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@ The Electricity Market

@ Decision making with uncertain demand and inflows
© Getting the market outcomes

e Outcomes of competition and monopoly

© Effects of changes in climate (inflows/carbon tax)

© What More?
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The Spot Market

The Market
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New Zealand Electricity Market Calibration

@ Quantity: q is TWh

Lewis EvansNZ Institute for the Study of Con Climate and the NZ Electricity Spot Market / 20"



New Zealand Electricity Market Calibration

@ Quantity: q is TWh

e Demand curve: P(q) = 185 — 3.47q [plus price shocks for a given
quantity]
elasticity of demand = 0.4 (Borenstein and Bushnell, 1998)

Lewis EvansNZ Institute for the Study of Con Climate and the NZ Electricity Spot Market / 20



New Zealand Electricity Market Calibration

@ Quantity: q is TWh

e Demand curve: P(q) = 185 — 3.47q [plus price shocks for a given
quantity]
elasticity of demand = 0.4 (Borenstein and Bushnell, 1998)

@ ki = 0.956 (Otahuhu-Benmore)
ko = 0.984 (Otahuhu-Hayward)

Lewis EvansNZ Institute for the Study of Con Climate and the NZ Electricity Spot Market / 20



New Zealand Electricity Market Calibration

@ Quantity: q is TWh
e Demand curve: P(q) = 185 — 3.47q [plus price shocks for a given

quantity]
elasticity of demand = 0.4 (Borenstein and Bushnell, 1998)

@ ki = 0.956 (Otahuhu-Benmore)
ko = 0.984 (Otahuhu-Hayward)

@ Generation Capacity z = 47 and m =35 TWh/y

Lewis EvansNZ Institute for the Study of Con Climate and the NZ Electricity Spot Market / 20



New Zealand Electricity Market Calibration

@ Quantity: q is TWh

e Demand curve: P(q) = 185 — 3.47q [plus price shocks for a given
quantity]
elasticity of demand = 0.4 (Borenstein and Bushnell, 1998)

ki = 0.956 (Otahuhu-Benmore)
ko = 0.984 (Otahuhu-Hayward)

Generation Capacity z = 47 and m = 35 TWh/y
Lake Capacity 5 = 4.44 TWh

Lewis EvansNZ Institute for the Study of Con Climate and the NZ Electricity Spot Market / 20



New Zealand Electricity Market Calibration

@ Quantity: q is TWh
e Demand curve: P(q) = 185 — 3.47q [plus price shocks for a given

quantity]
elasticity of demand = 0.4 (Borenstein and Bushnell, 1998)

ki = 0.956 (Otahuhu-Benmore)
ko = 0.984 (Otahuhu-Hayward)

Generation Capacity z = 47 and m = 35 TWh/y
Lake Capacity 5 = 4.44 TWh
The risk-free interest rate r = 0.04

Lewis EvansNZ Institute for the Study of Con Climate and the NZ Electricity Spot Market / 20



New Zealand Electricity Market Calibration

Quantity: q is TWh
e Demand curve: P(q) = 185 — 3.47q [plus price shocks for a given

quantity]
elasticity of demand = 0.4 (Borenstein and Bushnell, 1998)

@ ki = 0.956 (Otahuhu-Benmore)
ko = 0.984 (Otahuhu-Hayward)

Generation Capacity z = 47 and m = 35 TWh/y
Lake Capacity 5 = 4.44 TWh

The risk-free interest rate r = 0.04

Cost of gas: C(m) = 0.7112m?

e Marginal cost of generating the total quantity of non-hydro electricity
generated in 2007 plus transmission costs equals the market price in
2007.
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50 Years of Daily Inflows

@ stationary diffusion process: with mean = 1
@ increment in inflow =mean reversion*(1-inflow) + shock (affected by
variance and inflow level)

o dy; = 6.9448(1 — y;)dt + 0.9056/y,de;
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Social Planner Objectives |

@ Given m; and z;, the flow of net social benefit at date t is

komi+kyz¢
NSB(z¢, my, i) = / p(q)dg — c(my)
0 W—/

~~ gas generation
area under demand curve
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Social Planner Objectives |

