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JADE model details
Model structure and assumptions

The JADE package is a Julia package that implements a multistage stochastic
program, which formulated and solved using SDDP.jl2.

When a JADE model is optimized, this involves finding a water value surface for each
week in the year, and corresponding marginal water values for each reservoir.

The model seeks to determine optimal release policies as functions of the amount water
in the reservoirs, accounting for future demand, as well as future expected inflows.

When setting up a JADE model, you can specify risk aversion parameters and the set
of historical years of inflows to include in the future outlook.

2Dowson, O. and Kapelevich, L. SDDP.jl: a Julia package for stochastic dual dynamic
programming, INFORMS Journal on Computing, 33(1) 27–33 (2021).
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JADE model details
Input data

JADE has inherited the input file format from DOASA, but is somewhat more flexible:

There are 14 core input files that JADE reads in when building the model of the
electricity system.

These include:

– demand blocks, fixed generation and load shedding costs;

– historical inflows, hydro network arcs + constraints;

– hydro stations (capacity + efficiency, and reservoir limits);

– thermal stations (capacity + heat rate and fuel costs);

– transmission network (line capacities + losses); and

– outages of stations and transmission lines.
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JADE model details
Default model

The flexible input files enable you to define any hydro-dominant electricity system;
however, the files that the EA will make available are calibrated to the current New
Zealand electricity sector.

JADE model network.



Finding optimal JADE policies
Steady-state policies

JADE utilises and builds upon the infinite-horizon features of SDDP.jl to enable the
optimization and simulation of steady-state policies.

These policies do not rely on any end-of-horizon marginal water values, and instead
determine all the water values endogenously.

Computationally, modelling the steady-state policy requires a user-defined discount
factor to be set. Values close to 1.0 require more iterations to converge.
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JADE model details
JADE future costs and marginal water values

A policy in JADE is defined by the future cost function (expected cost to go). The
gradient of this function gives marginal water values that yield the optimal dispatch.



JADE package
Setting up a JADE model

The JADE package for Julia will be released (open-source) this month.

Since it is built using SDDP.jl, which uses JuMP, it can be used with a wide range of
linear programming solvers.

Although you can solve and simulate JADE models with open-source solvers,
commercial solvers are recommended for large-scale models – e.g. Gurobi or CPLEX.

We provide an interface so users can easily set up and run JADE models.
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Setting up a JADE model



JADE package
Running up a JADE model



JADE package
Running up a JADE model



JADE package
Raw SDDP.jl simulation output
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JADE package
API Documentation
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Lake Onslow Pumped Hydro Proposal
100% renewables and security of supply?

Over the past 5 years, there have been several targets set for the decarbonisation of
the electricity market.

An initial proposal of 100% renewables (in a normal hydrological year) by 2035 was put
forward by the government. The Interim Climate Change Committee (ICCC) was
tasked at looking at the government’s policy and concluded that reaching a 100%
renewable electricity sector would be more expensive than equivalent CO2 reductions
from other sectors.

Nevertheless, in the 2020 election campaign, the Labour party announced a more
ambitious policy: to reach 100% renewable electricity by 2030. Since being re-elected
they have backed away from 100% renewables, however, a cornerstone of this policy is
the NZ Battery project, which may be critical ensure security of supply in dry winters.

A pumped hydro station at Lake Onslow is a front-runner for this, with the
government intending to spend $30 million to develop the business case, and an
estimated $4 billion to construct it.
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Lake Onslow Pumped Hydro Proposal
Possible Specifications

There are several options being considered for Lake
Onslow:

– capacity of the reservoir;

– capacity of the pump / generator; and

– location of the tunnel.

In addition, how it would operate in the market is also
undecided.



Results and Analysis
Onslow Parameters

We have made some coarse assumptions about the Lake Onslow pumped hydro
station:

– 1300 MW capacity for both pumping and generating;

– 77% overall efficiency;

– 8000 GWh capacity;

– negligible natural inflows;

– Onslow will operate as a competitive station.



Results and Analysis
Scenarios

We have developed a number of scenarios with varying amounts of wind generation,
and investigated how a 100% renewable system would operate with and without
Onslow. We compute the steady-state policy, and simulate this using the inflows from
200 randomly-ordered historical years.

The wind is assumed to have a 40% capacity factor, so a 100MW wind farm provides
the same energy as a 40MW geothermal plant over a week. We examine scenarios with
between 3200MW and 4800MW of new wind capacity. For simplicity, the demand
scenario we are using throughout is 2020 demand.

Given the large number of rough assumptions made, the results are intended as an
demonstration of the functionality of JADE, and shouldn’t be taken as an accurate
prediction on the impact of Onslow on the market.
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Results and Analysis
Total storage excluding Onslow: 3200MW wind
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Results and Analysis
Total storage excluding Onslow: 3600MW wind
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Results and Analysis
Total storage excluding Onslow: 4000MW wind



Results and Analysis
Storage by reservoir: 4000MW wind
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Storage by reservoir: 4000MW wind



Results and Analysis
TWAP Prices: 3200MW wind



Results and Analysis
TWAP Prices: 3600MW wind



Results and Analysis
TWAP Prices: 4000MW wind



Improvements to the Onslow model

There are a number of improvements needed to this model to make it more realistic,
including:

– explicitly dealing with wind variability;

– model and compare different tunnel options;

– demand growth estimates;

– comparing different pumping, generation and storage capacities;

– more realistic transmission network;

– comparing different operating policies; and

– modelling emissions of geothermal generators.
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Other JADE Applications
Hydrogen Integration

EPOC is working on the HINT (Hydrogen Integration) project with Canterbury
University, which is funded by MBIE.

We have an ongoing project with two Part 4 Engineering Science students (Connor
Roulston and Harry Thurman) who are currently exploring how a flexible hydrogen
(production) plant (that can respond to price) may help New Zealand reach 100%
renewables.

To examine this, the thermal plants have been removed from JADE, and wind is being
added. An (850MW) hydrogen plant is added in Otago that sheds load cheaply.

The key to this is that the hydrogen plant is shedding GWh of energy, during dry years,
not just shifting load to offpeak periods.



Other JADE Applications
Investigating the effect of fuel shortages

We are testing a version of JADE that incorporates fuel storage for thermal plants.

This can be used to model things such as a coal stockpile, variable biofuels availability,
or the production and usage of hydrogen.

Within JADE, these fuels are treated in a similar way to water in a dam, and for each
fuel, a marginal value will be determined, which will be a function of the amount of
fuel available each week.



Other JADE Applications
Stagewise-dependent inflows

Although JADE 1.0 uses stagewise-independent inflows for the training of the SDDP
model, it uses the DIA (Dependent Inflow Adjustment) technique to reflect the higher
medium-term variation, exhibited by stagewise-dependent inflow processes.

We have an ongoing project with two Part 4 Engineering Science students (Adam
Clifford and Sebastian Ayson Macfarlane) who are currently evaluating the affect of
modelling inflows using auto-regressive processes.

We are interested in the difference in release policies and prices, and also the increased
computational burden associated with training the model.



Thanks for your attention.

Any questions?

Contact me: a.downward@auckland.ac.nz

a.downward@auckland.ac.nz
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