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Overview

• New Zealand and its Power System
• Balancing in:

– Real Time
– Day ahead
– Seasonal Operations

• Wind Generation in New Zealand
• Speculation about the Future



New Zealand’s Place in the World

No opportunity for 
interconnection

Have to meet all 
our own electricity 
needs



Transpower New Zealand Limited
• The owner of the

National Transmission Grid.

• The System Operator.



New Zealand power system
• Two AC island power systems 

connected by an 
700 MW HVDC link

• Peak Demand, 7001 MW

• Installed Generation, 9040 MW

• Total Energy,  42,000 GWhr

Currently 65% renewable: 54% hydro, 8% geothermal, 3% wind



Electricity Value Chain

Distribution
5.9c

Retailer
2.4c

Transmission
1.8c

Generation
8.7c

Consumer
pays

Tax (GST)
2.8c

22.3c

Metering
0.7c





The System Operator’s Balancing Act



New Zealand Electricity Market

• Security constrained economic dispatch
– Gross energy pool, no capacity payments
– Compulsory market, but no compulsion to offer
– Locational nodal prices, no price caps
– Energy and reserves co-optimised
– No rights to transmission capacity
– No liquid financial hedge markets



In Real Time this means:

• We issue at least every 5 minutes a:
– Minimum cost, optimised despatch of 

generation, reserves and transmission capacity
– While ensuring the N-1 security criteria 

• We solve Kirchhoff’s Law between
20 to 40 million times per second.

• We observe the conservation of momentum 
and energy on a continuous basis



Real Time Continued,

• Our load flow models contain over 400 buses 
and 800 branches.

• Our security constrained economic despatch 
model has over 20,000 variables and 12,000 
constraints, and must solve in under 20 
seconds.

• We commissioned our new Market Systems 
model, that does all this for us (!), 13 days ago, 
cost $70 million.



N – 1 

Security and Reliability
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THE
ENERGY

and
MOMENTUM
BALANCE



North Island Load



















BRINGING TOGETHER

ECONOMICS
AND 

ENGINEERING



Generation Supplying Load

$50/MWh

$800/MWh

Customer pays 
$50/MWh



Transmission Line Overloaded

$50/MWh

$800/MWh

Customer’s
supply at risk !! 



Using High Priced 
Generation….

$50/MWh

$800/MWh

Customer pays
$800/MWh



CHALLENGES



Where is Technology leading?

• Recently commissioned a new Market 
Systems Program, cost $70 million, with 
about $10 million of secure on line storage.

• Installing “Power System Monitors”, (PMUs)
– Provide 100 to 1000 times more data than 

present systems.

• SO’s current investigations all focus on data



The System Operator’s Dilemma

• Too much DATA

• Limited INFORMATION

• Very little KNOWLEDGE

• How do you improve decision making?



Active Visualisation



Where to !!

• Situational Awareness
– Providing the SO with the “nous” to manage 
– Italian Birth Rate

• Smart Grids
– Overlaying the Electrical Network with a 

“Command & Control” digital network
– Giving hackers the tools to do real damage



Monthly Forecasts - Accuracy
• Monthly Inflows and Temperatures 

(April 99 to April 03)
Accuracy of Forecasts

INFLOWS TEMPERATURE

NIWA Forecast 37% 47%

Historic Average 30% 57%

Past Month 48% 49%



TRANSMISSION

0

500

1,000

1,500

2,000

2,500

3,000

3,500

1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s since
2000

le
ng

th
 o

f t
ra

ns
m

is
si

on
 li

ne
s 

bu
ilt

 (k
m

)

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

50,000

length built Generated

el
ec

tri
ci

ty
 g

en
er

at
io

n 
(G

W
h)

m
id

-d
ec

ad
e



NORTH ISLAND BALANCE 2008



NZ's LONG TERM BALANCE



Wind (Dec 03)- Gusts 230 km/h



Lightning Strikes over New Zealand on 14th October 2007
Total of 20,882 strikes, 3344 of them over land.



WIND



Te Apiti (91 MW)
Tararua (161 MW)
Te Rere Hau (48 MW)

White Hill (57 MW)
West Wind (143 MW)
from 2009

Wind resource

Existing       357MW
Imminent     143MW
Proposed  2014MW

Hawkes Bay Wind Farm (225 MW)
Titiokura (48 MW)
Te Waka (102 MW)

Mill Creek (71 MW)

Mount Cass (69 MW)

Project Hayes (630 MW)
Kaiwera Downs (240 MW)
Mahinerangi (200 MW)

Motorimu (110 MW)

Waverley  (135 MW)

Te Uku  (84 MW)
Taharoa (100 MW)



Wind farm output variability over 4 hours
Changes in output from an initial 40 MW

Wind generation
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28 December 2007
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Correlation of wind generation

Correlation over 3 years, 
r2=0.68



31 January 2008

0

50

100

150

200

250

00:00:00 06:00:00 12:00:00 18:00:00 00:00:00

Time

W
in

d 
ge

ne
ra

tio
n 

ou
tp

ut
 (M

W
)

Manawatu wind generation White Hill

`

Correlation of wind generation

Correlation over 12 months, 
r2=0.17



Daily NZ wind generation production
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Low output in first half of 2008

26 May 2008,
Hydro Inflows 38% of average
Wind Output 65% of average



Is there a solution!







Control Room in the 1950s



Control Room in the early 1990s



CO-ORDINATION CENTRE of 
the 2000s

Visualization is 
presented 

across 
multiple 
screens



Next Day Overview


	The New Zealand�Power System�in Balance
	Overview
	New Zealand’s Place in the World
	Transpower New Zealand Limited
	New Zealand power system
	New Zealand Electricity Market
	In Real Time this means:
	Real Time Continued,
	N – 1 ��Security and Reliability
	ENERGY & TRANSMISSION
	ENERGY & TRANSMISSION
	ENERGY & TRANSMISSION
	ENERGY & TRANSMISSION
	ENERGY & TRANSMISSION
	THE�ENERGY�and�MOMENTUM�BALANCE
	North Island Load
	BRINGING TOGETHER��ECONOMICS�AND �ENGINEERING
	Generation Supplying Load 
	Transmission Line Overloaded
	Using High Priced Generation….
	CHALLENGES
	Where is Technology leading?
	The System Operator’s Dilemma
	Where to !!
	Monthly Forecasts - Accuracy
	TRANSMISSION
	NORTH ISLAND BALANCE 2008
	NZ's LONG TERM BALANCE
	Wind (Dec 03)- Gusts 230 km/h     
	Lightning Strikes over New Zealand on 14th October 2007�Total of 20,882 strikes, 3344 of them over land.  
	WIND
	Wind resource
	Wind farm output variability over 4 hours�Changes in output from an initial 40 MW
	Low output in first half of 2008
	Is there a solution!
	Control Room in the 1950s
	CO-ORDINATION CENTRE of the 2000s

