Lappeenranta-Lahti University of Technology LUT
School of Energy Systems

Energy Technology

Joonas Laitila

POWER PROCUREMENT AND CONSUMPTION
OPTIMIZATION IN A GLOBAL INDUSTRIAL
COMPANY

Master’s Thesis

Examiner: Professor, D.Sc. Esa Vakkilainen
Supervisor:Product Manager, ABB, Panu Karhu
Helsinki 18.6.2020



ABSTRACT

Lappeenranta University of Technology
School of Energy Systems

Degree Program in Energy Technology
Joonas Laitila

Power Procurement and Consumption Optimization in a Global Industrial Company

Master’s Thesis, 2020
104 pages, 29 figures, 9 tables, 3 annexes

Examiners: Professor, D.Sc. Esa Vakkilainen
Supervisor: Professor, D.Sc. Esa Vakkilainen
Product Manager, ABB, Panu Karhu

Keywords: electricity market, electricity procurement, reserve market, balance regulating
market, consumption timing

This master’s thesis studies the different electricity procurement possibilities provided by
the wholesale electricity markets. The thesis studies whether it is profitable for a company
to change their current electricity procurement that focuses on other companies’ services and
long-term price safeguarding through financial markets. The optional markets are the
wholesale markets including day-ahead and intraday with the secondary markets included.

The study is conducted with one-year market history data provided by Fingrid and Nordpool
that is then compared to the expenses a company had with their electricity procurement.
Once the initial results of profitability are shown, this thesis provides a study on how to
improve profitability under different market scenarios.

The study shows that 100% wholesale market participation would have been unprofitable
for the company in the spot price ascension scenario of the thesis in 2019 but indicates how
with partial market participation to the wholesale side of the electricity procurement, the
company can find secondary income streams from consumption timing and the reserve- and
balancing markets. With these streams in place, the profitability could have been improved
for the whole year. The thesis further proposes a good medium that does not erase price
safeguards from the financial markets but rather reduces it in order to have some wholesale
market participation in order to profit from both.

The results of the study are then further reflected in other electricity markets in China,
Europe, USA, India and Brazil where some markets provide ample opportunities but with
high risks, while others provide potential but with smaller risks maybe worth taking.
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Tamaé diplomity0 tutkii teollisen yrityksen séhkon hankintaa ja sen optimoinnin rahallisia
hy6tyja. Tutkimuksessa perehdytddn yrityksen sdhkonhankintaan, jossa sahkon hinta
pyritdédén suojaamaan finanssimarkkinoilla pitkdn aikavélin tilauksilla. Tilaukset
suunnittelevat ja toteuttaa ulkoinen palveluntarjoaja. Diplomitydssé tutkitaan, onko paivé-
ja tuntikohtaisille markkinoille syytd osallistua sahkon hankinta sadstdjen toivossa.
Tutkimus siséltdd myos reservi- ja saatomarkkinat.

Tutkimus suoritetaan sahkoémarkkinoiden historiadatalla yhden vuoden osalta. Data ladattiin
Fingridin ja Nordpoolin tietopankeista ja sitd verrataan yrityksen toteutuneisiin
sahkodnhankintakuluihin kyseiseltd vuodelta. Kun vertailussa selviég, olisiko kannattavaa
siirtyd pitk&dn aikavélin sahkon hankinnasta lyhyen aikavalin hankintaan, tilanteen
kannattavuutta ja sen parantamista lahdetaén tutkimaan eri markkinaskenaarioilla.

Tutkimuksen tuloksen yrityksen ei kannata siirtya taysin péiva- ja tuntikohtaisille
séhkomarkkinoille s&hkdn hankintansa osalta, mutta tutkimus osoittaa, ettd osittaisella
osallistumisella lyhyen aikavélin sahkomarkkinoille, yritys voi hyoddyntdd reservi- ja
saatomarkkinoita luodakseen uusia tulon lahteitd. Myds kysyntajoustamisen toteuttaminen
lyhyen aikavélin markkinoilla osoittautuu tuottoisaksi. Nama tulonléhteet lahes korvaavat
suorasta hankinnasta tulevat tappiot. Tyon tuloksena ehdotetaan sekoitusta seka finanssi-,
ettd tukkumarkkinoista, jolloin toissijaisia tulonldhteita voidaan hyddyntda nykyista
paremmin.

Tutkimuksen tuloksia heijastetaan Kiinan, USA:n, Intian, Brasilian ja Euroopan
sahkdémarkkinoille, joissa osassa riskit ovat suuret potentiaalin ohella, kun taas osassa riskit
ovat niiden ottamisen arvoisia.
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INTRODUCTION

The electricity markets in Europe, along with the energy industry itself, is under big changes
implemented by the EU. The clean energy for all Europeans package and the European
Green Deal are the biggest drivers for power generation change from fossil-based to
renewable energy. This change in generation method will create more intermittent electricity
generation that will affect the supply and demand balance on the electricity market, causing
more changes to the momentary electricity price and grid frequency balance actions. Both
give the opportunity for a company to profit from them. This thesis will study how to access
said profit.

As an example of industrial-scale power consumer, ABB is one of the leading companies of
the electric industry and as such has factories located across the world with a significant
electricity consumption and therefore electricity procurement. The power consumption
characteristics of ABB are well defined to be studied in this thesis to optimize their electricity
procurement. The current state of global electricity markets is in varying degrees of
development, led by the European energy markets that is the most advanced and continues
to improve itself. A successful electricity procurement strategy through different electricity

markets is at the forefront of every big company since it causes global expenses.

The electricity markets in Europe are moving towards a more united market, where each
market area is coupled, congestion mitigated, and the imbalance settlement frequency is
reduced to 15-minutes. All of these are steps that a company must stay informed about in

order to have a well-designed procurement strategy that works for the company’s advantage.

This master’s thesis will study the impact of switching electricity procurement from a
safeguarded financial market one to a more market volatile wholesale electricity market for
a company operating on the Nord Pool electricity markets. The switch is studied through
different market depths regarding the day-ahead and intraday markets at the Nordic
electricity markets Nord Pool. Through wholesale market participation, a company can take
part in secondary markets regarding the grid balance through the reserve and balancing
markets that will give the company extra income when compared to just financial market

participation.
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The study utilizes a computed trade system in MS Excel, where an electricity trade year is
simulated with consumption volume as a case example so that the study can make
comparisons between current electricity procurement costs and optional wholesale

procurement with secondary markets affecting the results.

If a company enters the wholesale markets, they can utilize consumption timing principles
introduced and studied in this thesis to optimize their procurement expenses to the minimum.
A case example of Finnish factories is used. The study conducted will result in credible
comparison between financial- and wholesale market participation in Finland in order to

understand the expenses caused by electricity procurement and how to improve on them.

Historically, bigger companies with large consumption portfolios have been content on price
safeguarded long term electricity procurement contracts that have small risks, but therefore
also small niches to profit from the more short-term markets. This thesis is constructed
around the presumption that both markets can be profited from simultaneously and that a

company must have an optimized electricity procurement and consumption plan.

The results of the study conducted are projected on other global electricity markets in China,
USA, Brazil, India and the rest of Europe, in order to identify market participation potential
and risks at different consumption locations around the world. This is introduced in the final
part of the thesis, while the first chapter explains the future of energy markets, the second
the European and global power markets and secondary markets, leaving the third chapter

for methodology of the study and the fourth chapter to the actual study and results.



11

1 FUTURE OF ENERGY MARKETS

1.1 Clean Energy for all Europeans

The Energy Union is an energy framework proposed by the European Commission in 2015
to battle climate change. The scope of the framework withholds the entirety of the EU and
it set the five main dimensions that the new European Green Deal is based on. The Energy
Union will provide energy security; a fully integrated European energy market; energy
efficiency to comply with consumption demands; a decarbonized economy and research and
innovation. The framework was made mostly due to the energy security aspects of Europe
and climate change. Many EU member countries are heavily dependent on one natural gas
provider and thus vulnerable to markets shocks. (European Commission, 2015b)

Although energy security is a large part of the framework, integrating countries under same
energy markets and energy principles will create a unified front for the EU enabling a
stronger role on the global energy markets. A strong market presence will help EU in their
foreign policy with other major energy-intensive continents. At the core of this unification

are the integrated energy markets. (European Commission, 2015b)

From the formation of the Energy Union spawned the Clean Energy for all Europeans
package. The package aims to keep the Energy Union on target for 2020 goals and set new
objectives for 2030. 2030 will feature a rising share in renewables, decentralized energy
generation and new technologies to be implemented into the energy system while
maintaining the current security of supply. The package consists of eight main legislative

files:

- Energy Performance of Buildings Directive (EU) 2018/844;

- Renewable Energy Directive (EU) 2018/2001;

- Energy Efficiency Directive (EU) 2018/2002;

- Governance of the Energy Union and Climate Action Regulation (EU) 2018/1999;
- Electricity Regulation (EU) 2019/943;

- Electricity Directive (EU) 2019/944;

- Regulation on Risk-Preparedness in the Electricity Sector (EU) 2019/941; and
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- Regulation on the European Union Agency for the Cooperation of Energy
Regulators (EU) 2019/942. (Lang, Holtermann and Buscher, 2019)

Being a part of the framework, the re-design of the electricity market through the electricity
regulation and directive affects this thesis the most. The goal of the market regulation is to
integrate the ever-increasing renewable energy share to the power grid without jeopardizing
security of supply. Bringing the customer closer to the markets is also important, as they
may generate their own electricity and participate in the markets with it. The market
integration crosses borders between nations and their respective energy markets. A
standardized balancing system will be introduced at 15 minute time-intervals and the
regional transmission system operators will procure balancing capacity separate from energy

production based on market principles. (Lang, Holtermann and Buscher, 2019)

Market harmonization will be implemented on day-ahead and intraday markets. Bids under
500 kW are allowed in order to have smaller market participants and trade intervals along
with gate closure times being the same between nations. Gate closure time indicates the last
time a trade can go through. There will no longer be any price caps or floors, but ones can
be set by nominated electricity market operators (NEMO) for short-term markets with small
timeframes. The prices should not exceed ones that market consumers are willing to
withstand a blackout. The integration process will be hard pressed as renewable energy
production up to 400 kW until 2026 and 200 kW after 2026 will have priority in the power
grid in order to maximize the renewable energy (RE) share. (Lang, Holtermann and Biischer,
2019)

The revised Electricity Regulation will further integrate the energy markets as congestion
between market bidding zones is managed and standardized with capacity allocations.
Member transmission system operators (TSO) must ensure that at least 70% of transmission
capacity is available at any given time and failure to comply with the use or transmission of
said capacity will entail sanctions and fines. The idea is to get rid of the current capacity
mechanisms and use them only as a last resort. This is to be reached through regulatory
distortion and price cap removal and enabling scarcity pricing and energy storages. The
capacity markets will be cross-border markets as long as the transmission capacity allows it
and the transaction is verified between participating TSOs. (Lang, Holtermann and Blscher,
2019)
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By now it is apparent that the brunt of the market reformation and integration is carried out
by the European Network of Transmission System Operators for Electricity (ENTSO-E). In
order to carry out the tasks mentioned above, the ENTSO-E must establish regional
coordination centres in 2022, in order to manage and perform the necessary changes. After
their establishment, the centres will conduct capacity calculations, security analysis and
forecasting different demand/supply balances across different market products. Finally, the
network codes and conduct will be standardized and regional distribution system operators
(DSO) will be gathered under one European entity for DSOs (EU DSO). (Lang, Holtermann
and Buscher, 2019)

Electricity Regulation will set a level playing field, but the electricity directive will finalize
it. The directive aims to dissolve barriers on cross-border electricity trade and consumer
participation, thus enabling market-based pricing and flexibility. Consumers will be able to
produce and trade electricity they generate but they will also be responsible for the
imbalances they may cause. Further Citizen Energy Communities (CEC) can be established
with the help of the local TSO in order to create small grid communities especially in remote

locations. (Lang, Holtermann and Buscher, 2019)

A new demand response measure called aggregation will be implemented by the member
states. Aggregation is a combination of consumption, production and auction in the market
and its market participants are responsible for the imbalances they cause, these participants
include even small consumers and households. To ease the demand response, the directive
encourages its members to install smart metering that will enable the consumer to receive a
dynamic electricity pricing contract which will further close the gap between current
electricity markets and the consumer. Through smart metering, electricity billing is to be
simplified and will allow the consumer to choose how the electricity is produced and to
address energy poverty. Lastly, the DSO’s roles will be revamped towards procurement,
flexibility, data management and integration of electromobility. (Lang, Holtermann and
Buscher, 2019)

1.2 The European Green Deal

A lot is happening towards supporting companies to become more sustainable. Europe has

made an ambitious deal for the future named The European Green Deal (EGD). Ursula von



14

der Leyen, the President of the European Commission (EC), stated that “The European
Green Deal is our new growth strategy. It will help us cut emissions while creating jobs.”.
The deal is divided into four interconnected goals which state that the EU will become
climate-neutral by 2050. They will protect human life, animals and plants by cutting
pollution. The EGD will help companies become world leaders in clean products and
technologies and help to ensure a just and inclusive transition through this change. The
overlap with clean energy goals for all Europeans is very clear and strengthens the EU’s

agenda for the future. (European Commission, 2019c)

The goals of the European Green Deal are big. The goals include the decarbonization of the
energy sector, renovating buildings to be more energy efficient and provide financial support
for companies to re-invent their working methods towards a leading positing in the green
economy. The public and private mobility will be changed to more cleaner and cheaper
transportation methods. (European Commission, 2019c)

EU has realized that it cannot reach these goals on its own in an interconnected and global
world. To manoeuvre around this problem, EU will bring the deal to the centre of its foreign
policy with other countries and continents. Making new deals and goals among their
neighbouring countries is at the very core of the deal and getting the most energy intensive

countries on board in the green deal will become paramount. (European Commission, 2019b)

The elements related to the European Green Deal are visualized in figure 1 below. These
elements are closely tied to EU policy, directives and legislation, first of which will be
introduced in 2020 by the European Commission. The new climate law will create the
foundation which the deal is largely based on. By the end of 2020, the Commission will have
presented their plan to increase the emission reduction goals for 2030 to 50% and towards
55% compared to the 1990 reference levels. To achieve these added reductions, the
Commission will have revised all current climate-related policies in 2021 and changed the

new climate law accordingly. (European Commission, 2019a)
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Figure 1. The European Green Deal. (European Commission, 2019a)

All the legislation changes and new amended policies will have far reaching effects
throughout different European industries, which is why the EGD will affect everything in
EU’s strategy and foreign policy. The goal is to deter carbon-leakage to other continents by
including them in the change. If this proves difficult, EU will create a carbon border
adjustment mechanism that will keep the industries from moving to less emission strict

regions. (European Commission, 2019a)

It is highlighted by the EC that the most important and impactful change needed is the
decarbonization of the energy sector entailing both consumption and production. The
production of energy and its use is said to create 75% of the current greenhouse gas emissions
in Europe. In brief, this means that energy efficiency is to be prioritized, coal phased out and
natural gas decarbonized. Doing this while maintaining a secure energy supply for the
consumer will be a challenge and will require a fully integrated, interconnected and

digitalised energy market inside EU. (European Commission, 2019a)

Financing an endeavour of this magnitude requires funds, which is planned to be at least one
trillion euros in a 10-year timespan. The money logistics are described in figure 2 below. To

help with the transition in areas where the changes are felt the hardest, the EU has created
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the Just Transition Mechanism (JTM) that allocates €100 billion to help the regions,
industries and workers affected. This is done through a fund for investments and an
investment scheme that mobilizes a different fund for investment. On top of this a new loan
facility backed by the EU is established for more investments. The JTM accounts to only
one tenth of the total money allocated, most of which (€500 billion) comes from the EU
budget and the rest from the InvestEU scheme drawn out in the figure 2. (European
Commission, 2020b, 2020c)

WHERE WILL THE MONEY COME FROM?

: = At least €1 trillion
! i InvestEU ) !
: : ) Private !
: i European Investment ) & Public i
E EUB Udg (14 i - Bank Group — investments !
i InvestEU towards i
i i LA climate and i
: " Guarantee environment targets !
. I ; ! Mational Promotional - .
E €50_j el i \ — Banks and Intemational — Mobilised !
chrgl'lj[ileolﬁj::t E Financial Institutions investment of '
; vironme : €279 billion
E ransition Mechanism :
! €100 billion e
i 5 billion over 10 years)
: National co-financing @ £V budget
E structural funds €114 triggered by EU budget
' billion *without prejudice to the future
EU Emissions Trading multi-annual financial framework
Bl System (ETS) Funds €25 (MFF)

billion

*The numbers shown here are net of any overlaps between climate, environmental and Just Transition Mechanism objectives.

