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The European energy market has been evolving significantly in recent years. Increased use 

of renewable energy has brought more non-dispatchable form of energy generation to the 

market. That has led to more difficult matching of energy demand and supply as the availa-

bility of it largely depends on weather conditions. That has increased the demand for flexible 

systems that can optimize the supply of energy and adjust inevitable energy price fluctua-

tions. Furthermore, the increased amount of available data has created some challenges in 

data processing and brought new opportunities in exploiting it through data-driven decisions. 

The aim for this thesis is to study how the energy market evolves in Europe and investigate 

what kind of influence it has on energy management. Through market research and empirical 

study, some common characteristics are collected for the energy management systems that 

are in demand according to the market needs and the interviewees’ feedback. During this 

thesis, the outlook for energy management systems and their role are also reviewed with the 

international targets that further promote the demand for energy management systems. The 

thesis is focused on the European energy market in process industry.  

The demand for energy management systems will grow in Europe. Enterprises in process 

industry already have increased expectations for them. The systems can be used for many 

purposes such as: Overseeing plant’s operations, optimizing and reporting the energy supply 

and use, abiding with regulatory standards and electricity trading. The systems need to en-

hance communication within different users and other systems and support new emerging 

technologies. On top of that, the strategical and operational level targets for enterprises and 

governments need to be aligned with proper energy efficiency measures. Through that the 

EU energy and climate targets would be more achievable, and that could result in more sig-

nificant cost savings and environmental benefits. 
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Euroopan energiamarkkinat ovat kehittyneet merkittävästi viimevuosina. Uusiutuvan 

energian lisääntynyt suosio on tuonut markkinoille enemmän ei-säädettäviä 

energiantuotantomuotoja. Tämän vuoksi energian kysynnän ja tarjonnan kohtaaminen on 

vaikeutunut, sillä kyseisten energiantuotantomuotojen saatavuuteen vaikuttaa merkittävästi 

vallitsevat sääolosuhteet. Tämä on lisännyt kysyntää joustaville järjestelmille, jotka voivat 

optimoida energiantarvetta ja käyttöä sekä hallinnoida energian hinnan vaihteluita. Tarjolla 

olevan datan määrä on myös kasvanut, mikä on aiheuttanut haasteita tiedonhallintaan, mutta 

tuonut samalla uusia mahdollisuuksia hyödyntää dataa päätöksenteossa.  

Diplomityön tavoitteena on tutkia, miten energiamarkkinat kehittyvät Euroopassa ja 

selvittää, millainen vaikutus niiden kehityksellä on energianhallintajärjestelmiin. Markkina- 

ja empiirisentutkimuksen avulla kootaan yhteen oleellisia energianhallintajärjestelmien 

ominaisuuksia. Työssä tarkastellaan myös sitä, millainen rooli energianhallintajärjestelmillä 

on kansainvälisten energia-ja ilmastotavoitteisiin saavuttamisessa, sillä ne ovat osaltaan 

lisänneet järjestelmien kysyntää. Työssä keskitytään Euroopan energiamarkkinoihin 

prosessiteollisuudessa. 

Energianhallintajärjestelmien kysyntä lisääntyy Euroopassa ja prosessiteollisuuden 

yrityksillä on kasvaneita odotuksia niiden suhteen. Niitä voidaan käyttää moniin 

tarkoituksiin, kuten: Laitosten operatiiviseen valvontaan, energianhankinnan ja -käytön 

optimointiin ja raportointiin, säädösten vaatimusten täyttämiseen sekä sähkökauppaan. 

Järjestelmien on parannettava viestintää eri käyttäjien ja muiden järjestelmien välillä sekä 

tuettava uutta teknologiaa. Lisäksi, strategiset ja operatiiviset tavoitteet yritysten ja 

hallitusten välillä on oltava yhdenmukaisia asianmukaisten energiatehokkuustoimenpiteiden 

ylläpitämiseksi. Tällöin EU:n energia- ja ilmastotavoitteet olisivat saavutettavampia, mikä 

voisi johtaa yhä merkittävimpiin kustannussäästöihin ja ympäristöhyötyihin.   
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1 INTRODUCTION 

Every enterprise and household need energy to operate and function in society. Majority of 

people don’t even need to know where the used energy is coming from as long as they have 

access to it. Energy systems and markets are backbones of our sustainable economic lives 

and they ensure the accessibility of energy to end-users, that essentially everyone is. It would 

be discouraging to imagine the standard of living people would have, even in the welfare 

states, if there weren’t functional energy systems and markets. Without them everyone 

would have to produce the energy for their daily activities themselves. The existence of en-

ergy systems and markets makes everything more effective in the whole economy and soci-

ety.  

The supply for energy is one of the most important things energy producers and actors could 

think of. Without sufficient supply for energy, almost no enterprise is able to function nor 

make profit. Energy management on the other hand has been rarely one of the first priorities 

for enterprise operations. There can be profitable and functional ventures without proper 

energy management as long as the sales margin is sufficient. Energy management has been 

sometimes one of the last targets to be invested in because there hasn’t been imminent need 

for it, or it has been too difficult to properly integrate to an industrial facility.  

In recent years, business owners and energy companies have realized the potential that en-

ergy management has. Energy management today isn’t just monitoring energy management 

or calculating energy consumption, but it can be much more. Nowadays energy management 

can for example be used for locating savings potential, securing energy price and optimizing 

energy use. Different industry actors implement their energy management according to their 

understanding and needs. Some have greater focus on long-term solutions and some focus 

on short-term savings. 

1.1 Background 

Everything people do consumes energy. Society that functions effectively needs an incredi-

ble amount of energy every day. Great energy sources can be differentiated into renewable 

energy sources like hydro, wind, solar, biomass and geothermal energy or non-renewable 

energy sources like oil, coal, nuclear and natural gas. Energy price and energy impact for 
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nature varies greatly for different energy sources, locations and applications. For that reason, 

it is important to know what kind of energy sources would be reasonable to use for certain 

areas or facilities and how the supply and use of it could be optimized.   

Due to technological improvements and the evolution of energy supply, there has been a 

growing demand for energy management. The global demand for increasing energy effi-

ciency as well as the lowering environmental impacts have increased the attention toward 

energy management (Sa et.al 2018, 2). That has resulted for example in an increased use of 

renewable energy, especially wind and solar, and they have been one of the major drivers to 

increase importance for energy management. Renewable energy production varies depend-

ing on the weather and time of the day, which makes it necessary to use energy more effec-

tively when it’s available and manage it in the way that ensures minimized costs and maxi-

mal benefits.  

Another great driver for energy management has been the increasing intensity in trades in 

energy markets. For instance, electricity markets in Europe enable the trade intensity of one 

hour and soon 15 minutes in many market places. In the coming years the time period is 

most likely to be even shorter, which means that the energy producers and traders need to 

have a comprehensive understanding of their energy need and use continually. On top of that 

they will have means to reduce their costs and maintain their secured supply with proper 

energy management systems.  

International targets and regulatory standards aim to direct industry operators toward devel-

oping constantly better energy management systems. Throughout EU and in many regions 

worldwide, climate change and human caused emissions, have been taken seriously. To mit-

igate and adapt to climate change, there are certain targets and directives that endorse the 

application of energy management systems even further. One of these directives include ISO 

50001, which is a global energy management standard that has been launched in June 2011. 

The standard provides the framework for industries and utilities to create a policy for more 

efficient use of energy. Thus, by setting and measuring performance targets, it can enable 

continuously improved energy management. (ISO 2018, 1, 9) 
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1.2 Context and the research problem 

This thesis concentrates on the role of energy management systems on a constantly evolving 

energy market in Europe. Energy markets face new opportunities and threats all the time and 

energy management can play a vital role in maximizing the benefits of the coming opportu-

nities and minimizing the effects of upcoming threats.  

According to VDI 4602 standard in Germany, energy management is considered as the for-

ward-looking, organized and systematic coordination of the procurement, conversion, dis-

tribution and utilization of energy. It is meant to cover energy requirements that any enter-

prise or facility have, and it can take both ecological and economic objectives into consider-

ation. The term “energy management system” includes the organizational and information 

structures required for implementing the energy management system, also including the 

technical resources such as software and hardware that are needed for that. (Envidatec 2013, 

17) 

The European Commission has set regulations and directives to help nations and enterprises 

to combat climate change and mitigate its consequences. Through directives, they promote 

for instance energy efficiency, renewable energy and carbon neutrality, which have direct 

impact on the demand and need for energy management systems. Through these regulations, 

directives and predicted outlooks, energy management systems should be one of the most 

invested products there are in energy industry. However, there is a general feeling that the 

strategical level targets don’t always reach the operational execution of things, which could 

have hindered even larger investments toward energy management. 

According to industry experts, it’s possible that energy management systems haven’t 

reached their full potential yet. There are many possible reasons that could hinder their de-

velopment and the investments toward them. This thesis is set to improve understanding of 

the market the energy management systems are in, investigate what kind of current market 

trends there are, study how they affect the demand of energy management and research what 

the interviewee companies expect from their energy management systems now and in the 

future.  
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1.3 Objectives and research questions 

Thesis’ main objectives and the research questions are: 

• How will the energy market evolve in Europe and what is the influence on energy 

management? 

• What kind of energy management systems there should be on the market according 

to market needs and response? 

• How does the outlook for energy management systems compare to the international 

targets? 

The focus in the research will be on European energy markets and on energy management 

in process industry.  

1.4 Structure of the thesis 

The idea for the thesis structure is to give the reader an extensive overview of the work and 

content that it includes.  

Chapter 2 is the literature review of the thesis. It includes essential information about energy 

markets and electricity trading, European Energy and Climate policy, Energy management 

generally and energy management solutions in process industry.  

The first section of chapter 2 introduces market places where energy is traded. After that, 

energy market liberalization process that has or is happening around Europe and elsewhere 

is presented. This chapter also introduces an overview of global electricity markets and the 

different types of market status there are. In addition to this, European power exchange is 

introduced with its mechanisms and the major trends that are and will affect the energy mar-

kets drastically.  

The second section of chapter 2 is about European Energy and Climate policy. IPCC reports 

and the Paris Agreement are introduced with their major targets. After that EU Energy and 

Climate targets are presented for the 2020, 2030 and 2050 frameworks. The section con-

cludes by introduction of Energy Efficiency Directive that has a major impact on the required 

characteristics of energy management systems. 
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The third section of chapter 2 presents the concept of energy management. It introduces its 

objectives and challenges with its main characteristics. The section concludes by giving an 

overview of the industrial energy management systems. 

The fourth section of chapter 2 is about energy management solutions in process industry. 

The solutions are collection of common products that are offered for industrial customers. 

The section introduces specifically what kind of benefits each product has and what features 

are included in them.  

Chapter 3 is about the thesis methodology. Research design is introduced with general in-

formation about the interviewees and the interview objective. Data collection and data anal-

ysis are also presented in this chapter. 

Chapter 4 presents the interview results. The chapter includes what kind of energy manage-

ment priorities interviewees have and what are the main uses for their energy management 

systems. The results also present how the interviewees’ energy management systems answer 

their energy management needs, what kind of opportunities could be utilized in the systems 

and how they should be developed in the future. 

Chapter 5 analyzes the literary based information and the interview results more deeply. 

Energy management system demand and their development is reviewed based on the learn-

ings discovered during the thesis. The chapter concludes with thoughts on how the interview 

results compare to the international targets. 

Finally, chapter 6 draws together the learnings from the work conducted during the thesis. It 

concludes the thesis by giving a brief overview of key findings and results.  

.  
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2 LITERATURE REVIEW 

This chapter introduces the concepts and topics that are central and relevant for this thesis. 

The theory and the literature of this thesis are introduced throughout this chapter by using 

existing literature and the expertise of enterprises that operate in energy markets. Firstly, this 

chapter introduces energy market and electricity trading. After that, this chapter presents the 

driving forces in energy market development. This chapter also presents energy management 

with its objectives, challenges and systems. Lastly, the chapter introduces some of the im-

portant energy management solutions that operate in process industry.  

2.1 Energy market and electricity trading 

This section covers the energy market situation in Europe. Different types of energy markets 

are presented, and important market players are introduced. This section also presents energy 

market liberalization process that has or is happening around Europe and elsewhere. This 

section gives an overview of electricity trading, presenting what kind of electricity markets 

there are around the Globe and focuses on how the power exchange operates in Europe. The 

common market structures within power exchange are also presented in this section as well 

as the trends that play major role in energy markets.  

2.1.1 Market places for energy 

Energy markets are the venue for the trade and supply of energy. There are different trading 

commodities of which commonly traded are electricity, oil, gas, coal and CO2 -emissions. 

Energy trading ensures that through supply and demand, the energy price can be reasonable 

and efficient for energy producers and consumers.  

European energy markets have four major markets. These are power, gas, environmental 

and financial markets. Energy trading takes place at energy exchanges, but also outside of 

them on a bilateral basis. The main markets within energy exchanges are a spot market that 

is used for short-term trading and a forward market, where physical delivery of energy, 

such as electricity or gas, takes place at a future date. The significance of energy trading 

has grown rapidly throughout Europe for example as a result of increased energy demand 

as well as the market integration. Thus, there aren’t many countries that can cover their 
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own energy needs from their own resources today. Energy trading offers possibilities to en-

sure the needed supply of energy and it also protects from supply shortages and price fluc-

tuations. (Vattenfall 2018) 

 

There are many important players that can operate in energy market, but energy exchanges 

are the platforms that enable the trade and use of energy commodities, such as gas and 

electricity. In Europe, Europex is a non-profit association of European energy exchanges 

with currently 26 members. It includes exchange-based wholesale electricity, gas and envi-

ronmental markets. The main focus for Europex is on development of the European regula-

tory framework for wholesale energy trading. It provides a discussion platform at a whole 

European level (Europex 2018). The largest and important members of Europex and ex-

changes are presented in the figure 1 below. 

