S-18.3153 Sahkon jakelu ja markkinat Markets
S-18.3154 Electricity Distribution and Markets

1) Kysymys:

Pienelld sdhkoyhtiolld on oma lampdlaitos (lampdkattila) sekda CHP-voimalaitos (CHP =
Combined Heat and Power = yhdistetty séhkon ja lammon tuontanto). Sahkdyhtion on myods
tietysti mahdollista ostaa porssisdéhkda Nordpoolista.

Talvipaivan keskimaardinen sahkon tarve on 120 MW ja Iammon tarve 100 MW. Yhtion
lampdlaitos toimii 87% hyotysuhteella ja CHP-voimalaitos hyotysuhteella 85% (puolet
séhkoa ja puolet 1ampod). Lampdolaitos kayttaé biopolttoaine/turve/6ljy -polttoainetta
hintaan Cpio 8.50 €/ MWh ja CHP maakaasua hintaan Cqss € MWh ja. S&hkon spot-hinta
siirto mukaanlukien on 35 €/ MWh.

Oletetaan, ettd sahkon spot-hinta ja biopolttoaineen hinta pysyvat muuttumattomina. Miten
alas tulee maakaasun hinnan pudota, jotta on taloudellisesti perusteltua kayttaa
yhtién omaa CHP-laitosta? Oletetaan, ettd CHP-laitoksen minimi tuotanto on 20 MW.

1) Question.
A small distribution company has its own CHP and heat only production, and of course the
ability to purchase electricity through Nordpool.

Its average energy demand on a cold winter’s day is 120 MW electricity and 100 MW heat,
its heat plant operates at 87% efficiency and CHP plant at 85% (1 part electricity for 1 part
heat), but the CHP plant uses natural gas at an equivalent price of Cgas € MWh and the heat
plant uses a biofuel/peat/oil mix of Cyio 8.50 €/ MWh. The electricity spot price including the
transmission tariff is 35 €/ MWh. The transmission tariff does not have to be paid for
electricity generated by the company itself.

Assuming that the spot price for electricity and the price of biofuel remains relatively
steady, what price does natural gas have to drop to before it becomes economically
feasible to run the company’s CHP generation? Let’s say the minimum total output of a
CHP plant is 20 MW.



2) Kysymys:
(lahde: Kirschen, Strbac: Fundamentals of Power System Economics, tehtéva 3.3),
kysymystd muutettu pintapuolisesti

Kuusi yritysta EBEY (Exploit us before we Expoit You) ovat seuraavat:
Genl: Sdhkontuottaja, jonka maksimiteho on 1,5 GW

Gen2: Sahkontuottaja, jonka maksimiteho on 800 MW.

Retl: S&hkon jalleenmyyjd, jolla on pysyva asiakaskunta

Ret2: S&hkon jalleenmyyjd, jolla on pysyva asiakaskunta

Tradl: Myyntiyhtio, jolla on vain sopimuksia (ei fyysista omaisuutta)
Tradl: Myyntiyhtio, jolla on vain sopimuksia (ei fyysista omaisuutta)

Tassa tehtavassa kiinnostava tunti on 20.2.2021, 12.00 — 13.00

Kuormitusennusteet

Retl ja Ret2 ennustavat perustuen historiadataan, ilmaston lampenemiseen ja merkittavaan
suurten kotiviihdekeskusten lisaéantymiseen, etté heidén asiakkaidensa tehontarve ko.
kiinnostavana tuntina tulee olemaan Ret1: 1500 MW ja Ret2: 1850 MW.

Pitkat sopimukset
e Genl:lla on pitka sopimus, joka takaa ko. tunnille 800 MW tehon hintaan
35 €/ MWh.
e Gen2:lla on pitka sopimus, joka takaa ko. tunnille 500 MW tehon hintaan
38 €/ MWh
e Retl:1ld on sopimus ko. kuukaudelle, joka takaa 900 MW hintaan 36 €/ MWh.
e Ret2:1la on sopimus ko. kuukaudelle, joka takaa 850 MW hintaan 35 €/ MWHh.

Tulevaisuuden sopimukset (Futuurit)

Date = pdivdmaara, Company = yhtio, Type = tyyppi, Amount = maara, Price = hinta
Katso taulukko englanninkielisessa tehtévassa alla. Siind on mainittu kaupankaynnin
historiaa ja tehtyja sopimuksia ko. kiinnostavalle tunnille.