Figure 2. The European Green Deal Funding Logistics. (European Commission, 2020b)

1.3 EU Emission Trading Scheme

Production of electricity causes emissions. The emissions caused by fossil fuels is a well-
known fact and the price of electricity production is connected to the sales price. If the
production price increases, the sales price would increase as well. Even the production of
renewable energy will cause secondary emissions through rare minerals in batteries and
materials and methods used to produce solar panels and wind turbines. The introduction of

EU’s Emission Trading Scheme (EU ETS) aims to set a price on emissions by making the
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production more expensive if it causes direct emissions. This will indirectly affect the

electricity prices. (European Commission, 2015c¢)

The EU ETS is a “cap and trade” system that will set a clear emission cap for 11 000 energy
intensive installations and aeronautics that are responsible for 45% of the greenhouse gas
(GHG) emissions in Europe. The emission reduction effect occurs due to the yearly
reduction on the emission cap, forcing the pollutants under the cap to reduce their emissions.
The current reduction rate is 1,74% per year and it will increase to 2,2% by 2021. The
emission total is divided to emission allowances that were either given by the EU or bought
by the company in need of emission rights. Currently, the allowances are distributed based
on auctions formed by participating companies, and only some allowances are given away
free if the allowance costs are deemed too expensive for the company that needs them.
Because the total allowance amount is capped, the allowances will have a price. The
tradability of the allowances will ensure that the emissions are cut where it is affordable and
economically valid to do so. If the allowance price increases, it will act as a strong incentive
for companies to invest in low-carbon or zero-carbon technologies. Otherwise they must buy
expensive allowances from other market participants or straight from the auction. The

allowance market is simplified in figure 3 below. (European Commission, 2015c, 2020a)

Emission allowance

Auction
Shortage {

}Surplus Emission allowance O
Free allocation

Emissions

Figure 3. EU ETS market example. (European Commission, 2015c¢)

One emission allowance represents 1 tonne of CO2 equivalent (tCOze). At the end of each
year, the companies under the emission cap must report their emissions from that year. The
amount of emissions is then compared with the amount of allowances the company owns. If

the number of allowances is found insufficient the company must either buy more
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allowances or make emission reduction investments. Market participants can also bank their
excess allowances for future years. If a company fails to adhere to the emission limits, they
are fined €100/tCO>. (European Commission, 2015c)

Throughout the operation of EU ETS system in different phases, the geography, scope and
price have evolved. The current third phase is set to end by the end of the year 2020. Phase
four was revised in 2018 to match EU’s 2030 emission targets and is set from 2021 to 2030.
The revised phase will feature the free allocation of emission allowances that must be backed
up by carbon leakage factors that affect the company’s competitiveness against more
pollutive and lenient market areas outside EU and the yearly cap reduction increase. The
company is also evaluated based on their emission history and their action level towards
emission reduction. Everything is also benchmarked according to production amounts. If a
company is found eligible for free allowances, they receive them according the National
Implementation Measures (NIM’s) drafted by EU member states and verified by the EU.
The phase is to continue the current low-carbon investment funding mechanisms. (European
Commission, 2015c, 2020a)

The EU ETS invests the money it gains from the allowance auctions back into renewable
energy and low-carbon investments through its member states. The country with the ETS
income must invest at least 50% of the capital gained from companies allowance purchases
to prevent emissions and adapt to climate change and how to fight against it. If a new entrant
enters the carbon markets, the European Investment Bank provides the allowance to them
from the new entrant reserve after which the revenue cycles back to EU. EU invests the ETS
capital into carbon capture and storage and renewable energy generation and supply projects

that all member states can benefit from. (European Commission, 2015c¢)

The carbon border introduced in the EGD is a preventive method against carbon leakage.
EU ETS is the main contributor for carbon leakage — the increase in costs due to carbon
policy in the company’s operating region that will eventually force the company to move to
a more carbon-lenient jurisdiction. Carbon leakage has not occurred according to current
studies but there is a risk of it happening. It should be noted that the relocation of pollutive
locations must consider a variety of things and is not done based on just the price of carbon
allowances. Measures against carbon leakage in the future are currently being studied and

planned if the situation comes to it. (European Commission, 2015c)
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Even if momentary carbon leakage would take place, the monetary gain for the company
would be momentary as similar emission trading schemes are implemented across the world.
The future goal of the EU ETS is to be connected to other ETS markets creating an
international market that would ensure a more global emission reduction effect, a more stable
and predictable carbon price and increased market liquidity. The current situation with ETS

worldwide implementation is show in figure 4 below. (European Commission, 2015c)

The connection between electricity and carbon prices is through energy efficiency. When
the supply of allowances decreases, if the demand stays the same the carbon price goes
higher and if those allowances are more expensive, electricity producers will have to demand
a higher electricity price to make a profit. This scenario is the basic one where policy is not
considered. EU has made many a policy that aim to increase energy efficiency. If the
consumer is more energy efficient and demands less electricity, the producer needs less
allowances thus decreasing both electricity and carbon prices. In a high carbon price
scenario, the supply of electricity becomes expensive and makes energy efficiency
investments more attractive thus eventually decreasing the carbon price again. It can be
argued that carbon pricing fluctuates according to electricity production or consumption
efficiency when that electricity has caused direct emissions and is not renewable. If energy
efficiency increases a lot faster than the carbon price decreases the policy makers may
decrease the carbon cap more rapidly to maintain a higher carbon price and thus energy

efficiency incentive. (Thema et al., 2013)
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Figure 4. Carbon Pricing Initiatives across the world. (Ramstein et al., 2019)

1.4  Single Day-Ahead and Intraday Coupling

Single Day-Ahead Coupling (SDAC) and Single Intraday Coupling (SIDC) is a joint-effort
by the All NEMO Committee to create a single pan European cross-border day-ahead and
intraday electricity market according to European Commissions regulation on capacity
allocation and congestion management (CACM) coupling orders with capacities. This is
done with the goal of increased trading efficiency and competition. The scope of the
marketplace will introduce more market liquidity and thus more efficient electricity use

across the market. This initiative is carried out by Nominated Electricity Market Operators
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(NEMO’s) and TSO’s in order to allow power delivery auctions for the following day and
hour across all TSO’s involved. (All NEMO Committee, 2019a)

The CACM regulation starts with the statement: “The urgent completion of a fully
functioning and interconnected internal energy market is crucial to the objectives of
maintaining security of energy supply, increasing competitiveness and ensuring that all
consumers can purchase energy at affordable prices.”. After its first statement, the regulation
explains how the interconnections between TSO’s is to be done and how the markets are to
be coupled and under what conditions. The regulation is very thorough and provides a
framework for all entities operating in the European energy markets. (European

Commission, 2015a)

CACM compliancy is the first requirement with market coupling carried out by the All
NEMO Committee and it has clear coupling statements where the cost allocation must be
agreed upon between NEMO’s and TSO’s before implementation. Co-operation between
TSO’s, NEMO’s and regulatory parties is to be highlighted in a robust, non-discriminatory
and reliable way. Harmonized rules must be set for capacity calculation, congestion
management and electricity trading. The market coupling should be implemented in steps
due to different markets structures between member states and standardized minimum and

maximum clearing price is to be set. (European Commission, 2015a)

The SDAC is based on price coupling of regions (PCR) that was made by several power
exchanges. Currently the SDAC is in an interim phase where there are two market couplings
that work at the same time called multi regional coupling (MCR) and 4M market coupling
(4M MC). Later, the two couplings will be conjoined as they function under the same PCR.
More precisely, the PCR is called PCR EUPHEMIA that is based on Java code language
and its purpose is to take in bids and offers from NEMO’s and grid capacities and constraints
from TSO’s and match them under one algorithm resulting in trades, prices and exchanges
with clear time constraints. (All NEMO Committee, 2019a)

In the future the SDAC initiative will aim to extend geographically and switch from the
current net transmission capacity (NTC) to flow based capacity calculation that will enable
TSO’s to move electricity where the demand is highest more efficiently. The idea is that

eventually an area might have many NEMO’s per bidding and shipping zone and would fully



22

comply with CACM requirements in performance, scalability and repeatability. All of this
will result in more demands to NEMO’s and TSO’s and therefore more research and
development in the PCR EUPHEMIA’s functions. (All NEMO Committee, 2019a)

SIDC has a lot of similarities with SDAC, but the timeline is an hour rather than a day.
Because the market frequency is quicker, the SIDC will help with unexpected grid outages
and consumption spikes when that electricity can be bought from across Europe. The
increasing share of renewable energy in the energy mix has made the intraday market an
interesting prospect since it is currently impossible to accurately participate in day-ahead
markets with renewable energy production due to its unpredictability. If a renewable energy
producer would increase their participation on the intraday market instead of day-ahead it
would improve the momentary grid balance and would decrease the need of reserves and
associated costs. (All NEMO Committee, 2019b)

Although the outcome of SIDC is like SDAC, the methodology is a bit different. For SIDC
to work, three core systems must be applied: a shared order book (SOB); a capacity
management module (CMM) and a shipping module. Through these IT systems market
demand can be immediately answered with supply from another country if the transmission
capacities allow it. The predecessor of SIDC was the XBID that went live in west and
northern parts of Europe in 2018 covering 14 countries and SIDC was formed to span out
the work XBID started. The first SIDC go-live wave occurred in late 2019 introducing most
of eastern Europe and Greece and Italy are to join through SIDC’s efforts in 2020. (All
NEMO Committee, 2019b)

The SIDC operating principle is based on NEMO’s entering their order or bids into the SOB,
while TSO’s enter the available transmission capacities into CMM. This will allow the
orders to be shown in every market area the order is executable with the transmission
constraints. Once a trade is made, the SOB and CMM are immediately updated, possibly
retracting some of the orders available due to transmission capacity limits. Currently all
trades are implicit, meaning that capacity and energy are priced together, except trades

between Germany and France where trades are explicit. (All NEMO Committee, 2019b)
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1.5 15-minute Energy Balance

Currently the intraday markets operate mostly on 1-hour products, but some market areas
feature shorter products. Germany, Austria and Slovenia feature 15-minute intraday products
and thus support the 15-minute energy balancing, while France, UK and Germany also
support 30-minute products. A 15-minute energy balancing is the target for all European
Energy market participants along with its coupling. (All NEMO Committee, 2019b)

It was first introduced by the EC in their regulation 2017/2195, where it was stated that every
EU member was to transition to 15-minute energy balance settlements. This was said to
increase the development of intraday products in the same timeframe. The logic behind the
change from a 1-hour balance to a 15-minute one, is to make the balancing as close to real
time by the companies’ effort before a TSO does the final frequency balancing on the
balancing market. Also, the imbalance settlement will become standardized in Europe once
the energy markets are fully integrated making cross-border balancing and cashflow easier.
The transition time was set to 3 years, so by the end of 2020, but as it stands, some countries
TSO’s, including Finnish Fingrid, have stated that the current transition time is not enough
and the transition has been postponed to ensure a secure transition. (The European
Commission, 2017; NBM, 2019b; Nord Pool, 2019b)

The current 1-hour settlement period used in the Nordic electricity markets has paid no
attention to smaller imbalances within the hour if the imbalance of the total hour was as
small as it can be. The introduction of 15-minute balance settlement will make the imbalance
resolution higher and thus more demanding for those market participants causing the
imbalance because they must match their energy balance more regularly. This will enforce
the market participants to stay in balance because imbalances are more likely to occur and
will be appointed to the responsible party — even if that party resides in a different country.
(Empower IM Oy and Valor Partnerns Oy, 2018)

To summarize the shorter settlement effect — flexibility becomes more profitable than
inflexibility as the markets will try to manage the grid balance more instead of the balance
markets and reserves. Because flexibility will either increase income or decrease losses, the
new settlement period will make optimized and adaptable consumption more lucrative.

Currently, the disharmony between Nordics (1-hour) and Germany (15-minutes) can cause
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un-optimal trading-, reserve- and balance situations, where the intraday price may stay over
the spot in Finland but can fluctuate over and under that hour’s spot price four times in
Germany. Because the price of balancing power and reserves is tied to the momentary price
of electricity, an electricity deficit in Finland cannot be compensated optimally from
Germany even if they have a surplus on the second quarter of the hour if the first hour was
priced below spot because hourly markets do not recognize the quarterly price change.
(Empower IM Oy and Valor Partnerns Oy, 2018)

Contrary to many beliefs in Finland, a 15-minute intraday market would allow small volume
customers to enter the market more easily if they have smart batteries, electric heating or
renewable energy for example. This is due to the market closing closer to the consumption
moment than with the current 1-hour system, reducing the time period the participant must
forecast and the product has to be delivered only in 15-minute intervals making it easier for
quick adjustments if needed. (Empower IM Oy and Valor Partnerns Oy, 2018)

Energy market harmonization has clear benefits and is a good path for Europe to take, but it
is not without its challenges. It can be argued that a smaller time-interval will cause expenses
to the end-consumer, since DSO’s act as market enablers and not market participants, hence
DSO’s will have to bill customers for new metering and possible logistics. Once smaller
market participants enter the market and power grids become more interconnected between
the Nordics and Central Europe for example, the high and low prices will fluctuate a lot at
times. The problem is that even though the customer will mostly pay the change in the
settlement system, they only benefit from it comes if the electricity they consume is cheap,
while asset owners with flexible production or consumption will reap the benefits of high
electricity prices. This issue is why the market demands transparency in order to minimize

costs. (Empower IM Oy and Valor Partnerns Oy, 2018)

1.6 Green Energy

After the liberalization of energy markets in Europe, it became possible for the consumer to
choose their electricity provider (DSO) and therefore also choose how the electricity they

use is produced. Because of this, electricity suppliers have made green energy products that
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are in some capacity made in a renewable manner. The renewability of the electricity sold is
not always transparent and can vary greatly because green energy is not well defined and is
abstract in the eyes of the consumer. (Hast et al., 2014)

The transparency of green energy products is further hindered by suppliers’ reluctance to
relay how the price premium is set on green products and how this extra income is then
utilized. The benefits of buying green electricity is also hazy because many countries like
Finland and Germany feature feed-in-tariffs for renewable energy and double benefits for
the same produced electricity can very easily be counted. Because green energy purchases
are largely voluntary (UK requires a portion of company’s electricity consumption to be
green), a secondary marketplace can be set by DSO’s but its transparency must be clear as
renewable energy has a lot of policies and incentives made by the EU and these must be
simplified to the consumer so that they may understand the benefits of buying green
electricity. (Hast et al., 2014)

Due to the randomness of wind- and solar energy, the momentary price of green energy can
be very low if the consumer price is tied to the momentary electricity price instead of a set
value. With other renewables the production time can be defined by the producer so forced
grid input can be avoided and thus low prices do not occur because of them. Due to forced
grid input, the price of green electricity is not always higher than conventionally sourced
electricity. Most of the time, green electricity averages a 0-5% price premium compared to
conventional electricity, but the calculation of said premium is currently not very
transparent. (Hast et al., 2014)

1.7 Datahub

Lastly, the electricity retail market will feature a centralized information exchange system
called datahub that is planned to go live in 2022 in Finland. A similar system is already in
use in Denmark and Norway and Sweden is planning their own also, thus making the Nordic

electricity markets more unified. (Fingrid, 2014)

Currently a lot of data is held by different market participants and sides. The TSOs, DSOs,
retailers and consumers all have their own specific data they have accumulated over their
years of practice and trade. The Datahubs function is to free all this data into one centralized

hub, where it can be read by anyone with access and updated as well. This means that if a
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consumer wishes to monitor their power consumption, they only need to log in to the datahub
and fetch the data they desire. Also, if a consumer changes their electricity provider this is
updated for everyone instantly in the hub, thus making the market more liquid and
transparent. (Fingrid, 2014)

The datahub will be connected to approximately 3,7 million metering locations across
Finland that will provide consumption data for everyone to see. A large percentage of said
meters are smart meters and will give the possibility to the consumer to participate in demand
side electricity balancing where appliances are turned on during excess power and turned
down/off when there is an electricity deficit. Once applied in volumes, the demand side

flexibility will prove beneficial to the overall grid balance. (Fingrid, 2014)

The implementation of the datahub will mean new responsibilities for the DSO. They must
ensure that the metering works and updates the hub with valid data. The consumption data
imported to the hub will automatically create an imbalance settlement for the balance
responsible parties and forward it to eSett that governs over them in the Nordics. The datahub
will use both 1-hour and 15-minute balance settlements according to needs. The simplified
data gathering, and centralized information point also enables the consumers to have a
summarized invoice with both transmission and consumption expenses in the same invoice,
they can also check the data they are being asked to pay for. The figure 5 below presents the

different parties participating in the datahub project. (Ediel, 2020)
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Figure 5. Datahub Configuration. (Fingrid, 2014)

Today the data that the hub gathers in figure 5 are ediel-format messages crossing between
different parties causing a lag in information and hindering transparency. It is difficult for
an end user to follow how their electricity is invoiced and on what grounds. The datahub
will ease consumer market participation via market access and data gathering brought to
your home (Fingrid, 2014).

From a wholesale market point of view, the datahub will ease the monitoring of consumption
data and make it more accurate thus making the consumption forecasts more accurate as
well. Once the datahubs are installed an online across the Nordics, matching day-ahead and
intraday trades will become more fluent and accessing past transaction data will be very
easy. The balance responsible party (BRP) aspect of electricity trading will become easier
to manage as a summarized report is automatically gathered from the datahub to eSett based
on trades done, electricity transmission and consumption. Once the imbalance settlement
becomes automatic it is important for a company to monitor their expenses via imbalance
because it is no longer done by the company and does not come across as often it is mostly

shown in invoices and data tables fetched from the hub.
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2 POWER MARKETS

2.1 European Power Markets

The European power markets act under EU’s rule and the electricity market principles it
governs. In other words, EU acts as the regulator in the figure 6 below over different power
exchanges (PX’s), TSO’s and DSO’s. Money changes hands at each step of the electricity
path. The consumer pays the provider, the distributor pays the grid operator who pays the

generator. (Erbach and European Pariliament, 2016)

The value creation potential to be studied in this thesis is if companies can acquire their own
electricity instead of someone else doing it for them from the wholesale electricity markets.
Nord Pool represents the Nordic PX area in Europe but there are several other PX’s operating

in Europe shown in figure 6 below.

Figure 6. European Power Exchanges and their operating regions. (TGE, 2014)
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For the markets in figure 7 to work, the electric grid must be in balance. The basic working
principle of the grid is to have a steady operating frequency between 49,9-50,1 Hz. The
frequency is maintained by matching the supply and demand in the grid. If the frequency
gets low, it means there is not enough supply in the grid which will cause blackouts.
Maintaining the grid frequency is subsidized by EU to national transmission system
operators like Fingrid in Finland. To ensure a secure electricity supply, there must be flexible
generation capacity to offset the high generation changes in wind- and solar energy. If this
flexible generation is not enough, the grid operators have primary, secondary and tertiary
reserves that can be turned on for extra generation. (Erbach and European Pariliament, 2016)

regulator

slect ty supplie

Graphic by EPRS.

Figure 7. European Power Markets. (Erbach and European Pariliament, 2016)

Understanding the European electricity markets requires understanding its different levels.
The market is divided by geography, the timescale of the market and the customer. The retail
market consists of electricity suppliers and consumers who have the right to choose their
supplier based on the generation method for example. The suppliers are in charge of
invoicing that consist of the electricity price, transmission and distribution plus taxes and
levies that might be in place due to the generation method being beneficial/detrimental to

the climate. (Erbach and European Pariliament, 2016)

The wholesale market is where it gets interesting for companies. The market participants are
producers, electricity suppliers and large industrial consumers. Due to the inherent

incapability to store large quantities of electricity, the electricity needs to be produced when
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it is needed. To find the balancing point between demand and supply, a number of wholesale
markets have been created based on the period of time they cover from years to real-time.
(Erbach and European Pariliament, 2016)

Because the energy balancing study was conducted in Finland that is an EU member state
and a part of Europe, the study carries over to the European markets very well. This argument
is backed up by the prospects of a unified electricity market in Europe. The power markets
in Europe and therefore Finland are moving towards a common ground, with shared daily-
and intraday markets. These markets will stay the same apart from the trade period in the
intraday markets moving from just 1-hour products to 15-minute products.

