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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 exgsthaterial, rather than undertake specific
analysis, and to present relevant findings in a #echnical manner suitable for wide readership.

Security of supply

Security ofelectricitysupplyis most simply expressed as the ability of the electricityesggo 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 metial 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 decisidesyeers,
months and days beforehand. Over the longer term, external factors could also have a beéoing
example, reliance on imported gas would create exposure to international gas and oil prices.

We have considered security of supply in the abovetexrwithin three timeframes; 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 generatitncapable bsupplying 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 appealsagye, 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
LI NI Ay YSSGAy3a bSs %SIflyRQa ¥Fdzi dibBicluGes Bydrd, NA OA & F
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 mergy)2 and solar photovoltaic (PV) generation technologies being
deployed overseas are likely to become more viabtowever, existing material on these resources in
the New Zealand context is very limited and this is reflected in discussion in this.repo

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

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

throughfeedA y G NAFFa 2F (KS 2 NBoSidids dSFered thetdevelopmEhiNgf the2wiodd { A YA £ | N
industry in Denmark over the last 25 years or so. A variety of marine (wave and tidal) sdrena¢so being

developed For example, a 250 MW tidal schewill be completed this year in Korea.

Chapter 1Executive Summary 4
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Renewable characteristics

Technologies relying on wind, marine and solar energy are generally uncontrolled and Vaiahle
different timeframes and integrating them into the power system therefore relies on flexibility within
the power system. In th 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 oglienergy 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 perspéc, 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 managecdditional 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 arer gomila
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. Howevef,uncontrolled renewable supply is variabdad 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 bagk requirements within the syem 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 renewald 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 summarisechigurel.5

Generating electricity independent of electricity demand. For example, wind farms generate electricity when
the wind is blowing (and are thereforencontrolledand variable. Note that in contrast, geothermal powe
stations tend to operate at fixed generation levels and are thereforeontrolledbut not variable

It is worthwhile noting that all generation technologies make some contribution to security of supply simply by
meeting at least some level of demand.

Chapter 1Executive Summary 5
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Figurel: Renewable supply technology characteristics
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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 andfrast 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 focusednanenergy,
indicates uncontrolled and particularly variable renewable energy will change underlying security risks
and therefore costs. However, if the market appropriately values flexibility (supply and desideid

and any additional system costs dteerenewable (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@oexample, ancillary service costs were around
$135m in theyear to April 2009. To the extent that increasing the share of renewables leads to

Chapter 1Executive Summary 6
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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 slens would account for such cots
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, availabity 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 grniise (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 whichdWw 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 inherentlydgsehort term flexibility to
compensate for short term supply variability and unpredictability.

Tablel-o LINBPARS | adzYYlF NEB 27 (K Srai wikh NeFperiito ifichesSiRdl vy 3 &
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:

Tablel Near real time challenges and theinanagement/mitigation

Challenges from increasing renewables Mitigation and management of challenges

Overall system variability may increase (i Changes to the dispatch process, additio
demand plus uncontrolled supply variability). frequency keepingand instantaneous reserve
may be required.

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

If uncontrolled and variable supply is n
frequency responsive and displaces conventio
generation, frequency keeping requiremen
would increase. It may be impracticld procure
more frequency keeping under the curre
arrangements and procurement costs are high.

The Electricity Commission, with Transpower,
investigating arrangements to extend frequen
keeping to multiple providers to increas
competition and, if necessary, increas

Where this is the caseancillary service costs are allocated in this wager theElectricity Governance Rules
(Part C). For example, large generating units pay a greater share of reserves coBtectiuity Commissidn a
wind generation projectlso recognises this in relation to wind generati@tegtricity Commission, 20@B).
For example, it may increase the need for frequency keeping ancillary services).

Chapter 1Executive Summary 7
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capabilities.

Modern wind generators have the ability
respond to frequency although it may be mo
economic for wind farm operators to pay the cos
of additional frequency keeping rather than suff
efficiency losses. It is likellidt other technologies
will also follow trends in international grid codg¢
a4 6AYR 3ISYSNIdAzy KI

overall system costs will be minimised if invest
see the cost of additional system flexibili
requirements and alternative  ingtments
compete on even terms

Table2 Short term scheduling challenges and their management/mitigation

Challenges from increasing renewables

Mitigation and management of challenges

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

It is possible (although not confirmed) that waj
forecasting will face similar issues, being wi
related. Tidal, in particular, and solar energy wol
appear to be reasonapl predictable although
unconfirmed in the New Zealand schedulil
context. As these technologies become mc
Aot ST AGQa LIRaaAof S
resource modelling in the New Zealand contg
could be warranted.

Supply from uncontrolled technolagg is not well
correlated with the daily demand pattern (loy
overnight and peaks in the morning and evening

— Wind (and presumably wave) ener
can vary considerably during the dji
with no strong repeatable pattern.

— Solar energy peaks in the ear
afternoon, between daily demand peal
(although it ceases overnight whe
demand is low).

— Tidal energy follows a predictabl

gravity/ lunar induced pattern unrelate(

Additional standby/ reserve gacity may be usec
to cover greater uncertainty. Available studi
suggest that for wind this could be significa
although if wind farms are geographical
dispersed, it appears the effects will not |
additive.