Optiot

Joulukuun 2020 lopussa Genl osti 250 MWh myyntioption hinnan ollessa 35,50 €/ MWh.
Preemion hinta oli 75 €.

Tammikuussa 2021 Ret2 osti 150 MWh osto-option hinnan ollessa 36,25 €/ MWh. Preemion
hinta oli 50 €.

Kyseisena paivana

Systeemihinta oli 36,50 €/MWh 20.2.2021 klo 12.00 — 13.00.

Genl pystyi tuottamaan vain 1000 MW hintaan 32 €/ MWh, koska sillé oli pakollinen
ydinreaktoreidensa turvallisuustarkistus.

Gen2 pystyi tuottamaan koko téyden kapasiteettinsa 800 MW hintaan 33,50 €/ MWh.
Ret1:n tehontarve oli 1500 MW, jonka se jélleenmyi hintaan 38,00 €/ MWh.

Ret2:n tehontarve oli 1900 MW, jonka se jalleenmyi keskiarvoiseen hintaan 37,50 €/ MWh.
Kaikki kaupankéynnin epéatasapaino hoidettiin systeemihinnalla (joka oli sama kuin
aluehinta kaikille ko. ajanhetkelld).

Tehtava
Laske jokaisen osakkaan voitto tai tappio



2) Question (taken, with superficial changes, from Problem 3.3 in Fundamentals of Power
System Economics, by Kirschen and Strbac).

Six companies in the EBEY (Exploit us before we Expoit You) electricity market are as
follows:

Genl: A power producer with a range of generating plant producing up to 1.5 GW max.
Gen2: Another power producer with a range of generating plant producing up to 800 MW
max.

Retl: An electrical energy retailer, with a solid customer base

Ret2: An electrical energy retailer, with a solid customer base

Tradl: A trading company with no physical assets

Trad2: A trading company with no physical assets

The hour of physical delivery we are concerned “that hour” with is Feb 20, 2021, between
12.00 and 13.00

Load forecasts

Retl and Ret2 forecast, based on historical data, global warming and the projected market
penetration of large-scale home entertainment centres, that their respective customers will
consume 1500 MW and 1850 MW respectively during that hour.

Long-term contracts
e Genl has a long-term contract covering the hour of delivery for the supply of 800
MW at 35 € MWh
e Gen2 has a long-term contract for the supply of 500 MW at 38 €/ MWh during that
hour
e Retl has a contract for that month to purchase 900 MW at 36 €/MWh
e Ret2 has a contract for that month to purchase 850 MW at 35 € MWh

Futures contracts

Date | Company | Type | Amount (MW) | Price (€)
1/11/20 Tradl Buy 50 35.00
10/11/20 | Trad?2 Sell 150 35.25
25/11/20 Ret2 Buy 250 35.75
30/11/20 | Tradl Buy 150 36.00
4/12/20 Genl Sell 200 35.50
6/12/20 Gen2 Sell 300 36.50
19/12/20 Retl Buy 250 36.50
23/12/20 | Trad2 Buy 50 35.50
2/1/21 Tradl Sell 150 36.50
7/1/21 Ret2 Buy 250 35.00
15/1/20 Retl Buy 450 36.00
25/1/20 Genl Sell 250 36.25
29/2/21 Genl Sell 200 36.25
4/2/21 Retl Sell 100 36.25
10/2/21 Trad?2 Sell 50 35.25
14/2/21 Tradl Buy 100 35.00
16/2/21 Ret2 Buy 250 35.25
17/2/21 Genl Buy 300 36.75
18/2/21 Tradl Sell 150 38.00
18/2/21 Trad?2 Buy 100 36.00
19/2/21 Ret2 Buy 100 35.00




Options

At the end of December, 2020, Genl bought a put option for 250 MWh at €35.50 and the
option fee was €75.

In January 2021, Ret2 bought a call option for 150 MWh at 36.25 €/ MWh. The option fee
was €50.

On the day

The system price turned out to be 36.50 €/ MWh between 12.00 and 13.00 on Feb 20, 2021.
Genl could only produce 1000 MW at 32 €/ MWh because of an enforced safety check on
one of its nuclear reactors.

Gen2 was able to produce at its full capacity of 800 MW at 33.50 €/ MWh.

Ret1’s demand was 1500 MW, which it retailed at 38.00 €/ MWh.