As introduced in chapter 1, there are many political scenarios where renewable power
generation is lobbied to become more prominent in the energy mix especially in Europe.
When looking at the Growing impact of Renewable Energy in European Electricity markets
report by Haas et al., we notice a clear increase of renewable energy generation share from
1% in 1997 to 9% in 2010, while the energy demand has been growing and the pressure to
increase the share of renewables has been moderate. Now, since the pressure for renewables
is a lot higher, the impacts of renewable energy on the electricity markets will have an even
larger impact. Due to the intermittency of modern renewable energy like photovoltaics and
wind, the forecasting of power generation is a lot harder than before. This means that the
marginal cost of power generation that largely determines the system price is hard to
evaluate. If there is a sunny and very windy day, we can assume that a country with a high
RE-share, will have even negative electricity prices due to over-supply. Then again, the
prices may spike if we assume large RE-production that for some natural reason does not
occur. The higher RE-share today and especially tomorrow will highlight the price
fluctuation and increase its amplitude, thus creating a niche for intraday market to thrive.
(Haas et al., 2013)

The future of the European electricity grid is to become more uniform as shown in chapter
1. This uniformity will mean that different area prices (national prices in this case) will be
closer to the same price than before. In the figure 8 below, we can see different prices from
different countries in Europe and the clear diversity in them. The lower prices in Nordpool
are explained by the separation from the main-land Europe, while Italy is a heavy energy

import country, making them pay premium for said energy. When the transmission
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capacities increase between borders in Europe and congestion is slowly mitigated, and once
common marketplaces are formed to span the whole of Europe, such market price
separations will be harder to come by. (Haas et al., 2013)
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Figure 8. Electricity Prices in Europe. (Haas et al., 2013)

It can be argued that in the future the electricity Italy imports will be cheaper or at least
represent the current European system price instead of a clear price premium and Nordpool’s
electricity prices will also be more closely tied to said system price. For example, the high
shares in renewables in Germany has already shown negative spot prices in EEX Spot
markets and in the future, it will sway Nordic electricity price more since the different market

areas will be more interconnected and uniform, while sharing the same marketplace.
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2.2 Global Power Markets

2.2.1 USA Power Markets in Brief

The US is divided into Regional Transmission Operators (RTOs) or Independent System
Operators (1SOs) shown in figure 9 below. RTOs represent a group of utilities, while 1SOs
are formed from transmission owners, both can be referred to as RTO. Both manage their
allocated area by providing open access for electricity transmission and creating fair
competition between wholesale market participants in the region. A region usually has their
own spot market and US features many marketplaces that can be utilized by the consumer.
Each state has their own particularities with energy production mix, transmission and
distribution thus also affecting the markets. Each state can be considered a country of their
own much like in Europe. (FERC, 2020)

Figure 9. US Regional Transmission Operators. (FERC, 2020)

An example of an ISO is the Californian 1SO, CAISO. CAISO manages an open and
competitive electricity market and the transmission grids reliability under its jurisdiction.
The grids balance is planned by CAISO for the long term according to production plans
provided to them. CAISO can also dispatch generation of their own and they oversee
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transmitting some of the electricity to prevent congestion. CAISO is connected to the US
Energy Imbalance Market (EIM) that covers the western electricity markets of the US.
(FERC, 2020)

Much like the European Reserve system largely in place around Europe and especially in
Finland, the US utilizes a variety of demand response methods to combat over consumption
or under supply, i.e. grid frequency imbalances. A demand response works much like the
reserve system where the grid operator in charge of the balance can activate a call for
consumption decrease during electricity shortages. This curtailment method is very common
but shifting an energy intensive production time for a later date is also an option. A third
demand response method is to start reserve generators or failsafe power on-site. This is very
common for hospitals and schools for example. (FERC, 2014)

A more industrial volume demand response is managed by the RTOs. They can choose
themselves how they execute the demand response. Some request curtailment bids to be
executed on demand at a set price much like the balance markets in Europe. Some energy
units may act as voluntary reserve units for the RTO while some act as capacity resources
and get paid for being a reserve. The whole demand response scheme is shown in figure 10
below. (FERC, 2014)
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Figure 10. US Demand Response Schematic. (FERC, 2014)
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Demand response refers to the consumer side of electricity, while more traditional reserve
power is also available in the US just like in Europe, where the grid operator has reserve
power on hand at different implementation times in case a powerplant drops from the grid
unexpectantly. (FERC, 2014)

Because RTOs are market-regulated markets, there is also traditional regulated markets that
are not restricted to their operating area the same way the RTOs are. General regulated
markets are based on the variable costs of different electricity production methods, while
RTOs utilize the markets to dispatch generation across their operating area. Electricity is
traded either in over the counter (OTC) and bilateral trades or RTO transactions. OTCs are
transparent trades done by two parties that who they are trading with. The OTC trade can
have a large timespan for a large quantity of electricity and can be done individually or
through a broker. Intercontinental Exchange (ICE) also enables OTCs or bilateral trade. A
bilateral trade requires a reserved transmission capacity in order for the trade and future
delivery to take place. (FERC, 2014)

Two thirds of the US are under RTOs marketplace, while the rest act under conventional
wholesale electricity markets located in Southeast, Southwest and Northwest of the USA.
The conventional marketplace operates under vertically integrated utilities that cover
generation, transmission and distribution. These markets can feature federal entities and
usually trade in bilateral trades. RTOs marketplace is more wholesome, as it aims to balance
supply and demand all the time, while maintaining secure operation with non-discriminating
values. RTO can provide day-ahead and real-time marketplaces that have congestion and
reserve characteristics implemented into it. The service platform that the RTOs act on
enables different states to utilize their varying energy portfolios. The current trade frequency
in the US electricity markets is 1-hour. (FERC, 2014)

2.2.2 Indian Power Markets in Brief

India has recorded an economic growth of over 9% in the 2000’s according to OECD, which
makes India one of the fastest growing economies in the world. Despite the growth, only
500 million of the 1,2 billion people population can be considered middle class while many

go without any modern energy resources. This gap combined with the huge population has
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created a struggling scenario, where very expensive and polluting secondary power is
utilized to cover the frequently occurring blackouts in the national grid. (Sen and Jamasb,
2013)

What makes India so peculiar, is the ownership of their electricity production resources. 32%
are federal- and 42% are stated owned, while the private sector covers only 27%. This means
that due to the high government ownership and pressure to provide the general population
with electricity, it has currently failed in its duty. This can be largely credited to struggling
reforms and policies that would make the energy sector more attractive for the private sector.
The problem is highlighted by the large demand that exists but cannot be answered.

With the Indian independence in 1947, the energy sector became government owned and
featured many plans to provide the general public with electricity. The most prominent
industry was agriculture and it had the largest consumption. After the ‘green revolution’
where agriculture showed great growth, the governments State Electricity Boards (SEBS),
remnants of the English rule, created tariffs for the agriculture. After the creation of the
tariffs, many decades have gone past where metering has been unsuccessful to place
consumption where it belongs due to lack of capital, creating consumption that has not been
paid for. Because the income did not match the tariffs made, the SEB inevitably began losing
money thus hindering further energy sector investments in infrastructure, which created
illegal power grid tapping and hidden secondary generation. The tariffs were paid at a flat
rate according to theoretical consumptions that did not match the reality. Some consumption
locations would feature a 25% higher consumption than actually reported. (Sen and Jamasb,
2013)

Following these failures, more failures followed despite heavy incentives by the Indian
government for foreign investments, since the government could not pay back what owed
further highlighting the poor monetary state of India. In 2003 the electricity act was
published that changed every legal aspect of the previous electricity generation and markets.
The act changed the single-buyer market to a multiple-buyer model where competition was
enabled in generation, transmission and distribution. The act enabled a new era to emerge
where generation was easier to establish, transmission became more controlled and
distribution was not separate from retail supply. The act also made metering mandatory and

thus preventing profiteering from a bad system. (Sen and Jamasb, 2013)
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Once the act began its implementation, a small but active electricity market emerged
between member states in India where the state border transmissions became tradeable with
allocated volumes and charges according to diversions of said allocations. The electricity
trades became regulated and by 2011 there was 44 licenced traders on the market. Later, two
power exchanges were created in 2007 and 2008, to enable day-ahead and week-ahead
products. These exchanges do not account to a large portion of the final consumption of
India, but still show promise with 6,5-9% market share in 2008-2009. The Indian Electricity
market is depicted in the figure 11 below. (Sen and Jamasb, 2013)
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Figure 11. Indian Electricity Market Organization. Wide arrow = organization flow, Single arrow =
contract. (Sen and Jamasb, 2013)

After its introduction, the power exchanges; Indian Energy Exchange (IEX) and Power
Exchange India LTD (PXIL), have had a steady increase in traded volume, while the prices
have declined to 2,72 Ru/kWh in 2015. In 2016, open access market participants exceeded
3600. (Vijayalakshmi et al., 2017)

The Indian market is broadly divided into 5 market regions: the southern-, north-eastern-,
eastern-, western- and the northern market region. These regions operate on the same market
platforms of IEX and PXIL. The day-ahead spot market aims to match the demand curve

with the supply curve much like the figure 18 shown in chapter 2.3.1, but what makes the
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Indian market one of a kind, is how to indicate demand. India as a country has a clear energy
deficit and therefore always has exceeding demand to the reported one, but since the
infrastructure is inadequate and metering lacking, it is hard to pinpoint. The infrastructure
exists between these market regions and India has a set grid frequency that is maintained,
but this frequency stabilisation has not yet bridged to the electricity markets between market
regions, as the electricity prices are not integrated like more modern and established
electricity markets. (Girish, Rath and Akram, 2018)

2.2.3 Chinese Power Markets in Brief

Since the 1990’°s, when the Chinese energy sector was under the Ministry of Electrical
Power, the sector has been made into government owned corporations that account to
roughly 40% of power generation in China, while the rest are mostly state owned power
generation with some ties to the federal government. The politics and policies concerning
the power sector are strongly tied to Chinas political elite and is under constant government
scrutiny. The government can decide, when, where, how and who makes the electricity and
who is to gain from it. Some leniency on decision making has been allowed and many
companies have entered the national stock markets while some are also in the international
markets. (Andrews-Speed, 2013)

Chinas current energy mix is very coal-heavy with 64% of total energy supply, followed by
18% of oil, 9% of gas, while the rest is an even mix between solar, wind, nuclear and
biomass. Therefore 91% of the total energy supply is fossil fuel based. 80% of electricity
generation is coal-based. Because China represents the biggest population in the world of
approximately 1,4 billion people, the industrialization of recent decades has made China the
biggest electricity consumer in the world with 6302 TWh in 2018. Chinas electricity

generation mix is shown in figure 12 below. (IEA, 2020b)
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Figure 12. China’s electricity generation mix. (IEA, 2020b)

In the early 2000’s, China created regional regulated electricity markets that consisted of a
capacity charge for the government and an energy charge determined by the markets. These
markets featured long-term, weekly-, daily and balancing trades with a single buyer for each
transaction. Starting early 2010’s, Chinas energy consumption followed the rise of its
industry and suddenly China had to answer this demand, which created the problem of
energy security and emissions control - the latter had grown tremendously. Because the
market prices are controlled by tariffs and government policies, but the price of fuels are
guided by international commodity markets, the price separation between the two caused
severe blackouts, since powerplants were not able to remain profitable. (Andrews-Speed,
2013)

Currently, China is currently designing market reforms that would create wholesale
electricity markets to the country. The main concerns in the reform are closely tied to coal-
power as it dominates in the country. China has regional over supply for electricity, that once
entering a new wholesale spot market would create a clear drop to minimum operating
charge for the electricity so that the generation units would barely get by with the income.
China also has an emission trading platform that is sure to mix up the income structure as
well. A study by Lin et al. found that even at a high price scenario, once wholesale markets
are implemented, would not allow big baseload coal-plants to pay their outstanding debt
since their income structure would become more volatile and the price of electricity driven
down. (Lin et al., 2019)
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There is currently an ongoing spot market pilot in eight regions in China. Each pilot has
published market rules according to their realities and experiences from international
electricity market reforms. In these market pilot areas, the market construction principles
and rules vary according to each regions production portfolio and electricity demand. Some
regions are clearly export areas while other must import electricity. The key issues with
market construction are the market model (power pool/bilateral contracts), bidding
mechanism (Bi-/Unilateral), market organization (DA, ID, real-time), department
responsibility (Exchange-, Dispatch centre) and electricity pricing (nodal/zonal/uniform).
(Bao et al., 2019)

The four regions that have already published their market rules, shown in table 1 below, have
decided to take different market models and bidding mechanisms, which indicates that the
spot markets will be regional for now and not all constructed the same way. Unilateral
bidding matches supply with forecasted demand, while bilateral bidding matches demand
with supply like it does on the Nordic markets. The different market organizations Poolco-
and Bilateral contract models are depicted in figure 13 below. The distinction between the

two is the separation of the balancing market from the power pool. (Bao et al., 2019)

Poolco model Bilateral contract model
------ ------

Electricity ~ Hcﬁtrn:lt},-' : .
. ik ~ i
Power pool C Dntract Balancmg
d markct market
E]Fﬂﬁ’é/ﬂ}r ~ - Lln:r:tuul‘.}r =< ﬂ .I

------ ------

Figure 13. Poolco- and Bilateral contract models for electricity market organization. (Bao et al.,
2019)
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The nodal price scenario is like the one utilized in the US, while zonal pricing is what the
Nordpool utilizes. Nordpool is also the only big market that utilizes the intraday markets.
Most of the pilots in China focus on day-ahead spot market and the real-time market for grid
balancing. The benefit of having different pilot markets is that it allows the rest of China to
adopt the best construction for their regional market after the results of the different pilots
are published. The different pilots are shown in table 1 below. (Bao et al., 2019)

Table 1. China’s regional spot market pilots and their construction. (Bao et al., 2019)

Market model Market Bidding Electricity pricing Department responsibility
organization mechanism

Day-ahead market Generation side: Nodal price SO: day-ahead market and real-

Guangdong Poolco model Real-time market Unilateral bidding Demand side: Uniform price . time market
MO: long-term contract market
.. Day-ahead market . o Generation side: Nodal price SO and MO: day-ahead market
Zhejiang Paolco model Real-time market Bilateral bidding Demand side: Uniform price and real-time market
Shandong Poolco model Day-ahead market Bilateral bidding Generation side: Nodal price SO and MO: day-ahead market

Real-time market Demand side: Uniform price and real-time market

MO: long-term contract market

. Day-ahead market Generation side: Nodal price
. . Bilateral . S . and day-ahead market
West Mongolia Intra-day market Unilateral bidding or zonal price .
contract model . ; e . SO: Intra-day market and real-
Real-time market Demand side: Uniform price

time market

While the spot markets are not yet online, making China lag other modern countries with
well-maintained electricity markets, China trumps all other countries in renewable energy
and especially renewable electricity generation. China has the largest renewable energy
sector in the world and they also have major shares of different renewable energy technology
markets like solar- and wind energy. Both are estimated to grow tremendously in the

upcoming years and make China the leading country in renewable energy. (IRENA, 2014)

2.2.4 Brazilian Power Markets in Brief

Brazil is the most modern and economically successful country in Latin America. As such
it has also a modern electricity market with a few peculiarities. Brazil has a transmission
network spanning the whole country that covers 8,5 million km? and its power consumption
is largely answered by hydropower that can sometimes reside in very remote locations.
Brazil also has had an ever-increasing demand for electricity, which the industry has
struggled to answer, causing over-usage of their hydropower resources. Despite this struggle,

Brazil is a leader in climate actions through their energy mix, where renewable solutions
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dominate it. The Brazilian electricity generation mix is shown in figure 14 below. (Pinguelli
Rosa et al., 2013)
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Figure 14. Brazilian electricity generation mix. (IEA, 2020a)

Brazil has a national wholesale electricity market in place, which is divided into 4 regional
sub-systems due to transmission constraints. Each region has a weekly area price according
to heavy, medium and light consumption load to the grid. These prices match across regions
55% of the time. The weekly price can be regarded as a system price that spans a whole
week. The formation of said price is depicted in figure 15 below. The large hydropower
reservoirs play a major role in Brazilian electricity prices. In 2001 a consumption rationing
took place due to severe droughts. The importance of planned hydropower has been

paramount ever since. (Pinguelli Rosa et al., 2013)
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Figure 15. Brazilian electricity price formation. (Pinguelli Rosa et al., 2013)

The wholesale market is further divided into regulated contract market, ACR and free
contract market, ACL. While ACR is auction based, ACL features freely negotiated prices.
The market participants differ from distributors to traders and free consumers. The auction
on the ACR market is designed in a transparent way, that enables efficient contracts to take
place between generators and distributors. A minimum volume must be traded between the
two so that blackouts are prevented. The free contract market acts on the spot markets, where
the contracts may span from hours to years between generators and traders and private
companies. This eliminates the need for private consumption locations to enter the ACR
auctions. The ACR also has power generation contracts for decades for different power
generation methods. For example, hydropower is traded in 30-year concession contracts.
The ACR contracts aim to determine the future of Brazilian power generation with contracts
on the method, time and price of each new project through bilateral contracts sanctioned by
the government. The divide between ACR and ACL is shown in figure 16 below. (Pinguelli
Rosa et al., 2013)
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Figure 16. Brazilian wholesale market. (Pinguelli Rosa et al., 2013)

Currently, the ACL market is only available for large industrial companies whose power
consumption exceeds 3MW, but there is a reform in works that aims to make the market
available for every-one. Currently ACR has most of the Brazilian households and small
businesses under its confined auctions, while big companies can participate in the free
markets. The markets are regulated by the National Agency for Electrical Energy (ANEEL),
which has also assigned federal- and private companies to transmission and distribution via

concessions. (Griebenow and Ohara, 2019)

Each electricity generator in Brazil must have a Power Purchase Agreement (PPA) for
physical guaranteed delivery, in order to participate on the electricity markets. The PPA’s
are made according to generation method and volume with a federal bureau governance. The
nationwide grid operator then utilizes these PPA’s and the vast hydropower resources as two
separate pools that do not distinguish the company behind it in order to plan grid balance
and efficiency. This big simulation model takes into account each plants operating costs and
some variable costs while ensuring that the water reserves are managed ideally. (Griebenow
and Ohara, 2019)
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What makes the Brazilian spot market very peculiar, is that it does not work in the
conventional way we see in Europe. Instead, due to the obligation to back all PPA’s, the spot
markets function is to balance the differences between contracts and respective consumption
levels or generation. Because of this balancing, the closest thing to a spot market in brazil is
the difference settlement price (PLD) market that reflects the spot price in other markets.
The PLD is the clearing price between contracted electricity volume and actual electricity
production and their difference. The Chamber of Electricity Commercialization (CCEE) in
charge of calculating the PLD utilizes powerplants planned availability and consumption for
the upcoming week, therefore the PLD operates with forecasts rather than actual data.
Because the PLD does not necessarily always reflect the marginal operating costs, the PLD
may sometimes give misleading market indicators. (Griebenow and Ohara, 2019)

The secondary markets in Brazil consists of balancing- and reserve markets that are utilized
by the national grid operator (ONS) in order to maintain grid balance in the country. The
grid operation is planned with simulation models on an annual and monthly basis which are
then updated closer to the actual hour of production. The settlement process to maintain the
grid balance utilizes the short-term market (MCP) on a monthly basis where the actions done
by the ONS are settled to the market participant who was called to balance the grid. The
settlement system is the same for both ACR and ACL markets and is illustrated in figure 17

below, the settlement system utilizes the PLD values. (Griebenow and Ohara, 2019)

Calculation by MME e e
P Registration
Definition by ONS with CCEE
l 1
Measurement e Settlement of the -_———— Measurement
by CCEE differences by CCEE
by CCEE:

Contracted Verified
energy energy

Figure 17. Brazilian electricity market settlement process. (Griebenow and Ohara, 2019)
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2.3 Nord Pool Electricity Markets

Nord Pool is the name of the power market run in the Nordic countries, Balkan, South- and
Western Europe plus the United Kingdom. Since the mid-90’s, starting from Norway,
countries have deregulated their energy markets and joined the marketplace created by Nord
Pool. Deregulated energy markets mean that the power markets are no longer run by the
government and are introduced with free competition between participating entities.
Deregulation enabled countries to trade power across borders enabling a higher security of
supply and a more stable power grid since the available power capacity can be utilized more
efficiently the larger the consumption area is. Thus, the liberated markets created a more
energy efficient power management method. (Nord Pool, 2020b)

If a company wants to trade on Nordpool marketplaces they must apply to get a trading
license. The application checks that the company is financially sound, has registered on to
the VAT register and has a balancing agreement with the TSO of operating region. The price

of the license is not public information. (Nord Pool, 2020a)

