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In the energy transition path, novel business models for smart energy grids and demand re-
sponse are arising in the Finnish energy sector. Knowing this novel industry's current state and 
advancement is vital to anticipate and utilize the energy transition and its development process. 
Hence, the study aims to describe novel business models for demand response and investigate 
various business models' ability to generate positive cash flow using demand response in smart 
energy grids.  

The research aim is addressed through the theoretical framework of business models studies 
and its recent association with smart energy grids and demand response, aggregation in espe-
cial. Methodologically the study adopts the approach of techno-economic analysis through 
NPV scenarios and real option valuation. The research data bases on a case study and historical 
power market price data. The analysis presents novel business models and evaluates the feasi-
bility of a residential demand response control unit. 

Business models related to demand response have been developed for every actor in the energy 
sector. In addition, start-ups and companies from adjacent industries have also noticed the op-
portunities offered by the energy revolution. Since the study examined the residential demand 
response, the business model chosen for the research was trading customers flexibility for the 
reserve and balancing power markets. The study found that in the FCR-N and mFRR markets, 
Aggregator can achieve returns by utilising the adjustment capacity of residential customers. 
The FCR-N market became significantly more profitable than the mFRR market. However, the 
returns from the markets were not sufficient to make the demand response control unit feasible. 

Although the results indicate that the investment is not feasible, it does provide a first instance 
and a viable calculation method. At the same time, the two-year period is a reasonably short 
time in feasibility calculation. Yet, the appliance generated a positive cash flow based on the 
return estimates. Thus, with a longer study period, the device could be feasible in terms of 
NPV or real option value. 
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Energiamurroksessa syntyy uusia älykkäiden sähköverkkojen ja kysyntäjouston liiketoiminta-
malleja Suomen energiasektorilla. Energiasektorin tämänhetkisen tilan ja kehityksen tuntemi-
nen on välttämätöntä voidakseen ennakoida ja hyödyntää energiamuutosta ja sen kehityspro-
sessia. Siksi tutkimuksen tarkoituksena on kuvata kysyntäjouston uusia liiketoimintamalleja ja 
tutkia näiden erilaisten liiketoimintamallien kykyä tuottaa positiivista kassavirtaa hyödyntä-
mällä kysyntäjoustoa älykkäissä sähköverkoissa.  

Tutkimuksen tavoitetta lähestytään liiketoimintamalli tutkimukseen ja sen tuoreeseen yhdistä-
misen älykkäisiin sähköverkkoihin ja kysyntäjoustoon, erityisesti aggregaatioon. Metodologi-
sesti tutkimuksessa omaksutaan teknotaloudellisen analyysi NPV-skenaarioiden ja reaali opti-
oiden arvioinnin avulla. Tutkimustiedot perustuvat tapaustutkimukseen ja historialliseen säh-
kön markkinahintatietoon. Analyysissä tunnistetaan uudet liiketoimintamallit ja arvioidaan ko-
titalouksien kysyntäjouston ohjausyksikön toteutettavuus. 

Jokaiselle energia-alan toimijalle on kehitetty kysyntäjoustoon liittyviä liiketoimintamalleja. 
Lisäksi start-upit ja viereisten teollisuudenalojen yritykset ovat myös huomanneet energiamur-
roksen tarjoamat mahdollisuudet. Tutkimukseen valittu liiketoimintamalli oli asiakkaiden jous-
tavuuden kauppaaminen reservi- ja säätösähkömarkkinoille. Tutkimuksessa todettiin, että FCR-
N- ja mFRR-markkinoilla aggregaattori voi saavuttaa tuottoa hyödyntämällä kotitalouksien 
sähkökuormia. FCR-N markkina tuli merkittävästi kannattavammaksi kuin mFRR markkina. 
Markkinoiden tuotot eivät kuitenkaan olleet riittäviä, jotta kysynnänohjauksen yksikkö olisi 
taloudellisesti kannattava. 

Vaikka tulokset osoittavat, että sijoitus ei ole taloudellisesti kannattava, se tarjoaa kuitenkin 
esimerkin ja toteuttamiskelpoisen laskentamenetelmän. Samanaikaisesti kahden vuoden jakso 
on kohtuullisen lyhyt aika investoinnin kannattavuuden laskennassa. Silti laite tuotti positiivi-
sen kassavirran tuottoarvioiden perusteella. Näin ollen pidemmällä tutkimusjaksolla laite voisi 
olla kannattava nettonykyarvon tai reaalioption osalta. 
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1. INTRODUCTION 
 

Smart energy grid integrates information and communication technologies into the existing en-

ergy grid so that a bidirectional flow of information and energy can take place between energy 

producers and consumers. This study investigates various business models' ability to generate 

cash flow using demand response in smart energy grids. Quantitative cash flow modelling in a 

market environment with high uncertainties is used as a method. The study is limited to focus-

ing only on the prospective energy markets for demand response regarding economic viability 

and suitability for utilization. A profitability simulation is performed, in which the case study 

is examined using electricity market data in the simulation between 1.1.2019-31.12.2020. 

The emergence of smart grids is driven by various factors, including environmental issues and 

similar policies that support renewable energy sources, security of supply concerns, including 

self-sufficiency, efforts to increase system efficiency, deregulation and significant technologi-

cal developments. Therefore, especially at the level of distribution networks, electricity systems 

need to cope with the growing proliferation of decentralised and fluctuating generation. 

(Niesten and Alkemade, 2016; Ringler, Keles and Fichtner, 2016; Shomali and Pinkse, 2016) 

Despite the fact that many of the investments related to the smart grid are technically feasible, 

they are large, and it is still unclear how the electricity industry is able to fund these large 

investments. To this day, smart grid technologies are not associated with new business models 

on a large scale. However, smart grids will provide business opportunities for all electricity 

production, distribution, and consumption value chain participants. For instance, demand re-

sponse (DR), demand-side management (DSM) and electricity loads are regarded with signifi-

cant prominence. (Rodríguez-Molina et al., 2014; Niesten and Alkemade, 2016) 

 

1.1. Research background 
 

European Union has set clear climate and energy objectives for the future. The 2030 climate 

and energy framework target is at least 40% cut in greenhouse gas emissions from 1990 levels 

with sub-goals of 32% share for renewable energy and 32.5% improvement in energy efficiency 

(European Commission, 2021a). Furthermore, in July 2021, the European Commission will 

propose to further cut greenhouse gas emissions by at least 55% by 2030, which sets Europe on 
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a responsible path to becoming climate neutral by 2050 (European Commission, 2021b). Fin-

land has even more ambitious targets, as the goal of Sanna Marin's government program is for 

Finland to be carbon-neutral by 2035 and the first fossil-free welfare society (TEM, 2019).  

In a world that needs to decarbonise, decoupling of emissions from power generation is criti-

cally important. Power generation accounts for around 40% of energy-related CO2 emissions 

and more than a quarter of global greenhouse gas emissions. According to IEA's (2020) global 

electricity demand forecast, the demand for electricity recovers and surpasses pre-Covid-19 

levels by 2021 and continue to grow globally yet most prominently in the developing regions. 

