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Overview of the Lecture

1. Part A: Demand flexibility

Flexible demand , from inelastic to elastic demand
Recap : Stochastic optimization

I a T A Miage stocliagtie programming model
A second model : multi period formulation

A third model : flexible demand and more
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2. Part B: Demand response

Basic economic definitions

A Discussion on Demand Response

A Price elasticity and cross price elasticity

A Case studies on DR with cross price elasticity
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P Part A: Lecture key points

Two-stage How does it Formulation of|, |\ Demand
Stochastic work ?¢is it Multi-period Elasticity : ste
programming | |G NB | & 2 y Ipooblegné K| [function
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Demand Flexibility

Sources of flexiblility : storage, heating, EVs, transmission
Lack of flexibility : Wind curtailmeit/HY?
Discussion on suppfiexibility has reached its limitWHY?

Demand flexibility undeutilised(tons of potential) WHY?
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Inelastic Demand

Price in EURAWhH

Demand : 260.8Wh
‘ 80 MWh
Market clearing : 4@/MWh 60 W/MWh

60MWh  Norwegia
40 W/MWh Gas
SRR

soMmwh |North Seg

Ra

.

partially cleared

100MWh  150/MWh [, A .
Bid: 05MWh 6 M Stephens price setter
10MWh, 05 % Colliery 30 MWh
15Mwh, 0.3 2 WMWh
5 MWh, 0.2

Megaton
0 WMWh Swedish| Nuclear
Water

Production inlMWh
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NordPoolElspotbids

1. Hourly Bids (most common):

¢ Price independent : buy / sell always at any price
¢ Price dependent: U 64 intervalsg stepwise functions

_ d Y Price-independent
Price-dependent hourly bi hourlv bid
e I 100 | 101 | 150 | 151 | 175 | 176 | 200 | 201 2500\ sagd I 2500\
Hour Hour
1 1-24 70 | 70
2
4 so | 50 | 10 | 10 0 0 -10 | -20 | -30 | -30
[
6
etc. /
% \_ /

Trade at the Nordic Spot Market (2004) Nord Pool AS

1. Blocks:

¢ Buy or sell at a fixed prieolume for successive hours

¢ Accept/reject the whole block (with minor exceptions for
volunteers and for minimum Hrs)
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http://www.ieee.hr/_download/repository/Nord Pool Spot Market.pdf

Two-stage stochastic programming

A Dayahead dispatch improved based on its impactreat
time balancing

A Balancing scenarios drawn from pr&stimates

A Couplingof trading floors:

min dayaheadcosts + [alancing costs]
subject to

A Dayahead market constraints:
L Power balance in daghead stage
b Bounds in energy offers

A Operation constraints
b Power balance at the balancing stage
b Network constraints (if applicable)

L Nonnegativity
DTU
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Two-stage stochastic programming

Min dayahead costs + E[balancing costs]

Dayahead
constraints

Power balance dual variabl \*'

: B
| Power balance dual variabv; , Vk € K
Operation _ _
constraints Dual variable of each scenario : real

time revenues on expectation
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Problem #1: Formulation

Single period inelastic demand
min [Z ApiP; + Z AW ] [ D [Z AL Z Ay Z Ashedesi}ed 4 Z A [ij W, - W;’EHI]J
-l kek

1€l jedJ

el el jeJ jeJ
Dayahead constraints *ad Operation constraints 1:&m
P + W.,=D : )\F Z [ Tik — zk] + Z Shed"’
> it ) Wi=D:
= e spill B
P, <Cpg;YViel "'Z[ij—wj—WjE}ZO:'yk,VkeiC

jed

W; <Cw; Vjed

P+T <CD1\VI%€I
Ppi,W,; >0Vi,j€1,J

Pi—r, >0Viel
ri <R Viel W§plu<wjk VieJ
r. <RSViel

Y Wil <DVjed
JjeJ

D 5 \)

Variables:

shed spill
= — shed spill 4+ — W W 2 0
H"::jak - {P?»?WJ?W W’lk ’Tik’Tik} ’Lk’ Zk’ _7,1;;




Problem #1: An example

‘ Demand: 170 MW
':) 1 Win power plant

1 Conventional plant
Can provide flexibility

ﬁ ﬁ 2 Conventionaplants

Do notprovide flexibility
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Problem #1: An example

‘.) Scenario Low : pG&4,10 MW
" Scenario High : p&6,50 MW

Symbol  Value Symbol  Value
D 170 [ 1
\shed 200 n 1
N AW1 0 Cp; (100,110,50)
N - ADi 35130,10)  Cw 50

S )\EZ 403'9-) R;i_ (20’-’-)

)\gz 34’-’-) Rz_ (40’-’-)
flexible -
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Note: Conventional dayahead

Operation costs?  Inelastic demand:
170 MW!

