
Distribution Network Planning using JuDGE

Anton Aish and Alex de Beer

Supervised by Andy Philpott and Tony Downward



Background

Electricity providers are facing unprecedented levels of uncertainty in

future demand for electricity1.

A key contributor to this uncertainty is the response to climate change,

including increased uptake of new technology such as electric vehicles.

1Vector (2021). Vector Electricity Asset Management Plan 2021–2031.
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Background

In addition to conventional line upgrades, electricity providers are also

increasingly considering the use of non-wires alternatives, including

batteries and techniques for load reduction.
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Research Objective

The objective of this research is to use stochastic programming to

develop capacity expansion plans for distribution networks that

• minimise the total expected cost of expansion over a given time

horizon, while maintaining a specified level of reliability; and

• account for uncertainty in future demand for electricity.
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Scenarios

We discretise the planning horizon into a sequence of stages, with varying

levels of demand, at which decisions can be made.

2022 2027 2032

Demand
HighLow

We aim to find an optimal expansion plan over the whole planning

horizon, such that at each stage there is an operating configuration that

keeps the SAIDI of the network below a specified level.
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Scenario Trees

In practice, it is common to consider a range of scenarios with varying

levels of demand. We can combine these into a scenario tree.

2022 2027 2032 2022 2027 2032

Demand
HighLow

Individual Scenarios Scenario Tree
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Solution Method: Decomposition Framework

As the size of the problem

grows, the resulting model

becomes large and a form of

decomposition is often needed to

solve it. We use Dantzig-Wolfe

decomposition1.
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1Singh, Philpott, and Wood (2009). Dantzig-Wolfe Decomposition for Solving

Multistage Stochastic Capacity Planning Problems.
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Solution Method: JuDGE

JuDGE1 is an open-source Julia package developed by EPOC that

implements this decomposition2.
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1JuDGE Website: github.com/EPOC-NZ/JuDGE.jl.
2Downward, Baucke, and Philpott (2020). JuDGE.jl: a Julia package for optimizing

capacity expansion.
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GENE: Overview

We have implemented our model called GENE (Generalised Electricity

Network Expansion).
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GENE: Network Data
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Case Study: Clendon Distribution Network

We have used GENE to investigate the Clendon distribution network over

a 20 year planning horizon with eight demand scenarios. We have

investigated

• how batteries can be used to delay line expansions; and

• how different SAIDI tolerances influence network upgrades.
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Clendon Distribution Network
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Utility of Batteries
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Present Day Plan: No Batteries
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Present Day Plan: One Battery
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10 Years Later: Low Growth
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10 Years Later: High Growth
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Different SAIDI Tolerances
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Southern Network Reinforcement

Low SAIDI (More Reliable) High SAIDI (Less Reliable)
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Visualisation Tool: Upgrades Map
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Visualisation Tool: SAIDI Map
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Summary

Today we have

• discussed the components used to model capacity expansion

problems for an electricity distribution network under uncertainty in

demand;

• described how GENE aims to minimise investment cost while

maintaining a given level of network reliability; and

• demonstrated how GENE can be used to investigate the timing and

location of investments.
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