The driver for electricity demand growth is the electrification of mobility and heat; further, in 

developing countries, the rising ownership of household appliances and air conditioners in con-

cert with increasing consumption of goods and services. The decarbonisation of the energy 

system will require remarkable changes in many sectors, which can be collectively referred to 

as the energy transition. (IEA, 2019, 2020)  

Beyond decarbonisation, the electricity system is formed on values of security of supply and 

affordable prices of electricity. For the grid to function, the balance between consumption and 

production must be maintained equal at all times (Honkapuro et al., 2020). Also, long-term 

power adequacy must be ensured. A few clear trends have emerged as a solution to these chal-

lenges: improvements in power plant efficiency in many regions, a shift away from fossil fuels, 

and greater penetration of low-carbon energy sources among major electricity producers (IEA, 

2019). Since power generation has shifted from fossil fuels to renewable energy, a larger share 

of production becomes weather dependent. Wind power needs windy weather, solar power re-

quires sun rays, and hydropower utilises water flow. Simultaneously the traditional and reliable 

power generation disappears from the energy mix, which forms a more significant challenge on 

the energy supply and demand equilibrium (Ruggiero et al., 2020).   

Smart energy grids drive the energy transition from the current energy distribution network 

towards a more sustainable and efficient one. It is an effective system that combines efficient 

energy consumption with trailblazing technologies related to renewable energies (Rodríguez-

Molina et al., 2014). Smart energy grids allow the energy companies to transform their business 

models to capture the reformed pools of value (Mazur et al., 2019). For companies in the energy 

industry to stay competitive in the future, they need to shift from being a commodity provider 

towards being a smart electricity service provider (Paukstadt et al., 2019). Therefore, business 

models should not be understood as a financial proposal or a profit model but as a framework 

for understanding, evaluating and comparing how companies create, produce and capture value 
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(Osterwalder and Pigneur, 2010). In fact, Baden-Fuller and Haefliger (2013) state that business 

models function as a mediator between technological innovation and economic value creation.  

While many smart energy grid technologies are already established, traditional utilities have 

witnessed difficulties innovating their business models (Shomali and Pinkse, 2016). For in-

stance, energy utilities mainly focus on providing energy while overlooking the value in cus-

tomer-centred, smart energy solutions. Shomali and Pinkse (2016) indicate that the pivotal 

question is whether existing electricity companies can benefit from smart grids thanks to the 

improved efficiency of the electricity grid or stand to lose due to a decline in electricity demand 

through customer empowerment and energy saving. However, energy transition does not only 

affect energy retailers but, more broadly, all stakeholders. For instance, Niesten and Alkemade 

(2016) observed three types of smart grid services gain ground: vehicle-to-grid and grid-to-

vehicle services, demand response services, and services to integrate renewable energy. This 

development has opened up opportunities for technology start-ups and companies from adjacent 

industries and incumbent energy companies to utilise disruptive technology and innovate avant-

garde products and services (Ruggiero et al., 2021).  

Demand response refers to the change in end-user's electricity load from their standard or cur-

rent consumption patterns in response to market signals (European Parliament, 2019). These 

include time-variable electricity prices or incentive payments, or the acceptance of the final 

customer’s bid to sell demand reduction or increase at a price in an organised market. As 

weather-dependent generation becomes more common, DR can be used to balance fluctuations 

in electricity generation by supporting the integration of renewable energy sources into the 

electricity system (O׳Connell et al., 2014). Experts from the Finnish energy sector anticipate 

that the energy transition would open up the export potential for Finnish DR solutions both in 

the Nordic countries and in Europe more broadly (Ahonen and Honkapuro, 2017). These DR 

solutions provide business opportunities for traditional power system operators, technology 

suppliers, and ICT companies (Annala et al., 2019).  

Even Finland's national transmission system operator Fingrid has continuously developed its 

modus operandi and, in co-operation with companies, has enabled demand response pilots. 

These pilots have been carried out with companies of all sizes. In contrast, Fingrid has reduced 

regulatory barriers, particularly by easing the participation of smaller players and non-balance 

responsible parties, such as independent aggregators. (Fingrid, 2018a) Nevertheless, there are 

still uncertainties in the market regarding the aggregation, particularly on the role of independ-

ent aggregators and imbalance settlements. Despite the barriers, novel business models for DR 
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and aggregation are emerging in the Finnish power markets. (Ahonen and Honkapuro, 2017; 

Annala et al., 2019) 

 

1.2. Research objectives 
 

The study aims to describe the business models of demand response enabled by the smart grid 

and observe their ability to generate cash flow demonstrated with the case example. Therefore, 

the research questions are: 

1. What kind of novel business models for demand response is emerging in the Finnish 

energy sector? 

2. How can demand response generate cash flow in reserve and balancing power markets, 

and is it economically feasible to invest in can an appliance that enables demand re-

sponse for individual households? 

The thesis provides an illustration of demand response business models in the context of smart 

grids and techno-economic analysis on the feasibility of such appliance. Hence, the thesis con-

tributes to the discussion about the development of a business model in a smart grid environ-

ment and, further, on their ability to generate positive cash flow. The research themes of this 

study are presented in Figure 1 as a Venn diagram. In addition, the thesis offers an exciting 

insight into the development of business models from an individual-centred view to ecosystem 

thinking and on the calculation of the feasibility of investments in the presence of high uncer-

tainties. 
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Figure 1. Venn diagram of the research themes of this study 

 

1.3. Structure of the thesis 
 

The structure of this research is following. First, the next chapter will go through the theoretical 

framework of smart grid business models. It describes both technical and economic aspects of 

smart grids at the present moment and the ongoing changes in the operating business environ-

ment. Further, smart grid and especially demand response related business models are reviewed. 

Chapter three illustrates the state of the electricity market in Finland and its suitability for de-

mand response. The data used for the study are also presented in the third chapter. Chapter four 

establishes a methodology to evaluate the feasibility of demand response appliance. Chapter 

five summarizes the results of the feasibility calculations and provides the implications of the 

results on the feasibility of the demand response appliance. The last chapter will summarize, 

discuss the topic and propose future research themes. 

  

Smart energy grids

Techno-
economic 
analysis 

Business 
models
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2. SMART GRID BUSINESS MODELS 
 

2.1. Basics of smart grids 
 

In the 21st century, the electricity industry has been evolving towards a new normal as renewa-

ble energy seizes immense proportions of electricity production, consumers are becoming more 

energy-efficient and electric vehicles are seen as an everyday choice for transport (Henly et al., 

2018). While these aforementioned changes positively affect the environment and reduce CO2 

emissions, they will also reduce the reliability of the electricity network as the peaks and valleys 

of electricity consumption broadens. It also means that balancing supply and demand is becom-

ing a more significant challenge (Ruggiero et al., 2020). As a solution to ineffectiveness, the 

industry has started to implement smart energy grids. Grids that use the existing networks inte-

grate information and communication technologies to enable a bilateral flow of information and 

electricity between producers and end-users. (Niesten and Alkemade, 2016) 

Various smart grid appliances, such as smart meters and cutting-edge metering infrastructures, 

have been developed and gradually implemented. Although the investments related to the smart 

grid are technically feasible, they are substantial in terms of money. Thus, it remains unclear 

how the electricity industry will finance these investments. New business models on a large 

scale have not been associated with smart grid technologies to date. Therefore, businesses need 

to develop new services that use smart grids, and they need to create value for consumers and 

make a profit for themselves with these services. The whole transition to smart grids will not 

happen if these businesses cannot create value for consumers and themselves. (Niesten and 

Alkemade, 2016) 

As smart electric grids are seen as a promising technological change to their earlier counterparts, 

it will affect the producers and consumers of electricity. Smart grids provide business opportu-

nities for all participants in the electricity generation, distribution and consumption value chain. 

(Rodríguez-Molina et al., 2014) 
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The reformed value chain for electricity production, distribution and consumption with a self-

producing consumer are presented in Figure 2 in the same way as the authors Rodríguez-Molina 

et al. (2014) introduced it. The transmission system operator (TSO) provides the power grid 

infrastructure to transmit the energy, and distributed system operator (DSO) handles end-user 

connectivity to the power grid. In the smart grid situation, where the generation of energy is 

multipolar and consumers become prosumers, the energy and information flows will become 

bidirectional. Prosumer is a portmanteau of the words provider and consumer (Toffler, 1980). 