 

 

Figure 1. Major Europex members and large energy exchanges in Europe. 
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The most liquid exchanges in Europe are the European Energy Exchange (EEX) in Leipzing, 

Germany and the Nord Pool Spot/Nasdaq Omx Commodities in Oslo, Norway. Nord Pool 

Spot is also the largest electricity market in Europe. (Vattenfall 2018) 

2.1.2 Energy market liberalization 

Europe has gone through major transformations in the energy markets during the last two 

decades. State owned monopolies have changed to liberalized markets, where private entities 

compete with one other. Main purpose for liberalization has been to achieve lower prices 

and increase in efficiency. As a result of liberalization, the markets have become more trans-

parent as well. Originally, the intention has been to create a single European energy market 

that produces benefits for the final consumers throughout the whole Europe. Through this, 

lowered prices and more competitive environment could be achieved. The process was de-

vised for the main energy sectors, which are natural gas and electricity. Both of these sectors 

have undergone parallel processes, in which there have been the creation of similar laws and 

following of the same objective. This objective is privatization to foster competition and to 

make the system more efficient. (Serena 2014, 1)  

After liberalization, regulated energy markets become deregulated energy markets. The dif-

ferences between these markets are quite clear and evident. Regulated energy markets, such 

as regulated electricity markets, contain utilities that own and operate all electricity. In that 

case the utility has complete control from the generation of electricity to the metering. The 

utility company also owns the whole infrastructure and transmission lines, then sells it di-

rectly to the consumers. Utilities must abide by certain electricity rates by public utility com-

missions. This type of market is usually considered as a monopoly due to its limitations on 

consumer choice. Deregulated markets on the other hand, such as deregulated electricity 

markets, allow the entrance of competitors that can buy and sell electricity through permit-

ting market participants with investing in power plants and transmission lines. After that, 

generation owners can sell the wholesale electricity to retail suppliers. Retail electricity sup-

pliers can set prices for consumers, allowing more reasonable electricity prices for them. 

(Energywatch, 2018) 

The shift from regulated energy market to deregulation doesn’t happen overnight and the 

execution may differ depending on the area’s global energy procurement strategy or market 
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situation. According to E&C, there are five phases in the development of energy market 

(E&C Consultants 2018). They are: 

1. Fully regulated markets that have follow-up tariffs 

2. Regulated energy markets that have room for maneuvering. This could include for 

example exemptions management, capacity optimization, tariff optimization and 

auto-production 

3.  Regulated markets with an ongoing deregulation process and beginning of exploring 

possibilities of the open market. This includes organizing energy tenders 

4. Premature deregulated markets, including roll-out price management in line with 

markets’ possibilities 

5. Mature deregulated energy markets that have roll out full-scale energy price man-

agement 

Many other countries and regions have been looking into and still are considering whether 

they should maintain regulated energy market structure or start shifting toward deregulated 

energy market-model. There is at least one important thing to consider though that encour-

ages shifting to deregulated energy markets. In regulated markets, monopolies charge fees 

for energy individually. That may result in unjustifiably high prices without proper adjust-

ment in price by competition. In economy, the energy sector is a huge player determining 

the competitiveness of the entire economy or at least affecting to it massively. If energy price 

is unreasonably high for a certain economy, then as a result, everything that economy pro-

duces is unreasonably expensive as everything they produce require energy. That problem 

could be one of the reasons that has driven many countries and regions to unbundle their 

monopolies in the energy sector and starting the process of deregulating to achieve more 

liberalized energy markets.  

2.1.3 Electricity markets globally 

The structure and design of electricity markets and electricity trading vary in different coun-

tries. Some areas have been focusing on electricity market liberalization and have liberalized 

electricity markets. Others are currently developing their electricity markets, and some go 

through reformation. There are still many areas that trust on regulated electricity markets 

and some areas have closed markets.   
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International electricity markets have been transformed from centralized markets to more 

open and competitive arrangements. The old vertically integrated utilities were broken up 

into discrete elements of the supply chain. That resulted with competing generators and re-

tailers and a regulated network sector. The purpose for the changes was primally to widen 

markets, facilitate energy trade across national and state borders as well as optimize the use 

of infrastructure. There have also been significant retail reforms, which have resulted in hav-

ing more consumers that are satisfied with having a choice in their own supply arrangements. 

(Sioshansi 2013, 31) 

To get a better perspective on electricity markets globally, electricity markets can be divided 

into liberalized, developing, reforming and closed electricity markets. Liberalized markets 

are the most efficient market places that have a great deal of competition and trade that can 

benefit the whole area. Many countries are currently developing and reforming their elec-

tricity markets to be more effective and closer to liberalized electricity markets. In some 

areas, electricity markets still remain closed. The differentiation in electricity markets are 

illustrated in figure 2.  

 

Figure 2. Electricity markets globally in 2015 with liberalized, developing, reforming and closed areas (Leigh 

2015, 3). 
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The countries in the EU have deregulated electricity markets and there are many different 

types of markets within Europe, meaning that regulations and practices differ greatly from 

country to country. In the US, the electricity markets are regulated and deregulated, depend-

ing on a State. Russian electricity market has become more competitive, but it’s limited to a 

forward market. Brazil is electing wholesale market and it grows liquidity with auctions. In 

India, there are multiple regulators and the competition is only for the wholesale market. In 

China, the prices tend to reflect the primary source of generation, whereas in Africa, there’s 

a monopoly market. Energy is political tool there and there is only one buyer and one seller 

in the market. (Leigh 2015, 3) 

2.1.4 Power exchange in Europe 

Electricity is an unconventional commodity. The supply and demand need to be balanced 

every moment and even every fraction of a second. Electricity is extremely difficult to store 

cost-efficiently, thus the most efficient way of managing it is by having a functional elec-

tricity system and a power exchange where it can be traded.  

Electricity market has many different players that play an important role for the whole supply 

chain of electricity. The producer generates electricity in a power plant, transmission system 

operator (TSO) transmits electricity in large plants over long distances maintaining the de-

mand and supply balance, distribution system operator (DSO) distributes the electricity to 

the end consumer, who uses electricity to drive industrial processes, household appliances 

or providing lighting etc. Regulator guards the level-playing field of the free market and 

ensures that the TSO and DSO are not abusing their market power. Electricity suppliers sell 

the electricity to households and small companies by consumer choice (Next Kraftwerke 

2018). Figure 3 illustrates the overview of a common and functional electricity system with 

different players. 
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Figure 3. Overview of the electricity system and of the different players in it (EPRS 2016, 3). 

 

Power exchange is the center of electricity trading and it is the market place for energy pro-

ducers, distributors and consumers. It has been functional in Europe only for couple of dec-

ades. Prior to that, the entire electricity sector in Europe was organized as a state-owned and 

-controlled monopoly. Every member state had one or more vertically integrated companies 

that were responsible for the whole generation, transmission, distribution and supply of elec-

tricity. The European Union began to open electricity sector to competition, through launch-

ing the first electricity-related directive in 1996. The directive consists of common rules for 

the internal market for electricity (EPCEU 1997, 27). The idea for the directive and for the 

following directives in 2003 and 2009 was to create a competitive internal European elec-

tricity market. In November 2016, the European Commission published a “Clean Energy for 

All Europeans” package that consists of numerous legislative proposals. The package was 

finally put forth in December 2018. The key objectives of it are demonstrated below. (Beus 

M. et al. 2018, 1-2)  

• Establishment of a common electricity market design across the EU 

• Efficient integration of produced electricity from renewable sources into the market 

• Advancement of energy efficiency and cleanliness, which are needed to achieve the 

European Union targets along with the support of renewable energy  
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• Promotion of end-users and other distribution grid-users (For example: energy stor-

age, electric vehicles, charging stations and distributed generation) to take active 

roles in the electricity market 

• A further push toward market-based pricing and free access to electricity and balanc-

ing markets for all users in the grid 

These objectives in the market are driving the market liberalization in Europe for the coun-

tries that still have regulated electricity markets. Successful markets in Europe encourage 

other areas to do the same, thus similar actions have been noticed elsewhere as well. Elec-

tricity trading arrangements can vary within certain countries and areas in Europe. There are 

for instance some physical differences in electricity generation structure, grid design and 

market concentration. The competition and the level of it within different regions also fluc-

tuates a lot. On top of this, pricing methods, bidding procedures, dispatching of certain power 

plants, settlement systems, congestion management and even transmission pricing are typi-

cal elements that are implemented differently in one wholesale market to another. (Ruska & 

Similä 2011, 47) 

As a result of coordinated collaboration, European electricity markets are increasingly inte-

grated. The electricity market is typically organized into both financial electricity markets 

and physical electricity markets. This structure can be applied to most of the European elec-

tricity markets such as Germany, France, the Netherlands and the Nordic countries. The 

largest physical electricity market is the day-ahead power market. There is a spot market 

price for electricity for each hour of the day. The prices are determined by supply and de-

mand bids of all market participants. Bidding is set to close 12-36 hours before the delivery 

hour for the day-ahead power market. Intraday market on the other hand is a continuous 

trading market. There adjustments to trades are done in the day-ahead market. The trades are 

usually made until one hour prior to delivery. Intraday market opens right after the day-

ahead market has closed. (Ruska & Similä 2011, 48) 

The regulating or balancing electricity market is a great tool for the transmission system 

operator to keep balance between generation and consumption in real time. After the elec-

tricity market has been liberalized, transmission system operators no longer have generation 

resources in direct ownership. That is why balancing services need to be usually procured 
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(Ruska & Similä 2011, 48). In figure 4, the structure of power trading is illustrated, and the 

markets are explained separately below. 

 

 

Figure 4: General structure of electricity trading. Gate closure is referring to the moment after which the bids 

that have been submitted to the exchange, cannot be modified. (Ruska & Similä 2011, 48) 

 

Financial forward market 

The numerous products that are traded in the European forward electricity markets, are to 

offer market participants hedging opportunities against short-term price uncertainties. That 

gives the participants possibility to improve the stability of the cash flows. The different 

performance of competition and even liquidity across the various forward markets can de-

termine, whether market participants can hedge the short-term price risks well enough at a 

competitive price. Forward markets also have various financial products that can be traded 

on various platforms such as forwards, futures, options, swaps and contracts for differences. 

(ECA 2015, 1)  

Day-ahead market 

There are generally two categories the power exchanges in Europe could be differentiated 

into, they are power pools or power exchanges. Participation in power exchanges is volun-
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tary, but power pools are mandatory to have in Europe. Power exchanges are owned pri-

vately, and they are meant to profit institutions in the market. For example, Nord Pool and 

EPEX are organized as power exchanges. Power pools on the other hand, are regulated in-

stitutions, whose income depends largely on approved costs for approved tasks. Italian GME 

is a good example of an organized power pool. Power pools are typically performing many 

tasks that are much more than just providing trading services. Some examples of that could 

be having additional task of allocating capacity services or managing internal congestions in 

the country. (Ruska & Similä 2011, 48) 

Intra-day market 

Right after day-ahead market’s gate-closure, market participants may often have to adjust 

their generation and consumption plans. This can happen for example due to unplanned plant 

outages or unanticipated changes in consumption patterns or weather conditions. Also, the 

growing share of variable renewable energy generation in Europe have increased the uncer-

tainty of power production in the day-ahead markets. Effective intra-day market has been 

allowing the system to be re-dispatched after the gate-closure in spot-market. This reduces 

the costs for electricity generation because of increased start-up and part load costs as well 

as the need for larger amounts of more expensive balancing reserve capacity. (Ruska & 

Similä 2011, 51)  

Balancing market 

The existence of a balancing market makes sure that the producers that would have difficul-

ties to fulfill their commitments to the spot market, but have no flexibility in their own gen-

eration, can still meet those who can rapidly regulate their production (Ilieva & Folsland 

2014, 59). Transmission system operators are usually the people that deal with the balancing 

of electricity in the market. They need to be able to manage sudden deviations from trading 

schedules that are in day-ahead or even hour-ahead. Balancing markets deviate significantly 

from one European country to another due to historical national specificities. The manage-

ment has been historically entrusted to individual transmission system operators, since they 

are the single entities with adequate information on system frequency, national generation, 

consumption and network topology to efficiently balance the system (EUETS 2018). 
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2.1.5 Trends shaping energy markets  

Energy markets are facing many trends that are shaping them completely and most likely 

toward more effective and competitive markets. One of the major trends is the increased use 

of renewable energy, especially solar and wind energy. That alone is rapidly making energy 

industry having to respond to it with altered energy mix. Another major trend is the increased 

use of data that enables the multiplex amount of information that can be used for the benefit 

of market and industry actors. Behind all the major changes, the governments have policies 

and incentives to direct enterprises in energy field to respond to changes aligned with the 

current and future policy. 

Increased use of renewable energy 

The European Union has already committed itself to achieve the main target of keeping the 

global warming less than 2 degrees Celsius compared to pre-industrial levels. The target 

requires the whole European Union to cut their greenhouse gas emissions as much as 80 % 

to 95 % by 2050. This huge reduction in emissions means that basically all electricity has to 

be generated from sources that are carbon-neutral. In the next decades, the whole electricity 

generation structure needs to change completely as well. At the moment, still majority of 

fossil-fuel-based energy systems need to change toward systems that are based on renewable 

energy sources or other non-carbon emitting technologies. They may even be fossil fuel 

plants that are fitted with new carbon capture and storage technology, or even nuclear power. 

A large portion of the electricity production is going to be based even more on wind and 

solar power, which has already been happening around the Globe and especially in Europe. 

On top of that a local small-scale generation will also increase significantly. (Ruska & Similä 

2011, 9) 

As the wind and solar power have been established as a major share of electricity production, 

there are some prominent challenges ahead as well. Wind and solar power are considered as 

non-dispatchable forms of energy generation in the traditional sense. This essentially means 

that they can only generate power when the energy source such as sun or wind is available. 

