gas Treatment system (cooloer + carbon filter)
M Gas bottles + sheets B Transport of gas bottles/sheets M Control System
B Platform of concrete for loading of trucks Roads and turning point M Utilities (water, el, drains, detergents, ...?)



2re base case cost calculation

Case 1 - Mare small scale bio gas production CAPEX CAPEX Pr Year | Energy cost | Truck transport | Maintenance OPEX
Components within scope [NOK] [NOK/year] [NOK/year ] [NOK/year ] [NOK/year ] [NOK/year ]
LP compressor/blower/fan 400 000 36 420 8 000 16 000 24 000
HP multi-stage compressor w/ intercooling 3 000 000 273 150 66 400 120 000 186 400
Bio Gas Treatment system (cooler + carbon filter) 2 000 000 182 100 13 926 80 000 93 926
Gas bottles + sheets 3 000 000 273 150 120 000 120 000
Transport of gas bottles/sheets - - 524 407 - 524 407
Control System 150 000 13 658 6 000 6 000
Platform of concrete for loading of trucks 100 000 9 105 4 000 4 000
Roads and turning point 100 000 9 105 4 000 4 000
Utilities (water, el, drains, detergents, ...?) 100 000 9 105 4 000 4 000
SUMm 8 850 000 805 793 88 326 524 407 354 000 966 733
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Calculated cost (or sales price CBG)

NOK/Nm3

Calculated cost

NOK/kWh




are —distribution of yearly cost

Platform of concrete for loading of Control System Roads and turning point Utiliti
trucks 1,1% ia 0|7| ::s
] 4 70

0,7 % ——
ek . LP compressor/blower/fan
3,4%

SINTEF

Transport of gas bottles/sheets

29,6 % HP multi-stage compressor w/

intercooling
25,9%

Bio Gas Treatment system (cooler +
carbon filter)
15,6 %

Gas bottles + sheets
22,2%

M LP compressor/blower/fan HP multi-stage compressor w/ intercooling M Bio Gas Treatment system (cooler + carbon filter)
= Gas bottles + sheets W Transport of gas bottles/sheets B Control System
M Platform of concrete for loading of trucks Roads and turning point m Utilities (water, el, drains, detergents, ...?)
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cation specific cost/uncertainty distribution
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ansport sensitivity — truck configuration
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ometan verdikjede

Kostnad i dette prosjektet
beregnet hit :

[
Biogass Transport "\ Ecopro, o Ecc:aGdaesr,in
produksjon ra biogass dekompresjon | biogass plfg e
og rensing 08 oronpreSJon
pa flak

Selges til Gasnor
som leverer til
kunde
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mmary of findings

f gas is the most important variable
dalsnes cases benefit from using at least two sheets pr transport
brt transport distance to Ecopro and would not benefit from purchasing more than 2 sheets/ 1 sheet pr

SINTEF

* The current gas production requires sheet replacement every 2.6 days (theorethical)

* Transport time
* 0-0.5h 1 sheet/truck
* 0.5h—=2.75h 2 sheets/truck
 2.75h—4h 3 sheets/truck

* The specific cost depends on location (best case):
* Meere -> 0,66 NOK/kWh
¢ Svanem -> 0,83 NOK/kWh
Andalsnes -> 0,96 NOK/kWh

* Doubling of bio gas production reduces specific bio gas cost (base case) of 10% ~ 0,95 NOK/kWh
* The concept seems not viable at the moment based on the project assumptions made
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ncept adjustment / Cost savings

SINTEE alfunding

g costs.....maintenance, electricity, logistics

Local use of upgraded biomethane

Concept of local upgrading facilities — smaller volumes — feasable at this point?

Combined Heat and Power

Large fuel tank on tractors — if similar energy storage as diesel
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