This diversification will create the need for flexibility in the distribution network and amend 

participants' traditional roles. Aggregator/retailer controls the low voltage power and is 

responsible for the purchase and sale of electricity. The last participant, end-user/prosumer, is 

the one whose role has changed the most in the value chain. It is not only the consumer of 

electricity, but it can also be the producer with, e.g. solar power and wind energy. In Figure 2, 

the households use distributed generation (DG) of energy with distributed energy resources 

(DER) as the solar panels in the rooftops to offer their excess loads to the electric power 

distribution system. Paukstadt et al. (2019) further mentioned that the smart energy value chain 

is about to transform into a smart energy value network as the bidirectional information flows 

between energy resources and actors increases.  

 

The current power grid model needs few alterations to become the smart grid illustrated earlier. 

It needs new hardware (metering, distributed generation and network infrastructures) and soft-

ware (big data, ICT) elements that will generate new services, solutions, markets and jobs. As 

a result, business models suitable for smart grids are becoming increasingly important. 

(Rodríguez-Molina et al., 2014) 

 

 

Figure 2. Value chain of electricity operational environment with self-producing consumer (Rodríguez-Molina et al., 2014) 
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2.2. Demand-side management 
 

As mentioned earlier, the changes from the regular power grid to the smart grid introduce the 

need to better serve the volatile demand by either increasing supply or keeping demand bounded 

to the supply (Yan et al., 2018). The latter implies actions connected to demand-side manage-

ment, which are solutions against high demand peaks and grid congestions (Barbero et al., 

2020). Congestion in the distribution grid refers to a situation in which the power imported from 

or sent to the grid exceeds the transfer capability of the grid (Okur, Heijnen and Lukszo, 2021). 

Enormous power plants are currently in charge of grid balancing, although they tend to be un-

reliable. Therefore, demand-side flexibility provided by the end-users is pivotal in building a 

more reliable and flexible energy system and advancing the transition to renewable sources 

(Ruggiero et al., 2020).  

The opening of the electricity markets has further evolved demand-side management into two 

branches, energy efficiency (EE) and demand response (Behrangrad, 2015). EE refers to a set 

of measures designed to eliminate the loads' energy losses or replace existing load with more 

efficient ones (Akbari-Dibavar, Farahmand-Zahed and Mohammadi-Ivatloo, 2020).  Demand 

response is described by Siano (2014) as for changes in end-user electricity consumption from 

their standard consumption patterns in response to changes in electricity prices or incentive 

payments. It is designed to reduce electricity consumption during high market prices or when 

system reliability is compromised.  

Nordic Council of Ministers (2017) distinguished demand-side flexibility with three options. In 

Figure 3, the options are presented as reduced baseload demand, load shifting and load shed-

ding. The basis of the load curve is a typical day in the nordic country. In the morning and 

afternoon, the demand is higher, and a peak arises. Further, the load is lower mid-day, and the 

load is lowest during the night. On a cold day, the whole load curve moves upwards, and the 

peaks often become more remarkable. To adequately meet the peak loads of the frigid days, the 

flexibility of the demand side is crucial as it is expensive and redundant to build generation or 

transmission capacity. These options reduce a total load of electricity from a specific time, alt-

hough the load shifting option does not reduce the total consumption but instead shifts it to 

another time. Load shifting and shedding are only temporary changes in electricity demand, 
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while reducing baseload has a permanent effect, as the name implies. (Nordic Council of 

Ministers, 2017) 

 

Reducing baseload demand is more of an effort related to energy efficiency than demand re-

sponse. Behrangrad (2015) defined energy efficiency as reducing the energy needed to allocate 

services and products. The other two options, load shifting and load shedding, are part of de-

mand response actions. Load shifting relates to shifting consumption from one time to another. 

Extant literature points that heating and air-conditioning along with household appliances are 

shiftable without significant loss of comfort. 

On the other hand, load shedding focuses on reducing power demand during peak hours without 

subsequent compensation. The use of alternatives, e.g., fossil fuel and biofuels or disconnection 

of loads, are the only feasible measures. Demand response in this option relates to the last ac-

tion, as loads in the manufacturing industry and office buildings outside office hours are ex-

ploitable. (Behrangrad, 2015; Nordic Council of Ministers, 2017)  

 

2.2.1. Types of demand response 

 

Demand response can be divided into two categories based on the customers' incentive to par-

ticipate. In explicit DR (also referred to as incentive-based), the end-user is paid to change their 

consumption patterns upon request, which is then sold in the energy markets. In implicit DR 

(also referred to as price-based), the end-user is exposed to a price signal, e.g., dynamic retail 

or network tariff, and can save on their energy bills by reacting to them. In both of these cate-

gories, DR can be fulfilled through many unique forms, as presented in Table 1. (Barbero et al., 

2020; Ruggiero et al., 2020)  

Reducing base load demand Load shifting Load shedding 

Figure 3. Demand-side flexibility options (Nordic Council of Ministers, 2017) 
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Table 1. The forms of DR based on customers incentive to participate 

Forms of demand response 

Explicit demand response pro-

grams 

Direct load control 

Emergency response program 

Capacity market program 

Interruptible/curtailable service 

Demand bidding/buyback 

Ancillary services 

Implicit demand response pro-

grams 

time-of-use pricing 

critical peak pricing 

real-time pricing 

 

In explicit demand response, direct load control and emergency response programs are discre-

tionary programs. Participants will not be penalised if they did not adjust their energy consump-

tion as requested. In the direct load program, the participant gives the operator permission to 

remotely control the participants' attached appliances to meet demand and reliability difficulties 

(Nojavan and Zare, 2020). Customers can usually bypass external control, although they may 

lose their incentive (Parrish, Gross and Heptonstall, 2019). The emergency response program 

offers incentives in return for voluntary load reduction during uncertain events. Capacity market 

program and interruptible/curtailable service are compulsory programs, and committed partic-

ipants will be penalised by agreement if they did not adjust their energy consumption accord-

ingly, if necessary. In the capacity market program, load reduction is predetermined according 

to the agreement with the other party. Participant promise to reduce their consumption to that 

predetermined value when asked for (Nojavan and Zare, 2020). The interruptible/curtailable 

program resembles the emergency response program, except it is compulsory. Finally, demand 

bidding/buyback and ancillary services market programs are market mechanisms for balancing 

energy supply and demand based on the determination of the market-clearing price. In the de-

mand bidding/buyback program, large energy consumption parties can negotiate the price for 

load reduction. The ancillary service market uses the negotiated load reduction with corre-

sponding prices as the reserve energy for the electric grid. (Yan et al., 2018) 
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The implicit demand response includes the time-of-use pricing program, critical peak pricing 

program, and real-time pricing program. In the time-of-use pricing program, load consumption 

is determined by the energy tariff for each period. One day can be divided into three periods, 

off-peak, mid-peak and on-peak hours, based on the load consumption rate (Nojavan and Zare, 

2020). Pricing usually stays the same during each season, and the new price schemes are pro-

posed annually to cover the operating costs and long-term investments of the utility companies. 

The critical peak pricing program is an event-driven program that seeks to influence electricity 

consumption during certain operating or market conditions by high electricity prices as control 

signals (Parrish, Gross and Heptonstall, 2019). Critical peak pricing is designed to be used dur-

ing cold winter seasons or warm summer periods for a limited time when the system is severely 

constrained. In these circumstances, participants can receive incentives either by reducing peak 

consumption or by shifting energy consumption outside peak hours to protect system reliability. 

