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Overview
‘Il|>
Overview of Calxy2030 : Calcium Looping to * Objective: Capture CO, from industrial

capture CO2 from industrial processes by 2030 processes using Calcium Looping by 2030.

Web: https://www.calby2030.eu/ « Design of demonstration projects including

CO, management at cluster level.
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https://www.calby2030.eu/

Objectives
1. MULTI-MODAL CO2 TRANSPORT
£ 05 * In some cases, a mix of modes
~ —— Pipeline - gas phase can be the best solution.
(@) —— Pipeline - dense phase
Pinel S oaf ~+ Possible advantage for small- 4 woesy |
=== FIPEInes 5 scale CO, transport and short y—>
&% Trucks g o3 | timelines for implementation. \mannd
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ST T s s 10 model to a case study in
CO, amount (Mt/y) Germany.
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Methodology of multi-modal CO2 transport
(MILP model)

Motivation and aim: To optimize the design and operation of the

The system boundary network to minimize costs, while adhering to regulation and capacity
/ _________ . \ constraints. The aim is to determine the optimal routing, sizing, and
[ afety/ reliabili . .
Sofetv/ reliabity ——  scheduling of transportation modes to transport captured CO, from
! ; | . .
L T .'1'- multiple sources to the storage sites.
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A co, conditioning and transport & utilisation min (Total cost for transportation and conditioning)
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: 4 x N .
- ~ £ - »  Technical challenges:

> Ko-/f” < <
= “,:(?{ 1. Automatically select the conditioning cost based on

Conditions and constraints in upstream and downstream pressures.

\ the CCUS cluster region _/

Figure 2. Schematic diagram of multi-modal
CO, transportation and the system boundary.

2. Unit cost function for all conditionings.



Methodology of multi-modal CO2 transport
(MILP model)

Variation of the model—Flexible for more scenarios

A: Single storage site B: Only onshore
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Figure 3. Scope of the complex model.



Methodology of multi-modal CO2 transport
(MILP model) + o

Northern Lightéf’_f :
Hamburg Port
CO, emission E; Installation or not z; , ,€ {0,1}  CO, mass balance Case study &
Capacity of storage S, Installed size R; ;» , Constitutive equations e Bl ©
e otterdam Port ©)
Feasibility of transport w; ;, ,€ {0,1} Flowrate of CO, G; ;, Other hard constraints ®
/
Unit cost for transport a, CO, storage amount U; T / ® ® ‘

do

MILP contains both continuous variables and binary variables. » Six onshore CO, emissions, a total of 2.23 Mt/year.

» Three transit ports, buffer storage installed at the

MILP is coded in MATLAB and solved by commercial solver Gurobi. port.

hard N » Offshore storage in the North Sea.
Some hard constraints: > Transport modes:
* Only one transport mode between any two nodes. HP pipeline - dense phase (20°C,130 bar)
* No two-direction transportation. Truck (-30°C, 15 bar)

Train (—-30°C, 20 bar)

* CO, stream can only be combined rather than split: Ship (=30°C, 15 bar)



Multi-Criteria Optimization

Objectives: Involves optimizing two or more conflicting criteria simultaneously. Considering the cost, risk, and environment

impact of the transportation, multi-criteria optimization seeks to find a balance between these competing goals. The optimal
solutions can be a set of solutions, known as Pareto-optimal solutions.

Our strategy Development of multi-criteria optimization:
m?:list A multi-objective optimization problem can be generally formulated as:
Minimize F (x) = [ £ (x). /2 (x)..... 4 (x)]
S1 S2 S3... =  Weighted sum method =  Pareto Front
e Minimize W(x) — Zk:&%_ﬁ (x) Pareto Front for two objectives. Pareto Front for three objectives.
nviron. evalu. =)

fi : Cost
where w; are the weights

assigned to each objective
function f; (), reflecting their L
relative importance.

Risk evalu.

Give advice




Summary and Conclusions

» Truck presents more flexible and economical in short distance and lower
emissions, it also has lower CAPEX but higher OPEX.

» Pipeline shows more proportion in transportation networks with higher
CO, transported.

» The total cost increases as the amount of transported CO, rises, but
within a certain range of transport volume, multi-modal transportation can
minimize the cost difference.

» Multi-modal CO, transport network shows advantages for small emitters
In the near future.
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