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Chapter 1. Executive Summary 

The Energy Efficiency and Conservation Authority (EECA) has asked Concept to identify potential 
implications for security of the electricity supply system from increasing levels of renewable energy 
deployment in New Zealand. Our brief was to draw on existing material, rather than undertake specific 
analysis, and to present relevant findings in a non-technical manner suitable for wide readership.  

Security of supply 

Security of electricity supply is most simply expressed as the ability of the electricity system to meet the 
demands of electricity consumers. However, the overall cost of achieving security of supply is clearly an 
important consideration. The nature of electricity means that, once generated, it cannot be stored 
within the power system for any material time. Electricity must therefore be generated on demand and 
coordinated on a moment to moment basis to maintain supply to consumers. The technical capability 
and cost of the electricity system to do so depends on investment and operating decisions made years, 
months and days beforehand. Over the longer term, external factors could also have a bearing ς for 
example, reliance on imported gas would create exposure to international gas and oil prices. 

We have considered security of supply in the above context within three timeframes ς seasonal, day to 
day scheduling and real time coordination.  

Context 

New Zealand has traditionally generated a significant proportion of its electricity from renewable 
resources. On average, renewable generation

1
 is capable of supplying approximately 70% of current 

supply requirements, approximately 57% from hydro and 13% from geothermal, wind energy and 
biomass. Further hydro, wind and geothermal developments are under active consideration, some at 
the consenting or appeals stage, and no doubt offer significant potential to contribute to future energy 
requirements. This report focuses on those renewable technologies most likely to play an important 
ǇŀǊǘ ƛƴ ƳŜŜǘƛƴƎ bŜǿ ½ŜŀƭŀƴŘΩǎ ŦǳǘǳǊŜ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΦ Lƴ ǘƘŜ ƴŜŀǊ ŦǳǘǳǊŜΣ ǘƘis includes hydro, 
geothermal and wind generation. Much of the existing material on renewable and security of supply in 
the New Zealand context relates to wind energy, which is therefore a significant focus in this report. In 
time, marine (tidal and wave energy)

2
 and solar photovoltaic (PV) generation technologies being 

deployed overseas are likely to become more viable
3
. However, existing material on these resources in 

the New Zealand context is very limited and this is reflected in discussion in this report. 

                                                                 

1
  Including schemes currently under construction. 

2
  Indeed, pilot marine projects in Cook Strait and Kaipara Harbour are under active consideration. 

3
  For example, over 5,000 MW of solar PV capacity has been installed in Germany, although heavily subsidised 

through feed-ƛƴ ǘŀǊƛŦŦǎ ƻŦ ǘƘŜ ƻǊŘŜǊ ƻŦ ϵлΦрл ǇŜǊ ƪ²ƘΦ {ƛƳƛƭŀǊ subsidies fostered the development of the wind 
industry in Denmark over the last 25 years or so. A variety of marine (wave and tidal) schemes are also being 
developed. For example, a 250 MW tidal scheme will be completed this year in Korea. 
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Renewable characteristics 

Technologies relying on wind, marine and solar energy are generally uncontrolled and variable
4
 over 

different timeframes and integrating them into the power system therefore relies on flexibility within 
the power system. In the short term, this flexibility is provided by controllable generation which can 
increase or reduce supply as required (for example flexible hydro and thermal), or the management of 
demand side resources. Balancing requirements over longer time frames relies on energy storage (such 
as hydro lakes or thermal fuel supply arrangements). This flexibility has traditionally been relied on to 
ensure that the electricity supply system responds to and matches the varying demands of consumers.  
From a seasonal perspective, adding uncontrolled renewable supply options has the potential to 
increase energy supply diversity, reducing reliance on one form of supply. On the other hand, there may 
be implications for the way seasonal and shorter term supply risks are managed. e.g. additional peaking 
thermal plant may be required. 

Like demand, energy supply from some uncontrolled renewable sources follows relatively predictable 
patterns over different timeframes (for example, tidal and solar energy). If these patterns are similar to 
demand patterns, flexibility requirements on the system will tend to reduce but if different, flexibility 
requirements could increase. If this occurs in a predictable way, controllable resources can be scheduled 
to compensate for the effects. However, if uncontrolled renewable supply is variable and difficult to 
predict over a certain timeframe, for example, as for wind energy over the few hours leading up to real-
time, this will increase the need for flexibility and back-up requirements within the system to maintain a 
given level of security. 

Unsurprisingly, most material relevant to New Zealand circumstances relates to wind generation. 
However, it is possible to extend some of the analysis in a general sense to other uncontrolled and 
variable renewable technologies following the approach outlined above. i.e. with respect to 
controllability, predictability and correlation with demand over each of the three security timeframes 
relevant to security of supply as summarised in Figure 1.

5
 

                                                                 

4
  Generating electricity independent of electricity demand. For example, wind farms generate electricity when 

the wind is blowing (and are therefore uncontrolled and variable). Note that in contrast, geothermal power 
stations tend to operate at fixed generation levels and are therefore uncontrolled but not variable. 

5
  It is worthwhile noting that all generation technologies make some contribution to security of supply simply by 

meeting at least some level of demand.  
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Figure 1: Renewable supply technology characteristics 

Real time 

Scheduling 

Seasonal 

 

The various technologies have a variety of characteristics over the three timeframes referred to. For 
example, the output of geothermal power stations tends to be relatively constant (uncontrolled). This 
means that its contribution to meeting demand is largely predictable but relatively uncorrelated with 
demand, particularly in the short term. Compare and contrast this with wind, which is difficult to predict 
over various timeframes and appears to be uncorrelated with demand over shorter timeframes. 

General implications 

In general, material reviewed in preparing this report, accepting it is largely focused on wind energy, 
indicates uncontrolled and particularly variable renewable energy will change underlying security risks 
and therefore costs. However, if the market appropriately values flexibility (supply and demand-side) 
and any additional system costs due to renewable (or other) supply are borne by generation investors 
future energy supply requirements should be met at least overall cost.  

Security necessarily involves cost, and already does so ς for example, ancillary service costs were around 
$135m in the year to April 2009. To the extent that increasing the share of renewables leads to 
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increased system costs, these costs should be met by the parties that are creating the cost ensuring that 
generation projects compete on similar terms. i.e. investment decisions would account for such costs

6
. 

Obviously though such costs are just one of a range of factors that will affect future investment 
decisions and any additional system costs need to be viewed in that context. For example, the price of 
carbon, availability and price of gas, and the cost of different supply technologies will tend to dominate 
along with the way in which the electricity market values flexibility generally. For example, more flexible 
plant can also increase (reduce) generation as market prices rise (fall) and, compared to uncontrolled 
generation, will receive higher average revenue per kWh of energy supplied. Similarly, resources that 
can contribute to ancillary service requirements will receive revenue.  

Summary of findings 

The issues which New Zealand faces in developing higher levels of renewable energy are not unique. 
Electricity systems around the world are facing similar if not greater challenges. A particular advantage 
New Zealand has is the proportion of hydro supply with inherently good short term flexibility to 
compensate for short term supply variability and unpredictability.  

Table 1-о ǇǊƻǾƛŘŜ ŀ ǎǳƳƳŀǊȅ ƻŦ ǘƘŜ ǊŜǇƻǊǘΩǎ ŦƛƴŘƛƴƎǎ ƻǾŜǊ ǾŀǊƛƻǳǎ ǘƛƳŜŦrames with respect to increasing 
levels of uncontrollable and variable supply, including the challenges likely to be faced and the means 
through which they may be managed and/or mitigated: 

Table 1 Near real time challenges and their management/mitigation 

Challenges from increasing renewables Mitigation and management of challenges 

Overall system variability may increase (i.e. 
demand plus uncontrolled supply variability). 

Changes to the dispatch process, additional 
frequency keeping and instantaneous reserves 
may be required. 

Diversity (geographically and type of resource) can 
be expected to mitigate the overall level of 
demand and uncontrolled supply variability that 
has to be managed (i.e. the effects are not directly 
additive). This is generally supported by available 
analyses of potential wind generation impacts. 

If uncontrolled and variable supply is not 
frequency responsive and displaces conventional 
generation, frequency keeping requirements 
would increase. It may be impractical to procure 
more frequency keeping under the current 
arrangements and procurement costs are high. 

The Electricity Commission, with Transpower, is 
investigating arrangements to extend frequency 
keeping to multiple providers to increase 
competition and, if necessary, increase 

                                                                 

6
  Where this is the case, ancillary service costs are allocated in this way under the Electricity Governance Rules 

(Part C). For example, large generating units pay a greater share of reserves costs. The Electricity CommissionΩǎ 
wind generation project also recognises this in relation to wind generation (Electricity Commission, 2005-08). 
For example, it may increase the need for frequency keeping ancillary services). 
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capabilities. 

