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BACKGROUND

« Transition to high levels of renewables is inevitable due to EU 20-20-20

2020 Renewable Electricity
Targets Across the E.U.

e f
X0 All Runewables as % of Demasd @) Wind & % of Demand

Source: Eirgrid 2013 D dublin
energy lab.




MOTIVATION

* EU Energy Policy is influencing the transformation of the Irish power system
and electricity market

« Aim to assess various future energy policy scenarios under different
electricity market structures o

)

Single Electricity Market (SEM)
Integrated-Single Electricity Market (I-SEM)

British Electricity Trading and
Transmission Arrangements (BETTA)
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MARKET STRUCTURES

Current SEM structure

Day Ahead

Within Day

TSO Central Dispatch Ex-Post Pricing

EA109:30 TD-1  EA2 11:00 TD-1 TD 06:00 for 48 TD+4
trading periods

« NB: No forecast risk to wind & no concept of balance responsibility (i.e.

., ensure forecast~= actual)
() dublin
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. G  NB: Forecast risk to wind & must be balance responsible )( dublin

MARKET STRUCTURES
Proposed I-SEM structure by 2018

Financial Transmission Rights =
Forwards market
Unit Bidding

E Mandatory Participation
Simple PQ pair

Day Ahead

L]
= Continuous Trading to 1 hour
before real time

Mandatory offers for remaining capacity
Inc’s & Dec’s determined from DA & ID

Intraday Balancing
Mechanism

7

Imbalance Settlement

11:00 TD-1 22:00 TD 23:00 TD for 24
trading periods

~ energy lab.
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MARKET STRUCTURES

Current BETTA structure (but under redesign)

24hr before 'Gate Closure' Half hour

Time: delivery 1hr before delivery delivery

Forward/Futures
contract market

Short term bilateral
1 market
: 1 (Exchange)
1 Imbalance
] . = Settlement
(enerators, suppliers and Ealancing
traders buy and sell I Mechanism
electricity as they wish I
2 | 3 4
Motification of contract wolumes (to & | > < >
Settlement) and Final Physical National Grid (as System Sgtt_lement of cash flows
Notification to National Grid (as Operator} accepts offers and bids ~ 115ing from the
System Operator) for system and energy balancing balancing process

Source: National Grid 2009
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METHODOLOGY

. How do | model the different market structures?

« PLEXOS s an integrated energy software tool and is used by
utility companies, TSOs, energy consultants & regulatory authorities for:
» Market Analysis: Day ahead generation scheduling (Unit Commitment
and Economic Dispatch) to minimize cost or maximize profit
» Transmission/Network Analysis

€/MWh
Demand
N .
f
PLEXOS System e
Input Data PLEXOS Engine Price for
» System demand = Data read ,T,;ar?;r;g
« Wind data « Xpress-MP Solver
» (Generator techno- + Unit commitment
economic parameters * Economic dispatch
» Interconnectors + Solution formulation
» Generator constraints
» System constraints -
T MW
Plant within merit

* NB: Box (1987) wrote that "essentially, all models are wrong, but some are useful
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METHODOLOGY

 Wind is modelled in aggregated form, 13 regions, 5,211 MW in 2020
« System demand based on EirGrid’'s 2020 median demand forecast
 Peak demand 7,300 MW
« Valley demand 2,500 MW
« Total dispatchable capacity 8,700 MW
* Interconnectors
* Moyle, 450 MW & 410 MW
 East-West, 500 MW
» Reserve requirements as per TCGs

* SNSP limit = 75%

» Great Britain represented as single GT
o or detailed representation
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METHODOLOGY
Compressed Air Energy Storage (CAES)

Electricity from grid ' Electricity
used to compress air is feed back to the

fural Gas)

———

Compressed When ele

0'underground & Air
°d for later use U

Cavemn

released to rQ

Salt Dome
Source: Succar 2005)
( dublin
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RESULTS - SEM & CAES

Wind curtailment levels in 2020

4.0%
without CAES

3.5% -

-1.2%

3.0% -

with CAES

2.5%

2.0% - B SNSP=75%

1.5%

Wind curtailament level

1.0% -

0.5% -

GRSUTEOK 7}@ 0.0% -
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Assessing the Economic Benefits of Compressed Air Energy Storage for Mitigating Wind

Source: Cleary, B., Duffy, A., O Connor, A., Conlon, M., and Fthenakis, V. (2015) )
)N‘* Curtailment, IEEE Transactions on Sustainable Energy, vol. PP, no.99, pp.1,8. (



RESULTS - SEM & CAES

Total Generation costs in 2020

B Generation Cost B Start & Shutdown Cost
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without CAES with CAES
-€47m

Total Generation Costs (€ billions)

energy lab.

Assessing the Economic Benefits of Compressed Air Energy Storage for Mitigating Wind

Source: Cleary, B., Duffy, A., O Connor, A., Conlon, M., and Fthenakis, V. (2015) )
Curtailment, IEEE Transactions on Sustainable Energy, vol. PP, no.99, pp.1,8. (




RESULTS - SEM & BETTA

« Irish Midlands Wind Energy Export Projects — 6.2 GW onshore &
3.8 GW offshore

Existing Interconnectors

Greenwire Interconnectors

Energy Bridge Interconnectors

Export Projects Footprint

Netherlands
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* Model scenarios
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RESULTS - SEM & BETTA

UK RES-E Target
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RESULTS - SEM & BETTA

Annual load-weighted average wholesale system marginal prices in 2021

B without Imports with Imports

96.00

- 0
94.00 7

94.16 93 60
7

92.00

040 _ 5oy

90.00 -
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System Marginal Price (€/MWh)
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‘ UK Slow ‘ UK Green T
‘ SEM ‘
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;5: economic and environmental impacts of large scale wind energy exports from Ireland to
¥ Great Britain. Energy Policy (Under Review). energy lab.



RESULTS - I-SEM &CAES

« Day-ahead(24 hrs) forecasted
system wind and demand
+ Planned maintenance outages

I-SEM Model
DA DA
Model - D; 4 Model - D;.4
(Stochastic) (Stochastic)
DA Model BM Model
Output - D; 4 end state - D;

BM
Model - D,
(Deterministic)

+ Actual system wind and
demand
« Forced outages
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Day Ahead (D) Balancing Mechanism (D,) Day Ahead (D,,,)
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RESULTS - I-SEM &CAES

Annual average wholesale system marginal prices in 2020

mBAU ABAU+CAES
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System Marginal Price (€/MWh)

Day-Ahead Balancing Mechanism

performance of wind generation in conjunction with compressed air energy storage in the
new proposed Irish electricity market. Economic and Business Letters (Under Review).
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Source: Cleary, B., Duffy, A., A.,0'Connor, A., Conlon, M. Assessing the future economic )



FURTHER WORK & CONSIDERATIONS

 Further work:

 |-SEM model sensitivities:

O

©)
©)
©)

Wind forecast error — system wide & time shifting effects
Demand forecast error

Fuel & Carbon prices (low, medium & high)

Generator Incremental & Decremental prices

* Considerations for further research:
e Pre-2020:

O

Data centres(900-1400MW), batteries, flywheels

o Carbon floor price in BETTA

» Post-2020: Peat plants, Moneypoint coal plant, new interconnector
to France (700MW), offshore wind, solar, biomass, tidal/wave,
embedded/distributed generation

« 2030 RES-E targets
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