@ Given m; and z;, the flow of net social benefit at date t is

komi+kyz¢
NSB(Ztamt7}/t):/ p(q)dg — c(my)
0

~~ gas generation
area under demand curve

@ No other use for water and reservoir fixed cost, so no water cost in
flow of net social benefit

@ Social planner’s ultimate interest is in maximizing the expected
present value of net social benefit

W(s,y) = Eo [/ e ""NSB(z:, m:)dt
0
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Social Planner Objectives Il

looking forward

e <1-> Given generation policy (m, z), total welfare W must satisfy

B W AW 1 LW
LV/V/ - NSB(maz7y)+( _Z)i—i_ ay §¢ Oy2

“required return”  Net Social Benefit - - -
expected social “capital gain”

expected “total return”
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Social Planner Objectives Il

looking forward

e <1-> Given generation policy (m, z), total welfare W must satisfy

B W AW 1 LW
LV/V/ - NSB(maz7y)+( _Z)i—i_ ay §¢ Oy2

“required return”  Net Social Benefit - - -
expected social “capital gain”

expected “total return”

@ Planner chooses generation (m, z) to maximize RHS: that is,
maximise the social planner’s “short-run” objective function

komi+kyzt oW
[ eada —ctm) - 257
0 S

area under demand curve generation cost:

@ Using the option value of the marginal unit of stored water, 8—W that

now appears.
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Solving: Find Gas (m*) and Hydro Generation (z*) and

hence change in storage (s*) for which

@ price = marginal cost of gas adjusted for transmission

@ <3-> there is inter temporal consistency: ie the shadow price of
stored water and generation (and consequent change in storage)
satisfy at each instant in time (given the inflow and storage at that

time)

" required return” = Net Social Benefit + expected " capital gain”
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Solving: Find Gas (m*) and Hydro Generation (z*) and

hence change in storage (s*) for which

@ price = marginal cost of gas adjusted for transmission
@ price = shadow price of water adjusted for transmission

@ <3-> there is inter temporal consistency: ie the shadow price of
stored water and generation (and consequent change in storage)
satisfy at each instant in time (given the inflow and storage at that
time)

" required return” = Net Social Benefit + expected " capital gain”

@ subject to a) reservoir constraints and b) generation constraints.

@ solve iteratively A) construct a file (cube) of consistent inflows,
demand shocks and the shadow price of water. B) let inflows, demand
evolve over time ensuring storage and generation are consistent.
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Lets Now Solve

the code

cyvAD2uv634YgShvyvzZ8PHwavD58Hh4Tig0/Q14Vig8+CTFNPE+CC4BXyi

Pej heSVfha+D94dXhEFA ek 74MPhIDy8Eh4d+UX

BAHWAOULBN5wG7ghfAi8F9WEHqp9BS8D7w03hZeCC3wn3/dIbGbMUWzC/sa
z

RF- i L4£doz8]XZZRIf5C8ZO:

FJ4IHwhvBo+5j8d2Y: jeED4RH]f3+kYgW:

KGWPSpoT4L31d+GDkj9bBctleFPAEMV5eBP4IPnsSPsYK7807wgfBw+HNIRn
627h5eHdK6+1v3k+fRQb4XbynZX/zIp1+0qt2dWwQ+Sb4dXhfeW/4X94b1/F
IvhXeFvl0aqluKafPh/bIZ77MOY3w06vWKq1r+cMI9Hah3dUbIQbwv3h4+A9
4BPhneBI4F31e8GN4d0Uc+At4NGKLICWiieV11SPunPqy/ntj2Pbs06ugKfA
GBAXwSPgdeEbknOY65i7hnG27pn5V5Lj0j3MzUvOhWEEZyfQjfAc+ HN4Rnw
7XAneDr803wz/Cz8E3wIVAj+B74VI17)C+M2zAVYxclxBG7466Q4PgeeCKeA
PBGzkn0z6+Gn4]3g0+Dnk30NefBz8G7w30znp2eg/FfrSL+HISHhXLMd9ujK
a7IviEHtOT7XWj5j63jPYcnv00qSALWOfEzleqdtzTn5q0S/czhzo+He2geq
TZLzotuSn3uTc6eb4Xv0eBE3wQugreFZ8MLK/OQW+U+4F59zhGqRSLI8Pfwo