Ret2’s demand was 1900 MW, with its retail price set, on average, at 37.50 €/ MWh.

All imbalances were settled at the system price (which was the same as the area price for the
parties concerned at the time in question).

The task
Calculate the profit or loss made by each party.
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1) Vastaus / answer.
Tehon tarve / demand:

Pheat = I:)ho + I:)h_chp (: 100)
I:)el = I:)el_import + I:)el_chp (: 120)

Kustannukset / costs:

Ctot = Cho + Ch_chp + Cel_imp + CeI_chp €/h
R Ph h I:)I h
= Cbio e + Cgas =0 + Cspot Pel_import + Cgas —== (1)
ho nchp nchp
F)h - I:)h h I:)h h F)I h
= Cbio = = + Cgas = +Cspot (Pel - l:)el_chp)_‘_ Cgas =b
TTho nchp nchp

Jos CHP-voimalaitos ei ole kayt6ssa, niin: / if there is no CHP production, then:

Cor = Cyo 28 +.C_ P

bio spot " el
ho

= 8.50@ +35-120=5177 €/h
0.87

tot

CHP-laitoksen kaytto tulee jarkevaksi, kun yhtalosta (1) ratkaistaan Cgqs suhteen:
For CHP to become feasible, solving (1) for Cgys:

Cll_[cb' M_FC t(PI_PI h)j L -
c - ° T T worte telaw kun minimi CHP:n tuotanto on 20 MW
. [Pchp + Pe.cth for minimum CHP production of 20 MW
nchp

CHP-laitoksen 20 MW tarkoittaa 10 MW lampo64a ja 10 MW séhkoa /
20 MW means 10 MW heat and 10 MW electricity from the CHP plant.

5177 - {cbiolo(?g?lo +Cyper (120 —10)}

10+10

0.85
If the CHP is run at full capacity, the break-even point is:
5177-C,,,(120-100)
100+100
0.85
Siis, jos maakaasun hinta laskee alle 19.03 €/ MWh, CHP:n kéytto tulee taloudellisesti
jarkevaksi (taman karkean analyysin perusteella). /
So if the price of gas falls below 19.03 €/ MWh, then CHP becomes viable for this utility -
according to this extremely rough analysis!

=19.03€

=19.03€ (very little difference...)

Cgas(Cspot, 850) 20 - Cgas (35, Chio) e




Kaasupdrssin SPOT -kaupan volyymi ja systeemihinta
(14 edellista kuukautta)
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source: http://www.gasum.com/

2) Vastaus / answer

Genl: 800*35+200*35.5+(250+200)*36.25 — 300%36.75 — 75 + (250*35.5 if worth it but
it’s not!) — (1150 — 1000)*36.5 — 1000%32 = €2837.50

Gen1:
+ 800*35 “Genl has a long-term contract covering the hour of delivery for the supply of 800 MW at 35 €/MWh™
+200*35.5 [ 41214 | Genl | sel | 200 | 3550 |
25/1/14 Genl Sell 250 36.25
+ + *
(250+200)"36.25 29/2/15 Genl Sell 200 36.25
—300*%36.75 [ 172715 | Gen1 | Buy | 300 | 3675 |

— 75 (put option fee)
. . .0 “At the end of December, 2014, Genl bought a put option for 250 MWh at
+ (250*35-5 if worth it but it's FIOt!) 35.50€ and the option fee was 75€”

— (1150 - 1000)*36.5 (commitment— actual production = ((800+200+450-300) — 1000)

—1000*32 Genl could only produce 1000 MW at 32 €/ MWh because of an enforced
safety check on one of'its nuclear reactors

= 2837.50 €
Similarly:
Gen2: 500*38 + 300*36.5 — 800*33.5 = 3150.00 €

Retl: -900*36 — 250*36.5 — 450*36 + 100*36.25 + 1500*38 — (1500 — 1500)*36.5 =
2900.00 €

Ret2: -850*35 — 250*35.75 — 250*35 — 250*35.25 — 100*35 — 50 — (150*36.25 if worth it
and it is!) — 50*36. 5 + 1900*37.5 = 4187.50 €

Tradl: -50*35 — 150*36 + 150*36.5 — 100*35 + 150*38 = 525.00 €

Trad2: +150*35.25 — 50*35.5 + 50*35.25 — 100*36 — 50*36.5 = -150.00 € (ouch!)


http://www.gasum.com/