Currently available material suggests th
improving forecasting capabilities for win
generation could lead to significant benefits as t
level of wind generation grows (for examp
reducing demands on system flexibility and t
need for backup supply).

New Zealand is fortunate in having a larfgedro

base with good short term flexibility compared

many other countries. However, as the level

intermittent supply increases, if forecastin
accuracy does not improve scheduling thermal &
hydro resources with longer lead times wil
become mordifficult. Over time, this may requirg
more fast start thermal plant and/ or greate
levels of demand response and/ or paying sl
starting thermal stations to be warmed and rea
as backup.

The emergence of smart grid technologies, elec
cars (which mpvide a form of storage) and othe

shut down.

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

Chapter 1Executive Summary
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to demand (although will at times b
coincide to an extent).

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

These issues are more problematic in systems t
NS R2YAYyIFGSR o0& (GKSN
have a flexible hydro baseJraditionally, largely
thermal systems have developed greater dema
response capabilities to address dema
forecasting uncertainties and/ or fast start therm
plants.

Table3 Seasonal challenges and their management/mitigation

Challenges from increasing renewables

Mitigation and management of challenges

There remain questions over the possik
correlation of uncontrolled and variabl
G§SOKy2t23AS8SaQ 2dzi Lzl &3
with that of hydro and demandSouth Islad
inflows (which dominate hydro supply) are pool
correlated with seasonal energy demand (whi
are highest in winter) and, although mitigated |
hydro storage, expose New Zealand to dry vyj
security risks. If wind energy patterns are simi
to South Ifand hydro inflow patterns this will tenc
to increase seasonal energy supply variability w
implications for more flexible thermal baclp

Thermal supply has traditionally backag hydro
supply, having tb ability to increase or reduc
supply depending on hydro inflows and lake leve

Investment in renewable energy supply w
obviously contribute to meeting future energ
demands. However, if it has a similar resou
pattern to hydro inflows, it will inease the value
of seasonal energy supply flexibility (storag
thermal fuel flexibility, energy demand reductior
etc). There would be merit in understandirthe
nature of thecorrelation ofthe variousgeneration

requirements. Conversely, if wind energy |G SOKy 2f 2 3K&8w% Q 2 dzi Lidzi
uncorrelated with inflows, this will tend to reduc
overall supply vaability (and more so if correlatef
with demand), which are not well correlated wit
seasonal energy demand. In the dry winter
2008, inflows and wind energy were both low

than average.

Thermalgeneration 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
ISYSNY A2y Ge@LIAOITffe KIal expshditurelarddigtied ondoifgsespRdditirdzLIT NB v (i C
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 theinternational market and hence are subject to the vagaries of world supply and demand. In

GKS FdzidzNB AG Aa Ffaz2 LlaaiofsS GKIFIG GKAa YrFe 0SS GK
market, should gas be imported and/or exported. By corifrdeese risks are not generally encountered
GAGK NByYySslotS (SOKyz2t23ASa 06SOIdasS GKS FdzSt Aa WTNJ

More generally, the effective price of all thermal fuels will be influenced by carbon prices because of the
associated greenhouse gas emissions. New HAddiaces a cost for such emissions, and this cost is

Chapter 1Executive Summary 9
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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
Zed  YRQa ySi SELRadaNBE G2 OFNb2y o6l iSYSyid Ozaiao

Chapter 1Executive Summary 10
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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 technologieagredyi
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 generatingechnologies 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 fortidal® and wave energ%rarecurrentlybeingprogressel 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 & to draw on existing material, rather than undertake specific
analysis, and to present relevant findings in a #echnical manner suitable for wide readership.

In preparing this report, we have found that most of the available material regarding elgcsystem
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 isited, 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 iNew Zealand andlsewhere
Chapter 5 Renewable technologies

Chapter 6 Review oimaterial onrenewables and security of supply
Chapter 7 Addressingsecurity of supply issues

Chapter 8 Conclusions

Appendix 1 List of references

For example, in Cook Stréieptune Power) and Kaipara Harbour (Crest Energy).

o Collaboration betweenndustrial Research Limited, the National Institute of Water & Atmospheric Research,

and Power Projects Limited

Chapter 2Introduction 11
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Chapter 3. Security of supply

3.1 Background

Security ofelectricitysupplyis 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 helpfulto think of security of supply in different timeframes, from long term supply requirements to
real time (here and now) mome#ib-moment coordination of supply to match demand. We expand on
security of supply timeframes in the next section but they arenapoirtant consideration because:

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

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

e  The framework 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 ovettime 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 alSEEEEESEEE N N e
circumstances would be very costly, if NG VAT S I e )
impractical, requiring significantedundancy in all BRIV alepTas ol=rUdlale el =g =1 glo BT T=Neo 1 6] e
parts of the supply chain (generation, transmissiclbe]sl\Aelelgle Tile]g N (eIRigl=N o] ([el=RIgE 1T 1:11] g (SIS
and distribution). Instead, an optimal level prepared to pay to avoid a given likelihood o
security is sought, endeavouring to tradé the [FEUSIECRDRASCIERSUEPEECERCNETTIES
relative costs of increasing supply security Wil ke et o LN ESEEEISEILE SEEl
public benefits. In other words, it Wibe more generation units. These plants would not oft

ic t t . | trolled run. The costs of such a high level of insure
economic o accepl occasional CONoled SUDDEeRes large, resulting in higher electricil

disruptions than to try and safeguard the systefS e S NSRS SIS I NER R VEST e
agaInSt all pOSSIbIlItIeS all of the time. For eXamp peaking piants would lead to increasing levels

at the low cost end of the spectrum some deman@Eaiig=o[V = e s Ao VAN 0o 7o Tl g To]g =To 2
such as hot water heating load, can be tednoff FREVERIERNRENESEETo N off[oRE e =l i
quickly for brief periods with minimal disruption tg A ESQE IRl e ReI=e MM INRT H [[XCTglelele Rel i
consumers. At the other end, widespreal SeaGEANCRIERIIEELAYCICIERREAL)
uncontrolled and unexpected loss of supply t¢
consumers would be extremely disruptive, costly
and unacceptable.

These tradeoffs are implicit in theexpression of security of supply measuused around the world-or
example, some jurisdictions define security objectives in termdvig¥ capacity margig level of

Chapter 3Security of supply 12
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expected unserved energy (EUSE) or a loss of load expectationg ¢r@kd&bability Q_OLB’“’. These
measures can be seenTiabled4 which compares the approach and metrics in a number of jurisdictions

Table4 Examples of electricity security of supplgtandards

Jurisdiction Approach Metric
New Zealand Winter Capacity Margin 780 MW
Winter Energy Margin New Zealand 7%; South Island 30%
Australia (NEM) EUSE .002%
Australia (WA) Largest unit or EUSE .002%
Ireland LOLE 8 hoursper annum
UK No formal standard
France LOLE 3 hours per annum
PIM LOLE 2.4 hours per annum
Ontario LOLE 2.4 hours per annum

Security objectives andtandardsvary across jurisdictions both in the way they are expressed and/or

their intent reflectingthe different nature of the markets, as well as political and legiacyors. For

example, electricity supply systems that are dominated by thermal power statidrish can have long

startdzLJ GAYS&az GSYR (G2 F20dza 2y GKS &adeadasSvyqQa FoAtAde
GKSNBlFa 2GKSNJ aeadsSvya IINB Ifaz2sx 2N S@gSy AyadaShkR:
ability to meet demand overmie. For example, New Zealand has historically been concerned about the

'j

C

aeaisSvyQa loAatAaGe G2 YSSG SySNHeé& RSYlFIyRa GKNRdAAK GK:

given hydro energy supply constraints during dry years. However, all systems tiynplicexplicitly
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 toestablish minimum electricity supply margins for dry year energy requirements and
real time system capaciﬂz These margins take into account the nature of the New Zealand supply
system, including plant performance and reliability and estimated costs &raged and uncontrolled
demand reductions.

The winter capacity and energy margins are calculated each year by the Electricity Cominiasgess
the adequacy of system capacity and energyhéf Winter Energy Margin is forecast to fall below 17%
for New Zealand as a whole, or below 30% for the South Island, ovefotlmving 3 years the
Commission will consider whether to procure reserve enelfghe winter capacitymargin is forecast to
fall below 780 MW over théllowing 2 yearsghe commission vill considerprocuting reservecapacity.

10 EUSE is the expected involuntary restraint measured in MWlectafg 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/capaeitgequacystandard.pdf

" Previously the New Zealand energy securityeotiye 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.
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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 vaous 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 dedwnd

OFLI oAfAGASA YR dzyRSNI @Ay3a O2plabaiory fapa dbndiiSvelopiogKk S 9t SO
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 2008 In a similar vein, in sectioBi4we discuss the concept of capacity credits

whereby the capacity margins to ensure security of supply are in effect adjustescdount 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 resegatiing

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 WEELS days hours minutes seconds  now

Management of energy Management of energy resources Moment to moment balancingf
resources with medium term leading up to real time supply and demand
security of supply implications

For example, themanagement Electricity demand must be Demand changes continuousiynd
of hydro storage lakes, thermal anticipated and some energy supply must be continually and
fuel reserves and power station resources scheduled hours befort quickly adjusted to ensure that the
and transmission maintenance real time. e.g. to ensure water is ir national grid / power system
outages. the right placesalong hydro river remains in balance toavoid
chains or that slower starting uncontrolled losses ofupply to
thermal power stations are on line consumers.
and ready when needed.

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

Electicity generation must be continuously matchéd demandon a momenito-moment basis to
ensure thatthe entire electricity system is maintained in a stable and secure stkt@. example, even a
smallincrease in demand, without a corresponding increase in supplycause the system frequenty
(quality of supply) to fall as rotating generators give up stored energy and slow. dbtlie imbalance is
not corrected immediately the system frequency wilcontinue to deteriorate and generaibn
equipmentwill automatically disconnect from the grid t@void catastrophic damagelf that were to
occur, the imbalance would rapidly worsen and consequential equiprfeghtres would occur with
wide-spread uncontolled supply disruptions to consumers.

