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1. Background
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3. Data

3. Results



Capacity expansion is relevant in 

multiple areas

– Electricity grid expansion

– Goods production

– Wastewater treatment capacity

…under uncertain parameters



Capacity expansion aims to minimize

costs while meeting demand goals



However, the models can be hard to 

solve

1. Exponential growth in scenarios if classic "tree structure" is 

used

• How can we reduce the exponential growth?

2. Effect of imperfect uncertainty modeling on solution quality is 

unknown

• How big is this effect?

3. Effect of modeling granurality on solution quality unknown

• How do we know if solutions change because of uncertainty

revealing vs. Modeling being more granular?

• What is the relative magnitude of these effects?



Uncertainty modeled with scenario

lattice to reduce complexity growth



3 different models considered, each isolating one more

source of result bias



Data

– Open-source data

– IEEE standard electricity grid

– Electricity data from literature



Hypotheses

– H1: Model 1 will see largest decline in costs with increase in 

decision stages

– H2: Model 2 is expected to result in lower investment and 

operational costs compared to Model 1.

– H3: Model 3, with its capacity-building plans and ability to build

capacity according to those plans, will likely have the lowest

investment costs but higher operational costs compared to 

Model 2. T

– H4: As the number of stages increases, the differences in costs

between the three models are expected to decrease.



Total cost per model supports H1 and H4

– Model 1 sees sharpest decline in costs as number of stages

increases

– All models converge to same cost with 4 investment stages

– Of total improvement 49% was caused by better modeling of 

operating points, 47% by being able to create investment plans

and only 4% by better decisions through uncertainty

– Being able to take into account uncertainty when making

decisions (1 vs 4 investment stages) accounted for 8% of total

costs.



Operational & Investment costs support

H2 & H3
Operational costs Investment costs

– Model 1 sees highest investment costs

– Model 3 sees higher operational but lower investment costs



Recap

1. An improved scenario structure was created to reduce

computational complexity of capacity expansion problems

2. Three formulations were proposed, each isolating a single 

source of result bias.

3. Each model formulation was found to behave as expected with

increase in number of operational and investment stages

4. Effect of revelation of uncertainty on total cost was 8% of total

cost and 4% of total improvement created (4 stages vs 1 

stage)
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