When operating from Finland, the balancing agreement must be made with the Finnish TSO
Fingrid. Their settlement fees are as follows: 30 €/week fixed fee, 0,35 € MWh consumed
electricity, 0,22 €/ MWh produced electricity and 0,5 € MWh consumption imbalance fee.
All these fees would be demanded from the company if they became the balance responsible

party instead of the service provider. (Fingrid, 2020d)

2.3.1 Area Price and Orders

At its core, the electricity spot prices for tomorrows day ahead markets are based on supply
and demand curves calculated from electricity order bids made by all the market participants.
The way bids, or more formally named orders, are made in one of four methods. The most
common method is to make a single hour order, where the market participant states that: “At
this and this hour I am willing to buy +X amount of electricity if the market price is between
30-40 €/MW and will sell -Y amount of electricity if the price is between 60-70 € MW.” The
orders can be price dependent like the example (between -500€ and 3000€) or price

independent, where you order to buy or sell electricity regardless of the price. A price
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independent order has the maximum (3000€) and minimum (-500€) prices as default. (Nord
Pool, 2019d)

The orders must be made by 12:00 CET after which all the buy and sell orders are aggregated
into two curves for each delivery hour, shown in figure 18. The other order methods affecting
the aggregated price are block-, exclusive- and flex orders. A block order has a few methods
it can be accepted by the markets, but the most basic and common block order is the “all or
nothing” block order. In this block, the market participant says that: “...between hours 03-
14 | want to buy 10 MW of electricity with a 40 € MW price cap.”. If the published spot
prices are below 40 €/ MW the company will have bought 10 MW of electricity for each
stated consumption hour, but only if the price is acceptable. The same principle works when
selling electricity. A block order is especially handy when trying to cover start and stop costs
of a power station. A second block order is a linked one, where you can link A-block to B-
block to C-block. In a linked order the B block will become valid only if block A is first
accepted like a regular block would be. The amount of block link levels is three, but the
number of secondary blocks (B) and tertiary blocks (C) is not limited if they link to one
block only. (Nord Pool, 2019e, 2019d)

Surplus area /low price . Deficit area/high price

PCap=0

PL PH

PCap=0f - - oo oo

> MW
Turnover Including export Turnover Including Import

PL and PH = Prices In @ach area when full utilization of trading capacity
PCap~-0 = Prices In each area when no transition capacity avallable

Figure 18. Spot Price Formation Supply & Demand. (Nord Pool, 2019¢)
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The other block orders are curtailable block orders where the market participant defines a
Minimum Acceptance Ratio (MAR) of 0-1, where 1 is a regular block and 0 is fully
curtailable. A curtailed block order is also linkable. The final method is a profile block order
where the minimum order is three hours, where the orders hourly volume can change. The
block has a weighted average price calculated to define whether it is accepted or not. The
profiled blocks can utilize links and MAR, but just like other block orders cannot have both
buy and sell orders. Furthermore, the block orders can be exclusively grouped where only
one sell or buy block can be activated from a defined group of block orders. (Nord Pool,
2019d)

The final order type is a flexi order where a block order of 23 consecutive hours maximum
is placed. After this, due to its flexible nature, the system will decide a period the order would
go through providing the best social welfare. The system algorithm will define when the
flexi order will start, hence the name flexible. The starting hour is defined by criteria partly
set by the block price and quantity and partly by the system optimization criteria. (Nord Pool,
2019d)

After the bids are in the system, in order to aggregate the curves in figure 18, Nord Pool
anonymizes the bids so that fair play is ensured. The market areas under Nord Pool are
divided into bidding areas in the Nordic and Baltic regions to ensure there is not any
congestion in the power grid operated by a TSO. A bidding area is then defined by an
electricity balance where the area either has excess of electricity or a deficit of it. Due to the
nature of electricity pricing, it will flow from a surplus area where the price is low to a deficit
area where the price is high. Transmission capacity between the two areas plays into the
pricing because once the transmission capacity between areas is reached, the electricity will
not be equally priced between the areas. If the deficit area cannot be fully compensated by a
surplus area, the deficit areas electricity prices will rise due to high demand. A system
reference price for all the bidding areas combined is calculated when the transmission

capacities are theoretically set to infinite. (Nord Pool, 2019¢)

2.3.2 Nord Pool Day-Ahead

Day-ahead markets refers to the acquisition of electricity for tomorrow from 00-hour to 23-

hour, in other words the electricity for the day ahead of the current one we are living. Because
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the day-ahead market has an hourly electricity spot price, the whole market area must be on
the same timestamp, regardless of their geographic location. The Nord Pool markets are
based in Norway and the market is based on their time so it means that the day ahead markets
in Finland work from 01-hour to 00-hour due to an hour time difference between the two
electricity consumption locations. (Nord Pool, 2019a)

As of today, the day-ahead markets operate in the Nordics, Baltic and Central Western
Europe and the UK. The trading is coupled, digitalized and has a web-based interface that
has been made with the trader in mind. Nord Pool has a variety of application programming
interfaces (API’s) that allow the user to connect the day-ahead markets with its market
information, reports and clearing system to their internal trading systems, energy balance
back office and operating tools. There is also a test environment available for new systems
under tests. (Nord Pool, 2019a)

2.3.3 Nord Pool Intraday

While day-ahead markets focus on tomorrow and its pricing, intraday trading refers to
entities trading electricity for the upcoming hours when the day-ahead hours occur that were
defined by orders made yesterday. The Nord Pool intraday market combines 13 different
intraday markets under one marketplace platform. The market remains open every hour of
the year. (Nord Pool, 2019b)

On the intraday markets, the market participant can trade only on that day’s trading hours
with released spot prices. Although the spot price is only a reference price on the hourly
market, it gives an indication of the current area price depending on the country you are
trading from. The Nord Pool trading web interface has an indicator of the country other
offers are made from to the market. If there is an abundance of sell offers from Germany for
example under that hour’s area reference price in Germany, it is a clear indicator that there
is an excess of electricity in that area and electricity. That still does not necessarily mean
that the electricity is cheap for someone buying from Finland, as the Finnish area price might

be clearly higher than the German one.

A cross-border intraday initiative called the XBID, has started through the collaboration of

Power Exchanges (PXs) and TSO’s from 11 countries. The cross-border intraday trading
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platform is designed to enable around-the-clock trading between countries. In order for it to
work, the initiative is based on a uniform platform with a shared order book, where every
market participant can enter bids and a capacity management module to ensure TSO’s can
regulate the grid more efficiently and a shipping module for the actual delivery of electricity.
In the end a bid made in north of Norway could be matched by one at the southern parts of
Italy, and the TSO’s enable the trade, i.e. border transmission limits are not reached, the
trade can be done. The XBID is partly an answer for EU demands of integrated energy
trading in Europe and will focus on making energy trading more efficient and uniform. (Nord
Pool, 2018)

2.4 Secondary Markets

Although most of electricity is traded over day-ahead and intraday markets, there is several
new and emerging secondary markets where extra income is available if certain criteria are
filled.

2.4.1 Balance Regulating Market

One of Nord Pool market participants is Finland and it has a dedicated national TSO
company called Fingrid that oversees maintaining the Finnish electricity grids power
balance. In order to maintain it, Fingrid has three secondary markets implemented. One is
the frequency-controlled reserve market, the second the balancing market and the third the
aFFR & mFFR market. (Fingrid, 20209)

Fingrid is committed to maintain the grid frequency between 49,9-50,1 Hz. If the frequency
dips, it means there is a shortage in electricity production compared to the power demand
and vice versa. In order to get quick actions to correct frequency deviations, Fingrid activates
bids from the balancing power markets if activated reserves are not enough. The bids are
provided by the market clients where they state that for a certain € MW price they will
increase or decrease their production or consumption, depending on what Fingrid activates
from the market. (Fingrid, 2020g, 2020b)

The balancing energy bids are divided into up and down regulating bids. A up regulating bid

means an increase of electricity production or a decrease of consumption where Fingrid buys
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electricity. Down regulating bids are the direct opposite of decreasing production or
increasing consumption and electricity is bought from Fingrid. If a company wishes to make
one of the two bid types, they must be able to carry out a 10MW change of power within 15
minutes or 5SMW if they have an electronic activation enabled. There is currently an ongoing
pilot for IMW bids that is likely to become permanent, which allows the factories introduced
in this thesis case study to enter the regulating markets with smaller bid volumes. The bids
can be changed up to 45 minutes before their operation. The bid must be made from one
location and its type must be named also. This means that the bid must tell Fingrid whether
it is a powerplant, factory or something else with electricity adaptation. The operating area
is crucial information for Fingrid, since even though there might be cheaper bids in the
system, they might be from the wrong balancing area in Finland and thus will be ignored if
that cannot balance the frequency of the needed area. (Fingrid, 2019a, 2020b)

The bid pricing can be defined by the bid provider, but the up-regulating bid price cannot be
lower than that hour’s spot price and the down-regulating bid price cannot be higher than
that hour’s spot price. If a certain operating hour had several up bids activated, everyone gets
paid according to the most expensive bid accepted. This means that if a bid of 10 MW for
70 €/MW and 100 €/ MW were activated, both would get paid 10x100€=1000€. Similarly, if
down bids are accepted at -10 MW for 206/MW and 106/MW, both bid providers would pay
only 10 €/MW. The balancing energy prices serve as a basis for the imbalance power pricing.
(Fingrid, 2020b)

2.4.2 Imbalance Power

For an electricity market participant, it is impossible to balance out their consumption and
production on the different power markets on an hourly level. The trades are made based on
their perception and forecast of their electricity needs and it is very seldom the same value
as what has occurred. Because Fingrid is the open supplier as the acting TSO, they provide
an imbalance agreement to the market participants where they settle the imbalances in their
electricity balance. Market participants are referred as balance responsible parties (BRP) and
must make the balance service agreement in order to participate in the wholesale markets.
Each TSO can define the rules of how the imbalance price is calculated under the EC’s

regulation 2017/2195 where the price is either positive, zero or negative. If a market
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participant has positive imbalance, meaning excess electricity, if the imbalance price is
positive, they get paid by the TSO but if the price is negative the payment is reversed. If the
imbalance is negative, presenting an electricity deficit and the price is positive the BRP pays
the TSO and again the opposite if the price is negative. (The European Commission, 2017;
Fingrid, 2020f)

In Finland the imbalance is divided into production and consumption imbalances as separate
calculations. The imbalance calculation methods are shown in figure 19 below.

Planned -/+ Production imbalance g Production

Production production adjustment b imbalance power

Consumption

. Planned . MGA mm Consumption
Consumption production / Trade / g;ﬁi::_g‘;it imbalance B2 imbalance power

Figure 19. Production & Consumption Imbalance Equations. (eSett, 2016)

The imbalance price is based on the balance market prices. If bids were activated from the
balance markets it effects the imbalance price since it indicates whether there was a shortage
or excess of power during that imbalance hour. The production imbalance pricing is based
on a dual-price model, were a price is defined for both buying and selling of electricity.
During an up adjusted hour from the balance markets, if the production imbalance is
negative, the BRP pays the price of the activated up-bid price, and if the imbalance is
positive, they are paid the spot price of said hour for the excess. On a down-bid hour, if the
imbalance is positive, the excess is sold at the activated down-bid price. If the imbalance is
negative the BRP must pay the spot price for the deficit it has made if it is a down-bid hour.
This encourages the BRP to balance its production balance the best they can because they

are always payed and pay according to the worst possible price. (Virtanen, 2020)

On the consumption side of things, the imbalance electricity price is based on a one-price
model. The imbalance is negative if for example the BRP consumes more electricity than it
has purchased from the markets in which case it has to buy the extra electricity from the TSO
at the up-bid price for up-bid hours and down-bid price for down-bid hours. If the BRP

consumes less than the electricity they had available and their imbalance is positive they will
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sell the electricity to the TSO at the up-bid or down-bid price depending on the imbalance
hours situation. All imbalance settlements in the Nordics are handled by eSett — a company
co-owned by all major TSO’s in the Nordics, including Fingrid. The imbalance pricing and
transaction with the BRP are visualized in figure 20 below. (eSett, 2016)
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Figure 20. Fingrid's imbalance settlement price. (Fingrid, 2020c)

2.4.3 Nordic Balancing Model

The Nordic TSO’s: Fingrid, Statnett, Svenska Kraftnit, Energinet and Aland must make
changes to their current energy balancing systems in order to integrate themselves and make
the integration to European energy markets viable. The new integrated balancing model will
require a standardized IT platform and tools within it in order to work in tandem with other
power grids. Also, the general operating methods must be reformed to comply with the
integrated market, as well as the balancing markets themselves. Lastly, the European
network codes require a unified legal framework for operational agreements and
methodology suggestions. All the required changes aim to create a series of deliverables that
steer the balancing markets towards unity and standardized methods with competitive
pricing throughout the integrated European markets. The designed timeline of different

deliverables can be seen in figure 21 below.(Jacob Aldrin, 2020)
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Figure 21. Nordic Balancing Model Future Roadmap. (NBM, 2020)

The biggest change that is about to be implemented is the single price model for imbalance
settlements. The current dual price model shown in figure 19 will be replaced by the single
price one shown in figure 22 below. This will enable the BRPs to balance out their energy
balance with just one imbalance instead of two imbalances, one for production and one for
consumption. The change will also feature the deletion of production plans and will focus
on commercial trade schedules. The national TSOs can still demand production plans

regardless of the imbalance calculation method. (NBM, 2019a)
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Figure 10. Single Price Imbalance Calculation. (NBM, 2019a)

In other words, the future imbalance will be calculated between the sum of trades over all
markets and the metered exchange thus separating the imbalance settlement and production
plans. This shift will change the incentives for BRPs and TSOs. Instead of just minimizing
the BRPs imbalance, it is now in their interest to balance out the system imbalance also. If

the BRP’s imbalance coincides with the grids needs, they are then payed the price that
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indicates the balancing energy price in that direction. The price is calculated from the
marginal price in the regulating power market as it is currently done. The balance settlement
IS to be harmonized, not only in method, but also in time as introduced previously. The
balancing model will adapt to the 15-minute timeframe. (NBM, 2019a)

2.4.4  Frequency Containment Reserve

As previously mentioned, the power grids frequency is balanced by the TSO and maintained
at a steady 50 Hz level, or that is the goal anyway. In order to maintain the balance, the TSO
has frequency containment reserves for normal operation (FCR-N) and for disturbances
(FCR-D). Both reserves feature a yearly and hourly market based on auction by participating
reserves. (Fingrid, 2019b)

The FCR-N is the reserve that is always in operation. It has a minimum power requirement
of just 0,1 MW and has a required 3-minute implementation time for each frequency step
change of +0,1Hz. One should note that changes are not always needed by the grid, thus
creating free income. The biggest difference between FCR-N and -D is the direction of
frequency change and implementation time. FCR-N can either increase production / decrease
consumption when the frequency is below 50 Hz or decrease production / increase
consumption when frequency goes over 50 Hz. FCR-D is implemented only when a clear
disturbance is found in the grid and the frequency clearly falls over -0,5Hz from 50 Hz. The
smallest disturbance reserve volume is also ten times the normal one at 1 MW of increased
production or decreased consumption. The FCR-D activation time is a lot quicker at 50% in
5 seconds and 100% implementation in 30 seconds. The maximum bid sizes are 5 MW
(FCR-N) and 10 MW (FCR-D), respectfully. In order to participate on the reserve markets,
the owner of the capacity location must complete a test that proves their capability to activate
and execute the reserves according to their technical requirements. (Fingrid, 2019b, 2020h,
2020e)

Both the yearly and hourly reserve markets are auction based, but the timeline is different.
The yearly auction is held each autumn where the reserve price is set according to the most
expensive reserve offer accepted. Similarly, the hourly auctions reserve value is based on
the most expensive bid accepted. Because the yearly auction is held only once a year, market

access is closed through the rest of the year, but the hourly reserve markets take on new
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participant at any given time. Both markets require a separate agreement between the BRP
and TSO (Fingrid) although the compensation is calculated in the same way and same terms
and conditions apply in both markets. Because a year is a long time, the BRP’s participating
through the yearly auction must submit their reserve plans for the upcoming day by 6:00 pm
EET within their agreed upon yearly reserve margins. On the hourly markets, instead of
reserve plans, the BRP’s enter reserve bids to the auction by 6:30 pm EET for tomorrows

reserves. (Fingrid, 2020e)

2.4.5 Fast Frequency Reserve

Fast frequency reserves (FFR) are a complimentary secondary reserve for the FCR to answer
the low inertia challenge in the power grid. Inertia refers to the kinetic energy in the grid that
affects how fast the grid frequency drops after a generator disconnects from the grid. Higher
inertia refers to the large rotating masses of a turbine-generator combo, evident especially
during high load times in the grid when a lot of electricity is generated and thus inertia is
high. Low inertia scenarios are more prominent during low consumption during the summer
for example. (ENTSO-E, 2019)

Because the grid inertia affects the frequency decrease directly, in a high inertia scenario,
when a generator trips, the deceleration of the rotating masses puts kinetic energy to the grid
and softens the occurring imbalance. Due to this, in a low inertia scenario, the TSO’s need a
fast frequency reserve where the frequency can be returned quickly by detaching load or
increasing production. The activation times are very quick, because FFR’s job is to mitigate
the instant reaction of losing inertia in the grid before FCR-D can take over. It is because of
this that the activation times are as follows: 49,7 Hz requires 1,3 s full activation; 49,6 Hz 1
s and 49,5 Hz 0,7 s full activation. After the activation, the FFR will support the grid for the
minimum of 5 seconds and 30 seconds at its highest, after which the FFR will slowly ramp

down. The reserve needs to be capable of reactivation in 15 minutes. (ENTSO-E, 2019)

The capacity a BRP can offer is based on a prequalification test that measures how much
power can be detached / attached to the grid in the time specified (around a second). The
measurements are made with 0,1MW accuracy. The FFR markets are based on auctions on
the hourly market, where tomorrows FFR requirements are first forecasted by the TSO and

then auctioned between BRP’s. The FFR value is based on the most expensive bid accepted
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by the TSO and the BRP gets paid according the reserve given, but if it is activated no extra
income is given. The reason behind no activation payment is due to sparse use of the FFR
and very short implementation time. A BRP can bid for both FFR and FCR markets with the
same capacity, but after the auction the reserve is divided to FFR and FCR according to how
the bids were accepted. (ENTSO-E, 2019)

FFR is bound to be implemented in May 2020, but aFRR has been used in the Nordics since
2013. Automatic Frequency Restoration Reserve (aFRR) is used as an automatic version of
a disturbance reserve. With the minimum of 5 MW power regulation within 5 minutes, the
aFRR works much like the FCR-D as it is auctioned on the hourly markets but only on certain
predetermined morning and evening hours when it is most likely needed. The aFRR is
activated automatically during frequency deviations of under 49,9Hz and is a hybrid between
FCR and what FFR will be. (Fingrid, 2020a)

2.5 Financial Electricity Market

Electricity market derivatives refer to future and forward energy commodity purchases or
sales in the financial markets where a product is bought now for future physical delivery.
This hedging is performed to either secure volume, price or currency risks. The Financial
markets operate in reference to the system price that disregards congestion in cross-border
electricity transmission due to the later physical delivery. Making a bilateral trade agreement
between the retailer and consumer, the volume or price can be tied in reference to the system
price for future delivery. The timespan can be fixed from days to weeks to years. (NordREG,
2010)

A company can now enter the financial markets and buy their electricity up to 5 years in
advance. Shorter order blocks are also available measured in weeks. The financial markets
are largely utilized for base-load energy procurement, where the risks can be handled with
longevity. The electricity the company has bought in 2014 for 2019 can be sold in 2016 for
example if its profitable. The hedging and thus securing the electricity procurement with
future trades is a common practice among bigger electricity consumers as it enables for
longer timespan electricity market participation. In an era where the electricity price has

slowly increased this price safeguarding of electricity will have proved profitable. If
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however, the spot prices where to decrease, the hedged electricity will prove expensive

compared to straight wholesale market participation. (NordREG, 2010)

In the figure 23 below, we can see how the Nord Pool system price is fairly like the Finnish
spot price. During the recent decade we can see that the system price has been slightly
cheaper than the spot price in Finland due to congestion. This means that electricity transfer
from other Nordic countries to Finland has been maxed out resulting in higher prices in
Finland compared to the system price. The price fluctuations have been high in past years,
meaning that participating in the financial electricity markets with future deliverables with
current system price will have kept the procurement price stable, but that also means gains

and losses during high- and low spot market price situations.
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Figure 11. Nord Pool System Price and Finnish Spot Price comparison. (Nord Pool, 2019c)

2.6 Market Participation Potential

Many industrial companies rely on external energy production and only take part on the
consumption and therefore demand side of the electricity markets. The other market potential
for a company is to monitor their electricity consumption and take it under control. If the
electricity market price has high price hours the consumption location could decrease their
consumption after a certain margin price is reached. There have been negative spot price

hours that would flip the situation at a consumption location. If the consumer participates in



58

the electricity markets, they can get an additional income stream from the electricity they

use. A negative spot price means that the TSO is paying the company to use electricity.