2 The rate at which electricity alternates (nominally 50 cycles a second or 50 Hertz inddtamd).
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In practicethis danger is avertetly a combination of:

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

e Automated fast generation responses to system frequenciatians to restore the supply demand
balance.

e 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 olffdamssupply the wholesale market

in each half hour. As illustrated in the top chartRigure2, demand changes continuously whereas
dispatcg4instructions issued to generators at roughly five minute intervals reflect the underlying trend in
demand”.

Figure2: Generator dispatchinstructions

MW

Demand

= = Dispatch instructions

—— Automatic generator
response

MW variation from dispatch

00:00 01:00 02:00 03:00 04:00 05:00
Minutes: seconds
The lower chart irFigure?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 j.e.in price order.

“ DSYSNIG2NB AYLXESYSYyd RAaALI GOK AyadNHzOGAZYya o6& NI YLAY3
O2yaraitasSyitd 6AdK GKS dzyadQa OFLIOGAfAGASE o6l a 2FFSNBRO
matchthe demand trend.
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e  Mandatory generator technical performanceapabilities In-service generators are required to
remain connected to the grid over a specified systieaguency range and to help restore system
FNEIjdzSyOe sKSy Al RSGAIFIGSa FTNRY y2NX¥NIt S@St
J2FSNY 2N F OlA2yQd APSd dzyNBaAaliGNIAySR NBaLkRyas

e Frequency spport ancillary services The System Operator contracts with ancillary services
providers:

—  For normal circumstanc¥s W7T NXB |j dzS y ®icesiar® Sudshglsaddrom eligible
generators® to supplementthe five minute dispatch process in each island. Thegfiency
keeping service enables generators to return to their dispatched levels following free
governor action response, noted previously. Frequency keeping serviceapmsiximately
$52m per annunin the year to April 20092,

—  To cover unexpected loss siipply:Wdzy-RERJ dzSy 0e Q NBaSNBSa | NB
providers to avoid having to disconnect consumers should a large generation unit or
transmission element occur unexpecte]c?lyThese ancillary services, called instantaneous
reserves, are prodied by generators and demarside resources that can respond in an
appropriate timeframé®. Underfrequency reserves costpproximately$73m per annunin
the year to April 2008.

Real time security of supply also requires that voltage levels around thebgrichaintained 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 andhe 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 managemehteised
through a number of means including:

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

1 Requirements set out iRart C of the Electricity Governance Rules.

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

Y The Electricity Commission is investigating ways to enable more providers to compete feugply 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
¥ Typically a few hundred MW of these reserves are requimnettie North Island, the amount being set to cover

loss of the largest in servicedimal 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 electmt¢ityhe South Island.

% |nstantaneous reserves provided by generators are mostly from units which are in service and operating at
partial output (called partly loaded spinning reserve or PLSR). Desidadnstantaneous reserves, called
interruptible loador IL, are provided by distributors, retailers and large consumers. Instantaneous reserves are
also categorised afst acting(to arrest the drop in frequency within a few seconds) andtained(to then

restore the frequency to normal).

2 Seehttp://www.electricitycommission.govt.nz/opdev/servprovinfo/marketops
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have the capability tasupport grid voltage levels. The latter capability, called reactive power
compensation or reactive suppéft is able to be dispatched by the System Operator to maintain
grid voltage levels.

e  Grid control equipment Reactive equipment at key locations anauthe grid to compensate for
reactive power flow%.

e Voltage support ancillary servicedn some locations, the System Operator purchases reactive/
voltage supportservices. The cost of these servigess approximately$9m per annumin the year
to April 2008*,

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 transragsipment

above 60 MW). Bcawse of their relative size, thermal generating unitais face a greater share of
instantaneous reserveosts. Generation investors factor these costs into their decision maklogg

with other operating costs

A generator that is unable to comply fullytivmandatory 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 additoiitry
services to cover its neperformance). Againjnvestors need to factor potentiatosts they might
impose on thesygem into their decisiormaking.

Collectively, these arrangementaean that parties which assist security (for example by prowdin
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™.

Short term scheduling

¢ KS { &ad S vabilityLiibdispatcr2 theX3ystem 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 starup some thermal generating units need to be made hoursduwaace 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 systemdinglu

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 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 thédating up the
line more.
2 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.htnibr more information.

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

% Electricity Comnssion 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 InvestigatProject (WGIP) the Commission conducted with

GKS {eaitsSYy hLISNI{G2NXP ¢KS /2YYAaarzyQa 2@SNIff TNIYSs:
technologies in relation to the costs they may impose on the system (Electricity Commissio®83005
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Electricity market arrangements are intended to assist generators to schedule their resources in
anticipation of market requirements. For example:

e By 1pm each dagenerators submit their offers for each half hour of the following day.
e From generator offers and expected deméhdhe System Operator develops a piespatch
schedule (market forecast) of expected market prices and the amounts of electricity each

generata is expected to produce in each half hour of the scheduling p&tiod

e This process repeats every 2 hours with generators able toffez until within 2 hours of
dispatci®.

Electricity demand varies considerably during a day as illustratedyure3 below. It shows the pattern
of national demand over 5 consecutive days in June 2008.