That creates a major challenge for the whole power system as electricity production won’t 

follow demand. Many other sources of energy can be much more conveniently adjusted 

based on the demand. In the future power systems, demand has to become more flexible and 
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match the supply better. The changes in electricity supply structure are also some of the 

central drivers for Smart Grid technologies. These concepts are currently under intensive 

research and development, and they are commonly characterized as the electricity network 

of the 21st century. Making the grid smarter means that there are more added information 

and communication technology for the whole electricity system. (Ruska & Similä 2011, 9) 

As the amount of renewable energy sources will increase significantly, that means reaction 

times from the perspective of energy management will shorten essentially as the renewable 

energy production has a great volatility. This would also mean that system operators are 

possibly no longer able to execute all the things they could manage before as the greater 

volatility of energy production require for instance more demanding optimization capabili-

ties and data processing. For this reason, it would be helpful if future automation systems 

could support things such as real-time optimization and data management even better as the 

renewable energy production volume grows. 

Increased amount of available data 

As the technological inventions have gone forward, the volume for available information 

has grown exponentially. Nowadays it’s possible to gather a lot of data from different pat-

terns, components, devices, systems, processes and almost from anything that can be read, 

monitored or experienced. The excessive amount of data and information enables new pos-

sibilities for data processing and collection as the information is much more accessible than 

before, and it can be merged to databases to be used effectively. Thus, the making use of the 

data is much easier and all the possibilities with the excessive data are yet to be discovered. 

Since there are a lot of available data almost everywhere, the key is to focus on the most 

relevant data and make the best use of it.  

In Europe, the imbalance settlement and electricity trading has been done hourly for many 

years. The trading intensity already is already a quarter of an hour in Germany and the same 

practice will be applicable soon for many other EU countries as well. Every EU country need 

to shift from one-hour imbalance settlement to a quarter of an hour imbalance settlement by 

the end of 2020 (Fingrid 2019). This means that there will be increased amount of data to be 

processed within a quarter of time. Also, a quarter hour intensity in electricity trading and 

balance settlement will probably be a temporary step toward even more frequent intensity. 
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This means that the challenge for data management will grow exponentially throughout the 

time as the data needs to be managed continuously more frequently with a higher volume. 

Thus, the demand for energy management will also rise and the potential and need for auto-

mated systems will increase significantly.  

Government policies and incentives 

Government policies and incentives play also a major role in the evolving of energy markets. 

Through the policies and incentives, governments can guide and direct the use of energy and 

the market structures by endorsing the means and practices that are beneficial for societies 

especially in long-term.  

As the energy markets are constantly changing, their design and regulation need to be 

properly addressed. For example, faltering economic growth, wavering commitment to nu-

clear generation and changes in the relative cost of fuel, can create an uncertain future for 

generation investment. Markets that have mature infrastructure, the combination of aging 

networks, rising peak of demand and more stringent reliability standards are driving higher 

costs. These drivers, on top of the higher costs of low-carbon investment, may even crowd 

out the social acceptance of further reform, slowing the rate of transformation. (Sioshansi 

2013, 31) 

Lower communication costs and technological advances in photovoltaic technology and de-

mand management could also mean that the traditional one-way generation to consumer 

supply chain is evolving. While energy market reform has to date been focused on competi-

tion in generation and retail, the industry could soon see the consumer at the center of com-

petition between local or self-generation, demand management, storage, and even grid ser-

vices. Similarly, as the telecommunications sector has been rapidly transformed from the 

monopoly supply to an integrated service, the electricity supply industry could transform to 

a new interaction with consumers and a diversity of service and supply. (Sioshansi 2013, 31) 

While there are clear opportunities to develop new services such as local generation and 

storage, it still remains unclear who will be the provider for such services. Extension of 

monopoly network regulation into these areas, risks forgoing the opportunities for innova-

tion that would naturally flow from a competitive market for services. A key challenge for 
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market design and regulation is to find the right mix of incentives for efficient investment to 

deliver the energy services required by consumers. The main challenge is to allow markets 

to evolve, but at the same time ensure there is a level playing field with not one party enjoy-

ing the privilege of incumbency. (Sioshansi 2013, 31-32) 

The international governing bodies and the national governments have many regulatory pol-

icies and incentives to help industry parties to manage evolving of energy markets. The in-

creased use of renewable energy and the increased use of data available have tremendous 

opportunities and threats for instance for process optimization, data management and system 

security that need to be taken into consideration. One important and rising field for the op-

erations in industry enterprises is energy management. It seems that it’s one of the necessary 

solutions to answer the needs of constantly evolving energy markets and increasing volume 

of available data. The challenges and opportunities for energy management generally are 

discussed in the section 2.3 and the governmental regulations that concern and possibly pro-

mote it are introduced in the section 2.2.  

Government policies and incentives play a significant role on how the renewable energy 

development is going to play out. Through the policies and incentives, governments and 

decision makers can put significant pressure on enterprises and on their future strategies and 

investments. A growing number of governments favor a significant role for renewable en-

ergy sources in their generation mix. That is not only to meet low-carbon targets but also for 

other significant reasons, including job creation, sustainable growth, energy security, and so 

on. Ambitious mandatory renewables targets are becoming and has become a norm espe-

cially in Europe. There are ongoing debates on how to best meet such ambitious targets, 

through generous feed-in-tariffs, renewable portfolio standards, production tax credits, gov-

ernment loan guarantees, or a combination thereof. The growing penetration of renewables 

in the energy generation mix leads to new challenges for market operators that need to be 

also considered from regulatory point of view. (Sioshansi 2013, 7) 

2.2 European Energy and Climate policy  

Climate change is a concern that many people face today. Climate has a natural tendency to 

change over time, but discoveries indicate that most of the changes today are due to human 

activities, which are resulted in very harmful events around the globe. Climate change can 
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be seen for instance by global temperature rise, warming of oceans, decreased snow cover, 

glacial retreat, rising of sea level, and the shifting of rainfall patterns.  

One significant evidence of human caused climate change is the increased amount of atmos-

pheric CO2. It has increased since the Industrial revolution in 18th century. Since then, hu-

mans have produced unsustainable amounts of greenhouse gases that have been accumulated 

into atmosphere. Burning of fossil fuels like coal and oil, which are used in various of in-

dustrial processes such as heating and manufacturing, transportation and electricity genera-

tion, increase the concentration of atmospheric carbon dioxide. Normally, the sunlight passes 

through the atmosphere and warms the Earth’s surface radiating back toward space. With 

the increased amount of atmospheric carbon dioxide, most of the outgoing heat is absorbed 

by greenhouse gas molecules and then re-emitted in all directions, warming the surface of 

the Earth and the lower atmosphere. Temperature rise through increased amount of CO2 has 

launched a chain of events that threatens the life conditions around the globe even now and 

especially in the future. Figure 5 indicates clearly how the carbon dioxide level has increased 

in atmosphere throughout the recent decades. (NASA 2019) 

 

 

Figure 5. Carbon dioxide levels throughout history, with significant rise in the recent decades (NASA 2019). 



 21  

2.2.1 IPCC reports and the Paris Agreement 

Intergovernmental Panel on Climate Change is the United Nations body for assessing the 

science related to climate change. The IPCC was created to provide policymakers with reg-

ular scientific assessments on climate change and its implications and potential future risks. 

Through the assessments, they are to put forward adaptation and mitigation options for cli-

mate change. In this way IPCC supports the climate political decision-making. IPCC pre-

pares comprehensive assessment reports about the state of scientific, technical and socio-

economic knowledge on climate change, its impacts and future risks, and options for reduc-

ing the rate of on-going climate change. Thus, it also produces special reports on topics that 

are agreed by its member governments. (IPCC 2019) 

As the IPCC is the body to assess the science related to climate change, UNFCCC, United 

Nations Framework Convention on Climate Change, is the global forum for developing pol-

icy solutions to it. Within the UNFCCC, the Conference of the Parties (COP) is the supreme 

decision-making body of the convention. All states that are selected parties to the convention 

are represented at the COP. There they review the implementation of the Convention and 

any other legal instruments that the COP adopts. Through that they make decisions that are 

necessary in promoting the effective implementation of the Convention, including institu-

tional and administrative arrangements (UNFCCC 2019). The COP meets annually and the 

first meeting COP1 was held in Berlin in 1995. COP 21 was held in Paris in 2015 and it has 

been one of the most significant COP up to date.  

In COP 21, the Paris Agreement was introduced and ratified later. The central aim for the 

Paris Agreement is to strengthen the global response to the threat of climate change by keep-

ing the global temperature rise well below two degrees Celsius above pre-industrial levels. 

Additionally, member countries should pursue efforts to limit the temperature increase even 

further to 1.5 degrees Celsius. Thus, the agreement aims to strengthen the ability of countries 

to deal with the impacts of climate change. To reach the ambitious goals Paris Agreement 

states, appropriate financial flows, a new technology framework and an enhanced capacity 

building framework will be put in place. That ensures supporting action by developing coun-

tries and the most vulnerable countries, that are in line with their own national objectives. 

(UNFCCC 2019) 
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The Paris Agreement requires that all parties put forward their best efforts through nationally 

determined contributions, with strengthening the efforts in the coming years even further. 

This includes certain requirements such as all parties reporting regularly on their emissions 

and on their implementation efforts. By the end of 2018, 184 parties of 197 parties in the 

Convention have ratified the Agreement highly emphasizing its importance for the collective 

actions. (UNFCCC 2019) 

After the Paris Agreement, the IPCC received a task to prepare a special report on the im-

pacts of global warming of 1.5 degrees Celsius above pre-industrial levels and related global 

greenhouse gas emission pathways, mainly in the context of strengthening the global re-

sponse to the threat of climate change, sustainable development, and efforts to eradicate 

poverty (IPCC 2018, 4). The report highlighted many different impacts of climate change 

that could be avoided by limiting global warming even to 1.5 degrees Celsius compared to 

the planned 2 degrees Celsius. For example, global sea level rise would be 10 cm lower with 

global warming of 1.5 degrees Celsius compared to 2 degrees Celsius by 2100. The proba-

bility of an Arctic Ocean free of sea ice in summer would be only once per century with 

global warming of 1.5 °C, whereas it would occur at least once per decade with 2 °C tem-

perature rise. With global warming of 1.5 °C, coral reefs would decline by 70-90 percent, 

whereas almost all (over 99 %) would be lost with 2 °C temperature rise. (IPCC 2018, 7-8) 

The report also presents that limiting global warming to 1.5 degrees Celsius would require 

rather rapid and far reaching transitions in land, energy, industry, buildings, transport and 

cities. Also, global net human-caused emissions of carbon dioxide would need to reduce 

significantly by about 45 percent from 2010 levels by 2030, reaching net zero by around 

2050. This basically means that any remaining emissions would need to be balanced by re-

moving CO2 from the air (IPCC 2018, 5). The difference in consequences between 1.5 °C 

and 2 °C temperature rise above pre-industrial levels are staggering and significant. The 

main concern could be that the window for the possibility of limiting the temperature rise to 

1.5°C might close soon without proper adjusting measures for climate change mitigation. To 

achieve the target, there should be rapid changes in human consumption behaviors and sig-

nificant technological advancements helping in emission reducing, such as an effective car-

bon capture and storage technology.   
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2.2.2 EU Energy and Climate targets  

European Union is in the forefront of fighting against the climate change and the mitigation 

of it. There are many targets and frameworks that help EU to contribute to the mitigation 

and to abide with international agreements. The 2020 climate and energy package set by EU 

leaders in 2007 is a set of binding legislation to ensure that EU meets its climate and energy 

targets for the year 2020. The package includes 20 % cut in greenhouse gas emissions from 

1990 levels, 20 % of EU energy from renewables and 20 % improvement in energy effi-

ciency (European Commission 2018).  

Some of the member countries can abide by the target of 2020 energy package, but for the 

whole EU it is going to be rather difficult to achieve the targets in time. However, the next 

target after 2020 is 2030 climate and energy framework. It includes at least 40 % cuts in 

greenhouse gas emissions from 1990 levels, at least 27 % share for renewable energy and at 

least 27 % improvement in energy efficiency in EU. The framework was adopted by EU 

leaders in October 2014 and it builds on the 2020 climate and energy package. (European 

Commission 2018) 

EU countries have different ways to pursue energy and climate targets and they can decide 

what actions are the most suitable for them. The increased share of renewable energy has 

been evident almost throughout the whole Europe, and it has been a common action for the 

member countries in striving toward achieving the targets. Also, reducing coal fired energy 

production and investments in new technologies such as carbon capture, electric cars and 

smart grids have taken place around Europe. Figure 6 illustrates what has happened in Ger-

many’s electricity mix since the beginning of 21st century. For example, the renewable en-

ergy has increased almost 500% in 15 years, which outlines the rapid changes that have 

occurred and continues to occur in energy markets today. 
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Figure 6. Germany's electricity mix development from 2003 to 2017 (Energy Transition 2018). 

 

The long-term strategy for EU is a vision for a prosperous, modern, competitive and climate-

neutral economy by 2050. If succeeded, the strategy would show how Europe can lead the 

way to climate neutrality through investing into realistic technological solutions, empower-

ing citizens, and aligning action into key areas such as industrial policy, finance, or research, 

while also ensuring social fairness for a just transition. (European Commission 2018) 

2.2.3 Energy Efficiency Directive 

To help member countries to achieve mutual and national targets, European Commission 

can launch different directives to direct and guide member countries to targeted direction. 

