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Scope of work

• Biogas upgrading [1] with three strategies for keeping the process cold box: 
    (A) single loop with HC (C2-C3 mix), (B) two HC loops, and (C) combined NH3 and HC

• New cryogenic technology (products: liquid bio-CH4 and biogenic CO2) [1]

• Targets/scope: optimise burner and steam turbine cycle
▪ Valorise waste streams (purges)
▪ Cover thermal demand for TEG dehydration
▪ Recover as much electricity as possible for refrigeration and compression

Problem statement and formulation Results and analysis

Constraints 
- ASME standards[2,3,4] for steam turbines

• 60 ≤ Pmax ≤ 120 bar abs.
• Tinlet turbine < 600°C

- Duty of TEG reboiler (QREB-COL2-03) assigned from simulation
 
- Tcond (in HE7-02) of steam in reboiler is assigned as well

• avoid hot spots due to TEG degradation (~207 °C)
• respect pinch point (approach ΔT = 10°C)

- Discharge pressure of 2nd turbine (Pmin) ensures vapour is released (α = 1)

- QCOMB is defined from available purge stream and burner operating point

Degrees of Freedom (DoF) → optimisation variables
✓ Mass flow of water/steam
✓ Steam superheating point (duty to superheater HE07-01)
✓ Pmin: discharge pressure of 2nd turbine (T7-02)

Max (Wnet) with   Wnet = WT7-01 + WT7-02 – WP7-01 – WP7-02

[1] SEMPRE-BIO: Innovative Biomethane Production

[2] Ohji A, Haraguchi M., Steam turbine cycles and cycle design optimization: the Rankine cycle, thermal power cycles, and integrated gasification-
combined cycle power plants. In: Advances in Steam Turbines for Modern Power Plants (2nd Edition). Ed: Tanuma T. Woodhead Publishing (2022)
[3] Hall S., Rules of Thumb for Chemical Engineers. Butterworth-Heinemann (2012)
[4] Siemens Energy. https://www.siemens-energy.com/global/en/home/products-services/product-offerings/steam-turbines.html

Steam to TEG 
column reboiler 
is assigned (T, P, 
and mass flow)

KPI: turbines recover 9-10.5% of the cold box electricity demand, 
depending on the refrigeration cycle selected 

Conclusions
Purge streams has been valorised to minimise the energy demand of 
the biogas upgrading

Steam turbine system enables to cover 100% of the thermal energy 
demand of the plant (TEG dehydration) and up to 10.5% of the 
electricity for refrigeration (Joule-Thompson cycle) in the cold box
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