Modern wind generators have the ability to 
respond to frequency although it may be more 
economic for wind farm operators to pay the costs 
of additional frequency keeping rather than suffer 
efficiency losses. It is likely that other technologies 
will also follow trends in international grid codes 
ŀǎ ǿƛƴŘ ƎŜƴŜǊŀǘƛƻƴ ƘŀǎΦ ¢ƻ ǘƘŜ ŜȄǘŜƴǘ ǘƘŜȅ ŘƻƴΩǘΣ 
overall system costs will be minimised if investors 
see the cost of additional system flexibility 
requirements and alternative investments 
compete on even terms. 

 

Table 2 Short term scheduling challenges and their management/mitigation 

Challenges from increasing renewables Mitigation and management of challenges 

Increased forecasting errors as the proportion of 
wind on the system increases.  

It is possible (although not confirmed) that wave 
forecasting will face similar issues, being wind 
related. Tidal, in particular, and solar energy would 
appear to be reasonably predictable although 
unconfirmed in the New Zealand scheduling 
context. As these technologies become more 
ǾƛŀōƭŜΣ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ƳƻǊŜ ǿŀǾŜ ŀƴŘ ǘƛŘŀƭ 
resource modelling in the New Zealand context 
could be warranted. 

Supply from uncontrolled technologies is not well 
correlated with the daily demand pattern (low 
overnight and peaks in the morning and evening). 

 Wind (and presumably wave) energy 
can vary considerably during the day 
with no strong repeatable pattern.  

 Solar energy peaks in the early 
afternoon, between daily demand peaks 
(although it ceases overnight when 
demand is low). 

 Tidal energy follows a predictable 
gravity/ lunar induced pattern unrelated 

Additional standby/ reserve capacity may be used 
to cover greater uncertainty. Available studies 
suggest that for wind this could be significant 
although if wind farms are geographically 
dispersed, it appears the effects will not be 
additive. 

Currently available material suggests that 
improving forecasting capabilities for wind 
generation could lead to significant benefits as the 
level of wind generation grows (for example 
reducing demands on system flexibility and the 
need for back-up supply). 

New Zealand is fortunate in having a large hydro 
base with good short term flexibility compared to 
many other countries. However, as the level of 
intermittent supply increases, if forecasting 
accuracy does not improve scheduling thermal and 
hydro resources

7
 with longer lead times will 

become more difficult. Over time, this may require 
more fast start thermal plant and/ or greater 
levels of demand response and/ or paying slow 
starting thermal stations to be warmed and ready 
as backup.  

The emergence of smart grid technologies, electric 
cars (which provide a form of storage) and other 

                                                                 

7
  For example, it can take hours for water released from some storage lakes to reach hydro stations in river 

systems. Thermal generators can take hours to a day or more to start depending on how long they have been 
shut down.  
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to demand (although will at times be 
coincide to an extent). 

new storage technologies also have the potential 
to increase short term system flexibility. 

These issues are more problematic in systems that 
ŀǊŜ ŘƻƳƛƴŀǘŜŘ ōȅ ǘƘŜǊƳŀƭ ǎǳǇǇƭȅ όƛΦŜΦ ǘƘŀǘ ŘƻƴΩǘ 
have a flexible hydro base). Traditionally, largely 
thermal systems have developed greater demand 
response capabilities to address demand 
forecasting uncertainties and/ or fast start thermal 
plants. 

 

Table 3 Seasonal challenges and their management/mitigation 

Challenges from increasing renewables Mitigation and management of challenges 

There remain questions over the possible 
correlation of uncontrolled and variable 
ǘŜŎƘƴƻƭƻƎƛŜǎΩ ƻǳǘǇǳǘǎΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ǿƛƴŘ ŀƴŘ ǎƻƭŀǊΣ 
with that of hydro and demand. South Island 
inflows (which dominate hydro supply) are poorly 
correlated with seasonal energy demand (which 
are highest in winter) and, although mitigated by 
hydro storage, expose New Zealand to dry year 
security risks. If wind energy patterns are similar 
to South Island hydro inflow patterns this will tend 
to increase seasonal energy supply variability with 
implications for more flexible thermal back-up 
requirements. Conversely, if wind energy is 
uncorrelated with inflows, this will tend to reduce 
overall supply variability (and more so if correlated 
with demand), which are not well correlated with 
seasonal energy demand. In the dry winter of 
2008, inflows and wind energy were both lower 
than average.  

Thermal supply has traditionally backed-up hydro 
supply, having the ability to increase or reduce 
supply depending on hydro inflows and lake levels. 

Investment in renewable energy supply will 
obviously contribute to meeting future energy 
demands. However, if it has a similar resource 
pattern to hydro inflows, it will increase the value 
of seasonal energy supply flexibility (storage, 
thermal fuel flexibility, energy demand reductions 
etc). There would be merit in understanding the 
nature of the correlation of the various generation 
ǘŜŎƘƴƻƭƻƎƛŜǎΩ ƻǳǘǇǳǘ, if any. 

 

 

Thermal generation risks 

It should also be noted that thermal generation has economic risks associated with it that, while not 
necessarily traditionally thought of as security of supply risks, are worth considering. Thermal 
ƎŜƴŜǊŀǘƛƻƴ ǘȅǇƛŎŀƭƭȅ Ƙŀǎ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿŜǊ ΨǳǇŦǊƻƴǘΩ ŎŀǇƛǘal expenditure and higher ongoing expenditure 
on fuel when compared with renewable alternatives. Thermal generation is therefore exposed to 
variations in the price of fuel over time.  For example, coal prices in New Zealand are to some extent 
linked to the international market and hence are subject to the vagaries of world supply and demand. In 
ǘƘŜ ŦǳǘǳǊŜ ƛǘ ƛǎ ŀƭǎƻ ǇƻǎǎƛōƭŜ ǘƘŀǘ ǘƘƛǎ Ƴŀȅ ōŜ ǘƘŜ ŎŀǎŜ ŦƻǊ ƎŀǎΣ ǿƘƛŎƘ ƛǎ ŎǳǊǊŜƴǘƭȅ ƭŀǊƎŜƭȅ ŀ ΨŘƻƳŜǎǘƛŎΩ 
market, should gas be imported and/or exported.  By contrast, these risks are not generally encountered 
ǿƛǘƘ ǊŜƴŜǿŀōƭŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ōŜŎŀǳǎŜ ǘƘŜ ŦǳŜƭ ƛǎ ΨŦǊŜŜΩ  

More generally, the effective price of all thermal fuels will be influenced by carbon prices because of the 
associated greenhouse gas emissions.  New Zealand faces a cost for such emissions, and this cost is 
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difficult to predict over time.  By contrast, production of electricity from renewable sources does not 
create emissions (other than geothermal generation which does to a modest extent), reducing New 
ZeaƭŀƴŘΩǎ ƴŜǘ ŜȄǇƻǎǳǊŜ ǘƻ ŎŀǊōƻƴ ŀōŀǘŜƳŜƴǘ ŎƻǎǘǎΦ 
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Chapter 2. Introduction 

Electricity is an essential input into the daily lives of most, if not all, New Zealanders. Many of the social 
and economic benefits enjoyed by New Zealanders stem directly from technologies relying on 
electricity, often without any alternative. Ensuring the security of electricity supply is therefore of critical 
importance. 

Looking forward, there is a stronger focus on renewable energy developments and the traditional mix of 
electricity generating technologies is changing. At present this focus is primarily around hydro, wind and 
geothermal developments but over time other technologies are likely to become more viable. Indeed, 
pilot projects for tidal

8
 and wave energy

9
 are currently being progressed in New Zealand. 

The Energy Efficiency and Conservation Authority (EECA) has asked Concept to identify security of 
supply issues relevant to New Zealand that may arise from an increasing share of renewable electricity 
generation in the future. Our brief was to draw on existing material, rather than undertake specific 
analysis, and to present relevant findings in a non-technical manner suitable for wide readership. 

In preparing this report, we have found that most of the available material regarding electricity system 
implications of increasing renewable energy developments in New Zealand relates to wind energy. This 
is to be expected given the increasing focus on wind energy in recent years. We note that similar 
material on other renewable technologies is limited, particularly in the New Zealand context. However, 
we also observe that wind energy and some other developing renewable technologies have 
characteristics that are similar. For example, primary energy that is uncontrollable and/or is difficult to 
predict. Lessons learned from wind generation will therefore be applicable, to some extent, to these 
other technologies. 

This report is structured as follows: 

Section Outline 

Chapter 3 Security of supply 

Chapter 4 Electricity systems in New Zealand and elsewhere 

Chapter 5 Renewable technologies 

Chapter 6 Review of material on renewables and security of supply 

Chapter 7 Addressing security of supply issues 

Chapter 8 Conclusions 

Appendix 1 List of references 

  

                                                                 

8
  For example, in Cook Strait (Neptune Power) and Kaipara Harbour (Crest Energy). 

9
  Collaboration between Industrial Research Limited, the National Institute of Water & Atmospheric Research, 

and Power Projects Limited. 
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Chapter 3. Security of supply 

3.1 Background 

Security of electricity supply is most simply expressed as the ability of the electricity system to meet the 
demands of electricity consumers. However, as we discuss below, the overall cost of achieving security 
of supply objectives is clearly an important consideration. 