110MWh,
30 EURMWh

ﬁ 86MWh cleared

price setter

50 MWh
34 MWh 10 EURMWh

o

0 EURMWh
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Problem #1: Solution

Day'ahead schedule Inelastic demand:

10 MWh from wind L70 Mw |
Glexp& flex scheduled in 40MWh,

L 35 EURMWh
case scenario High happens

70 MWh, m
But G2 is cheaper [ 2?7] 30 EURMWh |

50 MWh

10 MWh 10 EURMWh

0 EURMWh

E
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Problem #1: Solution

No merit order !l

Dayahead scheduled based on
exp. realtime outcomes

Point in coupling of trading
floors i.e. total costs count

DA price = 30 EUR
G1 bid (gen. cost) 35 EUWUR

But !l Low operation costs !!!

DIU =5\




Problem #1: Solution

Realtime expected dispatch

Bid 10 MWh
% Scenario Low : pG:4,10 MW Balance
0 3
'l Scenario High : p&:6,50 MW Surplus: 40 MWh

11 Low: Nothing happens
High Buy 40 MWh of dowanegulation
Flexibility induces risk L

Another issue : LMPs and dual®/ p
Check that DowiReg= 40 MWh

Low : 14.6 0.4 =36.5
High: 15.4/0.6 = 25.67

These prices do not represent physic:
characteristics of PES
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Problem #2: Formulation

Multi period ¢ inelastic demand

a Ay -aheadcbsis & reserve +

1 9wolfFyOAy3a O
min ZcF(p (1) W;(0). BF (1), R (1) +
ZECB zk: t)ﬂ zk( ) WShed( )JW;lIc)iu(t))]

Dayahead Operation
constraints constraints




Problem #2: An example

Conv. unit i 1 2 3 Unit 3

Cpi; (MWh) 50 110 100
Ap; ($/MWh) 10 30 35
AL (8/MWh) 16 13 10
An; (8/MWh) 15 12 9

100 MW

Bus 1
|

A b b

Unit1 Unit2 Wind

DTU
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P Problem #2: An example

Consumer 1 1 2 « Unit 3

Period 1 (MWh) 40 100
Period 2 (MWh) 25 &0
Period 3 (MWh) 45 95

100 MW

Bus 1 Scenario k High Low

! |
/a\ ‘l Period 1 (MWh) 50 10
0 ") Period 2 (MWh) 65 30

Peri MWh 1
Unit1 Unit2 Wing crod 3 (MWh) 35 15

—
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Problem #2: Solution

Generation Unit 1 Unit 2 Unit 3* Wind
Period 1 (MWh) 50 40 40 10
Period 2 (MWh) 50 0 25 30
Period 3 (MWh) 50 55 20 15
Unit 1 Unit 2 Unit 3
Reserve Up Down Up Down Up Down
Period 1 0 0 0 0 0 40
Period 2 0 0 0 0 0 25
Period 3 0 0 0 0 0 20
High Low
40 0
25 0
20 0_.
DTU =5
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Problem #2: Solution

Wind Spillage
‘ Scenario High Low
O Period 1 0 0
" Period 2 10 0
Period 3 0 0
Stage Scheduling Balancing
Scenario — — High Low
Bus | 2 | 2 1 2
Period 1 30 35 7 12 23 23
Period 2 23 23 0 0 23 23
Period 3 30 30 7 7 23 23
=2
DTU =
e
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Problem #3: Formulation

Multi period ¢ elastic demand

Miny RIEFKSIR 024804 9

w Yy [ul (Odi(t) + 3 prluf (Odip (t) — uf (O (1)

el lel ke

More notation : @ @ @A) U’

. utilities (reverse cost)
down / up regulation consumption

downreg surplus in supplg load increase
up reg: deficit in supply load curtailment
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