Additionally, once the company has entered the wholesale electricity market and has some
understanding of the electricity price profile throughout the day, the company can plan their
consumption intensive processes for hours where the electricity is most likely to be cheaper
than the rest of the day. This process can be done with the service provider once it is agreed
on, but it will mean that the company will not learn from the markets themselves, hindering

further implementation on other markets.

In the figure 24 below the electricity spot prices are drawn in a figure from 1.11 to
10.11.2019. With just a cursory glance, it is very clear that the cheapest electricity is
generally available between 11 pm and 4 am. Also, the weekends have clearly more flat
price profiles indicating that the consumption time is not as significant as it is during the
week. Weekends are the 2", 3 9™ and 10" day in the graph. Consuming electricity when
the price is low can therefore create clear savings compared to high price consumption during

peak hours around 7-9 am.

Weekend

Figure 12. Electricity price 1-10.11.2019. (Nord Pool, 2019c)

Because wholesale market participation has at least theoretic potential, it is not without its
challenges. Due to heavy market price changes, a market participant may end up with
monetary losses on an hourly basis if the trades are forced and not optimized. If a
consumption location suddenly has a blackout or something else preventing the consumption
of bought electricity, the company is forced to sell at least some part of the bought electricity

on the intraday markets to cover some of the possible imbalance losses.
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Having a factory producing goods enter the electricity markets usually means that it only
monitors the consumption at the factory and electricity is bought accordingly from the day-
ahead markets and maybe evened out on the intraday markets. The electricity imbalances
created are of little note, especially if the consumption volume is not high, meaning small
imbalances. Participating on secondary electricity markets makes the simultaneous

production of goods challenging.

If a production line enters the reserve- or balancing markets, the production follows the
markets, it is not a stand-alone system detached from the markets. The factory must then
calculate at what price are they willing to participate at frequency containment reserve
markets (normal operation or disturbance), in other words, at what price the production line
will adjust according to secondary market prices. Reserve markets are safe and non-volatile
markets, but balancing markets can feature high and low prices and therefore provide a clear
income potential, if the participation margin is calculated. The study conducted in this thesis

will provide insight on these margin prices under some market scenarios.

Participating on the wholesale markets without financial products i.e. pre-bought electricity
to secure the electricity’s price for the future, the company has the clear risk of market price
volatility. If a company pre-buys electricity during a year where the spot price is low for a
year when the spot will end up higher, the company makes money and vice versa.
Safeguarding at least a portion of the company’s electricity procurement should be a part of

the procurement plan especially in a large consumption portfolio.

Having an existing market presence enables the company to take part on each new secondary
market the PXs and TSOs provide with limited investment costs. Joining a new market from
scratch will always require capital, but if the company has the measurements, forecasting,
reporting and energy management software in place, the costs are not as great. Participating
in both financial- and wholesale market is the way to go, since market participation on more
than one market allows the company to utilize the characteristics from both once they are

properly understood.
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3 ELECTRICITY PROCUREMENT STUDY

What does it mean and what must be considered if a company is to enter the wholesale
electricity markets instead of just financial markets?

How should the company’s electricity consumption affect their electricity procurement and
how will the future of electricity markets affect this?

3.1 Hypothesis

Hypothetically this study should prove that it is profitable for a company to enter the
wholesale electricity markets and profit from the price fluctuations that occur on the short-
term side of the markets. If the 100% wholesale market entry would prove unprofitable, the
profitability of price safeguarding from the financial markets combined with the wholesale
markets should provide insight on how to increase the profitability from the current

procurement plan.

The second factor that plays into the likely profitably of this transition is communication. If
the company is a BRP and has a constant communication line with its consumption locations,
the company should have more precise consumption forecasts to be utilized on the intraday
markets to balance out the consumption before the imbalance markets. The resulting
optimized imbalance should be profitable as it is most likely smaller than the current

imbalance, although the company is not responsible for it.

If a company is taking hold of their own electricity procurement and consumption through a
balancing software, it serves as a ready platform to implement secondary electricity markets
more easily and less effort. The secondary markets are not currently utilized in many
companies, so studying the possible entry to these is crucial as they might give the company

new income streams.

Because the study is based on the notion of “what if we had done it like this” instead of
concrete actions based on future markets and forecasts, there is a definitive risk of over-
optimistic values and views in the study excel. The study should prove profitable in even the
worst of forecast scenarios and trades because it is very difficult to realistically model

different trades that would have been done in the past.
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Although the actions proposed in this study may prove profitable, it should ponder if it is
profitable enough if you consider the future power market changes and investment costs. It
should prove profitable if the balancing volume is vast enough so the daily profit will sum
up to significant. The company’s consumption volume may prove too small for proper
secondary market participation, but the basic balancing actions should be profitable. In a

more global scale, the profitability should increase along with the balancing volume.

Taking part on the global electricity markets has a lot of untapped potential as it is currently
still evolving towards a connected and standardized mould. Because the Nordic and
European electricity markets are very similar and will be unified in a few years, the potential
should prove profitable at least in there. The electricity markets in other continents may
prove more troublesome to enter and profit from because they are in different stages of
development and regulation.

The only scenario where the study results could prove unfavourable is that if the current
electricity procurement deal has successfully gathered the electricity needed from financial
markets under the occurring spot price. This means that the service provider has successfully
bought electricity in the company’s behalf from the financial markets beforehand in a market
situation where the spot price has slowly increased through the years. If electricity used in
2019 was bought with previous years prices the electricity price for 2019 will end up lower
than the electricity bought from 2019 wholesale markets. Due to the apparent market price
raise since 2014 when the company initially started to procure electricity for 2019, this study
might prove unprofitable for 2019, but may give profitable insight for other market scenarios

and procurement mixes in this company’s case.

3.2 Methodology

3.2.1 General Method

The chapters 1 and 2 has presented the different power markets and their future aspects to
be taken into consideration in this study. With the questions presented above, this thesis will
provide answers and insight for the study questions. In order to have concrete proof and

legitimacy over the profitability of different market participation, a data-based study will be
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introduced. After the data-based study is set, different market participation scenarios will be

conducted with altering forecast precisions.

The data-based study will feature all available market history data from 2019 regarding the
current Nordic electricity markets run by Nord Pool and the reserve and balance markets run
by the Finnish TSO Fingrid. This hourly spread market data is imported into a study excel
that will utilize the consumption data of a company with industrial size electricity
consumption. The excel tool will utilize the hourly spot prices and consumption values to
simulate theoretical trades that the company could have done.

A correlation value will be introduced that will mimic the market participants perception of
future market price and consumption forecasts. The correlation values are changed in order
to have varying results of market participation, because it is impossible to know exactly how
well the company would have forecasted tomorrows spot prices and their own production.
The correlations are randomized with the RAND() -function in excel in combination with
the NORMSINV/() -function, where RAND will pick a random value from a gaussian
distribution the NORMSINV() -function creates. Thus, we will have different probability
scenarios and sub scenarios in said profitability. The different correlations are shown in table
2 below. For example, in scenario DA 90.6, the variation from the perfect value (100%) is
deviated randomly by 6% according to the gaussian curve. The consumption values C1 and
C2 are a bit over and under said 6% in order to simulate an improved estimation of future
consumption. The correlation is different for each hour of the year under the selected
variation. The 90.X stands for the market divide of day-ahead and intraday, 90% day-ahead

and 10% intraday in this case.
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Table 2. The different scenarios and their correlation values.

SCENARIO Spot ACC C1ACC DA Depth C2ACC ID Depth ID ACC

DA 100 100 % 100 % 100 % None None None
DA 90 100 % 100 % 90 % 100 % 10% 100 %
DA 90.2 98 % 97 % 90 % 98 % 10% 98 %
DA 90.4 96 % 95 % 90 % 97 % 10% 96 %
DA 90.6 94 % 93 % 90 % 95 % 10% 94 %
DA 90.8 92 % 91 % 90 % 94 % 10% 92 %
DA 90.10 90 % 89 % 90 % 92 % 10% 90 %
DA 85 100 % 100 % 85% 100 % 15% 100 %
DA 85.2 98 % 97 % 85% 98 % 15% 98 %
DA 85.4 96 % 95 % 85% 97 % 15% 96 %
DA 85.6 94 % 93 % 85% 95 % 15% 94 %
DA 85.8 92% 91 % 85% 94 % 15% 92 %
DA 85.10 90 % 89 % 85% 92 % 15% 90 %
DA 80 100 % 100 % 80 % 100 % 20% 100 %
DA 80.2 98 % 97 % 80 % 98 % 20% 98 %
DA 80.4 96 % 95 % 80 % 97 % 20% 96 %
DA 80.6 94 % 93 % 80 % 95 % 20% 94 %
DA 80.8 92% 91 % 80 % 94 % 20% 92 %
DA 80.10 90 % 89 % 80 % 92 % 20% 90 %
DA 78.6 94 % 93 % 78 % 95 % 22% 94 %
DA 76.6 94 % 93 % 76 % 95 % 24% 94 %
DA74.6 94 % 93 % 74 % 95 % 26% 94 %
DA72.6 94 % 93 % 72% 95 % 28% 94 %
DA 70.6 94 % 93 % 70 % 95 % 30 % 94 %
DA 65.6 94 % 93 % 65 % 95 % 35% 94 %
DA 60.6 94 % 93 % 60 % 95 % 40 % 94 %
DA 55.6 94 % 93 % 55 % 95 % 45 % 94 %
DA 50.6 94 % 93 % 50 % 95 % 50 % 94 %

Once the correlations are set, benchmark day-ahead trades are simulated based on the
simulated forecast. Once we have a consumption forecast and a day-ahead trades volume
that is based on historical market prices of which the company has successfully bought a
portion of electricity to fit their needs, an initial imbalance is calculated. Again, a correlation
is used because the company cannot know their exact imbalance before the intraday trades

about to take place. A second more accurate imbalance is used just before the intraday trades
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because it is assumed that the consumption forecasts become more accurate before the time

horizon. All these phases of the tool are depicted in appendix 1 to 3.

According to the imbalance the excel tool now has, intraday trades are done accordingly
using the weighted average price that occurred during that hour in 2019 Nord Pool intraday
markets. Due to the correlations used to get to this point, the net amount of electricity bought
and sold over day-ahead and intraday markets will not match the exact consumption data
gathered from the factory thus resulting in an imbalance. Isolated hours may feature a perfect
balance causing no imbalance, but this is only by chance.

Because the company is now assumed to participate on the wholesale electricity markets,
the company will become a balance responsible party and therefore responsible for the
positive or negative imbalance they have caused. An income or payment is calculated in the
tool based on the historic imbalance prices imported to the tool, utilizing the consumption
imbalance function and principles introduced in chapter 2.4.2. Now the tool has everything
needed for the basic scenario. Day-ahead and intraday trades combined with resulting
imbalance calculations that will sum up to an hourly expense. This expense can then be
compared to the hourly expenses the company has with financial market participation and

the service provider deal. These steps of the tool are shown in appendix 1 and 2.

3.2.2 Reserve Method

With the general method, the study will get its first credible results that will be shown later
in chapter 4.3. While those results are a good basis to start a study, they lack the secondary
electricity markets almost in their entirety. The second run scenario will consider the reserve
markets with both FCR-N and FCR-D. These reserves are mainly considered because they
dominate the reserve markets in the Nordics, although FFR is to affect it in the future. The
FFR-markets will be harder to implement with a factory since the activation times are very
short and abrupt. The FCR market data is imported to the excel tool with the realized market
price and activated volume. If the company wishes to participate on the hourly reserve
market, they must bid a portion of their consumption to the reserve markets with a volume
and price according to bid principles presented in 2.2.4. The reserve portion of the tool is

shown in appendix 3.
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In order to make the market bids in the tool, a maximum and minimum consumption must
be known and the available consumption flexibility of the company in one location. Reserves
must be executed from one location at a time for the bid volume activated and the reserves
must be prioritized with the consumption. This means that the consumption location has a
consumption forecast of a set amount of MW and in order to make an FCR-N bid, the volume
must allow a + bid volume to take place within the minimum and maximum consumption of
the location. It is not recommended to make a shutdown bid with FCR-N due to its
fluctuating nature, which might turn the consumption location on and off repeatedly. After
the FCR-N bid is made, a disturbance bid FCR-D can be made, which means consumption

decrease in the factories case if we assume no electricity production takes place.

Again, the bid should fit within the consumption volume limits and consider the
consumption volume and the prioritized FCR-N bid. If there is at least LMW of consumption
left, this volume can be bid on the disturbance reserve markets. Shutdown bids can also be
made into this market but should be priced in a way that compensates the loss in production
of goods. A balancing up bid is preferable due to clearly higher prices than the FCR-D. This
price gap has been reoccurring from year to year due to their differences in balancing method

and volume.

If the consumption of a factory exceeded the yearly minimum value plus 0,5 MW that factory
can provide 0,5 MW of flexible consumption that can be bid to the FCR-N markets to be
guided by the grid frequency as long as it did not exceed the yearly maximum consumption
value minus 0,5 MW leaving the factory with a bidding window of MIN+0,5MW to MAX-
0,5 MW. The bid logic in the tool is visualized in figure 25 below. After an hourly flexibility
was calculated it was summed up as C Flex 0,5 depicted in the table 4 shown later. It should
be noted that the consumption flexibility is strictly theoretical in order to have reference

values and gains.
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Figure 13. Excel tool reserve bidding logic.

After a bidding logic is inserted to the tool and the bids are priced according to the production
losses the consumption location will have, the tool goes through the whole year of 2019,
looking for hours where the factory’s bid would have been activated. The tool does not
consider the yearly markets due to the consumption restrictions it would impose on overall
yearly production of goods and would not allow momentary market participation like the
hourly reserve markets. The yearly reserve markets would be harder to implement into the

consumption forecasts and auction bids as well.

In order to define the actual consumption flexibility of a factory, the approximation of such
a value should be enquired and inserted into the tool from the personnel working at the
factory. Because a 100-kW bid is the smallest one the company can make for the FCR-N
markets, it is also the most likely option of the secondary markets because it is the smallest
one makeable. The factory could disconnect a few pumps and motors for example in order
to decrease the load or turn them on to increase it. The production line must be assessed to
find the areas that can enter the reserve markets, if there even is one. This method assesses
the effects of such market participation, where there is adjustable power consumption in the
production line. It is a subject of another thesis on how and where the flexibility is regarding

a production line in a factory.

Even though theoretically the company could enter the disturbance reserve markets, the
average price for disturbance reserves in 2019 was 5,3 €/ MW making it very cheap and thus
not economically viable since the activation of FCR-D would mean a decrease in the
production of goods and thus lower income from them. The tool is equipped with the
possibility of such a scenario where the company enters the FCR-D market, but it is not
presented in the current reserve method. If the company had electricity production the FCR-

D and aFRR would be more viable options.
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3.2.3 Balancing Method

Lastly, also in appendix 3, the excel tool gives the possibility to enter the balancing markets
as introduced in chapter 2.4.1. In the tool, according to the consumption forecast and reserves
the company has sold, a portion of consumption volume is available when comparing to both
the maximum and minimum of theoretical consumption. With the decrease of consumption
towards the consumption minimum, the company can make up bids to the balancing market,
and with the added consumption towards the maximum consumption the company can make

down bids to the balancing markets.

The excel tool looks at the consumption forecast for each hour and makes both up- and down
bids according to the volume available. These bigger the volume offered — the larger the
price asked for said volume is for the up bids and vice versa. This is the recommended route,
as it allows the company to participate on the markets more thoroughly but can also guard
themselves of over-participating, in other words, making balance offers for too cheap

regarding the production of goods.

The bidding logic embedded in the excel tool for the balancing markets first considers the
consumption location and its minimum consumption level that also indicates the shutdown
consumption level for each factory. A conditional function is then entered where if the
consumption plus the possible FCR-N volume exceeds the minimum consumption plus 2
MW plus the possible FCR-N bid, the up bid will be 2 MW. If this condition is not fulfilled
the same conditions are made for 1IMW. Otherwise the bid will be 0 MW. Also, if there is
no FCR-N activated for said hour a shutdown bid is made where all the consumption is bid
but at a clearly higher price (500 €/MWh). The pricing of the rest of the bids that do not
include shutdown bids is done in 50 € steps. If the bid is 1 MW, the price is 50 € and ascends
from there until 6 MW for 300 €/ MWh. The bid prices were decided in an escalating manner
in order to be on the safe side on the compensation regarding production losses incurred by
the up bids.

The down bid logic is much the same, but from the other direction since a down bid means
an increase in consumption. The tool reduces the current consumption and FCR-N bid from

the maximum value the factory can consume and if the remainder is higher than 2 MW the
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bid is 2 MW and if it is 1 MW the bid is 1 MW for said consumption location. After this a
single bid is made by the bid sums from all the consumption locations combined. The bids
are then priced according to the bid volume and spot price for that hour. The bid descends
according to volume. For 1 MW bid the price is spot price minus 2€ until we reach 7 MW at
spot minus 14€. This makes sense because the more the company consumes, the cheaper
they will want to get the electricity. The balance up or down bid logic is shown in figure 26
below.

MIN AVAILABLE C>: REMAINING C>2MW pmax

\OLLC

Figure 14. Balance market up or down bid logic.

3.2.4  Consumption Timing Method

Because the production lines are usually made for maximum production and may run at
100% sometimes, the biggest use of consumption flexibility is not through entering the
reserve markets, but through consumption timing optimization. As introduced in chapter 2.6,
the time of peak consumption should coincide with the lowest electricity prices once the
company has entered the wholesale markets and pay the market price for electricity. In order
to utilize this timing, a scenario simulation is run separately within the tool where the amount

of consumption within a day is optimized to coincide with the spot price fluctuation.

