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WHY A TOoOL FOR CLUSTERS? CLUSTER DEFINITION

* Decarbonization of industrial processes is essential to meet climate goals * A cluster consist of sites of industrial scale processes within geographical

* Focusing on industrial clusters instead of single sites can help aid the proximity (similar location) which can share the same infrastructure
decarbonization by leveraging synergies and with economies of scale  |nitial focus on the industrial sectors of steel & iron mills, refineries, cement

* Explore new insights for industrial decarbonization production, and CCGT power plants

PROBLEM STATEMENT — INTERVENTIONS TO DECARBONIZE INDUSTRIAL PROCESSES

Example:
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Decarbonization is driven by technological interventions, changing the

Intervened Process W incumbent processes. The toolkit incorporates a portfolio of interventions. Each

Base Process W Intervention 1
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("« tee! Plant (o inerall MEA CC ("« Steel Plant w/ intervened process is quantified based on a detailed process models
e Use hydrogen MEA CC The optimal design and transformation of a cluster is expressed by:
e Slag carbonation * Steel Plant
ISTeC,t:)r:g th 1. WHICH technologies or distribution options should be installed?
® Stee dan . .
injecting H, w/ 2. WHAT SIZE should the installation be?
MEA CC 3. WHERE should these technologies be installed?
* Steel Plant with 4. WHEN should/can these technologies be installed?
slag carbonation
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SOLVING THE PROBLEM — OPTIMAL PATHWAY DEVELOPMENT

Following a Resource Technology Network (RTN) formulation, the problem is defined through the

. . - . roach round 1 round 2 roun
use, production, transport, storage, import, and emission of resources. Base and intervened approac ound ound ound 3

processes are described by their conversion factors between resources. S50 S100
single

A pathway towards a desirable cluster design consists of multiple investment rounds. Within each investment el St LS

round (WHEN), the three points WHICH, WHAT SIZE, and WHERE are solved. Finding the optimal reduction reduction

solution requires an optimizer to solve a Mixed-integer linear programming (MILP) problem. The

toolkit breaks the problem down into two steps. BS30 BS50 S100

- backcasted backcasted
baCkcaStlng snapshot w/ ( snapshot w/ snapshot w/

1) Snapshot: optimal solution of cluster design - W - W Y
] _ _ ) ) 30% emission 50% emission 100% emission
2) Backcasting: accounting for path-dependencies and lock-in effects by starting from the reduction reduction reduction
snapshot solution of the final investment round and working backwards in time.

EXAMPLE RESULTS — CCS NETWORK DESIGN FOR A HYPOTHETICAL CLUSTER

e Assuming three investment rounds, with different
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emissions targets
 Allowing the installation of Carbon Capture technology, &
Direct Air Capture Plants, CO2 transport network, and . . .
injection and storage technologies. @ EE .
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(a): round 1 - 30% CO, reduction (b): round 2 - 50% CO, reduction (¢): round 3 - 100% CO, reduction
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