It is helpful to think of security of supply in different timeframes, from long term supply requirements to 
real time (here and now) moment-to-moment coordination of supply to match demand. We expand on 
security of supply timeframes in the next section but they are an important consideration because: 

 Risks to real time security of supply materialise over different timeframes. 

 The ability of the system to meet demand in real time depends on investment and operating 
decisions made years and months in advance. 

 The frameworks within which real time security is managed, including how resources are valued 
and used, will influence investment and operating decisions. 

If these frameworks are effective, they should encourage the appropriate mix of supply investments to 
evolve over time to ensure that real time security of supply objectives can be met.  

In saying that, it is important to recognise that an 
objective of guaranteed supply under all 
circumstances would be very costly, if not 
impractical, requiring significant redundancy in all 
parts of the supply chain (generation, transmission 
and distribution). Instead, an optimal level of 
security is sought, endeavouring to trade-off the 
relative costs of increasing supply security with 
public benefits. In other words, it will be more 
economic to accept occasional controlled supply 
disruptions than to try and safeguard the system 
against all possibilities all of the time. For example, 
at the low cost end of the spectrum some demand, 
such as hot water heating load, can be turned off 
quickly for brief periods with minimal disruption to 
consumers. At the other end, widespread 
uncontrolled and unexpected loss of supply to 
consumers would be extremely disruptive, costly 
and unacceptable. 

These trade-offs are implicit in the expression of security of supply measures used around the world. For 
example, some jurisdictions define security objectives in terms of MW capacity margins, level of 

 ά¢ƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ŀƳƻǳƴǘ ƻŦ ŦƭŜȄƛōƭŜ ǇŜŀƪƛƴƎ 
plant involves a trade-off between the cost of 
investing in peaking plant and the cost of tight 
supply conditions (or the price that consumers are 
prepared to pay to avoid a given likelihood of a 
shortage). At one extreme, large amounts of 
capital could be invested for multiple peaking 
generation units. These plants would not often 
run. The costs of such a high level of insurance 
would be large, resulting in higher electricity 
prices. At the other extreme, limited investment in 
peaking plants would lead to increasing levels of 
infrequent but costly hydro-related shortage 
events. The cost and price associated with this 
investment would be lower but the likelihood of a 
shortage would be higherΦέ ς  Meridian (2009) 
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expected unserved energy (EUSE) or a loss of load expectations (LOLE) or probability (LOLP)
10

. These 
measures can be seen in Table 4 which compares the approach and metrics in a number of jurisdictions. 

Table 4 Examples of electricity security of supply standards 

Jurisdiction Approach Metric 

New Zealand Winter Capacity Margin 

Winter Energy Margin 

780 MW  

New Zealand 17%; South Island 30% 

Australia (NEM) EUSE .002% 

Australia (WA) Largest unit or EUSE .002% 

Ireland LOLE 8 hours per annum 

UK No formal standard  

France LOLE 3 hours per annum 

PJM LOLE 2.4 hours per annum 

Ontario LOLE 2.4 hours per annum 

 

Security objectives and standards vary across jurisdictions both in the way they are expressed and/or 
their intent reflecting the different nature of the markets, as well as political and legacy factors. For 
example, electricity supply systems that are dominated by thermal power stations, which can have long 
start-ǳǇ ǘƛƳŜǎΣ ǘŜƴŘ ǘƻ ŦƻŎǳǎ ƻƴ ǘƘŜ ǎȅǎǘŜƳΩǎ ŀōƛƭƛǘȅ ǘƻ ƳŜŜǘ ǎƘƻǊǘ ǘŜǊƳ Řŀƛƭȅ ǇŜŀƪǎ ƛƴ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ 
ǿƘŜǊŜŀǎ ƻǘƘŜǊ ǎȅǎǘŜƳǎ ŀǊŜ ŀƭǎƻΣ ƻǊ ŜǾŜƴ ƛƴǎǘŜŀŘΣ ŎƻƴŎŜǊƴŜŘ ŀōƻǳǘ ǘƘŜƛǊ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ ǎȅǎǘŜƳΩǎ 
ability to meet demand over time. For example, New Zealand has historically been concerned about the 
ǎȅǎǘŜƳΩǎ ŀōƛƭƛǘȅ ǘƻ ƳŜŜǘ ŜƴŜǊƎȅ ŘŜƳŀƴŘǎ ǘƘǊƻǳƎƘ ǘƘŜ ǿƛƴǘŜǊΣ ŀǎ ŘƛǎǘƛƴŎǘ ŦǊƻƳ ǎƘƻǊǘ ǘŜǊƳ Řŀƛƭȅ ǇŜŀƪǎΣ 
given hydro energy supply constraints during dry years. However, all systems implicitly or explicitly 
acknowledge some level of demand restraint at times will be economic at some times (and in fact 
unavoidable). 

In relation to the NZ electricity system, the Electricity Commission has recently undertaken a significant 
amount of work to establish minimum electricity supply margins for dry year energy requirements and 
real time system capacity

11
. These margins take into account the nature of the New Zealand supply 

system, including plant performance and reliability and estimated costs for managed and uncontrolled 
demand reductions.   

The winter capacity and energy margins are calculated each year by the Electricity Commission to assess 
the adequacy of system capacity and energy. If the Winter Energy Margin is forecast to fall below 17% 
for New Zealand as a whole, or below 30% for the South Island, over the following 3 years, the 
Commission will consider whether to procure reserve energy. If the winter capacity margin is forecast to 
fall below 780 MW over the following 2 years the commission will consider procuring reserve capacity.  

                                                                 

10
  EUSE is the expected involuntary restraint measured in MWh, reflecting the depth and duration of any 

involuntary restraint. LOLE is the expected hours of involuntary restraint, which does not take into account the 
magnitude of any outages, while LOLP is the LOLE expressed as a fraction of hours per annum. See: 
http://www.electricitycommission.govt.nz/pdfs/opdev/secsupply/policy/capacity-adequacy-standard.pdf 

11
  Previously the New Zealand energy security objective was expressed as an expectation that the system should 

be able to cope with a 1 in 60 year hydro drought without an emergency demand conservation campaign. 

http://www.electricitycommission.govt.nz/pdfs/opdev/secsupply/policy/capacity-adequacy-standard.pdf
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It is beyond the scope of this paper to explore the appropriateness of the current standards over the 
longer term. For the purpose of this paper, we simply observe that security of supply metrics and 
policies in various jurisdictions explicitly or implicitly assume some level of unserved demand and that 
economic standards can be expected to change over time as the mix of supply and demand-side 
ŎŀǇŀōƛƭƛǘƛŜǎ ŀƴŘ ǳƴŘŜǊƭȅƛƴƎ Ŏƻǎǘǎ ŜǾƻƭǾŜΦ ¢ƘŜ 9ƭŜŎǘǊƛŎƛǘȅ /ƻƳƳƛǎǎƛƻƴΩǎ ŜȄplanatory paper on developing 
its current methodology indicates that the current standards may need to be reviewed as the system 
configuration changes, for example around 2012 when the HVDC link between the islands is expanded 
(Electricity Commission 2008c). In a similar vein, in section 6.4 we discuss the concept of capacity credits 
whereby the capacity margins to ensure security of supply are in effect adjusted to account for 
intermittent generation. 

3.2 Time dimensions 

For the purpose of this report, we consider security of supply issues primarily in relation to operational 
rather than investment timeframes. The focus is on reviewing existing literature and research regarding 
the operational implications for security of supply due to investment in renewable supply technologies. 

In considering security of supply implications we focus on three timeframes: 

Seasonal coordination Short term scheduling Near real time 

months weeks        days  hours minutes seconds now 

Management of energy 
resources with medium term 
security of supply implications  

Management of energy resources 
leading up to real time 

Moment to moment balancing of 
supply and demand 

For example, the management 
of hydro storage lakes, thermal 
fuel reserves and power station 
and transmission maintenance 
outages. 

Electricity demand must be 
anticipated and some energy 
resources scheduled hours before 
real time. e.g. to ensure water is in 
the right places along hydro river 
chains or that slower starting 
thermal power stations are on line 
and ready when needed. 

Demand changes continuously and 
supply must be continually and 
quickly adjusted to ensure that the 
national grid / power system 
remains in balance to avoid 
uncontrolled losses of supply to 
consumers. 

 

Going forward, there are questions about the extent to which renewable technologies that supply 
uncontrolled and variable energy will affect short term and seasonal security of supply risks and/or what 
mitigation measures might be required. By way of background, this section explores at a high level the 
current approach to managing security of supply in NZ, expanding on the nature of the risks and how 
they are currently managed. 

Real time security 

Electricity generation must be continuously matched to demand on a moment-to-moment basis to 
ensure that the entire electricity system is maintained in a stable and secure state. For example, even a 
small increase in demand, without a corresponding increase in supply, will cause the system frequency

12
 

(quality of supply) to fall as rotating generators give up stored energy and slow down. If the imbalance is 
not corrected immediately, the system frequency will continue to deteriorate and generation 
equipment will automatically disconnect from the grid to avoid catastrophic damage. If that were to 
occur, the imbalance would rapidly worsen and consequential equipment failures would occur with 
wide-spread uncontrolled supply disruptions to consumers. 