The Energy Efficiency Directive 2012/27/EU, EED that was entered into force on December 

2012, is an EU directive that establishes a set of binding measures to help the EU reach its 

20 % energy efficiency target by 2020. Under the Directive, all EU countries are required to 

use energy more efficiently at all stages of the whole energy chain, from production to final 

consumption (European Commission 2018). This directive has also been one of the great 
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drivers that has increased the demand for energy management systems throughout the EU as 

they can have great influence on energy efficient production. 

According to the directive, the national measures must ensure major energy savings for con-

sumers and industry alike. Some of the measures that involves industry actors are for exam-

ple (European Commission 2018): 

• Energy distributors or retail energy sales companies have to achieve at least 1.5% 

energy savings per year through the implementation of energy efficiency measures. 

• Energy consumers should be empowered to better manage consumption. This in-

cludes easy and free access to data on consumption through individual metering. 

• National incentives for small and medium-sized enterprises should undergo energy 

audits. 

• Large companies need to make audits of their energy consumption to help them iden-

tify proper ways to reduce it. 

• Efficiency levels should be monitored in new energy generation capacities. 

On 21st of December 2018, the EU released the Clean Energy for all Europeans package that 

has for instance recast Renewable Energy Directive and amending Energy Efficiency Di-

rective, as well as the new Energy Union and Climate Action Governance Regulation. This 

package is EU’s updated energy policy framework that will facilitate the clean energy tran-

sition and make it fit for the 21st century. Finalizing these changes will mark a significant 

step toward the creation of the Energy Union that ensures Europe’s safe, viable and accessi-

ble energy supply and brings EU closer toward delivering on the Paris Agreement commit-

ments. (European Commission 2019) 

This new policy framework empowers European consumers to become more active players 

in the energy transition and fixes two new targets for the EU for 2030. The targets are a bind-

ing renewable energy target of at least 32 % and an energy efficiency target of at least 32.5 

%. For the electricity market, the policy framework confirms the 2030 interconnection target 

of 15%, following the set 10 % target for 2020. The goals for the ambitious targets are to 

stimulate Europe's industrial competitiveness, boost growth and jobs, reduce energy bills, 

help tackle energy poverty and even improve air quality. (European Commission 2019) 
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A further part of the package is to establish a modern design for the whole EU electricity 

market, adapted to the new realities of the market. They are to be more flexible, more market-

oriented and placed better to integrate a greater share of renewable energy. These new rules 

aim to put consumers at the center of the transition. This is in terms of giving them more 

choice, strengthening their rights, also enabling everyone to be able to participate in the 

transition themselves through producing their own renewable energy and feeding it into the 

grid. When electricity is allowed to move freely to where it’s most needed and when it’s 

most needed via undistorted price signals, consumers would benefit from cross-border com-

petition. This is meant to drive the necessary investments that can provide security of supply, 

whilst decarbonizing the European energy system. (European Commission 2019) 

The European Commission publishes guidance notes to help officials in EU countries to 

implement the Energy Efficiency Directive. One of the guidance notes is Article 8 that is 

about energy audits and energy management systems. An energy audit basically means a 

systematic procedure that has the purpose of obtaining sufficient knowledge of the energy 

consumption profile of a building or group of buildings, an industrial or commercial opera-

tion or installation or a private or public service, identifying and quantifying cost-effective 

energy saving opportunities, and reporting the findings. Energy audit is an essential tool 

through which energy savings can be achieved. They are necessary in assessing the existing 

energy consumption and identifying the whole range of opportunities in energy saving. That 

could then result in proposals of concrete energy saving measures for the energy user.  Thus, 

energy audits allow the identification and prioritization or ranking of opportunities for im-

provement. This way, energy audits can tackle the information gap that can be one of the 

main barriers to achieving energy efficiency. (EUR-Lex 2019) 

According to the Article 8, EED requires member states to comply with the following main 

obligations (EUR-Lex 2019): 

• Promote the availability of high quality and cost-effective energy audits to 

all final customers carried out by qualified experts or supervised by inde-

pendent authorities  

• Ensure mandatory and regular audits for large enterprises and carried out by 

qualified experts or supervised by independent authorities 
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• Establish transparent and non-discriminatory minimum criteria for energy 

audits 

• Establish in national legislation requirements for energy auditors, and for 

supervision by national authorities 

• Ensure the development of programmes to encourage small and medium-

sized enterprises to undergo energy audits and to implement the recommen-

dations from these audits 

• Ensure that development of programmes raise awareness among households 

about the benefits of energy audits. 

Energy management systems are exemptions for the mandatory energy audits. Usu-

ally, when a large company has an energy management system in place, a continuous 

energy review process is carried out to manage, control and reduce energy use. This 

process is resulted in detailed review of the energy consumption profile and the iden-

tification of opportunities for energy saving is equivalent to that of discrete, regular 

energy audits (EUR-Lex 2019). Energy management systems are key in abiding with 

the national and international commitments, but they are also helpful in achieving ad-

ditional benefits that are discussed in the further chapters of this thesis. ISO, Interna-

tional Organization for Standardization, has released ISO 50001 directive for energy 

management systems. It states what kind of energy management systems need to be 

in place for those enterprises that belong to the area of that directive’s jurisdiction. 

This directive currently applies for instance for enterprises in Germany and later for 

many other EU countries as well.   

ISO 50001 provides a framework for managing energy performance and addressing energy 

costs. It helps companies to reduce their environmental impact and meet their emission re-

duction targets. ISO 50001 is designed to help organizations to improve energy performance 

through improving energy-intensive assets. Improved energy performance can provide rapid 

benefits for different organizations by maximizing its use of energy sources and energy-

related assets, which can reduce both cost and consumption. ISO 50001 is used by large and 

small organizations all over the world and its benefits can take many forms. For some, it can 

be about reducing the environmental impact and enhancing reputation; for others, the aim 

could be to drive down costs and improve general competitiveness (ISO 2018, 3). 
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In a way, ISO 50001 Directive is building on Article 8 and it helps industrial companies to 

improve their climate protection efforts, which can also result in great energy and cost sav-

ings. Energy management systems enable continuous improvement of energy efficiency in 

the facility by providing real time monitoring, planning and even optimization of energy 

consumption and use. The main characteristics of an Energy Audit and ISO 50001 Energy 

management system are presented on the figure 7 below: 

 

Figure 7. Energy Audit is a solid starting point for an ISO 50001 energy management system (Arqum 2015, 

11). 

 

2.3 Energy management 

This section gives a general understanding of energy management in process industry. It 

presents important objectives for energy management and some common challenges it faces. 
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Furthermore, the section gives insights for the characteristics of energy management systems 

and for their common uses. Energy management itself is considered as a cross-sectional task 

that includes the planning, management, organization, and monitoring of operational energy 

use, with the goal of achieving continuous improvement (Freie University 2018, 2). 

Energy can often be the largest component of an enterprise cost structure especially in the 

process industry. Most companies today have formalized energy management programs, 

and many use automation and control technologies to help minimize their energy costs. 

However, it has been evident that many companies have to take their efforts to the next 

level by monitoring and optimizing their energy use in real time, and through more wide-

spread adoption of advanced automation technologies as well as energy management appli-

cations. Enterprises can achieve significant reductions both in energy costs and in green-

house gas emissions as these efforts are executed together with cross-functional responsi-

bilities and reporting, including the financial, operational, and environmental departments. 

(ARC Advisory Group 2019) 

2.3.1 Objectives and challenges 

Energy management isn’t a new concept, it has been done for decades and even centuries in 

some sense. Whether that were done by storing backup gasoline for car in containers or 

having fuses to cut electricity spikes in a house or adjusting water flow in dams, all of that 

could be considered as energy management. Energy management has evolved quite a bit 

throughout the decades, and nowadays there are a lot that can be achieved through energy 

management. As previously mentioned, energy management could be used for example for 

storing energy, protecting energy supply and optimizing energy use. Through proper energy 

management systems, there are countless of opportunities that can add value in technological 

enterprises especially in process industry. Through EMS, industry actor could for instance 

oversee operations at a factory level, report energy use to all required parties, reduce energy 

costs, or even trade electricity. The reason why energy management has been so vital in the 

past decades, is because through energy management it’s possible to conserve energy, pro-

tect climate and achieve significant cost savings.  

Energy management can be often in action since an industry actor wants to know more about 

their energy use, needs to protect their processes, wants to increase their revenue, needs to 
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abide by regulatory standards, wants to direct their energy usage or share energy information 

further. Energy management is sometimes seen as an added feature to a power plant’s or a 

factory’s operations. Nowadays it’s almost necessary to have a proper energy management 

system in an enterprise that operates in process industry. An energy expert of a market lead-

ing company said in an interview conducted during this thesis: ”No one in this field can 

operate without proper energy management system anymore.” Since almost everyone 

knows how important it’s to have an energy management system, industry actors try to fulfill 

their energy management potential and needs by implementing the best possible systems 

with the lowest costs. It’s not an easy task since there are a lot of possible things that can 

still be achieved through energy management systems that haven’t been discovered yet. 

Many industry experts, also the ones that have been interviewed during this thesis, have 

realized many uses for their energy management systems. Possible uses for energy manage-

ment systems include, but are not limited to: 

• Energy supply optimization 

• Energy security 

• Energy monitoring and documentation 

• Forecasting energy demand and use 

• Securing the energy price 

• Locating savings potential 

• Optimizing energy use 

• Improving in energy efficiency 

• Open and fast communication between systems  

• Improving data security 

• Fulfilling the requirements for official and regulatory standards 

• Reducing CO2-emissions 

• Energy storing 

• Utilizing digitalization 

• Environmental responsibility and reporting 

• Realtime electricity trade 

• Automatic energy meter readings 
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• Sharing key process information between people 

• Surveillance of powerplant operations 

Energy management system can add a lot of value through these features, but the applica-

tions aren’t always that easy to implement. Energy management faces a lot of challenges 

that need to be overcome. Energy management isn’t often among the first priorities in plants 

or factories. Utilization and safety of powerplant operations and processes are almost always 

the first priorities according to some industry experts that were interviewed during this the-

sis. It’s noted in energy efficiency literature, that energy management, through its practices 

and its systematic approach, is recognized as a supporting function for the industrial energy 

system (Sa et.al 2018,2). Sometimes the demand and interest that the benefits of an energy 

management system can bring, are dismissed. It’s also possible that benefits don’t seem great 

enough compared to the required investment and there might not even be enough budget for 

the energy management system in the first place.  

To attract customers, energy management systems need to add significant value to enter-

prise’s operations. The best value is most likely the profit it can bring. Perhaps the greatest 

issues with energy management systems could be that they don’t always add distinct en-

hancement to enterprise’s cash flow. Another reason that underlines why energy manage-

ment systems don’t necessarily reach their full potential, is its interdisciplinary nature. En-

ergy management involves multiple criteria and knowledge such as technological, political, 

social, financial and managerial aspects. All of these practices and processes need to be im-

plemented and supervised, which make it harder to attract customers (Sa et.al 2018,2). 

Another challenge energy management could face according to Cross Company in industrial 

applications is that energy usage has to be collected and monitored for multiple types of 

energy and not just electricity. Additional energy sources for energy management could in-

clude natural gas, water, compressed air, steam, and inert gases. The requirements for hard-

ware devices can also be very high and the system must be flexible enough to expand as the 

manufacturing plant grows. (Cross Company 2013) 
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2.3.2 Industrial energy management systems 

An energy management system is a systematic process for continually improving energy 

performance. It is defined in Energy Efficiency Directive as a set of interrelated or interact-

ing elements of a plan, which sets an energy efficiency objective and a strategy to achieve 

desired energy managing results. An energy management system can be applied to any or-

ganization but is regarded particularly beneficial for energy-intensive processes. It is a pro-

cess of continuous improvement, which requires that organizations continue to seek out new 

opportunities for energy savings in all areas of activity. (Serrenho et al. 2015, 6) Figure 8 

illustrates some of the components and energy flux that need to be overseen with an indus-

trial EMS, including power, steam, fuel, water and waste.  

 

Figure 8. An example of how an energy management system can oversee production and manage processes 

in a power plant (Kawasaki 2018). 

 

In practice, an energy management system systematically records the energy flux and serves 

as a basis for investments in improving energy efficiency. A functional energy management 

system can help companies to comply with the commitments that have been made in their 

energy policy and it can continuously and systematically improve the energy performance. 

The system encompasses all elements of an organization that are necessary for creating an 

energy policy, also defining and achieving strategic objectives. Thus, it includes the organi-
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zational and informational structures that are required for implementing energy manage-

ment, including resources. It can formulate and implement the energy policy, including the 

strategic and operational objectives and the action plan. Thus, it includes planning, introduc-

tion and operation, monitoring and measurement, control and correction, internal audits, and 

a regular management review. (BMU 2010, 14)  

Energy management systems in industrial use are used for example in managing power gen-

eration, transmission and distribution. Generally, they allow an organization to gather real-

time information on the energy usage for instance through monitoring, assessing and visual-

izing energy consumption. It can also help in data-driven decisions and it augments enter-

prise level operations and financial decisions (Mordor Intelligence 2018). This enables the 

operations in the market to be more energy efficient. Proper documentation ensures that the 

organizations are more aware and accountable of their energy consumption and targets 

through which they can operate better. Figure 9 illustrates different functions of an energy 

management system, and it presents how an energy management system can be positioned 

to improve energy efficiency in an enterprise level.    
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Figure 9. Key aspects of an energy management system and the aim of achieving energy efficiency (BMU 

2012, 15). 

 

When an industrial energy management system is equipped properly in an enterprise it can 

lead to several benefits, one of which is energy efficiency. Some other benefits it can lead to 

are collected below (Envidatec 2018, 43-44): 

• Reduced costs and energy consumption  

• Increase in productivity  

• Environmental protection and reduced greenhouse gas emissions 

• Increase in competitiveness  

• Improvement of the external representation of the company  

• Improved communication between different departments of the company  

The needs for certain energy management systems may vary between different process in-

dustry enterprises. Commonly an energy management system is in practice to add more 

value to the enterprise’s operations. There has been a study made previously about how rel-

evant certain features are in terms of energy management. The interview was done to 10 
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energy-intensive companies in Sweden, both medium and large size. Interviewees rated cer-

tain feature from 1 to 7, where 1 is irrelevant, 4 is somewhat relevant and 7 is highly relevant. 