This program is limited to times that the system reliability is at severe risk, i.e., for a few days 

in a year (Nojavan and Zare, 2020). In the real-time pricing program, the price of electricity 

constantly fluctuates according to wholesale market prices. These prices can change each hour 

of the day or more frequently (Parrish, Gross and Heptonstall, 2019). These dynamic electricity 

prices are available to the public an hour or sometimes one day in advance. (Yan et al., 2018) 

 

2.2.2. Demand aggregators 

 

While demand response is a cost-effective way to reduce peak demand, manage risk and relia-

bility, reduce CO2 emissions and lower energy costs, the industrial and residential sectors have 

different perspectives on this issue. The primary goal for the industrial sector is to maximise 

profits. As electricity consumption is a substantial part of the production costs and DR can 

lower the cost of electricity, the industry sector can implement demand response procedures 

rather quickly. However, the residential sector is not as eager to adopt a demand response as 

the industry since the focus of the residential sector is on raising the level of comfort. While 

everyone wants to save money on their electricity bills, most of the residential sector does not 

accept sacrificing comfort in exchange for financial incentives, especially when the savings are 

minimal. (Yan et al., 2018) 

As the capacity of residential customers is typically insufficient to participate in the electricity 

markets, aggregators act as intermediaries between the customer and the market to provide the 
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composed flexibility to meet the demand. In other words, to use the small-scale flexibility of a 

single household in a large-scale market, the residential flexibility is needed to combine with 

the help of an aggregator. Bruninx, Pandžić, Cadre and Delarue (2020) defined the interactions 

and objectives between the aggregator, market operator and demand response providers. These 

interdependencies are shown in Figure 4. In this case, each DR provider minimises its energy 

costs to the extent that he participates in DR. The aggregator maximises its profits, and the 

market operator maximises social welfare while ensuring that the electricity demand is met.  

However, the major challenge that load control in the residential sector faces is the rebound or 

the payback effect. This phenomenon arises after a load control event and mimics the peak 

power when loads in residential buildings are restored back to regular operation. The payback 

effect can have a significant impact, and in the worst case, the benefits of load control can be 

cancelled entirely. (Belonogova, 2018) 

 

2.3.  Business models in the smart grid context  
 

A business model (BM) is designed to be a concept that everybody understands, one that facil-

itates description and discussion. Everyone should be on the same page and talk about the same 

thing. Osterwalder and Pigneur (2010) declared that the biggest challenge is to form a BM 

concept that can take into account the complexity of a business without oversimplifying it while 

simultaneously being simple, relevant and intuitively understandable. Teece (2010) described 

BM as an institution's way of delivering value to customers, entitling customers to pay for the 
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AGGREGATOR 

Profit maximisation 

DR PROVIDER 

Energy cost minimisation 

MARKET CLEARING 

Social welfare maximisation 

Figure 4. Demand response operating model with aggregator (Bruninx et al., 2020) 



 13 

value and converting those payments into profit. It forms the foundation under which a firm 

creates, delivers and captures value.  

Shomali and Pinkse (2016) adopted the tridimensional BM framework from Teece (2010) and 

implemented it in the smart grid context, as shown in Figure 5. It comprises three components: 

value creation, value delivery and value capture. Value creation is figuring what customers 

want and whether the firm can deliver a valid proposition to address the need. It is also the 

decision of how to manage customer relationships. The second component, value delivery, is 

deciding on how the firm delivers value to its customers. It starts with assessing the resources 

and capabilities needed for the value proposition and estimating whether they are developed 

internally or sourced externally. Value network composition refers to how a firm arranges the 

value chain, analyses which assets are needed to complement its own assets and organises the 

relations with external stakeholders. Value capture is the financial backbone of the business 

model how the value proposition leads to revenue streams and affects the cost structure. 

Undeniably, there are interrelations between the components. A new way of creating value will 

require changes in value delivery and capture. (Shomali and Pinkse, 2016) 

 

Rodríguez-Molina et al. (2014) used a business model canvas, firstly defined by Osterwalder 

and Pigneur (2010), as it provides a reliable and consistent framework that has been extensively 

tested and applied in the studies regarding smart grids and energy management. The elements 

of their business model canvas are illustrated in Figure 6. Osterwalder and Pigneur (2010) be-

lieve a business model can best be described with nine basic building blocks that show the logic 

of how a company intends to make money. These nine blocks include the main areas of a busi-

ness: customers, offer, infrastructure, and financial viability. These building blocks are:  

Value creation 

Value capture 

 

Value delivery 

 Value proposition 

Customer relationships 

Resources & capabilities 

Value network composition 

Revenue streams 

Cost structure 

Figure 5. Tridimensional BM framework for smart grid context (Shomali and Pinkse, 2016) 
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- Key partners refer to the network of external stakeholders supporting the business 

model implementation  

- Key activities comprise the activities related to offering and delivering the elements 

- Key resources indicate the assets needed to offer and deliver the elements 

- Value proposition refers to the specific products and services deemed to create value 

for the customer segment  

- Relationship indicates the way on how customer segments are established and 

maintained  

- Channels refer to the firm's means of communication with its customer segments  

- Customer segments imply the organisations or individuals the firm aims to offer its 

services  

- Cost structure refers to the costs resulting from the operation of the business model  

- Revenue stream indicates the revenues a firm can generate from each customer segment  

 

Cost structure Revenue stream 
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ture 
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Figure 6. BM canvas altered to smart grid context (Rodríguez-Molina et al., 2014) 
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The business model canvas comprises many of the same elements as Shomali and Pinkse's 

(2016) framework. However, they further evolved the concept as they defined two elements in 

their business model canvas, common and specific. The common elements are included in all 

smart grids, and the others are specific to each one. However, Paukstadt et al. (2019) state that 

the business model canvas is a suitable tool for analysing individual business models, but it 

cannot compare multiple business models simultaneously. (Paukstadt et al., 2019) 

Rodríguez-Molina et al. (2020) reviewed earlier studies regarding the implementation of smart 

grids and concluded that the presented business models lacked solutions to few common 

challenges. First of all, the smart grid businesses are in their early stages, even though the 

technology is present and even used in some cases. However, the equipment manufacturers and 

vendors cannot make the solutions visible, and smart grids have a low to no impact. Smart grids 

are constantly mistaken for the advanced metering infrastructure, the enabling hardware for 

smart grids. Secondly, there is an issue with the lack of interconnectivity of the devices. As the 

final system is most likely to incorporate various devices from different vendors, it is not clear 

how easily they will interact with each other. There are several different standards for ICT and 

power, but they are not unified. Lastly, the well-established companies, e.g. DSOs and TSOs, 

might try to exclude or deny the entrance of new companies to the electricity market. Although, 

the EU and some countries are promoting legislation changes to prevent that from happening 

(Nordic Council of Ministers, 2017).  

Considering the changes in energy markets, Rodríguez-Molina et al. (2020) presented new 

prosumer-oriented business models deliberately made for the smart grid. They created specific 

business models for four bi-directional relationships between the prosumer and the other actors. 

These business models are defined as energy service company prosumer-oriented business 

model, virtual power plant (VPP) prosumer-oriented business model, aggregator/retailer 

prosumer-oriented business model and distributed system operator prosumer-oriented business 

model.  