                                                                 

12
  The rate at which electricity alternates (nominally 50 cycles a second or 50 Hertz in New Zealand). 
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In practice this danger is averted by a combination of: 

 The wholesale electricity market dispatching power stations to follow the underlying trend in 
demand. 

 Automated fast generation responses to system frequency variations to restore the supply demand 
balance. 

 Automated disconnection of blocks of demand in emergency situations (where the above 
measures are insufficient). 

Transpower, as System Operator, undertakes the market dispatch role, instructing generators to 
increase or reduce output in accordance with their price based offers

13
 to supply the wholesale market 

in each half hour.  As illustrated in the top chart in Figure 2, demand changes continuously whereas 
dispatch instructions issued to generators at roughly five minute intervals reflect the underlying trend in 
demand

14
. 

Figure 2: Generator dispatch instructions 
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The lower chart in Figure 2 illustrates (stylistically) how automatic generator responses compensate for 
differences between generation and demand. i.e. in response to changes in system frequency when 
demand and/or generation supply changes. This automatic capability is delivered through a mixture of: 

                                                                 

13
  i.e. in price order. 

14
  DŜƴŜǊŀǘƻǊǎ ƛƳǇƭŜƳŜƴǘ ŘƛǎǇŀǘŎƘ ƛƴǎǘǊǳŎǘƛƻƴǎ ōȅ ǊŀƳǇƛƴƎ ǳǇ ƻǊ Řƻǿƴ ǘƘŜ ǳƴƛǘΩǎ a² ŎƻƴǘǊƻƭ ǎŜǘ Ǉƻƛƴǘ ŀǘ ŀ ǊŀǘŜ 
ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǳƴƛǘΩǎ ŎŀǇŀōƛƭƛǘƛŜǎ όŀǎ ƻŦŦŜǊŜŘύ ƻǊ ŀ ƭŜǎǎŜǊ ǊŀǘŜ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ {ȅǎǘŜƳ hǇŜǊŀǘƻǊ ǘƻ 
match the demand trend. 
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 Mandatory generator technical performance capabilities
15

: In-service generators are required to 
remain connected to the grid over a specified system frequency range and to help restore system 
ŦǊŜǉǳŜƴŎȅ ǿƘŜƴ ƛǘ ŘŜǾƛŀǘŜǎ ŦǊƻƳ ƴƻǊƳŀƭ ƭŜǾŜƭǎΦ ¢ƘŜ ƭŀǘǘŜǊ ŎŀǇŀōƛƭƛǘȅ ƛǎ ǘǊŀŘƛǘƛƻƴŀƭƭȅ ŎŀƭƭŜŘ ΨŦǊŜŜ 
ƎƻǾŜǊƴƻǊ ŀŎǘƛƻƴΩΦ ƛΦŜΦ ǳƴǊŜǎǘǊŀƛƴŜŘ ǊŜǎǇƻƴǎŜ ǘƻ ŦǊŜǉǳŜƴŎȅ ǾŀǊƛŀǘƛƻƴǎ όǿƛǘƘƛƴ ŀ ǇƭŀƴǘΩǎ ŎŀǇŀōƛƭƛǘƛŜǎύΦ 

 Frequency support ancillary services: The System Operator contracts with ancillary services 
providers:  

 For normal circumstancesΥ ΨŦǊŜǉǳŜƴŎȅ ƪŜŜǇƛƴƎΩ services are purchased from eligible 
generators

16
 to supplement the five minute dispatch process in each island. The frequency 

keeping service enables generators to return to their dispatched levels following free 
governor action response, noted previously. Frequency keeping services cost approximately 
$52m per annum in the year to April 2009

1718
. 

 To cover unexpected loss of supply: ΨǳƴŘŜǊ-ŦǊŜǉǳŜƴŎȅΩ ǊŜǎŜǊǾŜǎ ŀǊŜ ǇǳǊŎƘŀǎŜŘ ŦǊƻƳ ŜƭƛƎƛōƭŜ 
providers to avoid having to disconnect consumers should a large generation unit or 
transmission element occur unexpectedly

19
. These ancillary services, called instantaneous 

reserves, are provided by generators and demand-side resources that can respond in an 
appropriate timeframe

20
. Under-frequency reserves cost approximately $73m per annum in 

the year to April 2009
21

. 

Real time security of supply also requires that voltage levels around the grid be maintained within 
acceptable levels, to prevent damage to equipment and/or interruptions to supply. Grid voltage levels 
are affected by the characteristics of grid equipment, such as long transmission lines, the flow of 
electricity around the grid and the quality of connected loads and distribution networks that draw 
electricity from the grid. Whereas at any point in time system frequency is the same throughout each 
island, voltage management tends to be more regionally focussed. Voltage management is achieved 
through a number of means including:  

 Mandatory technical performance requirements: In service generators must be able to remain 
connected to the system over specified grid voltage ranges (to avoid making a problem worse) and 

                                                                 

15
  Requirements set out in Part C of the Electricity Governance Rules. 

16
  Capable of responding up or down by 50MW over a five minute period. 

17
  The Electricity Commission is investigating ways to enable more providers to compete for the supply of 

frequency keeping services as part of the Market Development Programme (see 
http://www.electricitycommission.govt.nz/opdev/mdp). 

18
  See: http://www.electricitycommission.govt.nz/opdev/servprovinfo/marketops 

19
  Typically a few hundred MW of these reserves are required in the North Island, the amount being set to cover 

loss of the largest in service thermal generating unit (up to around 400 MW) or the HVDC system between the 
islands. The amount in the South Island is typically around 100 MW (set by the largest hydro generating units 
in service) but can be higher if the HVDC is transferring electricity into the South Island. 

20
  Instantaneous reserves provided by generators are mostly from units which are in service and operating at 

partial output (called partly loaded spinning reserve or PLSR). Demand-side instantaneous reserves, called 
interruptible load or IL, are provided by distributors, retailers and large consumers. Instantaneous reserves are 
also categorised as fast acting (to arrest the drop in frequency within a few seconds) and sustained (to then 
restore the frequency to normal). 

21
  See: http://www.electricitycommission.govt.nz/opdev/servprovinfo/marketops 

http://www.electricitycommission.govt.nz/opdev/mdp
http://www.electricitycommission.govt.nz/opdev/servprovinfo/marketops
http://www.electricitycommission.govt.nz/opdev/servprovinfo/marketops
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have the capability to support grid voltage levels. The latter capability, called reactive power 
compensation or reactive support

22
, is able to be dispatched by the System Operator to maintain 

grid voltage levels.  

 Grid control equipment: Reactive equipment at key locations around the grid to compensate for 
reactive power flows

23
. 

 Voltage support ancillary services: In some locations, the System Operator purchases reactive/ 
voltage support services. The cost of these services was approximately $9m per annum in the year 
to April 2009

24
. 

The market allocates ancillary services costs to attributed causers. For example, instantaneous reserves 
costs are allocated to the designated risks being covered (generating units and transmission equipment 
above 60 MW). Because of their relative size, thermal generating units thus face a greater share of 
instantaneous reserve costs. Generation investors factor these costs into their decision making along 
with other operating costs.  

A generator that is unable to comply fully with mandatory frequency or voltage support requirements in 
the Rules can seek a dispensation from the System Operator. If a dispensation is granted, the generator 
faces additional system costs incurred as a result of its non compliance (e.g. for additional ancillary 
services to cover its non-performance). Again, investors need to factor potential costs they might 
impose on the system into their decision-making. 

Collectively, these arrangements mean that parties which assist security (for example by providing 
ancillary services) are compensated and parties that cause system costs (ancillary services) face such 
costs. To the extent this occurs, different generation technology investments will compete on even 
terms

25
. 

Short term scheduling 

¢ƘŜ {ȅǎǘŜƳ hǇŜǊŀǘƻǊΩǎ ability to dispatch the system in real time depends on the resources available to 
it. This depends on decisions made by generators in advance of real time dispatch. For example, 
decisions to start-up some thermal generating units need to be made hours in advance of real time. 
Similarly, it takes time for water to flow through hydro river chains. 

                                                                 

22
  Reactive power is electricity that flows into and out of equipment throughout the power system, including 

consumer equipment, when magnetic and electric fields change direction when electricity flows alternate (50 
times a second). Generators with reactive support capability can import or export reactive power to 
compensate for the reactive power flowing in the grid. As well as affecting voltage levels, reactive power 
increases transmission losses. e.g. for a given amount of energy (MW) being transferred through a 
transmission line, reactive power increases the overall amount of current flowing in the line heating up the 
line more.  

23
  For example, Transpower is currently investigating the installation of additional reactive support equipment in 

the Upper North Island to help support voltage during outages. See 
http://www.gridnewzealand.co.nz/n2500.html for more information. 