The results are presented in table 1 below: 

 

Table 1. The results of energy management assessment in Sweden (Sa et.al 2018, 5). 

 

The study indicates for example that the improvement in energy efficiency of process ma-

chinery, in time monitoring system, root-cause analysis and reducing energy consumption 

in critical situations are in very high relevance to have in energy management. Services to 

carbon-emissions trading and post calculations were slightly irrelevant functions to have.  

Even though improving energy efficiency or reducing energy consumption are in high rele-

vance to have, they can be challenging to do with an energy management system. The capa-

bilities an EMS has depend mostly on the investments and efforts one is willing to put forth 

for energy management. An EMS is often used as a tool for energy monitoring, documenta-

tion, reporting and forecasting of energy consumption. That usually requires rather small 

investment and is one clear benefit energy management system can bring for any enterprise. 

When invested more in energy management system, it can for instance predict outages, lo-

cate savings potential, optimize the current energy use, trade energy and secure the energy 

price and use. In those cases, an EMS need to have deeper integration for the whole plant 
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level and greater data analytics tools, capabilities and personnel to make use of the whole 

system potential.  

2.4 Energy management solutions in process industry 

This section presents some important energy management solutions in process industry. The 

solutions are a collection of common players in energy management field in Europe. Inter-

viewees in this thesis had some experience and knowledge of some of these products and the 

information collected in this section is mainly accessible from supplier websites. These so-

lutions are products and services that enterprises offer to customers in pulp and paper, mining 

and metal industry. 

2.4.1 cpmPlus Energy Manager 

ABB’s cpmPlus Energy Manager is a software product that allows industrial customers to 

monitor, manage and optimize their energy usage. It results in improved efficiency and cost 

savings. Focusing on the business side of energy management, Energy Manager can be a 

key element in any company's energy management program. (ABB 2018) 

Energy Manager provides the tools to set targets for example on energy consumption, effi-

ciency, cost, CO2 -emissions and other energy performance indicators. It can also monitor 

the actual performance against the targets. Planning and scheduling tools are available to 

analyze energy demand and optimize energy use and supply. Energy Manager is a modular 

product that supports energy efficiency improvements and cost reduction at industrial plants. 

It allows an implementation to start small and grow over time. (ABB 2018) 

As configured, the software tool can support energy and cost analysis as part of a larger en-

ergy management system. The tool can inform users of the relative energy consumption as 

compared across key activities in manufacturing and industrial facilities, and where appro-

priate, it can be used to quantify the cost for direct energy inputs. Energy managers who 

effectively use this tool can therefore identify energy and costs efficiencies associated with 

production and facility operations. Reference database, conversion factors and other sup-

porting functions are suitable for inclusion in an analytical platform for the calculation of 

carbon credits. (ABB 2018) 
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ABB’s Energy Management system can be implemented by configuring the following main 

three Energy Manager modules: 

• Module 1: Energy Monitoring and Targeting 

• Module 2: Energy Demand Planning 

• Module 3: Energy Optimizer 

Energy Monitoring and Targeting includes tools to monitoring, reporting, analyzing, and set 

targets on measured energy performance. Energy Demand Planning includes tools to predict 

energy demand and use based on plant production schedules and what-if scenarios. Energy 

Optimizer is the optimization of industrial energy systems using a holistic approach. De-

pending on the application it can mean optimizing the commitment of own power generation 

capacity, energy procurement and sales, energy mix or use of plant’s production lines for 

maximum total profitability. It can also mean optimizing production of some energy con-

sumers, for example production of thermo-mechanical-pulping in Pulp & Paper mill. (ABB 

2018) 

All modules are seamlessly integrated so that they provide information to each other. The 

modules are built upon the cpmPlus foundation consisting of the cpmPlus History database 

and Vtrin graphic user interface visualization tools. The basic structure and architecture are 

presented in figure 10 below. 

 

Figure 10. cpmPlus Energy Manager architecture (ABB 2018) 



 38  

 

The system can generate energy and cost savings for instance through (ABB 2010, 2): 

• Lower electricity purchase prices due to accurate consumption plans and real time 

electricity monitoring 

• Avoiding price peaks and penalty charges 

• Employing optimal resources in the supply of electric power 

• Enhanced awareness of energy consumption and energy costs 

• Early detection of poor performance based on real time monitoring of performance 

compared to set targets. 

2.4.2 SIMATIC Energy Manager 

Siemens has SIMATIC Energy Manager for company-wide energy analysis. With SIMATIC 

Energy Manager, it’s possible to visualize energy flows and consumption values in processes 

in detail. They can be assigned to the relevant consumers or cost centers and they identify 

why changes have occurred. It can also be used to evaluate implemented efficiency 

measures, optimize energy procurement, and compare energy efficiency across plants and 

locations – in a scalable, transparent, and future-proof way. (Siemens 2018) 

SIMATIC Energy Manager has powerful, scalable energy management system that links 

energy and production data, thus helping to calculate the productivity of energy consump-

tion. SIMATIC Energy Manager has user-specific dashboards, meaningful energy indicators 

and versatile interfaces for measuring energy data. Figure 11 illustrates the structure of the 

SIMATIC Energy Manager PRO. (Siemens 2018) 
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Figure 11. SIMATIC Energy Manager PRO architecture (SIEMENS 2017, 3). 

 

SIMATIC Energy Manager is available in two versions for applications of varying complex-

ity: Basic and PRO. The Basic version provides a simple way to get started with energy 

management. It can be easily configured for the application in question via web engineering 

in interaction with the automation system and for manual data acquisition. Predefined tem-

plates for reports and configurable dashboards support reporting. SIMATIC Energy Man-

ager Basic can be upgraded to SIMATIC Energy Manager PRO at any time with a license 

key. (Siemens 2018) 

The PRO-version provides additional functions for comprehensive, ISO-compliant energy 

management. The software supports the user with extensive reporting for recording and vis-

ualizing performance indicators and consumption data and with tools for calculating perfor-

mance indicators for more complex situations. Energy Manager PRO also permits batch-

related or material-related consumption analysis and forecasts of energy consumption. 

Various automation-level systems can be integrated via numerous interfaces. The main dif-

ferences of these versions are listed in table 2: 
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Table 2: Features for SIMATIC Energy Manager Basic and PRO (Siemens, 2018) 

 

 

2.4.3 Valmet DNA Energy Management 

Valmet has a Valmet DNA Energy Management for energy management. It is a modern, 

modular database software system meant for energy companies. It offers tools for load and 

price forecasting, energy production optimization and electricity trading. Separate modules 

also allow each user to receive a tailor-made system without the need for expensive and time 

demanding software customization. The main features for the system include (Valmet 2018): 

• Heat load forecasts 

• Electricity forecasts 

• Measurements 

• Spot trading 

• Production optimization 

• Long-term optimization 

• Excel reports 

The system can automatically calculate new production plans at a rate that is set by the user. 

The system operates with several time horizons, and it’s able to calculate for example 24 
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hour and 7-day optimization. Apart from the automatically generated plans, it is also possible 

to run an optimization manually. The main benefits for the system include (Valmet, 2018): 

• Online corrected automatically updated forecasts that are as accurate as possible 

• Plants modelled with easy-to-use and easy-to-modify graphical user interface 

• Optimal production plan for heat and electricity production 

o lowest costs 

o optimal starts and stops 

o cheapest fuel 

• Optimal production plan for the physical trading on the energy markets, e.g. derivate, 

day-ahead and intraday-market: making the most of electricity market 

• Versatile and customized reporting and data export and import possibilities with 

Business Intelligence figures 

• The common system increases the quality of planning and transparency 

• The same way to plan for every shift 

Valmet DNA Energy Management forecasts heat demand and optimizes production. That 

allow units to achieve the best total economic costs and to determine the optimal times for 

unit startups and shutdowns. (Valmet 2018) 

2.4.4 Schneider Electric EMS 

Schneider Electric’s energy management system is Schneider Electric EMS. The EMS can 

be deployed either fully integrated with their ADMS, Advanced Distribution Management 

System, or as a stand-alone system. Main benefits of the EMS include (Schneider Electric 

2010, 6): 

• Identify and spot increase and decrease in energy usage pattern. 

• Draw energy consumption trends (weekly, seasonal, operational)  

• An effective tool to determine future energy use when business plan changes  

• Only tool which helps in diagnosing and controlling specific areas of energy wastage 

• Can compare how the energy and business changes in the past  

• Draw baseline and develop performance targets for energy management programs 



 42  

• Improve power supply reliability by preventing disturbances in frequency and power 

flow 

• Minimize electric system operating cost 

 

2.4.5 KRIS³ 

KRIKO Engineering has KRIS³ product that is a professional tool that offers all precondi-

tions to display energy flows ongoingly, clearly and transparently. For that reason, the KRIS³ 

Energy Management Module can be combined with all other modules of the Process Infor-

mation System KRIS³ (KRIKO Engineering 2018). The Energy Management component is 

part of a process information system KRIS³, it is presented in figure 12 below: 

 

Figure 12. KRIKO system including Energy Management component (KRIKO 2018) 

 

KRIS³ implies many functionalities that go far beyond the basic requirements specified in 

the ISO 50001. Some of them are unique features compared to similar products of other 

suppliers. These include for instance functions like the dynamic display of Sankey diagrams 
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or the possibility to measure and analyze not only time triggered but also product and charge 

triggered energy consumption. (KRIKO Engineering 2018) 

KRIS³ has 2 different modules, Monitoring and Measuring and Energy Balance and Calcu-

lation of Saving Options. With Monitoring and Measuring module, the added value is 

(KRIKO Engineering 2019):  

• Clear display of energy use and energy flows 

• Control of process values and KPI using individually designable displays with ac-

cess from computer, tablet or smartphone 

• Continuous target-performance comparison of defined indicators 

• Time-controlled meter-reading 

• Product-controlled meter-reading for batch processes 

• Administration of energy readers 

• Calculation functions for virtual readers, calculated readers with correcting values, 

energy readers in tree structure 

• Mobile data acquisition using bar code label 

With Energy Balance and Calculation of Savings Options, the added value is (KRIKO En-

gineering 2019): 

• Standardized sorting of energy flows based on media 

• Online balancing of highly complex processes 

• Dynamic Sankey diagrams 

• ABC analysis with pareto evaluation 

• Pie graphs with comparison of time periods 

• Trend graphs of energy development 

• Electronic comparison with energy provider with standardised transfer of metering 

data 

• Heating day computation for norming the measured heating values over heating pe-

riods 
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2.4.6 Honeywell Energy Management Systems 

Honeywell’s solution for energy management is their customizable portfolio Energy Man-

agement Systems. Energy Management Systems is a comprehensive offering that can com-

bine energy and process optimization and also where appropriate, incorporate the solution 

into online advanced control and optimization strategies. Honeywell’s Energy management 

Systems help manufacturers to use energy more efficiently, purchase and produce it more 

economically and responsibly, and also improve overall process efficiency, while reducing 

the environmental impact and improving regulatory compliance. Additional components of 

the solution include (Honeywell 2018): 

• Heat and power recovery within and across process units using pinch analysis for 

improved integration 

• Steam and power system optimization 

• Calculation of dynamic energy and emission targets 

• Feedstock selection 

• Energy contract management 

• The introduction of renewable energy sources such as biofuels 

• Services that sustain and even improve results over time 

Energy Management Systems can be implemented in stages starting with smaller-scale that 

have quick return-on-investment projects and then moving toward more comprehensive, 

higher-value projects. (Honeywell 2018) 
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3 METHODOLOGY 

This chapter introduces the methodology that is used in this thesis in order to gather infor-

mation from target companies that operate in Europe in Process industry. The research de-

sign and the research process are also presented in this chapter. In addition to this, this chap-

ter introduces the interviewees and the study objectives. In the end of this chapter the data 

collection and analysis are also explained briefly.  

The empirical part of this thesis is mainly focused on researching the energy management 

needs the interviewee companies have, what kind of energy management systems they cur-

rently use and what could be done better so that the companies could achieve desired targets. 

The aim in this research is to position the energy management systems on the constantly 

evolving energy markets with the help of literacy and interviewees’ feedback.  

3.1 Research design 

This research is chosen to be qualitative in its nature. That is mainly because the chosen 

research questions and the topics that this thesis have are aligned with a qualitative research. 

In this research customer values, feedback and future targets are studied, which are difficult 

to be measured quantitively. For this reason, the aim in this research is to perceive the con-

cepts and the bigger picture of the energy market, energy management systems and the pol-

icies behind them, in order to be able to address the research questions properly.  

A case study is chosen to be the correct research approach for this thesis. Through case study, 

researcher can gather reasonable insights to real-life events for example through conducted 

interviews, documents, reports and observations. Yin mentions that a case study is meant to 

be an empirical inquiry that can investigate contemporary phenomena in depth and within 

its real-life context. This is the case for instance when boundaries between context and phe-

nomenon aren’t necessarily clear. A case study would be a good choice for the study for 

instance when research objectives might need more consistency than just certain data points. 

Also, a case study could be chosen, when there are not necessarily any obvious results that 

could be generalized. (Yin 2009, 13-18) 

To conduct a qualitative research, methods such as using the data that exists, general inter-

views, questionnaires, observation and even action science can be used. In the research of 
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this thesis, the interviews were selected to be as the research method, so that the qualitative 

data can be easily collected. This study uses non-probability sampling of results. For that 

reason, the results shouldn’t be used for proper statistical conclusions as they are collection 

of subjective views of the interviewees. (Saunders et al. 2011, 151). 

