Insuring Unit Failures in

Electricity Markets
Salvador Pineda
o Antonio Conejo

Miguel Carrion

Universidad de
Castilla-La Mancha
(Spain)

2009




norms OUTLINE e

Introduction
Model

Case study
Conclusions



norms OUTLINE e

Introduction
Model

Case study
Conclusions



"33 INTRODUCTION ===

:ﬁz\\ " Pool market (QF{']J

_ (price volatility)

LFutures market}
(fixed price)




lilprms

INTRODUCTION

Pool
Risk
neutral
Fut.
Pool
Risk
averse
Futures

@

UNIVERSIDAD DE
CASTIWR-LA MANCHA



1orms: | N T R O D U CT' O N Ak o)

:ﬁ;\\ " Pool market (i'{'ll/

_ (price volatility)

Futures market
(fixed price)

:Elief Production unit i&i@f

6



"33 INTRODUCTION ===

\Unit failure

Time

@S5



@

"33 INTRODUCTION ===

Failures neglected Failures considered
Pool Pool
Risk
neutral
Fut.
Pool Pool
Risk
averse
Futures Futures




liprms

Pool price

| N T R O D U CT' O N ALyl

Pool price

e

\\\\\\Lhﬂtfaﬂure

Time

_Insurance |

Iy

}

Jql\
Y

"
?a“-.
.L\“t‘;'i\'f - 3
TR RTRRTRN,
\S;Ov
f 3
M

Qe



@

1orms: | N T R O D U CT' O N Ak o)

Swiss Re New Markets and
Mirant Offer Generator Forced
Outage Insurance Product.

Swiss Re's Electricity Price and Outage Protection
(ELPRO) is a dual-trigger solution which protects
against volume and market price by financially
firming up generation whenever:

- Generating units suffer unplanned outages, and

- Electricity price exceeds a pre-agreed strike price.

10



"33 INTRODUCTION ===

Sources of uncertamty Forward Insurance

Pool prlcesI Unit availability \COﬂtraCtS { policy

1



1orms: | N T R O D U CT' O N Ak o)

Sources of uncertamty Forward | Insurance

Pool prlcesI Unit avallablllty contracts policy

Pool Futures
market market

Insurance ?
12



@

1orms: | N T R O D U CT' O N Ak o)

Sources of uncertamty Forward | Insurance

Pool prlcesI Unit avallablllty contracts policy

Scenario tree

Stochastic Risk
programming aversion

{ Pool Futures

market market
= Insurance ?

13



lilprms AlM \SEFR R

Analyze the effect of an
insurance contract on the
decisions of a power producer

14



norms OUTLINE e

Introduction
Model

Case study
Conclusions

15



@

liorms MODEL AL N

Sources of uncertamty Forward | Insurance

Pool prlcesI Unit avallablllty contracts policy

Scenario tree

Stochastic Risk
programming aversion

[ Pool Futures

market market
= Insurance ?

16



orms MODEL WL sl

[Poolpﬁces]

17



[Poolpﬁces]

Historical data Pool price scenarios

WMN

Pool price
Pool price

Time Time

ARIMA model

18



@

liorms MODEL AL N

Sources of uncertamty Forward | Insurance

Pool prlcesI Unit avallablllty contracts policy

Scenario tree

Stochastic Risk
programming aversion

[ Pool Futures

market market
= Insurance ?

19



orms MODEL WL sl

[ Unit availability ]

20



[ Ur"t ava"ab'l'ty ] Failure time series = 20, 35, ....

Historical data

ul ~ exp(MTTF)
D e
L) L) ¥
orel L L Repair time series =12, 8, ....
FOR(%) — MTTR ~ exp(MTTR)
MTTF+MTTF
21



lilprms

[ Unit availability ]

Historical data

@

UNIVERSIDAD DE
CASTIWR-LA MANCHA

Availability scenarios

ONR

D

(1)

OFFt

X6

)

1

OFF -
) \/ \—
ON}|
Time

te ~ exp(MTTF)
t, ~ exp(MTTR)

22



@

liorms MODEL AL N

Sources of uncertamty Forward | Insurance

Pool prlcesI Unit avallablllty contracts policy

Scenario tree

Stochastic Risk
programming aversion
Pool Futures
market market
— Insurance ?

23



lilprms

MODEL

Sources of uncertainty

D

Z

Pool pricesI Unit availability

Scenario tree

Pool price scenarios

Pool price

Time

OFF

ON

OFF

ONF

@

UNIVERSIDAD DE
CASTIWR-LA MANCHA

Availability scenarios

I

|

24



@

liorms MODEL AL N

Sources of uncertamty Forward | Insurance

Pool prlcesI Unit avallablllty contracts policy

Scenario tree

Stochastic Risk
programming aversion
Pool Futures
market market
— Insurance ?

25



orms MODEL WL sl
(

~
Forward

contracts
\_ Y,

26



orms MODEL WL sl

[Forward contracts]

Specified quantity (MWh)
Fixed price

Future delivery period

27



@

liorms MODEL AL N

Sources of uncertamty Forward | Insurance

Pool prlcesI Unit avallablllty contracts policy

Scenario tree

Stochastic Risk
programming aversion
Pool Futures
market market
— Insurance ?

