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What is biogas?
complex organc matter Biological sources in presence of the right
bacteria and lack of oxygen can produce
methane (and CO, as by-product)

1 hydrolysis

2 acidogenesis

3 acetogenesis

4 methanogenesis
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Biogas uses
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Biogas as a fuel

Basically all the existing fleets running on natural gas can be
adapted at zero cost to use biogas.
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Why biogas needs upgrading?

Agricultural Industrial
Component waste Landfills waste
Methane CH, 50-80 50-80 50-70
Carbon dioxide CO, 30-50 20-50 30-50
Hydrogen sulphide H,S 0.70 0.10 0.80 ﬁ 50 to 70%
Hydrogen H, 0-2 0-5 0-2 = 30 to 45% ‘
Nitrogen N, 0-1 0-3 0-1 m Biomethane (CH,)
Oxygen O, 0-1 0-1 0-1 Carbon dioxide (CO;)
Carbon monoxide CO 0-1 0-1 0-1 Water vapour (H:0)
Ammonia NH; Traces Traces Traces =y - T4
Siloxanes Traces Traces Traces
Water H,O Saturation Saturation Saturation

Minimum bio-methane purity ranges from >97% to
> 98.5%, depending on country legislation
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Biogas "upgrading”

The scheme Is to obtain bio-methane for fuel or grid injection:
we need to remove CO, to increase calorific power / ms.

Biogas
- > TSA,

membranes

CH,

Product

H,O CO, (by-product?)
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Example

One "traditional” plant Upgrading module
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But to make a global impact...
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Economy / savings is a serious push up

One biogas plant "Fitting" upgrading module
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Why fitting?

There Is no standard size of upgrading unit for this plant

Even if done with same design principles, this farmer will
most probably not be able to pay for It.
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First choice: adsorbent

Zeolite

This is the most used commercial
adsorbent for biogas upgrading
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First choice: adsorbent

Chemical Engineering Science 164 (2017) 148-157
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Chemical Engineering Science

R journal homepage: www.elsevier.com/locate/ces

Separation of CO,/CH4 using carbon molecular sieve (CMS) at low and @Cmm{
high pressure

Luis A.M. Rocha ', Kari Anne Andreassen, Carlos A. Grande *
SINTEF Materials and Chemistry, Forskningsveien 1, 0373 Oslo, Norway 1
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Measurements are problematic

e Each point takes 2 days to reach equilibrium. The isotherm takes 1 month.

e Any small leak might be understood as adsorption.

 |f adsorption takes long, desorption takes much longer.

Pressure [kPa]

12

10

10

15
Time [hours]

20

25

30

Equilibrium value : 2.1 kPa.

The "equilibrium criterion" is to keep the
pressure within a certain interval of Y kPa
for a given time of X seconds.

When we move to higher pressures, the Y
Interval is given by the error of the pressure

transducer. Is this enough?
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Dynamic performance

e 4-column PSA unit from 0.1 — 70 bars (two pressure zones), 25-300 C and
dry gases. Around 200 ml of adsorbent per column.
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Breakthrough examples
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Total pressure: 0.25 bar 2-column cycle performance
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Second choice: the process (rarely a choice)

L
2
2

With this arrangement the cycle is not

continuous.

We spend the same time using the adsorbent
and regenerating it.
Recover almost all methane will be impossible.

C1

PRESS + FEED

Depr.

BLOWDOWN

PURGE
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C2
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Pr.eq.
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Time
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Rationale to define a cycle

* The feed should be continuous.

e Gas velocity cannot be high to avoid particle crushing

EQ1 EQ2

ADSORPTION
E

EQ1 R

ADSORPTION

EQ1

ADSORPTION

RE

ADSORPTION

* There is no theoretical solution to tell which PSA cycle is optimal
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One possible configuration

Product

=

Off-gas

With this arrangement the cycle is continuous.
We use the time only 1/3 of the cycle time.
We used more valves and more equipment.
Very little methane slip.

Col. 1
Col. 2

E2 | E1

Col.3 |D1

D2

Tank |T1

T1

Pr
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"Something in the middle" and simpler

With this arrangement the cycle is continuous!

Feed time is equal to regeneration and
conditioning of the column (more efficient).
Tank allow us pressure equalization and

1 eventual purge. Possible low methane slip.
Much less equipment!
C1l PRESS + FEED Depr. BLOWDOWN PURGE |Pr.eq.
C2 Depr. BLOWDOWN PURGE |Pr.eq. PRESS + FEED
Time
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MATHEMATICAL MODEL
System of partial differential equations

Gas phase Ce) Ty, P,y

C, Macropores

q  Micropores

Ribeiro AM, Grande CA, Lopes FVS, Loureiro JM, Rodrigues AE.
Chemical Engineering Science 2008;63:5258-5273.

Adsorption isotherm model

Water?
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What happens inside the column?
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Process selection: all produce >98% CH,.

PSA configuration

2-column + tank 3-column + tank

Superficial gas velocity [m/s] 0.13 0.20

Total adsorbent weight [kg] 420.9 396.5

Cost scenarios Casel Case 2

Cost of adsorbent [€/kg] 5*commercial 3*commercial
Cost of automatic valves [€/unit] commercial 0.75*commercial 5*commercial
Cost of valves [€/unit] commercial commercial

Cost of columns [€/unit] 2*commercial

2

N
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Cost cases

B2 columns ™3 columns m6 columns M 2 columns ™3 columns M6 columns
O | O
| III III — u=_1ln
columns valves other tanks adsorbent TOTAL columns valves other tanks adsorbent TOTAL
valves valves
Casel Case 3
Probably not good for our farmer. Better scenario for our farmer.

For large sources it means that cheaper Perhaps unrealistic for larger sources
materials can push cost down! @ SINTEF



Conclusions

d For small-scale biogas upgrading by PSA, new design
principles should be used focusing on economy

 For large sources of biogas, improvements on the adsorbent
might have larger impacts than improvement of process
design.

d Whatever we do for small-scale PSA units, we need good
and cheap valves.
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