3.2 Interviewees and the objective 

Interviews are targeted to companies in process industry that have industrial energy man-

agement systems. The participants vary between Finnish and European companies, and be-

tween market leaders and smaller regional enterprises. All the interviewee companies have 

large demand for energy and high interest in energy management systems generally.   

Objective for the interviews is to gather information to better understand the energy man-

agement market needs in Europe. The interviewee needs in energy management and feed-

back about their energy management system can for instance help energy management sys-

tem suppliers to position themselves in the constantly evolving market, enabling better prod-

ucts and services for their industrial customers.  

3.3 Data collection 

In this thesis, data collection is done by interviews that are semi-structured. In total there 

were 8 interviews conducted for total of 11 people for total of 8 different enterprises in pro-

cess industry. The interviewees consist of Energy and System Engineers, Energy Manage-

ment Experts, Operations Managers, a Production Manager and a CEO. All the roles for 

interviewees are presented in the table 3 below: 
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Table 3. The roles of the participating interviewees and their quantity 

Interviewee role Quantity 

Energy and System Engineer 4 

Energy Management Expert 3 

Operations Manager 2 

Production Manager 1 

CEO 1 

 

The basic interview structure consists of three parts, A, B and C. The structure was the base-

line for the interviews, but additional questions were also asked as they were relevant for the 

situation and for the target company. The duration of the interviews varied from 30 minutes 

to 2 hours. The interview structure is presented below separately for each part. 

In part A, the interviewees were asked to assess each of the presented 16 categories, whether 

they were 1st, 2nd or 3rd priority in terms of their energy management system needs for their 

future energy management. Each category was the discussed, and the interviewees assessed 

them from 1-3 and gave additional feedback to justify their assessment. The idea of the part 

A was to map out the energy management needs interviewees had for now and for the future, 

and to get better understanding of which categories weren’t that relevant for their energy 

management. The part A of the interview, which included the table 4 are presented below: 

A) There are 16 energy management categories below. Please assess each cate-

gory whether it’s 1st, 2nd or 3rd priority in terms of your energy management 

system needs for your future energy management.   

1st priority = Almost mandatory to have 

2nd priority = Would be good to have 

3rd priority = Not necessary to have 

 



 48  

Table 4. Energy management categories for the interviews 

Energy supply           

optimization 

Energy security Energy monitoring 

and documentation  

Forecasting energy   

demand and use 

Securing the energy 

price 

Locating savings       

potential 

Optimizing energy 

use 

Improving in             

energy efficiency 

Open and fast         

communication         

between systems 

Improving data          

security 

Fulfilling the re-

quirements for offi-

cial and national 

standards 

Reducing                

CO2-emissions 

Energy storing Utilizing digitaliza-

tion 

Environmental re-

sponsibility and re-

porting 

Something else? 

 

In part B, the interviewees were asked to assess how well their current energy management 

system answers to their energy management needs from 1 to 3. Again, the categories were 

assessed one by one and the interviewees gave additional feedback to justify their assess-

ment. The purpose of the part B was to find out what features and categories their current 

energy management systems already excelled in and which categories of the systems still 

needed improving. The part B of the interview that included the table 5 is presented below: 

B) Now consider how well does your energy management system answer to your 

energy management needs in each category from 1 to 3.  

1 = Answers to the need very well 

2 = Answers to the need partly 

3 = Doesn’t answer to the need at all 
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Table 5. Energy management categories for the interviews 

Energy supply           

optimization 

Energy security Energy monitoring 

and documentation  

Forecasting energy   

demand and use 

Securing the energy 

price 

Locating savings       

potential 

Optimizing energy 

use 

Improving in             

energy efficiency 

Open and fast         

communication         

between systems 

Improving data          

security 

Fulfilling the re-

quirements for offi-

cial and national 

standards 

Reducing                

CO2-emissions 

Energy storing Utilizing digitaliza-

tion 

Environmental re-

sponsibility and re-

porting 

Something else? 

 

Part C and the concluding part of the interview consisted of 7 questions. The questions were 

about the interviewees energy management systems and about the collaboration with their 

system supplier. Interviewees were asked to answer the questions as well as they could based 

on their knowledge and understanding. The purpose of part C was to receive authentic feed-

back and comments by asking certain questions. The part C is presented below:   

 

C) There are 7 questions below about your energy management system and about 

the collaboration with your system supplier. Answer each question as well as 

you can.  

 

1. What is your energy management system used for and what can be done with it? 

2. Why did you choose your system supplier and their energy management system as a 

part of your energy management? 

3. What are the main benefits that your energy management system has? 

4. What are the main weaknesses that your energy management system has? 

5. What should be done so that the product would add more value to you? 
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6. What would you say about the collaboration with your system supplier? Is there some-

thing they could have done better? 

7. What could be developed in your energy management system now or in the future? 

 

3.4 Data analysis 

After the conducted 8 interviews, data analysis started by reviewing the received data. The 

assessments for the part A and B were listed in Microsoft Excel and the average scores for 

each category were calculated. Through average scores, it was possible to organize different 

categories in order in terms of priority interviewees collectively had. Through this practice, 

it was evident that some of the categories were clearly priority 1, almost mandatory to have 

in energy management systems and some were closer to 3rd priority, not necessary to have 

in an energy management system. Similarly, in part B, some categories were assessed close 

to 1, which means that their current energy management system answers to the need well 

and some were closer to 3, which means that the current energy management system doesn’t 

answer to the need almost at all. All the explanations interviewees gave for different assess-

ments helped in verifying that the interviewees understood each category fairly similarly, 

although the level of success in interpreting an answer for certain category is hard to meas-

ure.  

The comments from part C were listed in Microsoft Word and common comments and feed-

back that kept repeating were emphasized more in the results section of this thesis. Many 

interviewees had individual and specific feedback that was mostly applicable only for that 

specific interviewee’s EMS or system supplier. In that case some of the specific comments 

have been left out in this thesis as they didn’t add value in the bigger picture that was 

searched for through this empirical study. However, many specific comments and individual 

concerns were applicable for energy management systems in general, so they received 

greater attention in the interview results section.  

Every single thought and comment that was presented during the interviews and that is pre-

sented through this thesis, can’t be considered as a truth per se or fact based. In fact, most of 

the thoughts are subjective to the person interviewed, and there is even the possibility for 
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data to be lost in translation when the thoughts are carried out through this thesis, which is a  

quite relevant point in assessing the credibility of the results. However, the general overview 

of the comments and the views each interviewee had for their energy management needs and 

energy management system development ideas, can give the results that were aimed for in 

this thesis. That is to gain better understanding of how to position energy management sys-

tems on an evolving energy market through literature-based analysis and the empirical re-

search.  
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4 INTERVIEW RESULTS 

This chapter introduces the empirical study findings and results. This chapter summarizes 

different process industry interviewee’s feedback and comments on energy management 

generally and on their energy management systems. This chapter focuses on the most im-

portant energy management needs interviewees have and on the most important improve-

ment ideas and suggestions the development of energy management systems generally re-

quire according to the interviewees. The next chapter focuses deeper on how the energy 

management systems should be positioned in the market and on how their demand responds 

to the requirements of international and national targets. 

4.1 Energy management system priorities 

During the interviews, the first task was to map out the interviewee’s energy management 

needs. To do that, the interviewees prioritized the most important categories and features 

their energy management system should be used for now and in the near future. The catego-

ries are examined from the energy management system’s point of view, meaning that 

whether the energy management system should add value on a certain category or not. Some 

of the categories might be more important for the operation of the enterprise per se, but 

perhaps not relevant enough to be done through their energy management system.  

The categories were divided into 16 different energy management features. Interviewees 

chose whether a category is first, second or third priority for their energy management needs. 

First priority meaning almost mandatory category to have in energy management system, 

second priority meaning it would be good to have in energy management system, and third 

priority meaning not necessary to have in energy management system. The categories are 

presented below: 

• Energy supply optimization 

• Energy security 

• Energy monitoring and documentation 

• Forecasting energy demand and use 

• Securing the energy price 

• Locating savings potential 
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• Optimizing energy use 

• Improving in energy efficiency 

• Open and fast communication between systems 

• Improving data security 

• Fulfilling the requirements for official and regulatory standards 

• Reducing CO2-emissions 

• Energy storing 

• Utilizing digitalization 

• Environmental responsibility and reporting 

• Something else?   

After the interviews, the categories that received the average score of 1-1,3 priority are 

marked light green, the score of 1,4-1,6 marked dark green, the score of 1.7-2 marked yellow, 

the score of 2.1-2.4 marked orange and 2.5-3 marked red in the table 6 below.  

Table 6: Energy management needs according to the interviewees 

Energy supply           

optimization 

Energy security Energy monitoring and 

documentation  

Forecasting energy   

demand and use 

Securing the energy 

price 

Locating savings       

potential 

Optimizing energy use Improving in             

energy efficiency 

Open and fast         

communication         

between systems 

Improving data          

security 

Fulfilling the require-

ments for official and 

regulatory standards 

Reducing                

CO2-emissions 

Energy storing Utilizing digitalization Environmental respon-

sibility and reporting 

Something else? 

 

Priority 1 from the something else category included: 

• Realtime electricity trade 

• Automatic energy meter readings 

• Good information for all employees in the mill 

• Surveillance of powerplant operations 
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Energy management needs varied between different process industry companies. However, 

according to the interviewees the most important things that should be done with an energy 

management system are securing the energy price, forecasting energy demand and use and 

optimizing energy use.  

Securing the energy price is important as the price can fluctuate a lot and an energy manage-

ment system can be the right product to do the securing. Tools in an energy management 

system can enable efficient operations in the electricity market. The process industry com-

panies use a lot of energy in their plants and factories in manufacturing and in energy gen-

eration, so it’s vital that their energy management system can help them to be on top of the 

energy demand and its use by forecasting the projected energy requirements. Constantly in-

creasing amount of available data is one of the driving forces why interviewees might require 

optimization of their energy use to be done with an energy management system. That can 

result in great energy savings allocated into significant financial benefits.  

Features that interviewees said that would be quite irrelevant to have in an energy manage-

ment system would be energy storing and reducing CO2-emissions. Energy storing wasn’t 

that necessary for the interviewees as for now. If there were proper energy storing opportu-

nities and more attractive business opportunities in the market such as cost-efficient large 

batteries, the interest for storing energy might enhance. As for now, most of the interviewees 

said that energy storing isn’t that necessary for their operations. Reducing CO2-emissions 

was an important factor for the interviewees, at least in a strategic level. The main way to 

reduce it is through fuel selection and different power plant processes, instead of through an 

energy management system. That’s why most interviewees said that reducing CO2-emissions 

is quite irrelevant primal feature to have in an energy management system. Of course, if 

energy efficiency increases and an energy management system is able to produce energy 

savings, it reduces CO2-emissions secondarily.   

4.2 Feedback for the energy management systems 

After the energy management needs were targeted for each interviewee, they were asked to 

evaluate their current energy management system and give feedback to it according to their 

experience and understanding. In this section the interviewees have evaluated how their en-

ergy management system responses to their energy management needs, what kind of main 
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uses and benefits the system has for them, what kind of things they have noticed operation-

ally and finally, they have commented on user experience and the development ideas for 

their system. An energy management system, EMS, that is mentioned by the interviewees, 

refers to an energy management system that they have in their plants or factories.  

4.2.1 Main uses and benefits for the systems 

Interviewees were asked what their EMS is mainly used for. They had different EMS prod-

ucts and variety of uses for them, but the most important uses for their systems according to 

them are collected below: 

• Operational monitoring in a power plant 

• Reporting on energy use, procurement and distribution (For example: Fuel, emis-

sions, electricity, heat) 

• Monitoring energy consumption throughout the plant at a very detailed level 

• Electricity trading in spot and midterm markets 

• Production balance management 

• Optimizing production and consumption 

• Handling of different alarms in production 

• Optimization of energy supply and use as a whole 

• Balance clearing 

• Data collection from automation system for operation instructions 

• Generating monthly reports, computing and billing sheets 

Some of the interviewees said that their EMS is an essential system that oversees the plant’s 

operations. Through it the system key figures are presented, and proper reporting is done for 

all required parties. For some EMS is also a helpful tool for electricity trading. Production 

balance management is done hourly in Finland and every quarter of an hour in Germany. 

The role of an EMS is essential for production balancing, especially if the timeframe for it 

narrows down even further. Optimization of energy supply and use as a whole requires quite 

advanced EMS. Some of the interviewees had systems that had operational optimizing tools 

that could result in great energy savings through optimizing their energy demand and use 

and locating their savings potential.  
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Energy management systems have generally great benefits for the process industry actors. 

Depending on an EMS, the benefits and the size of required investment may vary, but there 

were some evident benefits that the interviewees mentioned that had been the main drivers 

for their investment in the first place. They included for instance: 

1. Overseeing the plant’s operations 

2. Reporting of energy use to all parties 

3. Abiding with the regulatory standards 

4. Optimization of energy supply and use 

5. Tools for electricity trading 

Most interviewees have had their system for several years and even for few decades, and 

they have usually upgraded it every 5 to 10 years. Usually during an upgrade, there have 

been new features or uses that the interviewees have realized together with their supplier. 

The roles of the systems also vary within the interviewees. For some, their EMS is one of 

the many other systems adding only a marginal impact to the whole operation of the plant. 

For some it’s a critical and central system that has a major impact to the whole plant’s oper-

ation and revenue.  

4.2.2 Response to the energy management needs 

The interviewees evaluated how their energy management system answers to their energy 

management needs according to their experience and understanding. Evaluation was done 

by presenting the same 16 energy management categories that were presented in the section 

4.1. Interviewees were asked to assess how well their energy management system answered 

to their needs for each category from 1 to 3, 1 meaning answer to the need very well, 2 

meaning answer to the need partly and 3 meaning doesn’t answer to the need at all.  