24
  See: http://www.electricitycommission.govt.nz/opdev/servprovinfo/marketops 

25
  Electricity Commission work plans include a review on how certain ancillary service costs are allocated, 

including in relation to dispensations. This, and the need to review certain asset owner technical performance 
requirements, arose from the Wind Generation Investigation Project (WGIP) the Commission conducted with 
ǘƘŜ {ȅǎǘŜƳ hǇŜǊŀǘƻǊΦ ¢ƘŜ /ƻƳƳƛǎǎƛƻƴΩǎ ƻǾŜǊŀƭƭ ŦǊŀƳŜǿƻǊƪ ƛǎ ǘƻ ƴŜƛǘƘŜǊ ǇŜƴŀƭƛǎŜ ƻǊ ŦŀǾƻǳǊ ŘƛŦŦŜǊŜƴǘ 
technologies in relation to the costs they may impose on the system (Electricity Commission, 2005-08).  

http://www.gridnewzealand.co.nz/n2500.html
http://www.electricitycommission.govt.nz/opdev/servprovinfo/marketops
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Electricity market arrangements are intended to assist generators to schedule their resources in 
anticipation of market requirements. For example: 

 By 1pm each day, generators submit their offers for each half hour of the following day. 

 From generator offers and expected demand
26

 the System Operator develops a pre-dispatch 
schedule (market forecast) of expected market prices and the amounts of electricity each 
generator is expected to produce in each half hour of the scheduling period

27
. 

 This process repeats every 2 hours with generators able to re-offer until within 2 hours of 
dispatch

28
. 

Electricity demand varies considerably during a day as illustrated in Figure 3 below. It shows the pattern 
of national demand over 5 consecutive days in June 2008.  

Figure 3: Daily system demand patterns
29
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The chart highlights that:  

 There is a regular daily demand pattern with morning and evening peaks and lower levels 
overnight.  

 Demand is lower on weekends (although in the example shown the Sunday evening peak is high). 

 Weekday patterns are similar but day to day variations (due primarily to weather/temperature 
effects) can be significant. For example, Figure 4 shows how, for the Tuesday through Thursday in 
the previous figure, demand compares to demand at the same time the day before. 

                                                                 

26
  Purchasers in the wholesale market submit bids indicating the amounts of electricity they intend to take at 

specified prices. For the last 8 half hours before dispatch, the System Operator uses a demand forecast. 

27
  Before 1pm, up to midnight of the same day. After 1pm, up to midnight of the following day. 

28
  Offered quantities can be revised within 2 hours of dispatch for bona fide physical reasons (such as 

unexpected plant failure) or if the System Operator declares a grid emergency (in which case offered 
quantities can be increased). 

29
  Concept modelling based on Electricity Commission Centralised Data Set information. 
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Figure 4: Day to day variations in demand
30
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This provides an illustration of the benefit of being able to predict demand patterns (compare the 300 
MW variations shown to 250 MW generating units at Huntly). From a generation scheduling 
perspective, the decisions of other generators and the availability of uncontrolled energy (such as must-
run hydro

31
 or wind energy) also come into play. From a security of supply perspective, there must be 

sufficient generation flexibility or demand side response in the system to respond to these uncertainties.  

The actual amount of controllable generation that is available in real time depends on decisions made 
prior to dispatch, as noted previously, such as starting thermal generating units or releasing water from 
hydro storage at the right time. If it is anticipated that sufficient resources will not be available in real 
time, the System Operator will declare a grid emergency and may need to limit demand to maintain 
security of supply. The converse can also occur ς if there is too much supply on the system, energy can 
ōŜ ΨǎǇƛƭƭŜŘΩ όŦƻǊ ŜȄŀƳǇƭŜ ƘȅŘǊƻ ƻǊ ǿƛƴŘύΦ CƭŜȄƛōƛƭƛǘȅ ŀƴŘ ǇǊŜŘƛŎǘŀōƛƭƛǘȅ ŀǊŜ therefore important factors in 
the scheduling timeframe leading up to dispatch. 

On a day to day basis, the wholesale electricity 
market rewards generation that is controllable and 
has short term flexibility. Because the System 
Operator is able to dispatch it upwards or 
downwards, it will tend to generate more when 
the spot price is high and less when it is low. In 
contrast, generation that is uncontrolled or 
inflexible operates independent of the spot price. 
Its average revenue per kWh will therefore tend to 
be less than for controlled generation. Of course, 
its net revenue per kWh will depend on its variable 
operating cost, which for renewable generation is 
near zero. i.e. because the energy source is effectively free whereas thermal plants incur fuel costs 
whenever they generate. 

hǾŜǊ ǘƛƳŜΣ ƛŦ ǘƘŜ ǎȅǎǘŜƳΩǎ ǎƘƻrt term flexibility requirements increase then the rewards for generation 
with short term flexibility will increase (encouraging more flexibility to be extracted from existing 
resources or new flexible resources to be developed). This includes demand-side resources. Investment 
decisions should take such factors into account, within the wider policy environment.  

                                                                 

30
  Concept modelling based on Electricity Commission Centralised Data Set information. 

31
  Inflows that cannot be stored.  

 άAs long as price signals are allowed to operate 
freely, the market should be able [to] provide 
sufficient capacity to maintain a very low 
probability of interruptions. This is because, despite 
lower load factors and lower average wholesale 
electricity prices, conventional capacity that is able 
to generate flexibly will benefit from 
substantially higher prices in hours when it does 
ƎŜƴŜǊŀǘŜΦέ Φς  Department of Energy and Climate 
Change UK (2008). 
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Seasonal coordination 

From a seasonal perspective, the NZ electricity supply system has some important features. In 
particular: 

 On average hydro generation supplies almost 60% of annual electricity requirements (but the 
actual contribution varies considerably over different timeframes). 

 Hydro storage capacity provides valuable seasonal energy supply flexibility, helping to smooth out 
inflow variability and enabling some inflows to be held over for the winter months when demand is 
highest. 

 However, hydro storage capacity is limited (equivalent when full to around five weeks of winter 
electricity demand) and the electricity system is therefore vulnerable to dry year energy 
constraints. 

The management of hydro storage is therefore important from an energy security perspective. In 
practice, judgements about whether to hold water in storage for later use or to release it now involve 
balancing the risks of having to spill (waste water) in future and running out in future. These judgements 
take into account factors such as uncertain and variable inflows and the capability and cost of providing 
back-up supply. In this regard, thermal power stations fill an important role, backing up hydro when 
inflows and storage are low and backing off when inflows and storage are high.  

Increasing amounts of renewable energy supply from a variety of sources could help to diversify energy 
security risks or, if poorly correlated with energy demands, place increasing requirements on the system 
for seasonal energy flexibility. In relation to the existing system, Figure 5 presents the historical energy 
supply margins from 1971-2005, which give some idea as system back up requirements to cope with 
variable hydro inflows: 

Figure 5 Estimated historical energy supply margins
32

 

 

                                                                 

32
  Electricity Commission (2007c). 
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¢ƘŜ ŦƛƎǳǊŜ ŀōƻǾŜ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ǎȅǎǘŜƳΩǎ ƘƛǎǘƻǊƛŎŀƭ ŜƴŜǊƎȅ ƳŀǊƎƛƴǎ ŀǎ ŀ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŘŜƳŀƴŘΦ  ¢ƘŜ 
average year energy margin assumes mean inflows to hydro power stations, while the dry year energy 
margin assumes the worst annual inflows on record. As the energy margin decreases, the risk to the 
system of not being able to meet demand increases. Additional investment in energy supply will 
increase supply margins and therefore the systemΩǎ ability to respond to seasonal energy supply risks .  
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Chapter 4. Electricity systems in New Zealand and elsewhere  

Our brief is to review existing material regarding the implications of renewable energy developments for 
security of supply in New Zealand. Before doing so, it is helpful to consider the key features of the New 
Zealand electricity system and how it compares to other jurisdictions around the world. This may 
provide some general insights into the implications for New Zealand of increasing renewable energy 
developments, even if from the perspective that experience elsewhere may not be easily applied here. 

4.1 Nature of New Zealand electricity supply system 

The New Zealand generation mix is shown in Figure 6, including facilities that are under construction. 
The left chart shows the estimated generating capacity from each source and the right chart estimates 
the average contribution to annual supply requirements from each source

33
.  

Figure 6: New Zealand generation mix
34
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On average, hydro supply makes the largest contribution, at 58% of current annual requirements, 
followed by thermal supply. Average contributions from geothermal and wind, once plants under 
construction are completed, are around 12% and 4% respectively.  

Actual energy supply contributions from each source depend on the availability of primary energy 
(hydro inflows, wind etc) and demand. Hydro inflow variability has the biggest influence. Figure 7 
illustrates quarterly hydro energy supply variability over the period 1998 to 2008. It also shows how on 
average (the blue line) inflows follow a seasonal pattern ς being highest in the spring and summer 
months due to South Island snow melt and westerly rainfall patterns. In contrast, seasonal energy 
demand is highest over the winter months when average inflows are lowest. 