 

2.4.  Smart energy systems and ecosystem thinking  
 

Smart energy system incorporates a system of physical and computational elements through a 

various sensor and actuator networks integrated into a physical power grid infrastructure. Thus, 

a smart energy system is considered a broader concept than a smart grid. A smart grid is an 
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intelligent electricity grid enhanced by information and communication technologies that can 

integrate renewable energy sources by automatically coordinating unstable energy production 

and demand. Therefore, a smart grid is part of an overall smart energy system that refers to a 

wide range of energy, not just electricity. (Paukstadt et al., 2019) 

Paukstadt et al. (2019) combined smart energy with business model concept and came up with 

a definition to smart energy business models: IoT-based energy industry business models which 

depend on smart energy products (e.g. smart meters, smart thermostats, smart lights) and make 

extensive use of this data-driven digital technologies to create and capture value, thus providing 

customers with improved or new customised energy-related values.  

The majority of the extant literature on business model frameworks in the smart energy sector 

remains focused on the company level. Nevertheless, the competitive landscape of modern 

business has become a vastly networked economic environment, which is further emphasised 

by digitalised industries, as digital platforms empower collaboration among businesses. 

Hellström, Tsvetkova, Gustafsson and Wikström (2015) mentioned in this regard that if a 

company seeks to make radical system innovations, it must move innovation activities from the 

products or processes it controls to the larger systems they belong. The conceptualisations and 

frameworks of firm-centric business models are not suitable for analysing the interdependence 

of growth and success of firms evolving in such an interlaced context (Iivari et al., 2016). Con-

sequently, ecosystems and business models connected to ecosystems are gaining more interest 

in the scientific community. Moore (1996) described the concept of a business ecosystem as an 

economic community of interacting organisations and individuals that produce goods and ser-

vices to create value for customers and users. Iivari et al. (2016) further characterise ecosystems 

as highly complex, interdependent, cooperative, competitive and convolutional. (Moore, 1996; 

Hellström et al., 2015; Xu, Ahokangas and Reuter, 2018)  

An innovative business model must emphasise links with the business models of other actors 

rather than focusing purely on internal factors such as offering or organisation. As a solution, 

Hellström et al. (2015) developed the boundary-spanning business model framework, which is 

presented in Figure 7. Collaboration mechanisms should be an additional component in busi-

ness models, and they must be considered in the design of business models just like value driv-

ers. The interdependence should be conceptualised in terms of the relationships between the 

business models of ecosystem members and not in technological connections. The actual value 

of collaboration mechanisms is the enabling BM design that allows the inherent transition in 

business ecosystems, renewing the current BMs of the other actors in the ecosystem and not 
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solely the focal company that leads the transition process of the ecosystem. Therefore, the focal 

or integrator company needs to develop a business understanding that covers most of the overall 

ecosystem and focuses on all the stakeholders' value creation.  

Change in the paradigm from single companies to entire business ecosystems with collaborating 

companies force the former analyses of value creation and capture to become obsolete. Thus, 

Xu et al. (2018) suggest using the ecosystemic business model in the smart grid context. It 

enables the use of five types of value: economic, environmental, reliability, energy security 

and consumer engagement and interaction. Their study implemented a 4C framework consist-

ing of four essential business models presented in Table 2. Each BM has independent value 

propositions and revenue streams: connection, content, context, and commerce. In the 4C 

framework, the upper layers are enabled through the businesses on the lower layers in an ICT 

ecosystem.  

Table 2. 4C business model framework for business ecosystems (Xu, Ahokangas and Reuter, 2018) 

 

 

 

 

 

 

 

 

Layer Description 

Commerce Service providers offer all stakeholders an appli-

cation or marketplace for trading alternative 
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ers would want or need. 

Connection Service providers offer connectivity solutions to 

one or several networks. 

Current busi-

ness model 

Current busi-

ness model 

 

Current busi-

ness model 

 

Renewed busi-

ness model 

 

Renewed busi-

ness model 

 

Boundary-span-

ning business 

model 

Focal firm 

Company A 

Company B 

Company A 

Focal firm 

Company B 

Collaboration 
mechanism 

Figure 7. Boundary-spanning BM framework (Hellström et al., 2015) 
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The value propositions in these layers are the value of connection, the value of content, the 

value of context and the value of commerce. The value embedded in each value proposition can 

be achieved in individual, multiple and combinations of layers.  (Xu, Ahokangas and Reuter, 

2018) 

Connection is the base layer in the 4C framework. The functions for connection businesses in 

smart grids are to build and manage network infrastructure. Typically, it is managed by distri-

bution system operators to create value of reliability and security through economies of scale. 

In the second layer, content, the prime focus is balancing energy supply and network con-

straints. For example, the layer can include product-based companies that offer batteries to res-

idential customers or product-service hybrid companies that provide solar panels as a complete 

package service with installation and maintenance. Context is the third layer, and as the name 

suggests, the contextual value is created and captured in this layer. The role of context busi-

nesses in a smart grid environment is to provide flexibility with cooperative activities among 

the ecosystem actors. Hence, the services provided are usually related to efficiency and flexi-

bility, such as energy aggregator. It is a feasible business model that optimises energy consump-

tion by pooling consumer loads and providing customers energy management tools such as 

energy monitoring, peak control and demand response. Data has been identified as an enabler 

in the context layer. Companies have been collecting so-called 'big data' to track usage patterns 

and gain accurate knowledge of customer needs and preferences. In the highest layer, com-

merce, the recent pattern of open energy trading platforms appearing in energy markets has 

grown. Prosumers are permitted the opportunity to trade green energy to end-users directly. 

However, regulatory restrictions still limit the actual operation of open energy trading plat-

forms. (Xu, Ahokangas and Reuter, 2018)  

Table 3 presents the earlier identified five value categories with the four 4C ecosystemic layers 

in a smart grid environment. The lattice summarises characteristics of the different business 

models related to the corresponding value category. For instance, a context layer associated 

business model energy aggregator provides a reliability value as it uses consumer loads to stem 

the demand and supply equilibrium. Paukstadt et al. (2019) stated in this context that smart 

energy business models could be created for different levels of smart product architecture. How-

ever, end-user products and services are often created in value networks consisting of physical 

product manufacturers, sensor providers, cloud service providers, IoT platform operators, and 

data analytics providers.   
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Table 3. Value categories compared against 4C ecosystemic layers (Xu, Ahokangas and Reuter, 2018) 
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Xu et al. (2018) concluded that the 4C ecosystemic framework enabled them to map and ana-

lyse energy business model cases and derive four new electricity as a service (EaaS) business 

model types. The first one is a "Connection as a Service", and it only needs the connection layer 

of the 4C framework. It vastly resembles the infrastructure of a Service (IaaS) business typol-

ogy as it is also characterised by the principle of enabling outsourcing of the operations of 

infrastructure to third parties. Therefore, the shared network access (SNA) business model in-

centivises incumbent DSOs to allow independent third parties access to the network assets and 

operations by leasing its excess capacity. Incumbent DSOs still hold ownership of the assets, 

yet the spare capacity is now open for competition. The new DSOs can broaden service offer-

ings and create more value without owning a physical energy distribution network, making 

them a "Connection as a Service" provider of universal accessibility. 

The following two business models, Supply as a Service and Data as a Service, resembles the 

Platform as a Service (PaaS) business typology and can be further categorised into content and 
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context layers. The "Supply as a Service" businesses focus on forming physical platforms on 

the existing energy network to ease the energy supply. It combines the grid infrastructure main-

tained by DSOs with an energy supply infrastructure to create and capture value. For instance, 

demand aggregators and energy storage operators are "Supply as a Service" businesses. The 

other type of business model is developed based on software and data platforms instead of 

physical ones. Smart meters capture a massive amount of data and enable the creation of context 

services. With the establishment of an open platform with "Data as a Service", the development 

of new applications and services for smart energy are expected to enable energy ecosystem 

actors to create and capture new value. 