The consumption timing study scenario is conducted under ideal conditions, where spot- and
intraday prices are sorted in a descending manner, while the matching consumption volumes
are sorted in an ascending manner. This is repeated for each day of the year, so theoretically
the company has matched each low-price hour with their peak consumption of the day and
vice versa. In this study method the goal is to find the effect of consumption timing according

to electricity prices rather than consumer demand.

With the consumption timing study this thesis defines the potential of paying attention on
market prices with the consumption locations. It is worth mentioning, that consumption

timing needs enough wholesale market participation to properly utilize consumption timing.
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If the company has a block order for each consumption hour from the financial markets that
is then evened out on the spot markets 1MW, the effects of consumption timing are
mitigated and have very little effect. With consumption timing it is essential to be able to
buy the electricity according to the timed consumption because otherwise a timed
consumption with a set MW block order would result in hourly imbalances that would be

very risky market participation due to imbalance price volatility.

4 POWERUTILIZATION IN AN INDUSTRIAL COMPANY

4.1 Introduction

This chapter will study how a company currently procures electricity and how its expenses
compare to the company acting themselves on the wholesale electricity markets. The study
will focus on all ABB consumption locations in Finland, and more on its major electricity
consumption locations in Helsinki and Vaasa where the company produces motors,
generators and frequency drives. The all consumption location scenario will be referred to
as ACL and the major consumption location scenario as MCL for the rest of the study. In
order to have some consumption volume reference, ABB Groups electricity consumption
was approximately 1 600 GWh in 2019 (ABB, 2019).

The study conducted for both cases follows the methodology introduced in chapter 3.2.
Because the methodology is identical in both cases it allows a comparison to be made
between the two that can later be utilized as a basis for arguments. The arguments section of
this chapter summarizes some of the results computed and makes deduced comments based

on them.

4.1.1 Current Electricity Procurement

In both scenarios the company has bought energy balancing services from a service provider
that trades and procures electricity according to the company’s wishes and consumption
forecasts. The company can influence the procurement plan according to deals made with
the service provider. Currently, the company makes ‘beam’ orders for a year. The electricity

used is procured from electricity forwards where the price is tied to current system price with



70

future delivery according to financial market rules. This means that for example the beam
consumed in 2019, was bought over a few-year timespan in small volume trades for each
consumption hour. This hedged electricity is profitable and unprofitable based on how it
reflects towards the spot price. The rest of the electricity is then balanced (bought/sold) from
the spot market according to hourly forecasts provided by the company to the service
provider in charge of its balance responsibility once the beam order causes apparent
imbalances. This hedging of electricity is done in order to mitigate risks from electricity
market price change — whether that price would have been favourable or unfavourable is left
to chance since the procurement starts years before actual consumption and the wholesale

price of that consumption date is very obscured.

The profitability of such future electricity procurement is based on electricity price ascension
and therefore only profitable in said scenario. If the future market analysis fails to see the
descending trend in market prices it will mean clear monetary losses from hedged electricity.
It is also not enough for just the buyer to realize the market trend. The supplier must realize
that future electricity prices will descend and act accordingly to secure the highest price
possible for the electricity they are selling if they desire to participate in the financial markets
instead of the wholesale markets closer to consumption hour. Acting on the financial markets
ensures the supplier with orders further into the future than just the day-ahead and it also
allows a consumer to secure electricity beforehand to prevent market volatility affects closer

to the consumption hour.

4.1.2 Consumption Location

The MCL study focuses on major factories located in Finland. The motors and generators
factory in Helsinki produce induction machines, synchronous machines and has a global
technical centre for both. These products have a strong market presence in many industries.
The mining, pulp and paper, marine and process industries are good examples just to name
a few for induction machines. The synchronous machines are utilized mainly in power
generation in powerplants, which also usually feature induction machines. The drives factory
in Helsinki specializes in variable frequency drives, which are essential for load management
with pumps, motors and fans for example. These drives would be utilized if a production

line were to enter the reserve- or balancing markets.
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The motors and generators factory in Vaasa specialize in low voltage motors and produces
them in the thousands on a yearly basis. The product portfolio from Vaasa and Helsinki
indicates that the units produced are not in the millions, meaning that the production line and
its consumption is more momentary rather than a steady load. With momentary load

consumption timing may give a chance to cut electricity procurement costs.

4.2  Study Scenarios

The locations in the MCL study account to 57% of total electricity consumption of company
operations in Finland and dominate in the consumption volume in reference to other
locations that are mainly offices and factories with lower electricity consumption. After the
MCL is thoroughly studied in all 4 methods introduced in chapter 3, the same methods will

be applied to the ACL scenario in order to see full national implementation and results.

In order to cross-reference the different electricity procurement practices between wholesale
and secondary markets in comparison to hedged financial market electricity, ABB provided
their hourly consumption and electricity expenses for the whole year to have a reference
point for the study. The data was divided into two datasets — one for the MCL scenario and
the other for the ACL.

Once the yearly electricity market prices for day-ahead and intraday were compared with the
procurement prices the company had in 2019, the starting point of the study became clear.
Full scale wholesale market participation will not be profitable with 2019 spot market prices
and the consumption available in Finland. This does not mean that the study will conclude
as unprofitable although it can be said for the initial comparison. We can confirm from figure
23 that the electricity procurement for 2019 that forms the procurement price was started
gradually in years before reaching 2019, meaning that the financial markets succeeded in

protecting the electricity procurement for possible price ascension that also happened.

Thus, it will become relevant to see how to profit the most from entering the wholesale
markets if for example we forecast the electricity prices to drop in upcoming years. Protected
electricity procurement is only profitable in situations where the electricity price is rising,

and its effect can be mitigated by pre-bought electricity. To find out what type of market
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participation is the best, the study will view different accuracy and market depth scenarios

according to the study methodology.

4.3 Results

4.3.1 Major Consumption Locations

The first table 3 depicts the general method results from the company participating on the
day-ahead and intraday markets in 2019, with the resulting imbalances affecting the yearly
expenses. At first glance we can see that the DA100 reference scenario shown earlier is the
worst scenario regarding profitability. When looking the results between scenarios and
market action accuracies. A 6% deviation was decided to provide enough variation to have
different results. Each expense value for a scenario is the mean average of five randomized
trade runs where the hourly trade accuracies change. This applies to all tables shown under
the results chapter.

Despite the highly randomized trade actions, there is a clear correlation between profitability
and intraday market depth, meaning the more we traded on the intraday markets instead of
the day-ahead markets the more profitable it was. This is fortified with the yearly price
average difference between spot 44,04 € MWh and intraday 41,96 €/ MWh. The average
price utilized for the intraday trades from the market history slightly distorts the profitability
results in intraday’s favour despite the general notion of electricity being more expensive
closer to the consumption hour principle. Intraday prices would vary more than the weighted
average of the trades done although getting the average price for each hour is theoretically

possible and thus utilized for stability reasons in the simulation.
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SCENARIO Spot C1 DA C2 ID ID | IMB | Expenses | Deal | Profit
ACC | ACC | Depth | ACC |Depth| ACC
DA 100 100% 100% 100% None None None None |[121,3% -21,3%
DA 90 100% 100% 90% 100% 10% 100% None [120,8% -20,8 %
DA 90.2 B% 97% 90% 98% 10% 98% Yes [120,8% -20,8 %
DA 90.4 %% 95% 90% 97% 10% 96% Yes [120,8% -20,8 %
DA 90.6 9% 93% 90% 95% 10% 94% Yes [120,8% -20,8 %
DA 90.8 2% 91% 90% 94% 10% 92% Yes [120,8% -20,8 %
DA 90.10 % 89% 90% 92% 10% 90% Yes [120,8% -20,8 %
DA 85 100% 100% 85% 100% 15% 100% None |120,6% -20,6 %
DA 85.2 8% 97% 85% 98% 15% 98% Yes [120,6% -20,6 %
DA 854 %% 9%5% 8% 97 15% 96% Yes [120,6% -20,6 %
DA 85.6 94% 93% 8% 95% 15% 94% Yes [120,6% -20,6 %
DA 85.8 2% 91% 8% 94% 15% 92% Yes [1205% -20,5 %
DA 85.10 % 8% 8% 92% 15% 90% Yes [120,5% -20,5 %
DA 80 100% 100% 80% 100% 20% 100% None |[120,3% 'é -20,3 %
DA 80.2 8% 97% 80% 98% 20% 98% Yes [120,3% X [-20,3%
DA 80.4 %% 9%5% 80% 97% 20% 96% Yes [120,3% -20,3 %
DA 80.6 94% 93% 80% 95% 20% 94% Yes [120,3% -20,3 %
DA 80.8 2% 91% 80% 94% 20% 92% Yes [1204% -20,4 %
DA 80.10 % 89% 80% 92% 20% 90% Yes [120,4% -20,4 %
DA 78.6 94% 93% T78% 95% 22% 94% Yes [120,2% -20,2%
DA 76.6 94% 983% T76% 95% 24% 94% Yes [120,1% -20,1%
DA 74.6 94% 983% T74% 95% 26% 94% Yes [120,0% -20,0%
DA 72.6 9% 983% T72% 95% 28% 94% Yes [1199% -19,9 %
DA 70.6 9% 983% T70% 95% 30% 94% Yes [1199% -19,9 %
DA 65.6 94% 983% 65% 95% 35% 94% Yes [1195% -19,5%
DA 60.6 94% 93% 60% 95% 40% 94% Yes [1194% -19,4 %
DA 55.6 9% 93% 5% 95% 45% 94% Yes [119,1% -19,1 %
DA 50.6 94% 93% 50% 95% 50% 94% Yes [118,8% -18,8 %

Throughout the general scenario that does not include secondary market incomes, entering

the wholesale markets is unprofitable no matter how we enter them. On average the company

would lose 20,3% more per year when compared to current expenses. It remains of interest

to see how the secondary markets affect the market participation profitability.

The next table 4 shows the results of the reserve method where on top of the general methods

trades a frequency containment reserve is added. In order to provide a volume to be bid on

the FCR-N auction as introduced in chapter 2.2.4, a volume was hourly computed according

to chapter 3.2.2. The study does not reflect on whether the production lines in the factories

are adaptable to the reserve markets as that would require a whole study on its own.
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Table 4. Major Consumption Locations, Reserve Method Results.

Scenario (C Bid FCR-|FCR-N| Expenses | Deal | Profit Change
Flex N vol | Price
0,5 MW

DA 100 18,00 € | 3681[19,59 € [111,7 % -11,7% 196%
DA 90 18,00 € | 3681[19,59 € 1112 % -112% |196%
DA 90.2 10,00 € | 7215|25,27 € |108,4 % -8,4 % 12,4 %
DA 90.4 12,00 € | 6280 (24,09 € [109,0 % 90% [118%
DA 90.6 15,00 € | 4818(21,72 € [110,1 % -10,1% 10,7 %
DA 90.8 20,00 € | 3360|18,89 € [111,5% -115% |93%
DA 90.10 22,00 € | 3119[18,30 € [111,9 % -119% [89%
DA 85 18,00 € | 3681[19,59 € [111,0% -110% [96%
DA 85.2 10,00 € | 7215|25,27 € |108,2 % -8,2 % 12,4 %
DA 854 12,00 € | 6280 |24,09 € |108,8 % -8,8 % 11,8 %
DA 85.6 15,00 € | 4818|21,72 € |110,0% -10,0% [10,6 %
DA 85.8 20,00 € | 3360(18,89 € [111,3 % -113% |192%
DA85.10| ., [22,00€ | 3119|1830€ 1116 % — [-11,6% [9,0%
DA 80 = 18,00 € | 3681|19,59 € |110,7 % 8 -10,7% |9,6%
DA 80.2 o1 (10,00 € | 7215(25,27 € |108,0 % © -80% [123%
DA 80.4 - 12,00 € | 6280 24,09 € |108,5 % © 1-85% |118%
DA 80.6 15,00 € | 4818|21,72 € |109,6 % 96% |10,7%
DA 80.8 20,00 € | 3360|18,89€ [1112% -112% 192%
DA 80.10 22,00€ | 3119]18,30€ [111,4% -11,4% 190%
DA 78.6 15,00 € | 4818|21,72 € |109,6 % -96% 10,6 %
DA 76.6 15,00 € | 4819|22,72 € |109,4 % 94% |10,7%
DA 74.6 15,00 € | 4820(23,72 € |109,4 % -94% 10,6 %
DA 72.6 15,00 € | 4821|24,72 € |109,3 % -93% 10,6 %
DA 70.6 15,00 € | 4822|25,72 € |109,2 % 92% |10,7%
DA 65.6 15,00 € | 4823]26,72 € |109,0 % -90% |105%
DA 60.6 15,00 € | 4824(27,72 € |108,7 % -8,7% |10,7%
DA 55.6 15,00 € | 4825|28,72 € |108,4 % -84% |10,7%
DA 50.6 15,00 € | 4826 (29,72 € |108,2 % -82% 10,6 %

The excel tool has the past maximum values accepted from the FCR-N auctions imported
from Fingrid’s website giving an hourly auction price that will determine whether an hourly
FCR-N will be accepted and automatically executed. The average most expensive bid
accepted by the FCR-N markets was 21,99 €/ MWh in 2019. The bidding price was changed
for the whole year slowly ascending from 10 €/ MWh to the yearly average bid of 22 €/ MWh.
The bid prices directly correlate with the activated volumes and thus the yearly income of
said bids. The FCR-N/Price column indicates the final yearly average price [e/MWh] gained

from market participation. For example, under DA90.6-scenario, despite the bid being 15
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€/MWh the company got paid 21,72 € MWh for each hour of the year because every
activated bid that was chosen from the FCR-N auction gets paid according to the most
expensive accepted bid. It is why lower bid values gives more secondary market income
despite the prices changing little once the income is spread out for the whole year.

From the profitability aspect, secondary market participation can be said to improve general
market participation profitability by a clear margin. On average the unprofitability of market
participation for 2019 reduced by 10,3% when considering all market participation

scenarios.

Although the change in profit is clear, one must reflect on the nature of FCR-N activation.
Firstly, activating a grid frequency driven reserve is just that, frequency driven. That means
that the allocated FCR-N bid volume will act as required by the grid frequency and in both
directions. If the frequency requires increased load, this means cheaper electricity to produce
goods, but if the consumption should be decreased, it also means decrease in goods
production and thus loss of income despite the income gained from the reserves. The nature
of FCR-N reserves therefore needs deductive bid pricing. The company must consider at
what price are they willing to possibly loose some portion of their production if the frequency
requires it so. This essentially means making a part of goods production frequency driven

instead of demand.

Whilst the FCR-N requires a lot of study on the bidding price and volume auctioned off, the
balancing markets require even more thought with slight variations. Firstly, the minimum
up- or down balancing bid is LMW, if we adapt to the change the pilot is to introduce, and
thus makes more of the production line volatile to the frequency changes. As introduced in
chapter 2.2.1 the balancing markets consist of up and down bids. The bids are made for each
hour and once activated must be executed. Due to the volume of the bids, the pricing must
be on point. Activated bids on the grid balance regulating markets are slightly easier to
handle than the normal reserves since they are always activated to their bidding direction

and a bids direction cannot change. It is always on or off in their bid direction.

The pricing is very important, because an up bid means the decrease in consumption and
thus production and a down bid means an increase in consumption and while it means more

production it also increases procurement expenses, but at a price that is always under the
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current spot price. In the table 5 below, we can see the up and down volume and bid pricing
on average and how they have reflected on the total annual profits. Whether a bid goes
through or not is determined by the existing market history, where we can see the activation
volume and price provided by Fingrid market history data. The company’s bid is activated
if the bid price is below the highest activated bid and the volume does not exceed the sum

of all activated bids from that hour.

With the introduced logics behind the bids in chapter 3.2.3, a study was conducted on top of
the reserve method. The results of this study are shown in table 5 below. One should note
the huge pricing difference of up and down bids where on average the up bids were priced
roughly 220 €/ MWh higher than the down bids.

Table 5. Major Consumption Locations, Balancing method results.

Scenario |UP |UP |DOWN |DOWN [UP |DOWN | Deal |AVG PROFIT |Change
VOL |BID |[voL  |BID INC |EXP

DA 100 1150 %

DA 90 -114.6 %

DA 90.2 1118 %

DA 90.4 1123 %

DA 90.6 1135 %

DA 90.8 -114.8 %

DA 90.10 1153 %

DA 85 1143 %

DA 85.2 1115 %

DA 85.4 1121 %

DA 85.6 1133 %

DA 85.8 1146 %

DA 85.10 . 1149 %

DA 80 B R s w| & > 8 1141 % N
= o © o1 = o = ] o1

DA 80.2 al g N G| g g2 1113 % °

DA 80.4 ° 111,9 %

DA 80.6 112,9 %

DA 80.8 1145 %

DA 80.10 1148 %

DA 78.6 112,9 %

DA 76.6 112,8 %

DA 74.6 1127 %

DA 72.6 1127 %

DA 70.6 1125 %

DA 65.6 1124 %

DA 60.6 112,0 %

DA 55.6 1117 %

DA 50.6 1115 %
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As a clarification, an hour can be both up- and down adjusted hour but this is very rare. It
would mean that after an up bid is activated, once it is decommissioned, a down bid is
activated within the same hour. Also, a balancing bid can me accepted for a shorter period
than an hour, for example 15-minutes, but this is excluded as we focus on the execution
volume and not going above it maximizes the bids portion of activation. The actual expenses
or income would be slightly less than presented due to this.

On average, more of the down bids were activated due to their more generous pricing and
preferability from consumption standpoint. A down adjusted hour is beneficial from a
production point of view since the electricity used is cheaper than any other electricity
available, unless the company has managed to buy it below said price from the financial
markets. This means that the production costs per unit will decrease. Some up bid where
activated in the study scenario as well. These summed up to 5,1% income per year relative
to current procurement expenses without taking the loss of production to account. The down
adjusted expenses totalled at 7,6% in expenses relative to current procurement expenses as
well, bringing the profitability change (-2,5%) to a negative outcome for the balancing

method when only considering the market participation expenses.

4.3.2  All Consumption Locations

The study scope is now broader and includes the whole of Finland. This means that the
general consumption volume is clearly higher and so will the current procurement and
market participation expenses. This scope highlights even further the market participation
with 2019 wholesale markets instead of the third-party financial markets. The profits shown
in the general scenario table 6 below clearly indicate an unprofitable market participation
with 13,9% losses per year in comparison to the current electricity procurement. As already
noticed in the MCL scenario, the higher the intraday participation is the better the results are

from the wholesale markets.
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Table 6. All Consumption Locations, General Method results.