3Ae+LbteVs6tmu]s7Jiac+c/KufE/9TIXA+L/EHSmPIWSAKfR26j/ERShfIl

5YKOSR7Kw/, j jli /FimPcpK/4alwY+y]2AsY
59ecc46KX0jjylulOw2I VCwPj3pUI 7kz
4CXjvp! F8PAFF/L Ghs pzINFIRQNY] Wy

ewis EvansNZ Institute for the Study of Con Climate and the NZ Electricity Spot Market



Summary Interpretation:

the social planner decisions = competive market

@ 1/2 hour-by 1/2 hour generation decisions are

e static but linked to future by the shadow price of stored water
e based upon inflows and stored fuel

o forward looking (expectations)

e affected by volatility in inflows and demand
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Summary Interpretation:

the social planner decisions = competive market

@ 1/2 hour-by 1/2 hour generation decisions are

e static but linked to future by the shadow price of stored water
e based upon inflows and stored fuel

o forward looking (expectations)

e affected by volatility in inflows and demand

@ outcomes and economic welfare are affected by
o the structure of demand and supply

@ e.g shape of demand
@ consider competition and monopoly

e volatility in inflows and demand
o the level and forecastability of inflows
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Under Competition

Storage and Price

Storage and Price

s

0 10 20 0 ) 50
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Under Competition

associations

Correlations

@ shadow price with

e storage: -0.83
e inflows: -0.72
e gas generation: 0.99

@ Hydro generation with

e storage: 0.78
o inflows: 0.71
e gas:-0.91

@ inflow with

e price: -0.18
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Particular Features of The Shadow Price

No Volatility in Demand

@ Shadow price by inflows: Reservoir Empty/Half full/ Full

80

0 10 20 30 40

@ Need not have the shadow price of water equal to the operational
marginal cost of gas
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Monopoly Findings

No Volatility in Demand

Monopoly vs Competition

@ Monopoly has

o higher prices (standard)

o higher average storage

e much less volatile price

e much less gas used

o lower welfare: where volatility can be costlessly managed

@ Reservoir expansion by 1 TWh

] \ Competition \ Monopoly ‘
Social Value $13m $52m
Market Value $39m $23m
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Climate Change

Explore by

@ Varying mean (average) inflows

@ Varying forecastability (volatility of inflows
© Carbon tax
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Changes in Mean Inflows

Decrease average inflow by 30%

- NIWA argues that inflow will actually increase

- Decrease in average inflow means increased amount of low-cost fuel over
any reasonable period

\ Relative to Base \ Competition \ Monopoly \
Hydro G 70% 71%
Gas G 1.26% 2.83%
Social W 91% 93%
Profit 1.04 96%
Social Value Extra Capacity 31% 17%
Market Value Capacity 44% 70%

Volatility spread between competition and monopoly remains
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Reduced Inflow Predictability

Decrease mean reversion parameter by 30%

Increases overall variability as well
‘ Relative to Base ‘ Competition ‘ Monopoly ‘
Hydro G 100% 98%
Gas G 100% 112%
Social W 100% 100%
Profit 99% 100%
Social Value Extra Capacity 223% 158%
Market Value Extra Capacity 174% 156%
Volatility spread between competition and monopoly remains
Big increase in the value of extra reservoir
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Carbon Tax

$25/tCO2 = 25% increase in mc of gas

Price increase less than half the increase in marginal cost )

] Relative to Base Case \ Competition \ Monopoly ‘

Hydro G 100% 100%

Gas G 90% 93%

Social W 98% 99%

Profit 109% 100%

Social Value capacity 115% 114%
Market Value capacity 113% 113%
Price 112% 1.01
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What Next?

Developments

@ more on random demand and correlation with inflows

@ other oligopoly market structures

e oligopoly with mixed portfolios
e oligopoly with specialised portfolios
e other forms of competition

@ Cap and Trade would be a particular challenge
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