The last business model that Xu et al. (2018) discovered, "Energy Application as a Service", 

bears the resemblance of Software as a Service (SaaS) business model typology. It comprises 

content, context and commerce layers. One possible implementation of the above-mentioned 

business model is an open marketplace for renewable energy sources. Small generators and 

prosumers can trade their renewable energy directly with end-users. It is an e-commerce appli-

cation enabled by software that is created onto the physical- and software infrastructures. It is 

not an entity that does energy trading but instead embraces the prosumer to consumer energy 

exchange. Another emerging business model in the energy ecosystem categorised in the SaaS 

typology is Virtual Power Plant. It is a system that acts as a single power plant by integrating 

the control of energy resources such as distributed small renewable energy generation (e.g., 

photovoltaic system, fuel cells), and the energy storage system via the internet and managing 

their power demand as a whole (Kim et al., 2019). As VPPs are virtually aggregated, they are 

not bound to a local region (Paukstadt et al., 2019). VPP is an application in the context layer.  

Energy applications can also be found in the content layer. For instance, Helen's solar power 

plants project is a service business model. It allows a residential consumer or small business 

owners to rent a solar panel from a solar power plant and thus invest in solar power generation. 

While concurrently charging a monthly rental fee and crediting the production of the panel to 

the renter's electricity bill. Therefore, it is a shift from selling green energy to an offering of 

renewable energy services.  
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2.5. Business models for demand response 
 

Following the introduction of smart grids and the development of suitable business models, 

attention will shift to demand response. This section reviews specifically the demand response 

business models found in the literature. Literature was searched in the Scopus and IEEE Xplore 

databases with the keywords demand response business models, demand-side management 

business models and smart grids business models. The search brought up 194 documents in 

Scopus and 404 documents in the IEEE Xplore. Seven of these articles were taken for further 

review. 

According to Yan et al. (2018), DR can benefit utility companies, transmission and distribution 

system operators and end-users. Ruggiero, Kangas, Annala and Ohrling (2021) have divided 

the innovation path of demand response business models according to different types of enter-

prises in Finland. The first one is called the phoenix rise, as companies in that category have 

been mainly formed from the ashes of Nokia. A few engineers set up start-ups and became 

interested in the opportunity DR offered. These companies are all new and in the growth phase 

or start-ups. They have focused on the programming and opportunities offered by digitalization. 

Value creation takes place in collaboration with incumbent companies such as TSOs, DSOs and 

energy retailers. Phoenix rise firms want to collaborate as they want to benefit from the large 

customer base of incumbent companies. In the future, they intend to break away from cooper-

ation and form their own customer bases.  

The second BM development path is called the business model expansion. Companies in this 

category have added demand response to their service and technology offerings. These are small 

and medium-sized enterprises and large international companies whose core competencies lie 

in electricity, information technology, building automation, renewable energy and energy sup-

ply. They already have an established customer base to which they can offer their new offering, 

demand response. This transition has been driven by experience from adjacent markets to de-

mand response, long-term collaborations with energy companies and a desire to serve their 

customers better. Energy companies rely more on cooperation with these companies than the 

Phoenix rise companies, as they have had long-standing partnerships with the business model 

expansion firms.  (Ruggiero et al., 2021) 

The last BM innovation category is the incumbent catch-up. As the name suggests, these are 

incumbent energy companies that have recently developed business models for DR. This 
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development is based on the response to the Phoenix rise category business model development. 

These companies are willing to modify their business model to take account of changes in the 

energy market. However, this is not a general trend among Finnish energy companies, as only 

a few are active in demand response. These companies have a large customer base and good 

marketing channels but still have shortcomings in the know-how to aggregate dispersed loads. 

(Ruggiero et al., 2021) 

Hamwi, Lizarralde and Legardeur (2021) wanted to visualize the elements of demand response 

to better develop and analyse business models. Their BM canvas contains the same elements as 

the previously presented smart grid business model canvas, modified only to fit the demand 

response context. It is presented in Figure 8. The value creation subsection presented on a green 

base includes the flexibility product, flexibility market segment and service attributes. The 

value creation subsection presented on a yellow base includes DR resources, resource availa-

bility, flexibility mechanism and communication channels. The value capture subsection pre-

sented on a blue base integrates the cost structure and revenue streams. In the DR context, these 

building blocks are further explained as:  

- Flexibility product is the service that aggregator offers to different buyers 

- Flexibility market segment presents the various markets that the flexibility product can 

be offered 

- Service attributes refer to the factors affecting flexible products 

- DR resources express those load that can be used for demand elasticity 

- Resource availability shows how resources can be used 

- Flexibility mechanisms present how the DR is used in that BM 

- Communication channel shows how bidirectional communication and information ex-

change takes place between customers and the aggregator 

- Cost structure presents the cost regarded with the DR actions 

- Revenue streams show where the operations income forms 
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This demand response business model canvas presents the main DR aspects needed to generate 

economic value. This was created to allow users to explore a more holistic business model 

(Hamwi, Lizarralde and Legardeur, 2021). Possible business models for different actors in DR 

have been well described by Behrangrad (2015), who categorised business models related to 

demand response into five main segments based on a typical electricity market. The segments 

are system operation, generation, transmission/distribution, energy retailing and load. System 

operation refers to the stakeholder responsible for reliably operating the power system; the gen-

eration stakeholder generates the electricity; the transmission/distribution stakeholder main-

tains a secure and reliable transmission and distribution of electricity; energy retailing stake-

holder sells the electricity; load stakeholder is the energy-consuming party. Business models 

for DR based on Behrangrad (2015) are presented in Appendix 1. 

Behrangrad (2015) divided the BMs into subclasses. The system operation segment contains 

subclasses of system reliability enhancement, capacity provision, market efficiency enhance-

ment and hybrid models. In the first BM, system reliability enhancement, the demand aggrega-

tor would sell the ability to change its demand profile at the request of the system operator 

Cost structure Revenue stream 
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Figure 8. Demand response business model canvas (Hamwi, Lizarralde and Legardeur, 2021) 
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based on jointly agreed conditions and circumstances. The second BM refers to offering capac-

ity to the system operator, as its name implies. The offered capacity ensures that the system is 

adequately prepared for the peak hours and can therefore maintain the load-generation balance. 

Market efficiency enhancement BM entails that the demand aggregator offers its energy con-

sumption pattern and timing so that the system operator can benefit economically from this 

flexibility in more efficient operation/scheduling. Regarding the hybrid models, Behrangrad 

(2015) notes that it is difficult to draw rigid boundaries between different models, as DR actions 

can affect variable aspects, and system operators could further use DR for multiple purposes. 

This multidimensionality could create hybrid models as the system operator may wish to use it 

for several intensions. 

The generation segment is further divided into subclasses of reducing variable generation units 

(VGU) intermittency cost, generation-load balancing service and load shaping. The generation 

stakeholders may incur a financial disadvantage if the generation cannot be operated as sched-

uled. Thus, a DR operator makes energy storage or another DR resource to increase flexibility 

and utilise that flexibility to substitute the deviation of the VGU. In some energy markets, spe-

cific generation units may enter into contracts directly with loads, even if they do not have 

ownership of the transmission or distribution network. As they do not have the possibility of 

transmission, they should notify the anticipated injection and withdrawal from the transmission 

network in advance or face imbalance charges. Therefore, these companies could contact a DR 

provider to ensure that the injection-withdrawal balance is held, ergo generation-load balancing 

service. Load shaping BM implies that demand response is used as an enabler to create a desired 

demand curve for a generation stakeholder. (Behrangrad, 2015) 

According to Behrangrad (2015), the transmission/distribution segment is associated with just 

one BM, congestion management. Networks congestion at the limited peak times is alleviated 

through DR as it is proven to be a swift and effective solution for congestion mitigation. With 

the use of DR, expensive investments in network infrastructure can be omitted in part or whole.  