                                                                 

33
  MW capacity is the maximum amount of electricity that can be generated at any point in time. Energy supply 

indicates the amount of electricity produced over time. The ratio of actual energy generated at a facility over a 
year relative to generating continuously at its maximum capacity (assuming that is ǇǊŀŎǘƛŎŀƭύ ƛǎ ǘƘŜ ŦŀŎƛƭƛǘȅΩǎ 
ΨǇƭŀƴǘ ŦŀŎǘƻǊΩ ƻǊ Ψload factorΩ. 

34
  Concept estimates. Includes plant currently under construction. 
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Figure 7: Quarterly NZ hydro inflows (1998 to 2008)
35

 

 

This illustration highlights the vital role of hydro storage lakes in compensating for inflow variability, 
better matching hydro supply to demand. Hydro storage capacity is approximately 4,400 GWh

36
, 

equivalent to around five weeks of winter electricity demand. However, a significant proportion of 
inflows do not pass through the main storage lakes. As a result, with the benefits of storage, hydro 
supply in any year can vary up or down by over 3,000 GWh. Thermal supply, to the extent it is flexible, 
ŜŦŦŜŎǘƛǾŜƭȅ ōƻƻǎǘǎ ǘƘŜ ǎȅǎǘŜƳΩǎ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ŎŀǇŀōƛƭƛǘȅΣ ǇǊƻǾƛŘƛƴƎ ŦƭŜȄƛōƛƭƛǘȅ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ƘȅŘǊƻ 
supply variability and support hydro storage management. Figure 8 ǇǊŜǎŜƴǘǎ bŜǿ ½ŜŀƭŀƴŘΩǎ ƘȅŘǊƻ 
inflows relative to demand.  

Figure 8 NZ hydro inflows and demand 

 

                                                                 

35
  Derived from Electricity Commission Central Dataset. 

36
  [ŀƪŜǎ ¢ŜƪŀǇƻ ŀƴŘ tǳƪŀƪƛΣ ǿƛǘƘƛƴ ǘƘŜ ²ŀƛǘŀƪƛ ƘȅŘǊƻ ǎȅǎǘŜƳΣ ŀŎŎƻǳƴǘ ŦƻǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ сл҈ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ 

controllable hydro storage. Lakes Taupo and Waikaremoana in the North Island, and Hawea and Te 
Anau/Manapouri, in the South Island, account for the majority of the remainder. 
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As can be seen above, hydro inflows are not well correlated with demand, with inflows lowest during 
winter when demand is highest.   

Looking forward, from a seasonal energy security perspective, increasing renewable energy supply 
development can be expected to influence these dynamics. On the one hand, increased energy supply 
diversity from alternative sources has the potential to assist energy security. On the other hand, 
increasing levels of uncontrolled supply could require increased system flexibility if not well matched to 
seasonal energy demands.  

From a shorter term perspective, within the scheduling and near real time dispatch timeframes, the 
New Zealand supply system has significant flexibility given its large hydro supply base. As noted 
previously, the system is energy constrained. While unable to operate continuously for sustained 
periods at full capacity, unless inflows are high, many hydro schemes have some intermediate storage 
providing flexibility to increase/reduce generation during the day in response to market requirements. 
Thermal power stations also provide short term flexibility when in service but unlike many hydro 
generating units, some thermal stations take significant time to start up, increasing with the length of 
time they have been shut down. Some thermal stations have the ability to start up quickly (minutes 
rather than hours). It is estimated that approximately 460 MW (17%) of thermal capacity, including plant 
under construction, has fast start capability, all developed within the last few years. 

Looking forward, if renewable supply is added to the system faster than demand grows this will displace 
thermal generation i.e. once built, the cost of 
producing each unit of electricity from renewable 
generation is low whereas thermal power 
stations incur fuel costs whenever they generate. 
To the extent such renewable supply is variable 
and uncontrolled (without storage) this will place 
greater demands on short term system flexibility, 
particularly if the supply is also unpredictable. 
Having a large hydro base is an advantage in this 
regard but increasing levels of uncontrolled 
generation will push the New Zealand system 
towards being capacity constrained, making it 
more like many overseas systems. For example, with greater reliance on fast start peaking thermal 
plants. Such plants can also perform the traditional thermal role of compensating for seasonal hydro 
supply variations

37
.  

4.2 New Zealand compared with other jurisdictions 

¢ƘŜ ƪŜȅ ŦŜŀǘǳǊŜǎ ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ŀǊŜΥ   

 Small market spread over two islands: Electricity demand is around 40,000 GWh per annum, 
which is relatively small in global terms. At the same time, the transmission grid is relatively 
long and includes an HVDC link between the North and South islands, which from a frequency 
perspective are largely managed independently. 

 Generation mix: The supply system has a large hydro supply base, a significant share of thermal 
supply and smaller but increasing proportions of geothermal and wind energy.  

                                                                 

37
  For example, Contact Energy is currently constructing a 200 MW open cycle gas turbine facility at Stratford 

which will be able to contribute to short term system requirements as well as hydro firming in a dry year. 

 άIt is therefore possible that uncertainty over 
returns on investment, because of the difficulty of 
knowing how often plant will get the opportunity 
to run and the technical challenge of running 
plants more flexibly than they were designed for 
will discourage or delay investment in new 
conventional capacity ς or speed up the closure of 
existing capacity ς and hence increase the risk of 
capacity shortfalls.έ ς  Department of Energy and 
Climate Change UK (2008) 
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 Storage capacity: New Zealand has relatively little hydro storage and a significant proportion of 
inflows do not pass through the main storage lakes. 

 Interconnection: New Zealand is an island system and unable to export surplus, or import 
supplementary power. 

With reference to the key characteristics of New ZealanŘΩǎ ǎȅǎǘŜƳ, Table 5 summarises other 
jurisdictions around the world. 
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Table 5 Comparison of international electricity markets 

Market Size Generation mix Hydro storage Interconnection 

NEM (Eastern 
Australia) 

199 TWh (year 
end June 2008) 

Very much coal-based. 

By energy in 2008, coal (85.5%), natural gas 
(6.5%), hydro (7.9%), wind (0.1%) and other 
(0.1%). 

South Australia has the most wind.  As at 
beginning 2009, it has 741 MW of wind 
connected (most within 200km north or west of 
Adelaide) and a maximum demand of 3,074 
MW with interconnection with Victoria limited 
to around 600MW. 

Relatively little hydro 
generation although there is 
a significant pumped 
storage facility of 1,500 MW 
in NSW, as well as three 
smaller plants.  

Interconnections exists between states 

Queensland connected to NSW through QNI 
(NSW-QLD 300 MW; QLD-NSW 1080 MW) 
and Directlink/Terranora (NSW-QLD 80 MW; 
QLD-NSW 108 MW). NSW connected to 
Victoria (NSW-VIC 330 MW; VIC-NSW 624 
MW). Victoria connected to Tasmania 
through Basslink (TAS-VIC 600 MW; VIC-TAS 
480 MW). Victoria is also connected to South 
Australia via Murraylink (VIC-SA 220 MW; SA-
VIC 150 MW) and a further one-way link from 
VIC-SA (460 MW). 

Ireland (Republic 
& Northern) 

27 TWh in 2006 Predominantly gas and coal.  Gas 51%, coal 
29%, oil 10%, wind 6%. 

In 2008 there was 6200MW of generating plant 
excluding wind, which was 915MW. 

Very limited generation 
from hydro, although there 
is 292 MW of pumped hydro 
capacity. 

Interconnection from NI to Scotland 450MW 
HVDC, but only 100MW interconnection from 
ROI (which is electrically larger) to NI. 

Spain 297 TWh in 2007 

Peak demand of 
45,450MW in 
Dec 2007 

In energy terms, the biggest contributors are 
coal (25%), CCGT (24%) and nuclear (19%), 
hydro (10%) and wind (9%). 

Around 28% of installed 
capacity is hydro storage 
and pumped hydro, 
including over 3,000 MW 
capacity of pumped hydro. 

Low level of interconnection (around 13% as 
of 2005).  Spain and Portugal have an 
interlinking capacity of 1600MW. Spain is 
weakly connected to France (1800MW) and 
North Africa, although there are plans to 
upgrade the interconnection with France. 

Germany 613 TWh in 
2005. 

Peak load in 
2005 was 76,700 
MW 

German generation by energy in 2005 was led 
by coal at 49.8% or 305.4TWh.  Then nuclear 
27%, gas 11%, solar and wind 4.6%, hydro 3.2%, 
biomass 2.7%, oil 1.7%, geothermal 0.0%. 

Storage and pump storage 
hydro add up to around 10% 
of the installed capacity. 

Heavily interlinked. 