Figure3: Daily system demand patterf3
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0 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrri
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Time
The chart highligts that:

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

e Demand is lower on weekends (although in the example shown the Sunday evening peak is high).
e Weekday patterns are similar but day to day variations (due primarily to weather/temperature

effects) can be significant. For examgtégure4 shows how, for the Tuelay through Thursday in
the previous figure, demand compares to demand at the same time the day before.

% 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.

2 Before 1pmup to midnight of thesameday. After 1pm, up to midnight of the following day.

% Offered quantities can be revisedithin 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
guantities can be increased).

29 Concept modelling based on Electricity Commission Centralised Data Set information.
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Figure4: Day to day variations in demarfd
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This provides an illustration of the benefit of being able to predict denmgaitbrns (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 cbnimolled energy (such as must

run hydro31 or wind energy also comeénto play. From a security of supply perspective, there must be
sufficientgeneration flexibilityor demand side responsge the system to respond to these uncertainties.

The actual amount of controllablgenerationthat is available in real time depend® 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 Opetar will declare a grid emergency and may need to limit demand to maintain

security of supply. The converse can also occifithere is too much supply on the system, energy can

0SS WALMNEESRQ 6F2NJ SEI YL S K& RNerefoMlimpdrtghRfactrs @f SEA 0 A f A
the scheduling timeframe leading up to dispatch.

On a day to day basis, the wholesale electrici
market rewards generation that is controllable an{aS eI REEREERTe S IEREICIER REREE 1S
has short term flexibility. Because the Syste[ U RUEUECESITIEREREN NG EIONEE
Operator is able to dispatch it upwards of sl R ACRIE I ER TR .
L probability of interruptions. Thiis because, despit
downwards., It W'” Itend to generate m.or.m/hen lower load factors and lower average wholesale
the spot price is h'gh and Ie.ss when it is low. electricity prices, conventional capacity that is at
contrast, generation that is uncontrolled —OREERETE e o VANNe A =il 1 elun
inflexible operates independent of the spot price i E T E VAT 1A e ile=im 1 Ao F = at= I TG
Its average revenue per kWh will therefore tend tEERSASINRENIDIS o030yl o M= (= (o)A (o e A (=
be less than for controlled generation. Of cours@iEiEeEINPA:)E
its net revenue per kwWh will depend on its variabl
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.

h@SNJ GAYSIT A Tt teinKixibifine réaqilirérveqts incie&se 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 desiggisources. Investment
decisions should take such factors into account, within the wider policy environment.

%0 Concept modelling based on Electricity Commission Centralised Data Set information.

31 Inflows that cannot be stored.

Chapter 3Security of supply 19



Renewable Generation and SecuafySupply concept

Seasonal coordination

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

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

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

e However, hydro storage capacity is limited (equivalent when full to around five weeks of winter
electricity demand) and the electricity system is therefore vulnerabd 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 ofaving 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
backup supply. In this regard, thermal power stations fill an imt@ot 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 correlategith energy demands, place increasing requirements on the system
for seasonal energy flexibility. In relation to the existing systeigure5 presens the historical energy
supply margins from 1972005, which give some idea as system back up requirements to cope with
variable hydro inflows:

Figure5 Estimated historical energy supply margﬁ%s
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¢CKS FTAIANBE +062@0S AttdzadNy iSa GKS aeadsSyQa KAalz2NxOl
average year energy margassumesnean inflows to hydro power stations, while the dry year energy
marginassumes thavorst annual inflows on record. As tlemergymargin decreases, the risk to the

system of not being able to meet demand increases. Additional investmerhangy supplywill
increasesupplymarginsand therefore thesystenf @bility to respond to seasonal energy supply risks
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Chapter 4. Electricity ystems 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
Zealandelectricity 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 elsewheag not be easily applied here.

4.1 Nature of New Zealand electricity supply system

The New Zealand generation mix is showrFigure6, 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 sply requirements from each sourte

Figure6: New Zealand generation mix

156 MW, 29 Nominal capacity Average energgyszuvBE\ x
5,138 GWF ya :
708 MW, 89 12%
2,730 MW 10,480 GWr
30% 25%
‘1,700 Gwt
5,198 MW 4%
o1 \_ 450 MW, 55 24,500 GWF
57%
Thermal = Wind Hydro  ® Geothermal Other

On average, hydro supply makes the largest contribution, at 58% of current annual requirements,
followed by thermal supply. Average contributions from tiemal 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 &) and demandHydro inflow variaBity has the biggest influencerigue 7
illustrates quarterly hydro energy supply variability over the period 1998 to 2008. It also shows how on
average (the blue rie) inflows follow a seasonal pattem 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.

B Mw capacityis the maximumamount of electricity that can be generated 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 relativeto generating continuously at its maximum capacity (assumingithedNJI OG A OF f 0 A& GKS
WLI I y i Y6dd BdtoRND 2 NJ

3 Concept estimates. Includes plant currently under construction.
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Figule 7: Quarterly NZ hydro inflows (1998 to 2008)
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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 appateiy 4,4@ GWH?®,

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 cavary up or dowrby over 3,000 GWhrhermal supply, to the extent it is flexible,
SFTFSOUADPSte o022al0a GKS aeadsSvyoga SySNHe ad2Nr3sS OF LI

>

supply variability and supportydro storage managemenfigure8 LINS&a Sy ia bSé %SItl yRQ
inflows relative to demand.