Energy retailing stakeholder is involved in three business model subclasses, procurement im-

provement, capacity management, and load shaping. In a shortfall in the energy supply, due to 

load forecast error or sudden change in load behaviour, an energy retailer might be forced to 

purchase the deficit from energy markets, e.g., spot market or balancing market. Further, these 

markets can be volatile with substantial price fluctuations. The DR provider can fill the opening 

with its ability to change its energy consumption when the retailer encounters a negative price 

mismatch or an energy supply shortfall. Behrangrad (2015) named this business model 
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procurement improvement. The second BM associates with the obligation of some markets that 

the retailers need to secure their system capacity based on their peak contribution. Thus, a re-

tailer in need of extra capacity should purchase it through bilateral contracts or market mecha-

nisms. Capacity management BM offers a retailer a way to reduce its peak contribution and 

capacity obligation for upcoming capacity procurement cases. The other way that this BM can 

help the retailer is to use DR to make sure that it will not cross its secured capacity to avoid 

override penalties. Load shaping is also a viable business model when associated with the en-

ergy retailing segment. The only difference is that the affiliate changes from system operator to 

retailer while the other variables remain constant.  

Demand response BMs can also be associated with load segment. The main goal of these mod-

els is to reduce end-user electricity costs or act as an aggregator and help the consumer sell their 

flexibility to the ideal DR purchaser. Behrangrad (2015) identified four peculiar business model 

subclasses, price based behavioural DR, grid cost reduction, incentive sharing for DR action, 

and grid independence support, related to the load stakeholder. The first BM subclass relates to 

providing dynamic electricity price signals to end-users to adjust their consumption accord-

ingly. The company associated with the BM can either offer infrastructure that allows behav-

ioural DM or provides a system and tools that enable the end-user to act on price signals. Grid 

cost reduction BM derives from the fact that an energy user not only pays for the consumed 

energy but also the transmission of energy in the distribution grid. By altering user's demand 

outside of the peak times, the user can reduce grid costs. The third subclass is related to a BM 

in which the end-user gives the right of using its flexibility to a DR aggregator in return for 

some incentive. The aggregator will then sell the end-users flexibility to a DR purchaser based 

on its judgement. The incentive received by the end-user is usually in the form of a fixed pay-

ment and not in the form of an incentive sharing. The last BM associated with the load segment 

relates to grid independence. The high grid and utility charges combined with affordable energy 

storage and on-premise generation resources, e.g., solar cells, could make some end-users strive 

for grid independence with standalone or semi-standalone systems. Also, grid access is not 

available to remote areas, and grid independence is the only workable option. A company could 

help the user achieve a balance between local production and load by providing the required 

control platforms, equipment, or balancing services. 

Burger and Luke (2017) formed three archetypes of demand response business models. Market-

based capacity and reserve DR, Utility-based capacity and reserve DR and Energy management 

system (EMS) providers. The companies of the first archetype offer customers EMS to manage 
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their energy consumption and potential production. In addition, DR companies facilitate cus-

tomer participation in the DR market through EMS. In the second archetype, the businesses sell 

DR products such as firm capacity, operating reserves and mitigation of network constraints 

directly to regulated utilities. The last archetype, EMS providers, focuses mainly on optimizing 

local energy use, taking into account energy prices and local needs.  

With regards to aggregation business models in Finland, Ohrling (2019) mention that three 

business model archetypes can be noticed. These are labelled as a balancing-responsible aggre-

gator, independent aggregator and sub-aggregator. The first includes business models that ag-

gregate electricity load to various electricity markets and are operated by balancing-responsible 

parties, mainly energy companies. In these business models, the revenue comes from bidding 

the aggregated loads to the TSO marketplaces. Aggregators with a balancing responsibility can 

access all electricity marketplaces, so they have more opportunities to capture value compared 

to independent aggregators. 

Independent aggregator archetype refers to business models where non-balance responsible 

company bid aggregated loads to marketplaces of electricity. The key resources for these busi-

ness models are based on hardware and software development. These business models are sim-

ilar to the phoenix rise category as these are also new companies collaborating with more es-

tablished companies to reach more customers. In independent aggregator business models, the 

revenue comes from bidding the aggregated loads to those TSO marketplaces that are also ac-

cessible for non-balance responsible parties. (Ohrling, 2019) 

The sub-aggregator archetype relates to business models where the company provides aggrega-

tion service but does not participate in electricity marketplaces as a bidding party. Therefore, 

these business models are more related to the provision of services to aggregators than to con-

sumers. This archetype can be divided into two distinct service types. The first type of sub-

aggregation service refers to aggregating some loads on behalf of another aggregator. Secondly, 

a sub-aggregator can provide the capacity to aggregate as a white-label service, providing the 

technical capability to aggregate for another firm. These business models derive their returns 

by providing other aggregators capacity to aggregate. (Ohrling, 2019) 

Okur, Heijnen and Lukszo (2021) identified five unique aggregator BMs. These are trading 

flexibility in a day-ahead market, trading flexibility in a day-ahead market, providing power 

reserves, balancing portfolio independently and managing congestion. In the first two business 

models, the aggregator controls the customer’s electricity consumption and offers this capacity 
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to these markets. In this case, the aggregator makes the return by utilizing energy arbitrage. In 

the providing power reserves business model, the aggregator provides power reserves to the 

transmission system operator to eliminate system imbalances in return for reservation and acti-

vation payments paid by the TSO. This is done in practice by making bids for customer loads 

to the FCR, aFRR or mFRR markets. In the fourth BM, balancing portfolio independently, the 

goal is to minimize the aggregator’s individual imbalance cost. This is done to prevent devia-

tions from aggregators own e-programme. These e-programmes show the net energy to be taken 

from or fed into the grid per programme time unit in a day based on electricity generation and 

demand forecasts. This business model is intended only for a balancing-responsible aggregator. 

The last business model is related to congestion management. In this BM, the aggregator seeks 

to help the electricity distribution grid to avoid congestion issues. Aggregator controls customer 

loads and operates them to peak shave. For instance, schedule consumers’ appliances and elec-

tric vehicles to minimize consumers’ cost and mitigate the peaks.  

Flexibility also brings new business opportunities to incumbents in the energy market, such as 

energy companies and DSOs, and encourages changes in their business models. Annala et al. 

(2019) found three business models for traditional stakeholders in the energy sector: third-party 

aggregation and energy management, retailer utilizing the flexibility of its customers and DSO 

utilizing flexibility. These BMs belong to the balancing-responsible aggregator archetype 

(Ohrling, 2019). Third-party aggregation and energy management refer to action where the ag-

gregator controls consumer loads and utilizes these loads in the ancillary markets. The second 

business model, retailer utilizing the flexibility of its customers, is identical to the balancing 

portfolio independently BM identified by Okur et al. (2021). The last BM identified, DSO uti-

lizing flexibility, refers to a situation where DSO design their network tariffs to incentivize 

flexibility. These can be, for instance, demand or power tariffs. A demand tariff comprises 

standard electricity supply and usage charges, as well as an additional fee called a demand 

charge. On the other hand, power tariffs means that the electricity is paid based on power and 

not on the amount consumed.  