SCENARI |Spot |C1 DA |C2 ID ID IMB | Expenses | Deal | Profit
0] ACC |ACC |Depth|ACC |Depth|ACC

DA 100 100 % 100% 100 % None None None None |114,9% -15 %
DA 90 100% 100% 90% 100% 10 % 100 % None |114,4 % -14 %
DA 90.2 8% 97% 90% 98% 10% 98% Yes |114,4% -14 %
DA 90.4 %% 95% 90% 97% 10% 96% Yes |114,4% -14 %
DA 90.6 9% 93% 90% 95% 10% 94% Yes |114,4% -14 %
DA 90.8 2% 91% 90% 94% 10% 92% Yes |114,4% -14 %
DA 90.10 0% 89% 90% 92% 10% 90% Yes [1144% -14 %
DA 85 100% 100% 85% 100% 15% 100 % None |114,1% -14 %
DA 85.2 8% 97% 85% 98% 15% 98% Yes |114,1% -14 %
DA 85.4 %% 95% 85% 97% 15% 96% Yes |114,1% -14 %
DA 85.6 94% 93% 85% 95% 15% 94% Yes |114,1% -14 %
DA 85.8 2% 91% 85% 94% 15% 92% Yes |114,1% -14 %
DA 85.10 0% 89% 85% 92% 15% 90% Yes [1142% -14 %
DA 80 100% 100% 80% 100% 20% 100 % None |113,9% § -14 %
DA 80.2 8% 97% 80% 98% 20% 98% Yes |113,9% X |- 14%
DA 80.4 %% 95% 80% 97% 20% 96% Yes |113,9% -14 %
DA 80.6 9% 93% 80% 95% 20% 94% Yes |113,9% -14 %
DA 80.8 2% 91% 80% 94% 20% 92% Yes |113,9% -14 %
DA 80.10 0% 89% 80% 92% 20% 90% Yes [113,9% -14 %
DA 78.6 9% 93% 78% 95% 22% 94% Yes |113,7% -14 %
DA 76.6 9% 93% T76% 95% 24% 94% Yes |113,7% -14 %
DA 74.6 4% 93% T74% 95% 26% 94% Yes |113,6% -14 %
DA 72.6 9% 93% 72% 95% 28% 94% Yes |113,5% -13%
DA 70.6 9% 93% 70% 95% 30% 94% Yes |113,4% -13%
DA 65.6 9% 93% 65% 95% 35% 94% Yes |113,1% -13%
DA 60.6 9% 93% 60% 95% 40% 94% Yes |112,9% -13%
DA 55.6 9% 93% 55% 95% 45% 94% Yes |112,7 % -13%
DA 50.6 9% 93% 50% 95% 50% 94% Yes [1124% -12 %

The consumption volume is dominated by three factories and due to their size, they are also
the only location capable of secondary market participation since a reserve or a balance
activation must be carried out by one location as introduced in chapter 2.2. A sum of actions
from a spread-out area is not allowed. Therefore, the secondary market participation
outcomes already shown in chapter 4.3.1 are adaptable for the ACL case as well. In the table
7 below, we can see the effect the FCR-N and balance markets have on profitability. Of
course, the change remains the same but in comparison to the total expenses the change is
proportionally smaller. Therefore, we can state that secondary market participation is not as

profitable as one might have concluded based on the MCL scenario, when compared to the
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ACL. The profit columns in table 7 are the profitability values after each secondary market

implementation is added from normal operation to reserves to reserves and balancing.

Table 7. All Consumption Locations, Reserve- and Balancing Method Results.

SCENARIO | Expenses | Deal | Profit | FCR-N Profit | Balance | Profit

DA 100 114,9 % -149% [1099% |-9,9% 111,3 %
DA 90 114,4 % -14,4% 1109,4% |-9,4% 110,8 %
DA 90.2 114,4 % -14,4% [107,8% |-7,8% 109,2 %
DA 90.4 114,4 % -14,4% [108,1% |-8,1% 109,5 %
DA 90.6 114,4 % -14,4% |108,8% |-8,8 % 110,2 %
DA 90.8 114,4 % -14,4% 1096 % |-9,6 % 111,0 %
DA90.10 |1144% -14,4% [1098% |-9,8 % 111,2 %
DA 85 114,1 % -14,1% [109,1% |-9,1% 110,5 %
DA 85.2 114,1 % -14,1% [1076% |-7,6% 109,0 %
DA 85.4 114,1 % -14,1% [1079% |-7,9% 109,3 %
DA 85.6 114,1 % -14,1% |1085% |-85% 109,9 %
DA 85.8 114,1 % -14,1% [109,3% |-9,3% 110,7 %
DA 8510 |1142% -142% [1095% |-9,5% 111,0 %
DA 80 1139% | 5 [-13,9% [1089% |-8,9% i [110,3 %
DA 80.2 1139% | © |-139% |107,3% |-7,3% > [108,7 %
DA 80.4 113,9 % o\o -139% (1076% |-7,6% g’ 109,0 %
DA 80.6 113,9 % -13,9% |108,3% |-8,3% 109,7 %
DA 80.8 113,9 % -13,9% (109,1% |-9,1 % 110,5 %
DA 80.10 |113,9% -13,9% (109,3% |-93% 110,7 %
DA 78.6 113,7 % -13,7% |108,1% |-8,1 % 109,5 %
DA 76.6 113,7 % -13,7% |108,1% |-8,1 % 109,5 %
DA 74.6 113,6 % -13,6 % |108,0% |-8,0% 109,4 %
DA 72.6 113,5 % -135% (1079% |-7,9% 109,3 %
DA 70.6 113,4 % -13,4% (1079% |-7,9% 109,3 %
DA 65.6 113,1 % -13,1% |1076% |-7,6 % 109,0 %
DA 60.6 112,9 % -129% (107,3% |-7,3% 108,7 %
DA 55.6 112,7 % -12,7% (107,1% |-7,1% 108,5 %
DA 50.6 112,4 % -12,4% [106,8% |-6,8 % 108,2 %
AVG 113,9 % -13,9% (108,4% |-8,4% 109,8 %

A clear standout from the results is the effect the reserve markets have on profitability. Due

to the volume bid varying between 0-1,5 MW according to methods introduced in chapter

3.2.2 the effects on production are smaller than the balancing market while it provides a

steady income stream even if the reserve is not needed. One should also note that 100%

wholesale market participation was only 8,5% worse than 100% financial market

participation and these results do not include timed consumption introduced next.
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4.4 Consumption Timing

In the study excel, a separate consumption timing study was conducted with 100% wholesale
market participation, meaning that all of the electricity was procured from the wholesale
day-ahead markets as it is the only method that allows clear consumption changes on an
hourly basis without creating huge imbalances that the company would later have to pay for.
The run scenarios are the same as in MCL general method, so the values are comparable.
The imbalance prices for each hour also stayed the same, only the daily consumption and
spot- and intraday prices where sorted to match high to low and low to high.

In the table 8 below, we can see clear profitability improvements when the daily
consumption was ideally timed with the spot prices. Depending on the intraday market depth,
consumption timing reduced the unprofitability of wholesale market participation by 7,4%
per annum on average. This means that with all secondary markets and consumption timing
combined, wholesale market procurement was almost as expensive as financial market

participation in a price ascension scenario.



Table 8. Consumption Timin

Profitability in the MCL scenario.

SCENARIO | C Timing | Expenses | Deal | Profit | Timed Profit [ Change
DA 100 1139% |121,3% -21,3% -139%| 7,3%
DA 90 113,4% |120,8 % -20,8 % -134%| 7,4%
DA 90.2 113,4% |120,8 % -20,8 % -134%| 7,4%
DA 90.4 1134% |120,8 % -20,8 % -134%| 7,4%
DA 90.6 113,4% |120,8 % -20,8 % -134%| 7,4%
DA 90.8 113,4% |120,8 % -20,8 % -134%| 7,4%
DA 90.10 113,4% [120,8 % -20,8 % -13,4%| 7,4%
DA 85 113,1% |120,6 % -20,6 % -131%| 7,4%
DA 85.2 113,2% |120,6 % -20,6 % -132%| 7,4%
DA 854 113,1% |120,6 % -20,6 % -131%| 7,4%
DA 85.6 113,1% |120,6 % -20,6 % -131%| 75%
DA 85.8 113,1% |120,5 % -20,5 % -131%| 7,4%
DA 85.10 113,2% [120,5 % = |-20,5% -132%| 7,4%
DA 80 1129% |120,3 % 8 -20,3 % -129%| 7,4%
DA 80.2 1129% |120,3 % © -20,3 % -129%| 7,4%
DA 80.4 1129% |120,3 % ©* 1-20,3% -129%| 75%
DA 80.6 1129% |120,3 % -20,3 % -129%| 7,4%
DA 80.8 1128 % |120,4 % -20,4 % -128%| 7,6 %
DA 80.10 1129% 120,4 % -20,4 % -129%| 7,5%
DA 78.6 1128 % |120,2 % -20,2 % -128%| 7,4%
DA 76.6 112,7% |120,1 % -20,1 % -12,7%| 7,4%
DA 74.6 112,5% |120,0 % -20,0 % -125%| 75%
DA 72.6 112,5% |119,9 % -19,9 % -125%| 75%
DA 70.6 112,3% |119,9 % -19,9 % -123%| 75%
DA 65.6 112,0% |119,5% -19,5 % -12,0%| 75%
DA 60.6 111,8% |119,4 % -19,4 % -11,8%| 75%
DA 55.6 111,4% |119,1 % -19,1 % -11,4%| 7,7%
DA 50.6 111,3% |118,8 % -18,8 % -113%| 75%
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The consumption timings study can be more easily understood from figure 27 below, where

an example week is shown. The clear drops and ascensions in the graph are caused by the

daily sorting from high to low or low to high, since the real trends would be more subtle and

round. The sorting was done in order to reach the ideal scenario for consumption timing

within the excel tools history data for each hour of the year.
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Ideal Timed Consumption Week 1-7.1.2019
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Figure 15. Ideal consumption timing visualization week.

4.5 Result Analysis

Within this thesis’s scope of 2019 the study results are rather decisive. It is unprofitable for
a company to enter the wholesale electricity markets under the market conditions and history
that was in place in 2019. The safeguards profitability stems from an electricity price
safeguard in a spot price ascension scenario that saved the company money largely by chance
since price ascension is very hard to forecast. The spot electricity price in Finland was clearly
above the system prices from previous years therefore providing the company with cheaper
electricity for 2019. Despite this clear starting point — utilizing the wholesale markets with
the secondary markets and consumption timing brought the expenses close to even, raising
the argument that on a different market history year and scenario this study would have

proved profitable for the wholesale markets.

When looking at the yearly profitability, there was 5 to 7 profitable weeks with just
wholesale market participation, which were caused by low spot prices during the summer.
The fact that prices rose towards the end of the year brought the profitability average to

negative. Forecasting electricity prices is hard, and it would be wrong to assume that the
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prices would rise indefinitely, meaning that it is as likely for another study year to be

profitable on average with just wholesale participation.

The volume between the two studied scenarios is very different not only in size but in
consumption variation also. When the same set of studies where implemented on the two
volumes, the added volume clearly affected the profitability. The profitability rose clearly in
the ACL scenario. The larger consumption volume caused proportionally smaller expenses
than in the MCL case. This means that under different prices also the profitability would
have been clearly larger in the factory study in comparison to the all consumption locations
study, highlighting the impact of factories in the consumption portfolio.

Entering secondary markets especially the reserve markets had a clear income stream
potential, although it must be said the negative production effects have to be thoroughly
investigated before market entry. Once a bid price cap is calculated for the reserve markets
and the necessary variable-frequency drives are installed concerning the bid affected
consumption, a steady and reliable income stream will be available. This thesis does not

study how much the changes would cost to different production locations.

A similar investigation must be carried out for the regulating markets. A bid price is even
more relevant under said market due to the bid sizes. A regulative bid has a larger effect on
the production line and therefore the calculation becomes harder. If the consumption location
had a larger consumption volume, participating on the secondary markets would become a
lot easier since proportionally a minimum 1MW bid would not affect the production line as
much as it currently does. When conducting the bid price studies, the company must consider
the manufacturing costs and how much the price of electricity affects it, and how expensive
is the final product. If the amount of goods produced is low and the price high, the effect of
electricity may prove marginal but if the amounts are large and unit prices low, an effective
secondary market entry will give the potential for a clear income restructuring. Regulative
markets allow the company to decide whether to just participate on the up or down bid side
of the market if the production line so requires and therefore decide whether to try and get

cheap electricity of sell expensive electricity.

A clear potential is shown under consumption timing. Although it makes sense to consume

when electricity is cheap and not when it is expensive, it is more easily said than done.
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Firstly, a factory is producing goods to match orders and the load the factory has is based on
the amount of orders in place and therefore the pressure to run at 100% capacity. If the load
is maxed out throughout the week, consumption timing becomes irrelevant, but if the
production pressure is lenient and has room for fluctuation, consumption timing is possible.
The elementary consumption timing starts from realizing the cheapest electricity times in
general, meaning night-time and weekends. If the consumption location is running
throughout the day and week in shifts and does not close for nights or weekends, the second

requirement for consumption timing is filled.

A third consumption timing requirement is the production characteristics. If the production
line is an interconnected singular line that is time dependent so that each production phase
is in sync with the next one, the whole production line has to take part in the load change,
whether it is consumption timing, or a secondary market activated bid. The best way to
implement consumption timing is to have midway storages in the production line. Generally,
the storages should be filled when electricity is cheap and emptied when electricity is
expensive giving the production line more flexibility. If the production line is made into
units that are bridged by storages, consumption timing and secondary market participation

becomes very valid and lucrative.

It must be said that while consumption timing showed clear benefits, as shown in chapter
4.4, reaching that potential profit requires wholesale market participation with less
safeguarded procurement volume. A baseload can still be procured from the financial
markets, but it should be less than currently, so the amplitude of consumption changes is
covered only by the wholesale markets, in order to adjust the company’s electricity trades
according to the timed consumption. Because the study scenario is ideal, the real potential
in consumption timing is less, because the company cannot assume to match each spot price
hour with an according consumption level and still reach production goals. The reality is
somewhere in between, but because the potential is significant, realizing even a small portion

of it is worth looking into.

While the current service for price safeguards works for the company in many scenarios,
finding more income from electricity procurement is worth studying. Having some
wholesale market participation allows the company to utilize reserve and balancing market

income streams that the current procurement methods hinder. Both are niches for the
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company to review and profit from. Implementing consumption timing will require changes
but should be doable with the existing contract with the service provider if the company uses
their energy metering and adapts their production lines to allow load changes through
production units and resource storages. The results shown credit the imbalance expenses to
the company in all the study scenarios so if the service provider would remain as the BRP
the imbalance expenses would remain for them to pay, making the results from this study
slightly more profitable.

The most prominent requirement for profitable market entry is the balance between price
safeguarding from the financial markets and additional procurement from the wholesale
markets. The service provider implemented a price safeguard which left little room for spot
markets, they only acted as a balance towards forecasted consumption from the ‘beam’ order
volume in order to minimize electricity procurement risks. If the company were to gradually
decrease their hedged electricity volume and increase their wholesale market procurement,
the income streams from the secondary markets as well as the consumption timing would
become available. Therefore, procuring a base load according to future market price analysis
from the financial market is very viable if enough electricity is bought from the wholesale

markets.

It can be argued that combining the reserve- and balance market incomes with a portion of
implemented consumption timing would largely mitigate the losses from the general
scenario, despite a successful price safeguard for 2019. If a smaller portion of electricity was
procured via beam order and more electricity would have been used on the wholesale
markets including the secondary markets, the profitability of the company’s 2019 electricity

procurement would have been better.

4.6 Realization

Because only wholesale market participation is not the most optimal way to procure
electricity, a combination of financial and wholesale market is the most probable
implementation if the company decides to take hold of their balance responsibility in order
to enter secondary markets and make the most of their consumption timing potential. It can

also be said that the current service provider can also implement changes to the current
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procurement plan according to the company’s wishes thus not requiring a balance

responsibility shift. The realization of this can be made into steps.

First, the company’s electricity metering must be good enough. Having reliable and accurate
data to use when making market actions is paramount in order to succeed. Improved
metering and monitoring have secondary benefits when entering reserve- and balance
markets as they require proficient metering and data gathering for invoicing and balance
settlement. Another technical change is variable-frequency drives to be installed in place of

on/off drives around the production line where load variation is possible.

After the meters are in place, they can be connected to existing energy management and
optimization software the company has that can also be linked to the electricity- and
secondary markets via interfaces Nord Pool and Fingrid provide. They can also be sent to
the current service provider. After the systems are configured and data is gathered,
optimizations add-ons can be installed to the software to compute consumption forecasts that

consider the production needs, consumption time and most importantly the market price.

Nothing is stopping the company doing the exact same thing as the service provider
regarding price safeguards and therefore taking hold of their own balance responsibility. If
the company has a hold of their balance responsibility, they can make effective trial runs
concerning a larger wholesale market portion of their electricity procurement under market
situations they forecast to be profitable and utilizing the wholesale markets also allows the

company to take part in secondary markets.

Arguably the biggest realization stage is the market analysis. In order to make justified and
smart market actions, whether it is price safeguarding for spot price ascension or drooping
spot price utilization, the company must have a view of the future market prices. Making a
system that can forecast future market prices is hard and must consider many variables so
that it is accurate enough. Making such a system is expensive and the goal of many
companies in order to monetize it and provide forecasting services for themselves and others
at a premium price. Most likely the company should buy such services at the start of their
electricity procurement changes in order to see whether they even should make such a

software.
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All in all, the company studied has a better starting point for full market participation and
profit from it than many other companies, they can benefit a lot from pre-existing machinery,
metering and software that others would need to make. Having the volume the company has,
especially on the consumption side of electricity, highlights the need to buy electricity and
due to the global scale introduced later in this thesis, has the potential for clear monetary
benefits. Understanding their own consumption and clear goals will allow the company to
either take balance responsibility and cut loose their current service provider, or work with

them to implement procurement changes to increase procurement profits.

The shift from a total financial market participation towards a mixture of financial and
wholesale markets should be done in steps and trials. This means that the company would
procure slightly less from the financial markets for a year or even a month where they would
have more wholesale volume to work with and thus make attempts to benefit from the more
rapidly changing markets. Each trial should be well planned, and the results studied to make
more effective trials and market participations meaning a gradual shift towards higher
wholesale market participation that would entail consumption timing possibilities and the

secondary markets providing the company with new income streams.

4.7 Future Aspects

Looking further into the future, the settlement time period change from 1-hour to 15-minute
will most likely reduce the need for secondary markets and decrease their liquidity making
imbalance management more prominent than nowadays. Under one price principle 15-
minute imbalance settlement, the imbalances caused by the company will become four times
more frequent and therefore also the expenses derived from them. It will be more profitable
to be as close to 0 MW imbalance than before because it pays to correct the frequency in the
grid. If electricity consumers use what they make or buy as accurately as possible four times
per hour instead of just hourly, the imbalances within that hour will most likely decrease
meaning a smaller volume required from the secondary markets. This will also make
consumption timing more essential and decrease the meaning of secondary markets.
Matching consumption with procurement will be highlighted more than today. If the demand

for reserves would decrease, so would the prices of said reserves.
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Once the 15-minute balance settlement frequency is put in use, there is the possibility that
secondary markets volume decreases due to the new balance settlement. The bids volume
structure may change due to the shorter activation periods and due to the shorter settlement
time making the frequency corrections smaller when looking at normal operation. If a
nuclear power plant would drop from the electricity grid, it would still cause high prices in
regulative pricing as it a major disturbance in the gird. Such abrupt disturbances are
relatively rare and high-volume shutdowns are generally planned and forecasted. The
imbalance settlement change will most likely mean small changes in activation times for
reserve- and regulative bids meaning a further aspect must be included in the study for

secondary market participation.