Figure8 NZ hydro inflows and demand
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® 1 1r18a ¢S1FLR YR tdzlFb1AsS SAGKAY GKS 21 AGF1A KERNR agad
controllable hydro storage. Lakes Taupo and Waikaremoana in the North Island, and Hawea and Te
Anau/Manapouri, in the South Island, account for thajarity 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 expeadteto 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 flexiuildy 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 dayeisponse 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 beershut 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 withinldse few years.

Looking forward, if renewdb supply is added to the system faster than demand grows this will displace
thermal generation i.e. once built, the cost of

r in h unit of electricity from renewablgfi . .

P %dlicti gneaic lIJV\t/Owehe?t CtythOrmel € 3\? dt is therefore possible that uncertainty ov
generatio s 10 ereas €rmal - POWE gt investment, because of the difficulty

stations incur fuel costs whenever theg_rgaratg. knowing how often plant will get the opportunii
To the extent such renewable supply is variabs TR R e TEE IS (1016 SR ol (g

and uncontrolled (without storage) this will plac@s/ET i lol it o AR A e A (= iy o)
greater demands on short term system flexibility SWi|[ENeE el =T EEe 86 =] EWARTAVES a8 [ B
particularly if the supply is also unpredictable el EIReETE Ao S o=l NI R N LN
Having a large hydro base is an advantage is t existing capacityg and hence increase the risk
regard but increasing levels of uncontrollef gk Asie el Se e EISe RS E 2l
generation will push the New Zealand syste Climee CEnge A1)

towards being capacity constrained, making it
more like many overseas systems. For example, with greater reliance on fast start peaking thermal
plants. Such plantsan also perform the traditional thermal role of compensating for seasonal hydro
supply variationd.

4.2 New Zealand compared with other jurisdictions
¢tKS 1Se FSIddzNBa 2F bS¢ %SIHflyRQa St SOGNROAGe aead$s
e Small market spread over two islandg&lectricitydemand is around 40,000 GWh per annum,
which is relatively small in global terms. At the same time, the transmission grid is relatively

longand includes atdVDC linkbetweenthe North and Southislands which from a frequency
perspective are largeljmanaged independently.

e Generation mix The supply system has a large hydro supply base, a significant share of thermal
supply and smaller but increasing proportiongebthermal and wingnergy.

¥ 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.
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e Storage capacityNew Zealand has relatively little hydrnmiage and a significant proportion of
inflows do not pasthrough the main storage lakes.

e Interconnection New Zealands an island system andnable to export surplus, or import
supplementary power.

With reference tothe key characteristics of New ZedR® a 3§ &ablé 5 Summarisesother
jurisdictions around the world.
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Table5 Comparison of international electricity markets

Market

NEM
Australia)

(Eastern

Ireland (Republic
& Northern)

Spain

Germany

Size Generation mix

199 TWh (year Very much coabased.

end June 2008) By energy in 2008, coal (85.5%), natural ¢
(6.5%), hydro (7.9%), wind (0.1%) and oth
(0.1%).
South Australia has the most wind. As
beginning 2009, it has 741 MW of win
connected (mostvithin 200km north or west of
Adelaide) and a maximum demand of 3,07
MW with interconnection with Victoria limited
to around 600MW.

27TWhin 2006  Predominantly gas and coal. Gas 51%, c

29%, oil 10%, wind 6%.

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

297 TWhin 2007 In energy terms, the biggest contributors ar
Peak demand of coal (25%), CCGT (24%) and nucleafofl¢

45,450MW in hydro (10%) and wind (9%)

Dec 2007

613 TWh in German generation by energy in 2005 was |
2005. by coal at 48% or 305.4TWh. Then nucle¢
Peak load in 27%, gas 11%, solar and wind 4.6%, hydro 3..

2005 was 76,700 biomass 2.7%, oil 1.7%, geothermal 0.0%.
MW

Hydro storage

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

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

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

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

Interconnection ‘

Interconnections exists between states

Queensland connected to NSW through Q
(NSWQLD 300 MW; QLNSW 1080 MW)
and Directlink/Terranora (NSWWLD 80 MW;
QLDNSW 108 MW). NSW connected |
Victoria (NSW/IC 330 MW; VHISW 624
MW). Vidoria connected to Tasmanie
through Basslink (TAAC 600 MW; VKTAS
480 MW). Victoria is also connected to Sou
Australia via Murraylink (VISBA 220 MW; SA
VIC 150 MW) and a further osveay link from
VIGSA (460 MW).

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

Low level of interconnectiofaround 13% as
of 2005) Spain and Portugal have a
interlinking capacity of1600MW. Spain is
weakly connected to France (1800MW) ar
North Africa, although there are plans t
upgrade the interconnection with France.

Heavily interlinked.