Available transfer capacity from all GŜǊƳŀƴȅΩǎ 
neighbours totals 16,960 MW import and 
14,950 MW export. 
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Market Size Generation mix Hydro storage Interconnection 

Denmark (part of 
Nordpool) 

Generation 46 
TWh in 2006 but 
only 39 TWh 
used (rest is net 
exports) 

In 2006 by energy produced: coal 54%, gas 
21%, wind 13%, other (biomass, waste, oil) 
12%.  A lot of energy is exported.  Also there is 
a lot of cogeneration producing process heat.  
There is a greater proportion of wind in West 
Denmark (not synchronized with East Denmark) 

In 2006 there was about 3,100MW of wind 
installed (mostly smaller turbines). 

Able to benefit from being in 
Nordpool market, with 
fellow member Norway 
producing 98% of its 
electricity from stored or 
pumped hydro and helping 
provide balancing and 
reserves for the wider 
Nordpool market.  

Very strong interconnections with the Nordic 
system and Germany. 

West Denmark and East Denmark are 
interlinked. 

In 2005 West Denmark had an 
interconnection capacity equal to nearly 70% 
of total peak generation. 

Alberta, Canada 69 TWh in 2006 Dominated by coal and gas.  The energy mix in 
2008 was coal 49%, gas 38%, hydro 7%, wind 
4.1%, biomass 1.5%. 

Installed wind was 497 MW in February 2008. 

Limited hydro generation in 
terms of stored and pumped 
hydro, with the largest 
plants being run-of-river or 
part of irrigation schemes. 

Two interties built to import or export about 
1,150 MW. 

California, USA 302 TWh in 2007 
incl. imports 
(210 TWh in-
state) 

Peak demand in 
2006 of 63,000 
MW 

In 2007 by energy (including imports): natural 
gas (45.2%), coal (16.6%), nuclear (14.8%), large 
hydro (11.7%), geothermal (4.5%), wind (2.3%) 
and other renewable, including biomass, small 
hydro, solar (5.1%). 

Significant pumped storage 
facilities, with more being 
developed.  

Highly connected with other states / systems. 

Imports to meet energy needs in 2007: 

From US Southwest 22.4% 

From Pacific Northwest 8.2% 
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Based on the above information, Figure 9 presents the percentage of hydro and wind versus other 
generation for the various jurisdictions canvassed: 

Figure 9 Percentage of hydro and wind generation for various jurisdictions 

 

Compared to other jurisdictions around the world, notable aspects of the New Zealand system include: 

 ¢ƘŜǊƳŀƭ ƎŜƴŜǊŀǘƛƻƴ ŘƻƳƛƴŀǘŜǎ ƻǘƘŜǊ ƧǳǊƛǎŘƛŎǘƛƻƴǎΩ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄŜǎΣ ǊŀƴƎƛƴƎ ŦǊƻƳ рл҈ ǘƻ ƻǾŜǊ 
90%, compared to approximately one third in New Zealand. 

 ²ƛƴŘ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ƳƻǊŜ ŎƻƳƳƻƴ ƛƴ Ƴŀƴȅ ƻǘƘŜǊ ƧǳǊƛǎŘƛŎǘƛƻƴǎΣ ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǘƛƻƴ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ 
NEM (0.1%) and California (2.3%).  

 Hydro generation is relatively less common overseas than in New Zealand, ranging from 0-12% 
of the generation mix.  

 Hydro generation overseas is often stored or pumped. 

 Overseas markets are often interconnected with other markets. Denmark highlights the benefit 
of such an arrangement ς ǘƘŜ ƻǳǘǇǳǘ ŦǊƻƳ ƛǘǎ ƭŀǊƎŜ ǿƛƴŘ ǇƻǊǘŦƻƭƛƻΩǎ όмо҈ ƻŦ ƎŜƴŜǊŀǘƛƻƴ ƳƛȄύ ƛǎ 
able to be suǇǇƻǊǘŜŘ ōȅ ƛǘǎ ƴŜƛƎƘōƻǳǊǎΩ ƘȅŘǊƻ ǊŜǎƻǳǊŎŜǎ όŦƻǊ ŜȄŀƳǇƭŜΣ bƻǊǿŀȅύΦ 

Each jurisdiction is able to use particular strengths to support its particular generation mix.
38

 A particular 
short term strength of the New Zealand system is the relatively large and flexible hydro generation base. 
In thermal dominated jurisdictions, for example, short term flexibility tends to be provided by fast start 
thermal plants

39
, which involve lower capital cost but are less efficient, or by warming up conventional 

                                                                 

38
 In many jurisdictions, renewable energy is subsidised to some extent. For example, feed-in tariffs are often used, 

where renewable electricity is guaranteed an above-market rate determined by the Government. Feed-in-tariffs 
have been adopted in Germany, Spain and California, among other places. Subsidies to that extent have not been 
adopted in New Zealand, although research grants (for marine schemes for example) and carbon credits (through 
the Projects to Reduce Emissions scheme) have been allocated.  

39
  Open cycle gas turbines operating on gas or distillate. 
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thermal plants so they can be brought on line if need be. From short term and seasonal perspectives, 
thermal supply flexibility is also important for New Zealand. 

Note that flexibility can take many forms, 
either at the system level or the individual 
generation unit level. Other forms of 
flexibility relevant to New Zealand include 
the Huntly coal stockpile, the development 
ƻŦ bŜǿ ½ŜŀƭŀƴŘΩǎ ŦƛǊǎǘ Ǝŀǎ ǎǘƻǊŀƎŜ ŦŀŎƛƭƛǘȅ ƛƴ 
Ahuroa and demand response. Future 
possibilities are discussed further in Chapter 
7. 

 ά5ŜǎǇƛǘŜ ǘƘŜ ōŜǎǘ ǇǊŜ-scheduling efforts, the System Operator 
could get caught with insufficient marginal plant, or with too 
much wind generation, and therefore need to turn the 
marginal generator off, or turn wind output down in order to 
keep the marginal generator running. Here is a potential role 
for hydro under extreme conditions as it fits the role of highly 
ŦƭŜȄƛōƭŜ ƳŀǊƎƛƴŀƭ ƎŜƴŜǊŀǘƻǊ ŀƭƳƻǎǘ ǇŜǊŦŜŎǘƭȅΦέ ς Energy Link 
and MWH NZ report to EECA and MED, (2005). 
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Chapter 5. Renewable technologies 

5.1 Introduction 

This section discusses renewable supply technologies currently in use in New Zealand, as well as those 
with the potential to be deployed over the medium term. Accepting that individual projects may have 
different designs and performance, the general implications of these technologies for security of supply 
are discussed, in particular their output controllability and predictability over various timeframes.  

5.2 Controllability 

As noted previously, real time security depends on generation being dispatched so that overall supply 
matches the underlying trend in demand. To the extent generation is controlled, it can contribute to this 
dispatch process. To the extent it is uncontrolled and variable, from a system dispatch perspective it is 
ƭƛƪŜ ǎƘƻǊǘ ǘŜǊƳ ΨƴŜƎŀǘƛǾŜ ŘŜƳŀƴŘΩ ǾŀǊƛŀōƛƭƛǘȅΦ ƛΦŜΦ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ŘƛǎǇŀǘŎƘ ǇǊƻŎŜǎǎΣ ƛƴŎƭǳŘƛƴƎ ŦǊŜǉǳŜƴŎȅ 
keeping, has to compensate for the combined effect of real time uncontrolled generation variations, as 
well as real time variations in demand. 

For the purpose of this report, renewable electricity generation can be characterised as controlled or 
uncontrolled depending on the characteristics of the generation technology and the specifics of the 
project: 

 Controlled technologies are those that can be relied upon to increase or reduce electricity supply 
on demand, notwithstanding technical failure. For example, hydro with storage, and pumped 
storage, are adjustable sources of supply in the short term. 

 Uncontrolled technologies are those where generation varies directly with the primary energy 
supply (wind, waves, tides, sun etc) without inbuilt storage or, for economic reasons, operate 
relatively independently of the wholesale electricity market (geothermal) providing a reasonably 
constant supply of electricity. Depending on the particular design and configuration, it is possible, 
for a project to be controllable (e.g. solar with batteries).  Biomass and geothermal could in 
principle be partially controllable. 

The extent of controllability differs across technologies and timeframes. For example: 

 A wind farm cannot store energy at all and electricity must be used when the wind blows. 
However, in real time modern wind farms have some ability to regulate their output with 
frequency and to control ramping rates. 

 Run-of-river hydro schemes typically have some storage capability, even if only an hour or two, and 
their output can be controlled to an extent in the very short term. However, over longer 
timeframes their energy supply is uncontrolled.  

To the extent a technology is controllable over a particular timeframe, it will increase system flexibility. 
To the extent it is uncontrolled and variable, it will draw on system flexibility (unless its variability 
coincides with system requirements). 

5.3 Predictability 

If the output of uncontrolled generation can be predicted then it is easier for the system to 
accommodate its variability, reducing demands on flexibility elsewhere. For example, if tidal generation 
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is able to be forecast reasonably accurately, other controllable forms of generation could be ramped up 
or down to take the tidal generation into account. i.e. in much the same way as the market responds to 
demand that varies throughout the day in a relatively predictable way, as highlighted previously in 
Figure 4.  