Chapter 1 introduced many future aspects regarding energy trading, grid congestion and
general energy policies. The short conclusion that can be drawn from them is that emissions
are pressured to decrease, electricity markets are getting unified in the Nordics and Europe
and the electricity produced should be green. These conclusions are the ideals of the future
and should affect every future decision a company makes — it affects the outcome of this
thesis as well. If we disregard the straight profitability aspect of this study for a moment and
look at a company with industrial energy intensity. We notice that generally the source of
electricity is unknown if it is not the company’s own production, the production of goods is
performance-based instead of emission conscious and our electricity prices are determined
largely by simple grid congestion and the amount of hydropower and wind with a pinch of

nuclear production forecasts.

If the company were to take their balance responsibility to their own hands and enter the
wholesale and financial markets, they should jump straight to the future. The safeguarded
electricity procurement from the financial markets should focus on green electricity as the
price premium might offset the ETS carbon prices the company would otherwise have to
pay for their electricity. As a global company with a large portfolio in Europe, the future of
less congested cross-border electricity pricing should be of utmost interest to the company.
If the company manages to meter, gather and compute their global electricity consumption
on a 15-minute timescale, the synergy benefits that are yet unavailable will become available
once the markets are coupled and datahubs connected. The electricity could be then bought

where it is the cheapest and the short-term electricity price might fluctuate a lot more than
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today since the volume and grid size would be so much larger than today with increasing RE
generation. The varying energy production mixes between countries will differentiate area
prices for electricity, but it will also be more of a mix between prices in different countries

as prices bridge countries more easily and congestion becomes rarer.

Because the realization of electricity procurement on the company’s own terms and needs
would require metering and data gathering just like the datahub, due to the size of the
company on a global scale, such a hub should be studied for the whole company. Once the
European Green Deal starts to take effect, even the office buildings should be metered
properly and in an in-house fashion so that the company has a good basis to follow the EGD’s
lead in energy efficiency and smaller carbon footprint. This will also provide the company
with a greener image and more marketability.

4.8 Global Market Potential

With the Energy balance study now conducted in the Finnish electricity markets and
industry, the implications of the study are addressed at other power market areas and
countries. In the figure 28 below different electricity prices around the world are shown with
purchase power parity (PPP) which adjusts the electricity price according to the populations

ability to buy the electricity at said price.
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Figure 16. Residential Electricity Prices Globally. (IEA, 2019)
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Europe, the US, Brazil, India and China were chosen as example countries for further
electricity market review where this study can be reflected on to some extent. Each country
is in different stages of electricity market regulation or deregulation with different market

organizations and supervising entities that affect the markets themselves.

4.8.1 European Market Potential

The clear direction of shared European power markets gives a company the possibility to
operate on a broader scale than today. Once congestion between countries is mitigated and
the markets coupled, which is going to happen during the next decade, a company can create
a procurement plan based on their European consumption instead of singular consumption
locations in different market areas with varying area prices. Because the price of electricity
is forecasted to be more uniform across Europe due to policies affecting the future markets,
the plan how a company procures their electricity will have a higher value for the company,

since utilizing the cheapest electricity will become easier.

When it becomes possible and viable to procure electricity to Finland from Spain for
example, it is important to understand market structure between the two nations and how the
trade is executed and more importantly — why should the electricity be bought from Spain.
The short answer is that because it is cheaper, but to go more in depth, the price difference
is caused by flow congestions between the countries and affected by high solar energy share,

but still manages to be cheaper than the local gas powerplant for example.

The study conducted in this thesis in Finland, shows the key points a company must consider
when planning the future. These arguments and considerations apply to every industrial
company operating within Europe. Because under the ACL scenario we could see the
scalability of profit and unprofitability once either occurs, this effect is even more powerful

once a company has a significant global electricity consumption portfolio.

Diversifying the means of electricity procurement, understanding where the electricity
comes from and how it is produced and at what price, combined with both long-term and
short-term procurement from both financial- and wholesale markets will set a company for

success. In order to reach theoretic maximum profitability, a company must get the
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understanding i.e. data from the field to have something to work with. Having a network of
consumption locations monitored from one location will give the operator an overview of
the European power markets, and some market knowledge that is hard to come by. For
example, if the frequency drops around Finnish consumption locations, the other Nordic
intraday prices along with the Finnish one can be assumed to rise due to high demand. Seeing

these indicators and utilizing them can give momentary profits just by being market-savvy.

The data utilized in this thesis were the hourly consumption values from a year. With this
simple data, the study showed different possibilities to create income streams from electricity
procurement, and once implemented, could be copied and utilized in all consumption
locations around Europe. If acompany were to gather more intricate data and insert variables
from product orders, market analysis and congestion, the potential of balance responsibility
and consumption optimization would become finer and more understood and thus more
easily implemented. As the study in this thesis showed, the secondary market incomes are

significant if the company creates access to it and the means to utilize the markets.

If a company has a network of consumption locations spanning the Europe, creating a
centralized hub for market analysis, market action and market forecast would enable the
company to act profitably on the electricity markets while they transform from national
markets to a common European market. As with all new markets and inventions, those who
were there first are most likely to profit from it the most, there is no reason why a company
could not be doing this transformation. If a global industrial company manages to make
themselves compact enough to make unified decisions and market actions with the brunt of
their consumption portfolio behind them. Making themselves an example, a company could

later sell the European market participation as a service.

4.8.2 USA Market Potential

The location of each factory a bigger industrial company has is paramount due to the regional
differences occurring in the US. A factory in Houston will have good access to competitive
electricity markets, while some regions are not as well formed regarding their electricity
markets. Some regions like California have a larger RE-share than many other states thus
creating clear differences in electricity prices. In the US, location is everything when it

comes to electricity procurement.
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Unlike Europe, where everything is moving towards a common goal of uniform electricity
markets with minor congestion and same market principles and platforms, the same type of
implementation is still up in the woodworks in the US. Clear differences exist between states
regarding transmission, congestion management, marketplace, market products and most of
all legislation. All of this is then affected by differing energy production mixes that are state
supported to maintain a good working force in the energy industry. In other words, where
the Europe has striven towards market coupling for over a decade, US features different
stages of progress towards market coupling by state. Currently the US does not have a nation-

wide coupling plan.

For an industrial company, all of this means that in order to benefit from the electricity
procurement in the US, a separate study should be conducted to find the electricity markets
where participating in them would be beneficial. Some states like California and Texas, with
prominent energy industry should be worth looking into, since they most likely have modern
market concepts and services in place. If a company utilizes a hub-type data operation for
electricity procurement in Europe, once the US sees the gains of market coupling, they can

implement similar structures in the US as well.

The demand response markets are abundant and have many options for the consumer
depending on the state and market the factory operates from. This diversity in secondary
market participation should be checked into. If the secondary markets proved profitable with
just a few products in Europe, it can be said there is at least clear potential that the same will
happen in the US secondary markets as well since the different products are plentiful.
Because there is abundance of demand response products, utilizing consumption timing in
tandem with them might provide with interesting consumption concepts especially in high

consumption locations.

4.8.3 Indian Market Potential

As the study in this thesis proved, market price fluctuations give the possibility of monetary
gain if market participation is implemented correctly and spot markets are utilized with
accurate forecasting and consumption timing. These effects can be argued to be more volatile
in India due to the often-occurring blackouts and wild spot prices on occasion. Participating

on the Indian electricity markets is sure to be treacherous because they are at an early
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implementation stage with a large federal presence instead of private firm one. Due to the
high volatility and market price risks, a cautious market participation approach is necessary.
Implementing price safeguards from India’s version of the financial markets is uncertain but

it is the safest option.

Having a market presence in India can prove vital on the long run. Due to high electricity
demand and frequent blackouts, the grid stability is poor in India, once we include the likely
renewable energy implementation to the country’s energy mix, we can assume that the grid
frequency will be hard to balance in the future also. This will eventually lead to secondary
markets, that are not well founded in India yet, to emerge. Having a pre-existing market
presence will allow a company to participate on those secondary markets that should prove
profitable. Due to the state of India’s power grid, the government might provide incentives

especially at the implementation stage of the secondary markets.

Because India’s electricity markets are far from modern integrated markets like in Europe,
cross-referencing the markets while monitoring the company’s consumption at different
areas across India will be very important so that the company can understand and profit from
the market. A hub-like solution can be designed, but its gains are not as prominent as in more

modern markets.

In 2017, 75% of India’s energy mix consisted of fossil fuels, 44% of which was coal and
25% was oil. The share of gas was only 5%, which further shows how polluting methods the
country currently utilizes (IEA, 2020c). Because the carbon emissions from India are
significant, at some point in the future, an ETS-type solution for the emission problem in the
country is very likely. This is something that should be closely monitored and prepared for,
since it will most likely mean extra expenses for a company in India. India’s electricity

generation mix is shown in figure 29 below.
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Figure 29. India's electricity generation mix. (IEA, 2020c)

4.8.4 Chinese Market Potential

The current government driven electricity market does not allow the market to flow freely
or represent the full situation in China’s Energy market. Because China is the largest
electricity consumer in the world, the Spot market, once it is live, will be a representation of
the biggest electricity volume in the world. The implications of this will be profound to the
electricity markets across the world, since the markets are divided to market states with their
own set of rules that will provide the industry with a lot of reference cases for different

market concepts with major consumption volumes.

Because China already has an ETS market in place, the combination of the ETS market and
the emerging Spot market will have interconnections with prices. Because China is very
coal-power oriented, if the coal-electricity bought from the spot market were to be tied to
the ETS system somehow, it would incur expenses for the consumer. A lot of foreign
production, factories and energy intensive locations reside in China, which might be an
opportunity for China to create further expenses to profit from via the spot markets. This is
a fine line to walk on, if the electricity markets are too expensive for residing companies,
they might look to relocate their factories. This negative scenario is most likely already
thought of and avoided by the spot markets, since China thrives on foreign production the
opposite is the more likely scenario and goal of the future spot markets. Making the

electricity markets modern and transparent in competition would allow China to benefit from
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the natural thriving markets via services- and maintenance invoicing for example, not to

mention distribution- and transmission costs.

A company must stay informed of the situation in China and their future electricity markets.
Once the markets go live, no one really knows how the market prices will change. Chinas
heavy reliance on coal is their weak point. If the government decided to phase out coal due
to climate issues, the market would most likely implode with higher electricity prices or if
coals price would spike. Historically, Chinas decisions have always affected the Energy
markets in a major way, whether it is importing LNG or gas from Russia or investing in
renewable technologies like solar. Even though the markets between China and other
countries are not as direct as between European countries, due to the sheer size of the
economy, Chinas spot markets will have effects to other electricity markets as well. The
consumer will always want to pay the least amount for the electricity used.

From the different countries in this chapter, Chinas market future is the most volatile but
therefore also has the largest potential because of the unknown. Acting on the spot markets
with the knowledge gathered from the other market in the world, a global company can learn
from the different Chinese spot markets and utilize this network of information on other
markets. In order to do this, the company must monitor and gather data from the emerging
markets to learn how they act. Because the markets will be unsteady or at least uncertain,

understanding how the electricity is procured in China will be essential.

The spot markets will allow a company to utilize consumption timing in China, which
requires a fluctuating spot market in order to profit from high and low market prices. As the
study in this thesis showed, the gains from implementing a good consumption timing
strategy will be profitable. If the Chinese spot markets starts with volatile market prices,
understanding what creates them and how to time their consumption and procurement will

become more essential to the company.

Chinas large renewable energy sector that is also growing at pace, will bring a twist to the
spot markets once online. This is the most important aspect of the emerging markets since
the intermittency of wind- and solar energy is generally known to affect the electricity prices
a lot. Because the RE-share is so vast in China, these effects can be remarkable thus making

it necessary for market participants to be aware of such situations. Once the markets go live,
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it will be more important for a company to minimize risks in a volatile market and forecast
severe price variations in order to safeguard themselves from them instead of optimizing
electricity procurement. Once the markets are more established the company can start to
make their electricity procurement more efficient. Once the markets are steadier, we can
assume that secondary markets will be more established as well and in conjunction with the

spot market, thus creating another income stream for the company to utilize.

4.8.5 Brazilian Market Potential

The Brazilian electricity market and the energy sector in general is poised for greatness. The
country has a high renewable energy share when compared to other countries with large
populations and federal companies in place to control the generation, distribution,
transmissions and regulated markets. The only issue is the lagging generation in comparison
to the demand the country has. Answering the demand and opening the electricity markets,
especially the ACL to smaller industries, will be interesting to monitor going forward.

Due to the market participation limits of 3MW for the ACL market, a good-sized company
is bound to operate on the ACR markets with federal auctions. This is unfortunate, because
it blocks the company from the more open market of the two. With ACR, a company gets
the auction electricity much like the price safeguarding in this thesis study, but the ACL has
better access to the renewable electricity generation in Brazil, meaning that high RE hours
may feature very cheap electricity to be utilized that the company does not have as direct
access to through the ACR markets. Luckily, the ACL might be open for smaller

consumption levels in the future.

Due to a well-structured market organization, with clear jurisdiction over each segment,
Brazil has the ability really get the most out of their renewable energy sector, but the
electricity markets that utilizes the PLD system instead of a conventional spot system is a
hindrance for companies if a company decides to increase their consumption in the country.
With the PLD, the market prices are harder to forecast and may be misleading, whereas the
spot pricing is more transparent in its pricing. The other issue for power consumption
optimization is the frequency the market operates on. Although hourly prices exist, the PLD
is largely managed on a weekly basis which does not provide the consumer with as real-time

data as a system price would on a spot market. A small consumption presence in the country
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might act as a good pilot for a company once they can enter the ACL market, because the
smaller volume means smaller monetary risks for the company when figuring out which

market is better suited to their needs.

The PDL settlement is based on the difference between contracts and reality, therefore it is
clear that staying on the forecasted consumption reduces invoicing expenses for a company,
but the volume in the country does not warrant great stress for imbalance on the subject. The
secondary markets that act through both markets are readily available for an industrial
company to take part in but could prove unprofitable if the consumption levels are too low.
It should be noted, that the large RE-share in Brazil is hydropower and thus controllable and
capable of much of the grid balancing and off-setting the solar- and wind power
intermittency creating smaller grid balance markets than usual. Participating on the
secondary markets will be hard due to easy access to hydropower for ONS thus making
consumption location reserves or grid balancing rather pointless unless they are located at a

critical place for the safe operation of the grid.

4.8.6 Global Arguments

A short summary of the market potential for a company regarding their electricity
procurement in the countries and region presented in the previous chapters is presented in
the table 9 below.

Table 9. Market Potential for an industrial company in study countries.

Market Potential for an industrial company
Country | Day-Ahead | Intraday | Reserves |Balancing | Consumption Timing | RISK
China | High Low Moderate | Moderate | High Moderate
Europe |High High Moderate | Moderate | High Low
India Moderate |Low High High Moderate High
Brazil Moderate |Low Low Low Moderate Low
USA Moderate |Low Moderate | Moderate | High Low

Once this thesis proved the importance of wholesale market participation, consumption
timing and secondary market participation in order to profit from electricity market actions,
the thesis aimed to reflect this knowledge on the potential of utilizing similar methods on

other markets. What quickly becomes apparent is that the carry-over from the study is hazy
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at best for other regions apart from Europe and the US just because the markets function
differently and are in different phases of development. The balance of market participation
(if available) and safeguarding electricity procurement is a question of managing risks. Some
markets, like Europe and USA provide a transparent and well-founded market to act on
through calculated risks, while India and China have large potential to be utilized but also

represent large risks.

The amount of consumption a company has in a country is very important as well. The
volume gives credence to act on their current electricity procurement plan, since the effects
of electricity procurement profitability multiply the larger the volume is. If a company has a
market presence in the US and Europe they are in luck since both markets are well
established, steady and taking steps towards a more uniform approach between market areas.
Globally, a company should start procurement changes from Europe, as it has the right type
of development going on to couple and unify the market across countries enabling them to
do the same in their power procurement, data gathering and market action. Acting on the
markets one by one is the smartest way to learn from previous mistakes and market

peculiarities.

The more emerging electricity markets in India and especially China should be closely
monitored since both have the volume and potential to drastically change the global
electricity market scene very quickly. Staying informed on their status is paramount to stay
on top of things and to gain from their emergence rather than cause added expenses for a

company.
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SUMMARY

When a company is buying electricity, they must decide what type of approach they will
take with their electricity procurement. The costs are the main criteria, but the costs are a
mixture of bought electricity, either short or long term, that will still cause imbalance that
will cause more expenses. The financial markets have historically allowed companies to
hedge their procurement against rising electricity prices, but due to increasing renewable

electricity generation it will no longer be the case from year to year.

Modern companies must engage their electricity procurement on the wholesale market side
of electricity because hedged procurement does not allow the company to buy electricity
when it is cheap and neither consume less when it is expensive, it also hinders imbalance
mitigation. The biggest determinant of the procurement mix for a company is their
consumption volume and method. If the consumption varies a lot, a well forecasted
wholesale market procurement will allow the company to utilize the price fluctuations and
consumption timing. Once the volume is large enough, the baseload can be hedged to
mitigate some of the procurement risks that occur with unoptimized short term electricity
procurements. Then again, if the consumption is even and does not fluctuate, especially if
the volume is small, that location should focus on safeguarded electricity procurement, since
it can be matched to consumption on the long term and is relatively risk free because with

low consumption the possible profits from the wholesale markets are small.

This thesis proved that despite the price ascension scenario that took place in 2019, with the
secondary markets, the unprofitability of procuring electricity 100% from the wholesale
market was mitigated by the reserve and balancing markets when combined with
consumption timing. This proves that once actions are taken towards a medium between the
financial and wholesale markets there is money to be gained there. The wholesale market
procurement could have been profitable on its own if the study year would have been a price
descent one, like 2015 for example. Other market history years could be investigated in order

to have a larger understanding of the gains available but 2019 showed promise.

The future of electricity markets is evolving at a high pace around the world with Europe in
the lead. The electricity generation methods are changing while markets are coupled,

congestion mitigated, and imbalance settlements standardized. Data is being gathered to
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hubs for consumers and market analysis. All the above will affect a company’s electricity
procurement plan if they have a lot of consumption. A company should adjust to policies in
a planned manner, because unplanned changes to policies affect a company negatively and
the outcome of the change.

A company should centralize their data monitoring for electricity in order to truly understand
how and when they consume electricity and how bendable is their current consumption to
secondary market needs. According to this thesis it makes sense to participate on both long
and short-term markets more evenly in order to profit from both and to consume more
efficiently cutting losses in the process. This thesis can be used as a starting point for further
studies in production line conversion for secondary market entry and further procurement

optimization on a global scale.

When looking at electricity procurement globally, being balance responsible would seem
like the way to operate if everything becomes centralized, allowing the company to cut
service costs and truly understand how they balance themselves. The future 15-minute
imbalance settlement frequency is the perfect time to change the way the company procures
and consumes electricity since a change in the system allows the company to change with it

and profit from the change.

We are currently living an interesting time regarding the energy markets, where the COVID-
19 pandemic has featured negative oil prices and coal power has become largely
unprofitable. Both will mean dire changes in electricity generation mixes around the globe,
while cheap renewable energy starts to take centre stage and really shake the energy markets
in general, electricity will be more volatile in prices and participating on the short-term
markets will be thus highlighted. (Rathi, 2020)
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