Available transfer capacity from alSGNJY | y
neighbours totals 16,960 MW import ant
14,950 MW export.
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Market Size Generation mix
Denmark (part of

Nordpool)

Generaion 46 In 2006 by energy produced: coal 54%, ¢
TWh in 2006 but 21%, wind 13%, other (biomass, waste, ©
only 39 TWh 12%. Aot of energy is exported. Also there i
used (rest is net a lot of cogeneration producing process hee
exports) There is a greater proportion of wind in Wes

Denmark (not synchronized with East Denmar

In 2006 there was about,BOOMW of wind
installed (mostly smaller turbines)

Alberta, Canada 69 TWhin 2006 Dominated by coal and gas. The energy mix
2008 wascoal 49%, gas 38%, hydro 7%, wil

4.1%, biomass 1.5%.
Installed wind was 497 MW in February 2008.
California, USA

302 TWh in 2007 In 2007 by energy (including imports): natur:

incl. imports  gas (45.2%), coal (16.6%), nuclear (14.8%), l¢
(210 TWh in  hydro (11.7%), geotherm##.5%), wind (2.3%)
state) and other renewable, including biomass, sm:

Peak demand in hydro, solar (5.1%).

2006 of 63,000
MW

Hydro storage

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.

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

Significant pumped storage
facilities, with more being
developed.

Interconnection ‘

Very strong interconnections with the Nordi
system and Germany.

West Denmark and East Denmark a
interlinked.

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

Two interties built toimport or export about
1,150 MW.

Highly connected with other states / systems
Imports to meet energy needs in 2007:
From US Southweg&2.4%

From Pacific Northwest 8.2%
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Based on the above informatiomigure9 presents the percentage of hydro and wind versus other
generation for the various jurisdictions canvassed:

Figure9 Percentage of hydro and wind generation for varisyurisdictions

Denmark ]
Germany

reland

Alberta I . o

NEM Wind
Spain | M Other
California ]
New Zealand I
T T T T T 1
0% 20% 40% 60% 80% 100%

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

e CKSNXYIf 3ISYSNIXiA2Yy R2YAYlFI(iSa 2GKSNJ 2dzZNAARAOQGAZ2Y 2
90%, compared to approximately one thirdNiew Zealand.

e 2AYR ISYSNIridA2y A& Y2NB 02YY2y AYy Ylyeé 23G§KSNJ 2dz
NEM (0.1%) and California (2.3%).

e Hydro generation is relatively less common overseas than in New Zealand, rangingI&%h O
of the generation mix.

e Hydro generation overseas is often stored or pumped.

e Overseas markets are often interconnected with other markets. Denmark highlights the benefit
of such an arrangemergi KS 2 dzii LJdzi FNBY Ada fFNBHS 6AYyR LJ2NIF:
abletobestwJLI2 NIISR 6& Alda ySAIKo2dZNEQ KE@RNR NBaz2dz2NDSa

Each jurisdiction is able to use particular strengths to support its particular generatioarfi Aparticular
short term strength of the New Zealand system is the relatively large andl8éxjdro generation base.

In thermal dominated jurisdictions, for example, short term flexibility tends to be provided by fast start
thermal plant§9, which involve lower capital cost but are less efficient, or by warming up conventional

Bin many juisdictions, renewable energy is subsidised to some extentekample, feeeln tariffs are often used,
where renewable electricity is guaranteed an abawarket rate determined by the Governmerfeedin-tariffs

have been adoptedh Germany, Spain and I@arnia, among other places. Subsidies to that exteate not been
adopted in New Zealandilthough research grants (for marine schemes for example) and carbon credits (through
the Projects to Reduce Emissions scheme) have been allocated

%9 Open cyclagas turbines operating on gas or distillate.
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thermal plants sotiey 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 individua
generation unit level. Other forms of
flexibility relevantto New Zealand include

G5S&LAGS -fcKeBuling fforis, tHelSyStem Operal

could get caught with insufficient marginalapk, or with too

much wind generation, and therefore need to turn tl
marginal generator off, or turn wind output down in order

QR VI DRI RS R TN T STl ieep the marginal generator running. Here is a potential |

I SN 2SN I S IR SO - W Y for hydro under extreme conditions as it fits the role of hig .S
Ahuroa and demand response. Futurfiaii Sh=r SN S B NG = SV EE EE e o =10 R 1T
possibilities araliscussed furthein Chapter (RN RNFAEIoli RN =072l NS DI PA0[0/) B

7.
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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 mediurerm. 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 exteihis uncontrolled and variable, from a system dispatch perspective it is

fA1S AK2NI GSNY WyS3lriAdS RSYFYRQ OINRAIFIOAtftAGED AdSO
keeping, has to compensate for the combined effect of real time uncontrgégeration 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 thefisgeof the
project:

e 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 supplyhia short term.

e 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 electtjcimarket (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 bepartially controllable.

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

e 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 abitib regulate their output with
frequency and to control ramping rates.

e Runof-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, ovegdo
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 (unlesgaitability
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 tidahtien

Chapter 5Renewable technologies 30



(G

Renewable Generation and SecuafySupply Co ncept

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 & relatively predictable way, as highlighted previously in
Figure4.