28



orms MODEL WL sl

Insurance

'
~ policy

29



[ Insurance policy ]

Initial premium
Insured power
Time period covered

Conditions:
Pool price > Strike price

Unit unavailable

30



_ »
" |NTRODUCTION ==

[ Insurance policy J

Quantity paid by

the insurance company o
90r to the producer - \Unlt failure
A
80
Strike price/

Pool price

/

10 20 30 40 50 60 70 31
Time

Pool price




@

liorms MODEL AL N

Sources of uncertamty Forward | Insurance

Pool prlcesI Unit avallablllty contracts policy

Scenario tree

Stochastic Risk
programming aversion
Pool Futures
market market
— Insurance ?

32



lilprms

MODEL

Stochastic
programming

@

UNIVERSIDAD DE
CASTIWR-LA MANCHA

Risk
aversion

33



Stochastic programming

Objective function

Maximize CVaR (profit,)

Constraints

Production unit limits
Energy balance
Forward characteristics

34



Stochastic programming

Objective function Risk aversion
Maximize CVaR (profit,)

Probability

Probability
1-a

Constraints

Production unit limits

1
CvaR VaR Prof't

Energy balance

Forward characteristics 35



Stochastic programming

Objective function Risk aversion
Maximize CVaR (profit,)

1//
CVaR/ =0 ——)> &
a é/ AL ; ollw

— profit +¢ —n, <0
7,20

Probability

Probability
1-a

Constraints

Production unit limits

|
CvaR VaR Proflt

Energy balance
Forward characteristics 36



Stochastic programming

Objective function

Maximize CVaR (profit,)

PC))+ Z/IPT +s( ,+P,Z(z§)—,1,)Tt]

teG,

A, —> Pool price
P” — Power sold in the pool
T, — Duration of time period

Constraints

Production unit limits
Energy balance
Forward characteristics 37



Stochastic programming

Objective function

Maximize CVaR (profit,)

N, N¢
rofit, =5 7 (ERPTIHCED)+ S 4P T, (M RS A m]
t=1 c=1

teG,
Pool Cost

C(:) > Cost function
P> — Generated power

Constraints

Production unit limits
Energy balance
Forward characteristics 38



Stochastic programming

Objective function

Maximize CVaR (profit,)

N, N¢
rofit, =5 7 (ERTHCES 4R T (M RS A m]
t=1 G=i

teG,

Pool Cost Forward

A. — Forward price
P. — Power sold through forward contract
T. — Forward contract duration

Constraints

Production unit limits
Energy balance
Forward characteristics 39



Stochastic programming

Objective function
Maximize CVaR (profit,)
Ny N
profit,, = > 7, (A, PaT|{HC (R D AP Ty 45, (— M, +P > (4, 4 )Tt)
t=1 c=1

teG,
Pool Cost Forward Insurance

s, — Binary variable

M, — Initial premium

P, — Insured power

teG, <k, =0and A, > 4,
A, — Strike price

Constraints

Production unit limits

Energy balance

Forward characteristics 40



Stochastic programming

Objective function

Maximize CVaR (profit,)

Constraints

Production unit limits

G
I:)max > uta)kta) Pta) > I:)min

|—)Input data (availability scenarios)

>Binary variable (on/off)

Balance energy
Forward characteristics 41



Stochastic programming

Objective function

Maximize CVaR (profit,)

Constraints

Production unit limits
Energy balance

P = 2_P.+P,
ceF, I_)Ptz > (ktw _1)2 Pc

cek

Forward characteristics 42



Stochastic programming

Objective function

Maximize CVaR (profit,)

Constraints

Production unit limits
Energy balance
Forward characteristics

max
P. <P

43



@

liorms MODEL AL N

Sources of uncertamty Forward | Insurance

Pool prlcesI Unit avallablllty contracts policy

Scenario tree

Stochastic Risk
programming aversion
Pool Futures
market market
— Insurance ?

44



lilprms

MODEL

|

Pool
market

Futures
market

|

@

UNIVERSIDAD DE
CASTIWR-LA MANCHA

Insurance ?
45



norms OUTLINE e

Introduction
Model

Case study
Conclusions

46



(@

1orms: C A S E ST U DY AL aia bl

3 months
4 forward contracts (3 monthly and 1 quarterly)
1 Insurance contract

Premium: 100,000 €

Insured power: 756 MW

Strike price: 10 €/ MWh
300 pool price scenarios reduced to 50
10,000 availability scenarios reduced to 200
Generating unit

Pmax =500 MW & Pmin =50 MW

Three FOR values: 0, 4 and 8%
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Average | CVaR Average | CVaR
P P
FOR| o™ \'o mw) | (Moee) | [FOR| * | p(mw) | (108¢) | S
0 0 11.7 0 0 1.7 | 0
0% 0%
0.95 160 8.5 0.95 160 8.5 0
0 0 11.2 0 0 1.2 | 0
4% 4%
0.95 160 7.9 0.95 160 8.0 1
0 0 10.7 0 0 10.7 |1
8% 8%
0.95 125 7.0 0.95 160 7.4 1
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Critical premium: the maximum amount that
a producer is willing to pay in exchange for a

given insurance contract.
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Critical premium.
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company
aP MF(€) oS MS(€)
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Thank you!

Questions?

www.uclm.es/areal/gsee 66
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