5.4 Correlation with electricity demand 

A further important consideration is the extent to which supply from a particular technology or project 
is correlated with the demand for electricity. Demand varies significantly over various timeframes but 
follows a relatively predictable pattern over a day and seasonally. Natural correlations aside, generation 
flexibility is a key means of enabling supply to match demand. Note that this flexibility can be at the 
local level, such as a solar PV unit with its own battery, and/or from the system level, such as the use of 
stored hydro or demand side response.  

5.5 Characteristics relating to voltage and frequency 

Technical capabilities to support system frequency and voltage management are difficult issues to 
address in this paper given the emergent nature of some renewable technologies. However, experience 
suggests that as emerging technologies develop, technical advances will allow them to emulate the 
performance of traditional generation technologies. For example, modern wind turbines have the 
capability to stay connected over a range of system frequency and voltage, to regulate their electrical 
output in response to system frequency and to provide reactive power compensation. This is the result 
of significant technological advancements since early wind generator designs, driven in part by 
international grid code requirements. (See Electricity Commission, 2007b; Tsili et al, 2008). 

An issue for an uncontrolled energy source with no storage (such as wind) supporting system frequency 
is that it involves wasting some primary energy e.g. for a wind turbine to increase its output to help 
increase system frequency, it needs to be operating at less than the prevailing wind energy offers so 
that it can ramp upwards. Likewise if a wind turbine has to reduce output to help lower system 
frequency it will waste some primary energy.  In providing these capabilities, traditional hydro and 
thermal generation technologies have the inherent advantage of energy storage, assisting 
controllability. In providing frequency support traditional technologies incur efficiency penalties or 
opportunity costs if they would otherwise have generated energy. However, that is factored into their 
energy and frequency reserves offers and respective market prices

40
. It is to be expected that similar 

trends will occur as emergent renewable technologies are commercialised and grow in scale.  

Note that separate reactive control equipment can be installed with any generation project, although at 
some additional cost. In fact, with such equipment even if the generator is not operating, reactive 
support can be provided. 

5.6 Current and foreseeable renewable supply technologies in New Zealand 

Table 6 presents a number of renewable technologies that are either already in use in New Zealand or 
have the potential as prospective technologies in the future. It also considers their inherent 
characteristics relating to security of supply over the three timeframes discussed previously. A rating of 
between 1 and 5 is provided according to these characteristics and timeframes, with 1 implying the 
technology fully meets the attribute over that horizon and 5 meaning the opposite. On the sliding scale, 
ratings of 2-4 imply that some (decreasing) level of the attribute is met. Note that technology-specific 

                                                                 

40
  The market enables generators to offer instantaneous reserves and energy and it decides the least cost 

combination of the two for dispatch purposes so the generator is indifferent commercially. 
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ǎǘƻǊŀƎŜ ƛǎ ƴƻǘ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘ ǳƴƭŜǎǎ ǎǇŜŎƛŦƛŎŀƭƭȅ ǎǘŀǘŜŘΦ ¦ƴŎŜǊǘŀƛƴ ǊŀǘƛƴƎǎ ŀǊŜ ƳŀǊƪŜǘ ǿƛǘƘ ΨΚΩΦ 
Necessarily, in some instances these ratings are somewhat subjective in the absence of definitive 
studies. 
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Table 6 Renewable technologies  

 Controllability Predictability Demand correlation 

 seasonal schedule real time seasonal schedule real time seasonal
41

 schedule real time 

Wind: energy is harnessed by a wind 
turbine to generate electricity (on- or off-
shore).  

5 5 3 3-4 4 2 ? 5 5 

Solar PV: ŎƻƴǾŜǊǘǎ ǎǳƴΩǎ ŜƴŜǊƎȅ ƛƴǘƻ 
electricity. Still relatively expensive on a 
$/MWh basis and not been deployed in 
New Zealand to any great degree. 
Batteries can enhance flexibility (storage) 
at additional cost. 

5 5 3 3-4 4 2 5 3 5 

Hydro with storage/ pumped storage: 
Around 60% of hydro inflows pass 
through the seasonal storage lakes 
(although some must be released to 
maintain minimum flows). There are 
currently no pumped hydro schemes in 
New Zealand. 

2 1 1 2 1 1 1-2 

 

1 1 

Run of river: roughly half of average 
hydro inflows are Ψrun of riverΩ ǿƛǘƘ ƻƴƭȅ 
short term storage

42
.  

5 3 1 4 2 1 1-5 2 1 

                                                                 

41
  Hydro generŀǘƛƻƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴ ǿƛǘƘ ŘŜƳŀƴŘ ǾŀǊƛŜǎ ƎǊŜŀǘƭȅ ƻǾŜǊ ǘƘŜ ǎŜŀǎƻƴǎ ŘǳŜ ǘƻ ǘƘŜ ǎƛǘŜ-specific nature of the generation. For example, North Island run-of-river generation tends 

to be relatively well correlated with demand over this timeframe, while South Island run-of-river generation, especially on the east coast, is relatively poorly correlated with demand.   

42
  Inflows that enter hydro schemes downstream of the main storage lakes (e.g. approximately 35% of inflows to the Waikato hydro scheme enter downstream of Lake Taupo) and 

flows that must be released from storage lakes to maintain minimum flows under consents. 
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 Controllability Predictability Demand correlation 

 seasonal schedule real time seasonal schedule real time seasonal
41

 schedule real time 

Geothermal: electricity generated from 
the extraction of heat stored in the earth. 
Currently produces around 8% of New 
½ŜŀƭŀƴŘΩǎ ŀƴƴǳŀƭ ŜƴŜǊƎȅ ƴŜŜŘǎΦ 

4 4 5 1 1 1 3 3 5 

Wave: energy extracted from open ocean 
swells or breaking waves to generate 
electricity. Prospective development in 
New Zealand.

43
 

5 5 3 4 4 2 ? 5 5 

Tidal: energy extracted from the tidal rise 
and fall or tidal stream and ocean 
currents to generate electricity. 
Prospective development in New 
Zealand

43
. 

5 5 3 1 1 2 3 3 5 

Biomass: energy from wood processing 
waste or other organic material, and 
landfill gas and biogas schemes. 
Developed in New Zealand on a relatively 
small scale. 

1 2 1 2 1 1 4  3 5 

 

                                                                 

43
  See Power Projects Limited (2008) for a list of wave and tidal projects that have been deployed, to some extent, in New Zealand. 
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Figure 10 summarises the above table with respect to each generation technology. 

Figure 10 Summary of renewables' characteristics 

Real time 

Scheduling 

Seasonal 

 

In the remainder of this paper we focus particularly on those renewable technologies that are 
uncontrollable and/ or unpredictable, due to their implications for security of supply.  

As noted previously, while our brief is to review existing material on the implications of renewable 
energy for security of supply in the New Zealand context, most available material relates to wind energy. 
However, the implications of wind for the system can be at least partially applied to those technologies 
with similar characteristics. 

Given the traditional roles they have filled, it is also worth noting the characteristics of thermal 
generation technologies. Broadly speaking thermal technologies can be categorised as open cycle gas 
turbines (OCGT), combined cycle gas turbines (CCGT) or steam/ boiler plants

44
. From a technical 

                                                                 

44
  There are a range of variants, such as cogeneration schemes and reciprocating engines, but for the purpose for 

this paper the main interest relates to response rates of the primary thermal plants. 
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perspective, OCGTs are very flexible, being able to start up and shut down quickly (a few minutes) and 
reach full output quickly (5 to 15 minutes). CCGTs can be configured to provide some fast start 
capability

45
 but otherwise have slower start up times (one to a few hours) depending on how long the 

plant has been out of service. Depending on their size, steam plants can take up to a day to start up 
(from cold) down to around two hours when hot

46
. Once in service and fully warmed up, subject to fuel 

supply flexibility, the output of steam and CCGT plants can be ramped up and down at a few percent of 
their capacity per minute. As output reduces, so does plant efficiency

47
. Whether the thermal 

ǘŜŎƘƴƻƭƻƎȅ ƛǎ ŀƭǊŜŀŘȅ ΨǿŀǊƳΩ ƻǊ ƛǎ ǎǘŀǊǘƛƴƎ ŦǊƻƳ ŎƻƭŘ ƛǎ ǘƘŜǊŜŦƻǊŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ŦŀŎǘƻǊ ƛƴŦƭǳŜƴŎing 
controllability at the real time and scheduling levels. Figure 11 summarises thermal technologies along 
the same lines as in Figure 10 for renewables. 

Figure 11Υ {ǳƳƳŀǊȅ ƻŦ ǘƘŜǊƳŀƭǎΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ 
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45
  Depending on their design, CCGTs can provide some fast start capability. i.e. they can be designed to enable 

the gas turbine to operate independently (e.g. exhausting the turbine to atmosphere/ bypassing the steam 
generating unit  and steam turbine). 

46
  If shut down overnight for example.  

47
  The nominal efficiency of modern OCGTs, CCGTs and steam plants is of the order or 40%, 52% and 36-38% 

respectively. 