5.4 Correlation with electricity demand

A further important consideration is the extent to which siypfrom 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 Characteistics 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 agmerging 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 voltagegtdate 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 requirenmds. (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 itstdotelp
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. 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 6Pickksis to be expected that similar
trends will occur as emergent renewable technologies are comigiesed 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

Table6 presents a number of renewable technologies that are either already in use in New Zealand
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 theserelteristics 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 24 imply that some (decreasing) level of the attribute is met. Note that technedpggifc

%" 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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a02NF3S Aa y2d GF1Sy Ayid2 F002dzyd dzyt Saa &aLISOATFAOI
Necessarily, in some instances these ratings are somewhat subjective in the absence of definitive
studies.
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Table6 Renewable technologies

Controllability Predictability Demand correlation

5 5 3 34 4 2 ? 5 5

Wind: energy is harnessedby a wind
turbine to generateelectricity (on- or off-
shore).

Solar PY O2 y OSNIia adzy¢s 5 3
electricity. Still relativelyexpensiveon a
$/MWh basisand not been deployed in
New Zealand to any great degree
Batteries can enhance flexibility (storage
at additional cost.

34 4 2 5 3 5

Hydro with storage/ pumped storage:| 2 1 1 2 1 1 1-2 1 1
Around 60% of hydro inflows pass
through the seasonal storage lake
(although some must be released t
maintain - minimum flows). Thereare
currently no mpmped hydroschemes in

New Zealand

Run of river: roughly half of average | 5 3 1 4 2 1
hydro inflows are Yun of riveQ & A { |
short term storagé’.

1-5 2 1

* Hydrogener i A2y Qa O2NNBfIGAZ2Y 6AGK RSYIF YR @pedtific Sature 8f tB gedefation. Zap &atiplé, RiGrth Blénkohakef genefatiad tende (i

to be relatively well correlated with demand over this timeframe, while South Iglanaf-river generation, especially on the east coast, is relatively poorly correlated with demand.
“2Inflows that enter hydro schemes downstream of the main storage lakes (e.g. approxir@alpf inflows tahe Waikato hydro scheme enter downstrearfhleake Taupo) and
flows that must be released from storage lakes to maintain minimum flows under consents.
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_ Controllability Predictability Demand correlation

_ seasoral schedule real time seasoral schedule real time seasoml* schedule real time |

Geothermal electricity generated from
the extraction ofheat stored in the earth.
Currently produces around 8% of Ney
%SIilyRQA Fyydzdt $§

Wave energy extracted from open ocear 5 5 3 4 4 2 ? 5 5
swells or breaking waves to generat
electricity. Prospective development ir
New Zealand®

Tidal: energy extracted from the tidal rise 5 5 3 1 1 2 3 3 5
and fall or tidal stream and ocear
currents to  generate  electricity.
Prospective  development in  New
Zealand®

Biomass: energy from wood processing 1 2 1 2 1 1 4 3 5
waste or other organic material, anc
landfil gas and biogas scheme:
Developed in New Zealand on a relative
small scale.

3 See Power Projects Limited (2008) for a list of wave and tidal projects that have been deployed, to some extent, in Ndw Zeala
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Figurel0 summarises the above table with respect to each generation technology.

Figurel0 Summary of renewables' characteristics

Controllable ‘6—6—0’ Uncontrollable
Real time Predictable (—@—6—> Unpredictable

Correlated Uncorrelated
with demand with demand
Controllable (.0_0_0_0_8 Uncontrollable

Scheduling Predictable é@—O—@—) Unpredictable
Correlated Uncorrelated
with demand with demand

Controllable QO——O—O—@-} Uncontrollable
Seasonal Predictable 4@—@—%—) Unpredictable

Correlated Uncorrelated
with demand with demand

Geothermal

@ wind o
Solar PV . Wave

‘ Hydro (pumped or storage) . Tidal
. Hydro (run-of-river) . Biomass

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

As noted previouslywhile our brief is to review existing material on the implications of renewable
energy for security of supply in the New Zealaottext most available materiatelates to wind energy.
However, the implications of wind for the system damat least partiallyapplied to those technologies
with similar characteristics.

Given the traditional roles they have filled, it is also wortbtimg 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““plﬁrm;n a technical

“  There are a mge 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 arery 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® but otherwise have slower start up times (one to a few hours) dependin 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 HatOnce in service and fully warmed up, subject to fuel

supply flexibility, the output o$team and CCGT plants can be ramped up and down at a few percent of

their capacity per minute. As output reduces, so does plant efficiéndywhether the thermal
G§SOKy2t238 Aa |tNBIR& WglN¥Y¥Q 2N A& aitl Nlikg/3 FNBY
controllability at the real time and scheduling levafsgurell summarises thermal technologies along

the same lines as iRigurel0for renewables.

FigurellY { dzYYI NB 2F GKSNXIFfaQ OKINI¥OGSNRAGAOA

Real time

Scheduling

Seasonal

* Depending on their design, CCGTs can provide some fast start cgpabilithey 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).

“°" | shut down overnight for example.

4" The nominal efficiency of moder@CGTs, CCGTs and steam plants is of the order or 40%, 52% 28%b 36
respectively.
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