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Introduction
New Zealand has a renewable electricity energy target of near 100% by 2035. Currently New 
Zealand’s renewable percentage is greater than 80% with a generation mix consisting of wind, 
geothermal, fossil fuel thermal and hydro generation. With 2.5 GW of consented but not yet 
built wind generation capacity, it is likely to play a major role in reaching this target.

New Zealand Context
New Zealand has temporal and geographical mismatches between its supply and demand 
(Figures 1 and 2):

• Temporal: During winter, hydro inflows are low and demand is high

• Geographical: The majority of New Zealand’s hydro resource is in the South Island 
whereas the majority of demand is in the North Island

These mismatches are partially mitigated through effective management of New Zealand’s 
hydro storage. However, this hydro storage is limited storing 4 TWh of energy, approximately 
10% of annual demand. This is where fossil fuel thermal generation is used to conserve hydro 
storage, as well as supply peak demand. Being so hydro dominated, New Zealand’s energy 
security is vulnerable during low inflow (dry) years, during which fossil fuel generation is 
heavily relied on.

Figure 1. New Zealand Hydro and Demand. Left: Hydro Storage and Generation Capacity;
Right: Geographical Distribution of Demand and Temporal Variability

Figure 2. New Zealand’s North and South Island Inflows – Note the difference in magnitude

With increased wind generation, fossil fuel generation will reduce its production. Since New 
Zealand’s electricity market is based on energy payments, the financial viability of fossil fuel 
generation will eventually become compromised.

Challenges
The challenges New Zealand faces with reaching the 2035 target are: managing dry year risk, 
meeting peak demand and incentivising the market to install more renewable generation. 
These issues are market and political, and the purpose of this study to inform on these 
decisions by investigating how the operation of fossil fuel generation and hydro storage 
changes with increased wind generation.

Model and Modelling Tool
New Zealand’s electricity system is modelled as two transmission nodes connected by a single 
transmission line. This mirrors New Zealand’s North and South Islands and the HVDC 
connection between them. The hydro schemes of each island are aggregated into a single 
reservoir representation, one for each island. New Zealand’s fossil fuel generation is 
represented as three separate plants, a least, moderate and highest cost generators.

An optimal hydrothermal scheduling tool based on implicit stochastic optimisation with 
dynamic programming (ISO-DP) [1] was developed for this study and an overview is depicted 
in Figure 3. Refer to the paper for more details. The important aspects of a hydro scheduling 
tool is to account for the future consequence of using hydro resource at present versus the 
future and the uncertainty of inflows.

Dynamic programming simulations were carried out with a range of historical inflow 
sequences, each resulting in marginal water value (MWV) functions. Marginal water values 
are equivalent to the market price of hydro generation. The MWV functions were averaged 
and used in the forward simulation.

Figure 3. ISO-DP Modelling Tool Overview. s is storage and t is time.

With an inflow sequence, the average marginal water value function, and net demand profile, 
the forward simulation produces a year long generation dispatch. This is done with the 
historical inflow sequences, producing a distribution of generation dispatches, from which 
fossil fuel generation capacity factors can be determined.

Analysis and Results
The case study used New Zealand’s generation portfolio and data from 2015 with 600, 1200, 
1800 and 2400 MW of additional wind generation scenarios. This was emulated by scaling 
the wind generation production accordingly. Refer to the paper for storage results.

System Fossil Fuel Capacity Factors

As expected, as more wind generation is added, 
fossil fuel generation capacity factors decrease. 
An interest feature is that the magnitude 
difference between the 75th percentage and 
maximum capacity factors is consistent across 
all scenarios, indicating that fossil fuel 
generation is still relied on during dry years, 
regardless of wind generation capacity.

Figure 4. System Fossil Fuel Capacity Factors

Duration Curves: Fossil Fuel Capacity Factors

The plots in Figure 5 show how each fossil fuel generator operation changed as more wind 
generation was added. With least cost generator operated predominantly as a baseload 
generator into the 0 and 600 MW scenarios, as shown by the >70% capacity factors for all 
cases. As the amount of additional wind capacity increases, the generator’s operation 
transitions to be predominantly a peaking generator.

Figure 5. Duration Curves of Fossil Fuel Capacity Factors. Left: Least Cost; Middle: Moderate Cost; Right: Highest Cost

Dry Year Duration Curves: Fossil Fuel Capacity Factors

Figure 6 shows fossil fuel capacity factor duration curves for the dry years 1976, 1973, 1959 
and 1992. The average annual inflows are 22 TWh whereas these dry years have annual 
inflows of 17-18 TWh. The plots show that even with 600 to 1200 MW of additional wind 
generation, the least cost fossil fuel generator would operate as a baseload generator during 
dry years. Similarly for the moderate cost generator up to 600 MW.

Figure 6. Dry Year Duration Curves of Fossil Fuel Capacity Factors. Left: Least Cost; Right: Moderate Cost

Conclusion
The analysis conducted examined how New Zealand’s fossil fuel generation’s operation will 
change as more wind capacity is added. Overall, fossil fuel generation would be utilised less, 
and transition to a peaking operation. However, the analysis indicated that some form of 
baseload generation would still be required during dry years.
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