After the interviews were conducted, the categories that received the average score of 1-1,3 

are marked light green, the score of 1,4-1,6 marked dark green, the score of 1.7-2 marked 

yellow, the score of 2.1-2.4 marked orange and 2.5-3 marked red in the table 7 below. 
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Table 7: Average score how well energy management systems have answered to customer needs 

Energy supply           

optimization 

Energy security Energy monitoring and 

documentation  

Forecasting energy   

demand and use 

Securing the energy 

price 

Locating savings       

potential 

Optimizing energy use Improving in             

energy efficiency 

Open and fast         

communication         

between systems 

Improving data          

security 

Fulfilling the require-

ments for official and 

regulatory standards 

Reducing                

CO2-emissions 

Energy storing Utilizing digitalization Environmental respon-

sibility and reporting 

Something else? 

 

In general, interviewees were very satisfied with how their energy management system helps 

them to be environmentally responsible through reporting their energy usage. It also helped 

them in electricity trade and in securing the energy price. Optimizing energy use and im-

proving in energy efficiency was also usually achieved at least partly with the system. Inter-

viewees were extremely happy with how flexible their system is with its connectivity with 

other systems in the factories.  

On the other hand, there were quite a lot of requirements for the energy management systems 

of the interviewees that didn’t meet their requirements properly for now. Energy storing 

wasn’t really a relevant need for the interviewees, but they still felt that if it were, their 

system wouldn’t be that helpful with it. On top of that, energy supply optimization, energy 

security, forecasting energy demand and use and reducing CO2-emissions didn’t get very 

good ratings. The interviewees generally felt that there should be more tools for energy sup-

ply optimization in their systems. Energy security is probably the most important need for 

every interviewee, but their energy management system wouldn’t add too much value for it, 

since it’s usually managed elsewhere. Forecasting energy demand and use could be one of 

the most important features that any EMS has, but there were only few interviewees who felt 

that their system would be very good with it. Some interviewees were also hoping more 

modern tools for their energy management systems and better user-friendliness. 
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4.2.3 Operational observations 

To get a better understanding on the scores of the table 5, the interviewees gave brief com-

ments on why they chose certain scores for their energy management systems. Comments 

are quoted directly as they were said or translated from Finnish to English. Interviewees had 

valuable input on what they think are great benefits in their energy management system, or 

what could be done better with it.  

Getting familiar with an EMS can take some time, orientation and a lot of learning. When 

one gets used to the system, there are a lot of different things that can be done with it. One 

of the interviewees said: “As you learn to use our EMS, you can really get information on 

all the variables and you can easily do simple reports and graphs that can be helpful in 

energy management.” Other person continued adding: “We can make a lot of things in one 

system, without having to integrate many systems together. We chose this EMS partly be-

cause it has a relatively open environment through which we can do a lot of things by our-

selves. Whenever there has been a need to be solved, we have been able to build a solution 

with the system.” 

Many of the interviewees used their system in electricity trade in electricity markets. Some 

of them were really satisfied about the tools their system has for procurement and for elec-

tricity markets. One of the interviewees said: “Forecasting energy demand and use optimi-

zation has good tools on the procurement side.” Other interviewee had good experiences 

about the securing energy price, and he said: “Securing the energy price works well on the 

spot and intra-day markets through our system.”  

Many of the interviewees thought that the energy use monitoring and documenting is a very 

important feature to have in an energy management system. There was someone who felt 

that the features their EMS has are essential for their plant energy monitoring and document-

ing. He mentioned: “This energy management system is essential for energy use document-

ing and monitoring. Through this system it’s possible to abide by the energy efficiency stand-

ards.” Other interviewee said that their system can be used even further to locate savings 

potential and to direct operators to the right operating area: “Locating savings potential 

works through the system. Through this system we can find the wasting points and can direct 

our operators to the right operating area.”  
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When the interviewees were asked about their system’s clarity, reliability and connectivity, 

one person said that: “Our system is clear and has very good graphs and interfaces. It also 

has logical selection tree. On top of that the reliability is one of its strong traits and it is 

extremely important to us.” It was also stated that: “This energy management system has 

integrated to our other systems throughout history very well and all the integrations are in 

good condition.”  

The price of the system was also discussed and usually it seemed that the price for an energy 

management system was decent compared to the benefits it brings to the plant’s operations. 

One interviewee mentioned about the price the following: “The price quality ratio in our 

energy management system is quite good and it’s tailor-made for our energy management. 

There are complete helpful blocks, such as electricity procurement. Time series database 

works also well for our purposes.” 

The interviewees were also able to present their concerns and weaknesses they’ve found 

from their systems. The weaknesses varied from data archiving to reporting and to monitor-

ing tools. Some of the issues are just making their work little slower, but some have greater 

impact on the plant operations if not properly addressed.   

A couple of the interviewees really appreciate their EMS, but they mentioned that there are 

sometimes difficulties to keep the system content up to date: “Our system is very versatile, 

and it answers to our energy management needs very well. You can add almost anything to 

this system and the potential for it is excellent. You should also maintain and develop the 

content within the system since it isn’t always up to date. Partly it is also our fault due to 

limited resources.” Other interviewee continued by saying the following: “The system is 

quite good in energy supply and energy optimization, but the problem is that the reports 

aren’t necessarily up to date. Their maintenance is a bit challenging and it could be much 

simpler. We may not be able to use these system reports in some cases, because they are 

quite complex.”  

Data archiving was one of the concerns some of the interviewees had about their EMS. They 

thought that it could be managed better in a way that authorities require. One of the inter-

viewees said: “Data archiving could be managed better. There should be certain durations 

for billing data to remain unchanged according to the requirements of authorities. There 
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should also be easy to find tools to help with regulatory standards.” Other person said that 

data archiving shouldn’t be left for the user so heavily and he stated: “Proper file archiving 

has been left to the user’s responsibility. There are just custom tables for archiving data and 

individual variables that can’t be changed later.” 

In energy management systems, calculations can be quite complex for the user. They should 

be more straightforward. One interviewee said about their system the following: “In our 

system the direct access to the computation level is not that straight forward. The traceability 

of the results is poor and it’s a big thing for us.” 

4.2.4 User experience 

User experience and the level of it is one of the first things EMS users notice in their systems. 

People are used to very user-friendly and logical user interfaces in the products they use in 

their daily lives such as mobile phones, banking services etc.. Same expectations are often 

transferred to industrial world, although the reality might not always be there yet. According 

to one of the interviewees, user experience in industry related products almost always comes 

behind of the consumer used products. 

There are some system users that are used to and comfortable with the user interfaces that 

have been same for years. They know how to operate the system after they have orientated 

for it for years and there’s no need for change as long as it works like before. It always 

requires extra work to adapt to changes, and often it’s more convenient to stick to familiar 

way of doing things. Most of the system users however demand and expect that their systems 

are easy to use, and they should be developed constantly. For them it’s essential that systems 

support the latest technologies and are easily adapted for the new employees that are using 

the systems. In that case, it’s vital that the systems are effective in delivering the key infor-

mation for the user and self-explanatory to use. 

Many of the interviewees wished that their energy management system would be easier to 

use. The core people around the EMS knew what to do with the system, but for newcomers, 

familiarizing with the system is a difficult and time demanding task. The most common 

target for critique in energy management systems was often their user-friendliness. Some 

interviewees were dissatisfied with the user interface and wanted to be able to manage sys-

tems more efficiently. Some interviewees felt that their systems user interface could be much 
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easier to use and that it should be more logical. One of them said: “The user interface could 

be more logical. In a way you shouldn’t have to know everything you can do, but you could 

learn by simply playing with the user interface.”  

Energy management systems are often complex and include myriad of tools for reporting 

and optimizing. Interviewees generally benefited for the added value the tools bring, but 

some of them were just way too difficult to use and require far too extensive training, instead 

of being self-explanatory to use. One interviewee said: “Energy optimization tool in the sys-

tem has very complex balance structures including all types of equations, that require couple 

days of training to understand what you can do with it.”  

The interviewees were very pleased about how their EMS communicates with other systems. 

Often, it’s manageable to modify or tailor systems to work with almost any other system 

used in the plant or factory. However, some of the interviewees said that it’s not enough that 

systems communicate with each other. It’s a vital thing that they do, but equally or even 

more vital is that the systems improve the communication between people. Generally, the 

interviewees said that one of the most important features any EMS has, is that it would pre-

sent key information in a way that it’s easily understandable and the most relevant for dif-

ferent system users. One of the interviewees said: “At the factory site, our energy manage-

ment system communicates fairly well with our other systems. However, we should be able 

to use the system in a way that it would improve the communication between people as well. 

User interfaces should always guide and not mislead to uncertainty, which can happen if the 

information is distributed too complexly.” 

4.2.5 Opportunities to be utilized in energy management systems  

The interviewees pointed out a lot of specific functionalities and features that they would 

want to have in their EMS-product. Some of the things that are missing are tools that can 

help and optimize the daily use of the system, and some of them are things that are essential 

to have in future systems.  

Some interviewees emphasized that, it’s important that their EMS supports the latest tech-

nologies in the market. That would help them to work efficiently, take full advantage of 

system benefits and abide by all regulatory standards. Utilizing of digitalization and benefit-

ing from almost unlimited data are interests many system users have. Analyzing tools and 
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automatic processes to exploit data are important for energy savings and increasing of 

lifespan of different machinery and systems. Some interviewees said specifically that their 

EMS needs to support well known tools such as Microsoft’s Power BI and OPC UA to make 

their energy management more convenient. Web-based data query from the database will be 

important for the future as well. One of the interviewees mentioned: “Our new system update 

includes OPC UA, which is a great step ahead. I have seen in many instances that you could 

also have web-based data query from the database. That could be a nice feature to have in 

the future in our system as well.”  

Data archiving has become more important than ever as the amount of available data have 

multiplied. In Finland, Fingrid is developing a Datahub service that will speed up, simplify 

and improve processes for every market party in electricity information exchange (Fingrid 

2019). One interviewee said that it’s essential that their EMS is compatible with services 

like Datahub. He said about Datahub the following: “Fingrid is working on a datahub, a 

database that stores electricity consumption figures for billing information for example. Eve-

ryone, who operates on electricity market needs to join that soon. Datahub would also solve 

some of the problems we have with data archiving.”  

For the future marketing and sales of energy management systems, many interviewees em-

phasized how important it is that the product is packaged well. It needs to have all the essen-

tial elements and required features for a production critical product. To attract the investors 

and customers, energy management systems need to have proper marketing materials and 

self-explanatory user interface. They need to be easily integrated for factory level with func-

tional meter reading and optimizing tools. Also, a 24/7 product support would be important 

to have for ensuring maximal uptimes.   
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5 DISCUSSION 

This chapter focuses on analyzing the interview results and their relation to the literature-

based analysis. In this chapter the results are reviewed in a perspective of energy manage-

ment systems, and further discussed how they should be positioned on an evolving energy 

market according to the literature-based analysis and interviewees’ feedback. This chapter 

presents discussion about the growing demand for energy management systems and their 

development. This chapter discusses also about how the interview results reflect to the in-

ternational energy and climate targets. 

5.1 Growing demand for energy management systems 

Energy management systems are important products and the demand for them in process 

industry will almost inevitably grow. Thus, not only grow, but their features and intelligence 

also have a great potential to be developed further. The interviews conducted in this thesis 

assured that energy management is vital for any industrial company and that energy man-

agement systems are the products and solutions that are the key for achieving proper energy 

management.  

Another thing that has become clear through literacy-based analysis and empirical study 

through this thesis is that energy management is connected to myriad of different aspects in 

an enterprise level that need to be assessed. For a proper energy management, which is ef-

fective and international target complying, it’s not adequate to have a technically great sys-

tem. On top of the technical side of energy management systems, organizational aspects 

need to check out properly as well. Energy consumption has to be transparent, energy sup-

ply needs to be secured and strategic level targets have to meet operational targets and vice 

versa.  

There are economical aspects of energy management that need to be taken into considera-

tion as well. Reducing energy costs to an effective minimum is not often an easy task. Cost 

allocation might also be demanding since the system savings aren’t always that easy to 

point out. On top of this, ecological and social aspects of energy management play also 

significant roles in functional energy management. It’s hard to put a price tag on environ-
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ment, even though it’s consumed in many places on a daily-basis with rather costly conse-

quences. Thus, strategically ambitious plans to combat climate change could be some of 

the greatest drivers to increase greater investments in energy management systems, as their 

direction tends to help increasing energy efficiency and managing environmental impacts 

of power plants and factories. 

As the amount of available data has increased greatly, energy management systems enable 

the proper and efficient use of it. That is another key why the demand for the energy man-

agement systems is increasing rapidly in process industry. According to ARC, a data-

driven approach to energy management is recommended as it is both the most objective 

and repeatable. Acquired data provides more visibility into the amount of energy that is 

consumed, enables trending, and identifies specific energy hogs. New low-cost wireless 

and internet-connected sensors could also lower the cost of obtaining previously stranded 

energy management related data. Energy and asset performance management are inextrica-

bly linked as improvement efforts in one area to have a direct impact on the other. Gener-

ally, a smoothly operating process that increases asset availability is a more energy-effi-

cient process (ARC Advisory Group 2019). 

5.2 Energy management system development 

One of the main purposes for energy management systems is to improve energy efficiency. 

When an energy management system is considered as a major tool for improving energy 

efficiency, there also needs to be a financial incentive in place. In order to attract investors, 

an energy management system should be proven to provide financial benefits for the buyer. 

The financial benefits can be demonstrated for instance by calculating annual energy savings 

through energy consumption optimization actions or by improving energy supply acquisition 

and managing its distribution more effectively. 

Energy management systems must also abide by legal requirements. Governmental impact 

and incentives have often been in a key role of promoting or demoting of certain technologies 

and their development. For instance, feed-in tariffs for wind energy have been enabling or 

at least largely promoting their rapid development and popularity throughout the latest years. 

Similarly, by having mandatory requirements for energy monitoring and improving of en-
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ergy efficiency, energy management systems could be favored by the governmental direc-

tives and incentives. Even though there aren’t major financial tariffs or punishments for en-

ergy management systems, at least for now, the pressure for more energy efficient operations 

help industry actors realize the importance of proper energy management systems. Some of 

the interviewees said that it’s important that their energy management systems abide by the 

legal requirements already for now so that when there will be more pressure from the gov-

ernment, all the necessary requirements will check out.   

Energy management systems are also important for the strategic reasons and for the image 

improvement of a company. According to some of the interviewees, energy management 

systems are often aimed to bring long-term savings and it’s essential that their strategical 

value is evaluated as well as their return of investment. Also, as most of the international 

and national energy and climate targets are reviewed in long-term, energy management sys-

tems could be great tools that could bring anticipated long-term results, many of which are 

already seen in different industrial companies.  

The image improvement could be surprisingly important factor for the new investments for 

energy management systems. In the times when the greener appearance is better and the 

environment could be one measurement of prosperity, everything that can help achieving 

collective goals for mutual benefits, are needed. Moreover, an energy management system 

can be rather small investment for a major industry actor, still adding a lot of value for un-

derstanding of one’s supply and consumption patterns and reporting them to all required 

parties. This would also result in having better means to act upon the gathered information 

and making better data-driven decisions.  

As mentioned before, energy management systems are great tools to be used for instance 

for overseeing plant’s operations, reporting of energy use, abiding with regulatory stand-

ards, optimizing energy supply and use and providing tools for electricity trading and doc-

umentation etc.. However, there are some major stumbling blocks that the energy manage-

ment might face. One of the concerns the interviewees expressed was the insufficient com-

munication between different departments. Systems are used to increase the knowledge be-

tween people, but if there’s not proper collaboration, the system potential is not reached. 
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It’s essential that energy management systems inform the relevant information in a way 

that everyone can understand it and make proper use of the presented information.  

Other issue for the energy management system development might be the diverse energy 

management needs and targets different industry actors have. For that reason, it’s common 

that EMS-products are custom made for a specific industry customer. Many system suppliers 

have standard product packages, but usually the product is modified according to diverse 

expectations and target needs of different enterprises that need to be fulfilled with the system. 

That is often a good thing as the exact needs and desired outcomes can be responded, but it 

has its downsides as well. When a big share of a system is custom-made only for one cus-

tomer, the supplier often tends to develop that side of the system based on the feedback from 

that particular customer and in that case the cost is allocated only to them. If a system was 

packaged similarly to several customers, it would be easier to divide the costs accordingly. 

According to the interviewees, the most important tasks for energy management systems are 

to secure the energy price, optimize energy use and forecast energy demand and use. Other 

features they need to have for instance are: Energy monitoring and documentation, locating 

savings potential, open and fast communication between systems, improving data security, 

fulfilling the requirements for official and regulatory standards, and environmental respon-

sibility and reporting. Industry actors have realized at least the part of the potential their 

systems could and should have, so it’s also up to system suppliers to deliver certain level of 

added value and improvements to those systems. As for energy management systems, the 

interviewees value systems that enhance the information sharing between people, self-ex-

planatory user interfaces, proper reporting and optimizing tools, constantly developing con-

tent within, and supporting of new technology. 

It’s not an easy task to offer and maintain an EMS that satisfies every need people have in 

the market. The demand for the system evolves based on the new possibilities and opportu-

nities that emerge within the market. However, if the users collaborate with their system 

developer regularly, there is a better chance that they are able to respond to the next steps in 

the market properly. It’s a constant ongoing development in an ongoing pursuit to save en-

ergy even one kilowatt-hour at a time.   
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5.3 Results compared to international targets 

Strategically, energy management systems are vital and almost necessary to have in any 

enterprise that operates in process industry. Demand for energy and its use is rather high in 

manufacturing and in energy generation, so an investment in an EMS will most likely pay 

off rather sooner than later. Figure 13 presents a simple strategy of how an EMS investment 

could play out for investors below. 

 

Figure 13. Cost development through energy management system according to German Federal Ministry for 

the Environment, Nature Conservation and Nuclear Safety (BMU 2012, 19). 

 

For instance, a rising energy consumption in a plant can lead to a desire to invest in an energy 

management system. Strategically EMS could decrease energy costs through simple energy-

saving measures, which enables reasonable investments for buying energy-efficient machin-

ery. As seen from the figure 14, this can bring the cost further down as there are additional 

energy savings available. Throughout the time span of 3 years, saving energy becomes part 

of the company structure. In this presentation in figure 13, the costs for energy came down 

25 % in 3 years. This would not only mean that the environmental impact would reduce 
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significantly, but also that the cashflow for the enterprise could potentially multiply, depend-

ing on the sales margin they had for their energy or production before. 

In an operational level and in practice, the investment could pay out like presented in figure 

13, but according to some industry experts discussed during this thesis, it’s not always nor 

even that often that simple. As mentioned before, energy management systems are often the 

secondary products that are seen to add value after the other aspects of production and pro-

cesses (E.g. Uptime and safety) are properly addressed. In fact, implementing of an EMS 

could often improve those aspects as well, but due to its complex and multidisciplinary na-

ture, it can also be seen as a risk factor. As long as an EMS is a secondary product in a plant 

level, it’s not likely that projected cost savings could be achieved through simple energy-

saving measures with an EMS. It’s easier to monitor, report and forecast energy demand and 

use, than to have concrete energy savings through an EMS investment. To optimize energy 

use and enhance energy efficiency through an EMS, it requires a system that is well inte-

grated to all other systems in a plant level and a system that has advanced analytics to execute 

required saving measures. These energy management systems are the systems that really 

take the energy efficiency and energy savings in a power plant to the next level.  

Learnings from the interviews indicated at least to some degree that there was a distinct gap 

between the strategic level objectives and the operational level objectives for the energy 

management systems. It could sometimes be the case, that strategic visions are more opti-

mistic than the operational results so that the strategic visions could better attract investors. 

That would make sense, as after the finance would be acquired, the actual promised results 

could be delivered as the investments allow the greater emphasis on the estimated results. 

Interviewees that were working on an operational level, generally realized the current system 

limitations better and were more critical for the benefits that can be achieved through their 

energy management systems, evaluating more the current actual execution of things with the 

system. Interviewees who made decisions on a strategic level were usually more focused on 

a longer timeframe and estimated the benefits and requirements for their energy management 

systems differently and in longer-term. 

A similar gap between strategic objectives and operational execution can also be seen in a 

regulatory level. Some of the targets and estimations that European Commission has as-

sessed, do not always find their way to the operational level for a single industry actor, at 
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least not for everyone. There are many things and moving parts going around in operations 

that can bypass directives that are ambitious in nature and quite light in penalties. It seems 

that strategical targets reach operational level easier when something is mandatory to do or 

financially beneficial. There are many new targets and directives emerging at certain inter-

vals, and it’s up to member countries and their enterprises to prioritize which are the most 

important directives to act upon right away and to consider what is their capabilities to abide 

by them.  

According to some feedback from the interviewees, the collective targets are viewed as very 

important and necessary things to have, as they direct the work and efforts to the right direc-

tion. However, in the end of the day, there are many new strategical targets that won’t nec-

essarily find their way to a desk of an operative worker, as long as there aren’t adequate risk 

and reward included in them.  

The general impression from the interviews is that the operations of industrial enterprises 

are going to a right direction all the time in terms of their sustainable production and in-

creased efficiency. There has been impressive development in different processes in facto-

ries, especially through new technologies, more competitive markets and increased available 

information. Also, energy management has been one of the fields that has improved in recent 

years significantly and more profitable opportunities for it has emerged.  

The changes that occur throughout industries are happening for the better, but there’s some 

concern that they are not necessarily happening by the rate that the international targets and 

the mitigation of climate change would require. One thing is certain though, the evolution of 

energy markets has brought countless opportunities, such as matching the demand and sup-

ply of energy more competitively and increase in more energy efficient products, through 

which industry actors have been able to improve their operations for the better. This has 

brought everyone one a step closer to reaching the necessary and the collective targets.  

Based on the literary-based analysis and the empirical study conducted during this thesis, it 

seems that the energy management systems continue to play a vital role in a constantly 

evolving energy markets, and probably with even more significant role than before. It’s nec-

essary that the system suppliers can offer products that fulfill their customer needs and are 

aligned with the international and national targets. It’s also up to the customers to maximize 
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the potential of their energy management systems and ensure that their company has enough 

resources for it. Through that their energy management systems can be integrated to the 

whole plant level so that they can have a great influence in the monitoring, planning and 

optimizing of the whole energy supply and consumption of the plant. That should improve 

the processes in a way that it would produce more cost and energy savings, which would 

increase the cashflows of the enterprises and decrease the unnecessary emissions they re-

lease.     
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6 CONCLUSIONS 

The aim for this thesis was to study how energy market evolves in Europe and investigate 

what kind of influence it has on energy management. Through market research and empirical 

study, some common characteristics were found for the energy management systems that are 

in demand according to the market needs and interviewee feedback. During this thesis, the 

outlook for energy management systems and their need were compared to the international 

targets that also promote the demand for energy management systems. The work was fo-

cused on European energy market in process industry.  

The European energy market has been evolving significantly in recent years. Increased use 

of renewable energy has brought more non-dispatchable form of energy generation to the 

market. That has led to more difficult matching of energy demand and supply as the availa-

bility of it largely depends on weather conditions. That has increased the demand for flexible 

systems that can optimize the supply of energy and cover inevitable energy price fluctua-

tions. Furthermore, the amount of available data has increased rapidly opening some chal-

lenges in processing all available data and opportunities in leveraging it for significant ben-

efits. Gathering more useful data in a plant level, can help enterprises to gain more holistic 

views of their processes and operations so that addressing potential development areas and 

issues could be more effective. All of this has increased and will most likely continue to 

increase the demand for energy management systems even further. Through an energy man-

agement system, it’s possible to optimize energy supply and use as well as collect and exploit 

data for data-driven decision making. That makes energy management systems being almost 

necessities in energy-intensive enterprises today.  

Enterprises in process industry have increased expectations for their energy management 

systems. They can be used for many purposes and according to the market needs and inter-

viewee feedback, some of the important features and uses for energy management systems 

include for instance: Overseeing the plant’s operations, optimization of energy supply and 

use, reporting energy use, abiding with regulatory standards and electricity trading. Key 

thing with energy management systems would be that they allow organizations to gather 

information real-time and to do data-driven decisions based on the performance of their op-

erations, which could lead to significant cost savings and environmental benefits.  
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The European Union has several Energy and Climate targets that help nations to mitigate the 

effects of the climate change and collectively fight it. The aim for the targets is to increase 

the use of renewable energy, cut greenhouse gas emissions and improve energy efficiency. 

The purpose for the targets is to ensure sustainable world and reduce global warming to 2 

degrees Celsius and even push further to 1.5 degrees Celsius. The common goals have 

launched myriad of events around Europe, which have included for instance massive in-

crease in renewables, reducing coal fired energy production and expanding electric transpor-

tation. While the new investments have been massive and there have been huge improve-

ments in technology and in public reception for change, the ambitious targets may still be 

quite difficult to be achieved collectively, at least for some. Some member states seem to 

have put more effort in achieving the targets than others, which makes it hard to set collective 

targets that are achievable for all. If the commitments for achieving the targets are moderate, 

then the measures that take place operatively could be also quite moderate compared to the 

measures they could potentially be. Furthermore, even if the commitments for achieving the 

collective goals are high, it doesn’t guarantee that all necessary measures reach operational 

level in a required timeframe.  

Energy management systems have and could have, a great role in achieving the collective 

international targets as their main benefits include for instance increasing energy efficiency 

and potentially reduce greenhouse gas emissions. They are systems that are strategically seen 

as necessities to have in today’s factories, but operationally their significance can vary a lot, 

depending on an industrial actor or enterprise and on how they have been implemented in a 

factory. For some, energy management systems are core systems in their plant that optimize 

energy supply and use, and for some they only add value in monitoring the plant operations 

or help reporting energy consumption. The variation in energy management measures and 

commitment to it could indicate, that in some cases there is a gap between the strategical 

targets of achieving energy and climate targets and operational execution of the optimizing 

measures.  

In order to meet energy and climate targets that probably every party would like to achieve, 

the gap between strategical decisions and operational execution of improving measures 

should be narrowed. It has been narrowed throughout the years for instance through different 

directives and agreements that have had concrete proposals on how to improve operations in 
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a sustainable way. Despite of the great improvements, it still seems that there should be more 

to be done to narrow the gap even further. Incentives in energy efficiency or energy man-

agement could play some role in that, as incentives have for instance played a significant 

role in triggering the increase of wind energy in the past. Also, accountability in improving 

measures in national and enterprise level could help bringing international targets closer to 

the operational level. Making achieving targets more profitable for enterprises would help a 

lot, but it could be difficult to set optimal incentives and penalties, without interfering too 

much with the competitive market.  

Energy management systems aren’t the only means to help with achieving energy and cli-

mate targets, but they certainly have a major role in the task. Through them, the progress can 

be monitored real-time, reported to correct parties and the saving measures can be executed 

even automatically. Energy efficient factories and plants need monitoring, optimizing and 

collaboration efforts today more than ever, due to the constantly evolving market and in-

creasing focus on the mitigation of climate change. Energy management systems are now in 

the market to do all that, and if properly invested in, they’ll have a remarkable role in com-

bating the climate change and in improving the cashflows of the process industry companies. 
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