In summary, DR business models have been developed for various stakeholders in the energy 

sector. A summary of the models is shown in Table 4.  
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Table 4. Summary of Demand response business models found in the literature 

Business model description Reference(s) 

System reliability enhancement Behrangrad (2015), Burger and Luke (2017), Annala et al. 

(2019), Hamwi et al. (2021), Okur, Heijnen and Lukszo 

(2021) 

Capacity provision Behrangrad (2015), Burger and Luke (2017), Annala et al. 

(2019), Hamwi et al. (2021), Okur, Heijnen and Lukszo 

(2021) 

Market efficiency enhancement Behrangrad (2015), Hamwi et al. (2021) 

Hybrid models Behrangrad (2015) 

Reducing variable generation unit’s intermittency cost Behrangrad (2015), Annala et al. (2019) 

Generation-load balancing service Behrangrad (2015), Annala et al. (2019), Okur, Heijnen and 

Lukszo (2021) 

Load shaping Behrangrad (2015), Burger and Luke (2017), Annala et al. 

(2019), Hamwi et al. (2021), Okur, Heijnen and Lukszo 

(2021) 

Congestion management Behrangrad (2015), Burger and Luke (2017), Annala et al. 

(2019), Hamwi et al. (2021), Okur, Heijnen and Lukszo 

(2021) 

Procurement improvement Behrangrad (2015), Annala et al. (2019), Hamwi et al. 

(2021), Okur, Heijnen and Lukszo (2021) 

Capacity management Behrangrad (2015), Burger and Luke (2017) 

Price based behavioral DR Behrangrad (2015), Burger and Luke (2017), Annala et al. 

(2019) 

Grid cost reduction Behrangrad (2015), Burger and Luke (2017) 

Incentive sharing for DR action Behrangrad (2015) 

Grid independence support Behrangrad (2015) 
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3. CASE: SÄHKÖKÄRPPÄ  
 

As a case study of smart grid business models, this thesis inspects the Sähkökärppä project. The 

project aims to enable the residential demand response by combining the device solution 

enabling demand response with the energy company’s system and piloting the residential 

demand response in 50 households. Sähkökärppä is funded by the European Regional 

Development Fund (ERDF) to develop renewable energy and energy-efficient solutions. This 

project is led by Kaakkois-Suomen Ammattikorkeakoulu Oy (XAMK, 2019).  

The results of Sähkökärppä results will be utilized to develop a flexible household solution to 

meet both the electricity seller and households and consumers. The project builds on the results 

of a related project, JouKo - a flexible household, which has developed a solution consisting of 

a physical appliance, cloud service and mobile software that enables the residential demand 

response. Sähkökärppä completes the solution developed in the previous project for consumer 

use, e.g., electrical safety and testing. In addition, new solutions for intelligent power-based 

control of electric car charging in housing associations will be developed, and the developed 

solutions will be piloted by organizing pilot testing and demonstration. 

Based on the previous project, a new model of the appliance enabling residential demand 

response has been developed. That appliance is called JouKo2. The case study of this thesis 

observes the operating environment of the JouKo2 appliance in terms of business models and 

examines the profitability of the appliance in the Finnish electricity markets. This study does 

not present the technical details of the appliance in more detail but focuses on the 

aforementioned business model and feasibility studies. 
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4. DATA 
 

This chapter looks at the current situation in the Finnish electricity market and considers the 

suitability of different markets for demand response. Then the data used in the study is pre-

sented. Finally, the markets to be exploited in the study are presented in more detail in terms of 

demand response. The amount of potential residential heating loads is derived based on the 

heating indices. 

 

4.1. The electricity market in Finland 
 

A functioning electricity market is the most cost-effective way to balance electricity supply and 

demand and further ensure society's access to electricity. The price formed in the electricity 

market effectively guides market participants' decisions regarding electricity production and 

consumption in the short term and investments in the long term. The demand and supply of the 

electricity market are formed of electricity produced by producers and used by consumers. Fin-

land is part of the joint Nordic electricity system and the European wholesale electricity market. 

(Fingrid, 2021b)  

 

4.1.1. Electricity derivatives market 

 

The electricity derivatives market offers derivative products related to the price of electricity, 

such as futures and options. The need for the electricity derivatives market arises from market 

participants' risk management against fluctuations in electricity prices. For example, an elec-

tricity producer may want to hedge with derivatives against low spot prices. On the other hand, 

an electricity seller may want to hedge with derivatives against high prices, as its retail contracts 

to end customers may be at fixed prices. In the nordic markets, Nasdaq Commodities offers a 

full suite of Nordic power contracts through the Nasdaq Oslo ASA Exchange and Nasdaq Clear-

ing AB (Nasdaq, 2021). (Fingrid, 2021b)  
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4.1.2. Day-ahead market 

 

In the day-ahead market (DAM), customers can sell or buy energy for the next 24 hours in a 

closed auction. Market participants assess their situation for the next day and place their bids 

on electricity production and consumption by 1 pm Finnish time for the auction. Power markets 

calculate the price of electricity based on given purchase- and sale bids and transmission ca-

pacities for each hour. Finland has its own bidding area in the Nordic market. The auction will 

be conducted so that all areas will have the same price if there is sufficient transmission capacity 

between the bidding areas. If transmission capacity restricts transmission between bidding ar-

eas, a bottleneck arises, and the prices in the bidding areas differ in proportion to the size of the 

bottleneck. Nord Pool and EPEX Spot maintain a day-ahead market. (Fingrid, 2021b; Nord 

Pool, 2021) 

 

4.1.3. Intra-day market 

 

Intra-day markets allow market participants to adjust their production and consumption plans 

closer to the point of use. When the time of electricity delivery is approaching, a consumption 

decision, weather situation or a faulty device can affect electricity consumption. The production 

situation may also change unexpectedly if the transmission line is damaged, the weather 

changes or, for example, the power plant's production has to be limited. There is a need for the 

electricity market to trade within a day to balance consumption and production. Intraday mar-

kets operate on an hourly basis, with the principle of continuous trading. They open after the 

day-ahead market and close 30 minutes before the delivery hour. Nord Pool and EPEX Spot 

also maintain an intra-day market. (Fingrid, 2021b) 

 

4.1.4. Reserve and balancing power markets 

 

As electricity must be produced at all times as much as consumed, it is essential to have effec-

tive manners to maintain the balance. The electricity network's frequency indicates the electric-

ity production and consumption balance in equilibrium at 50.0 Hz. Electricity market partici-

pants plan in advance the balance of their consumption and production, but reserves are needed 
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to balance deviations during operating hours. In the joint Nordic system (Finland, Sweden, 

Norway and East Denmark), the obligations for maintaining reserves have been agreed in Sys-

tem Operation Agreement between the Nordic Transmission System Operators (TSOs). In Fin-

land, Fingrid operates as a transmission system operator.  (Fingrid, 2021f) 

Fingrid divide reserve products into three different categories based on their purpose, as shown 

in Figure 9. Frequency Containment Reserves (FCR) are used for continuous frequency man-

agement, and it includes two automatic products Frequency Containment Reserve for Disturb-

ances (FCR-D) and Frequency Containment Reserve for Normal Operation (FCR-N). Fre-

quency Restoration Reserves (FRR) are used to return the frequency to its normal range (49.9 

- 50.1 Hz) and to release activated FCR back into use. FRR consist of automatic and manual 

product which are named accordingly. FRR is sometimes also referred to as BPM, which stands 

for balancing power market. Replacement Reserves (RR) release activated Frequency Restora-

tion Reserves back to a state of readiness in case of new disturbances. RR is not used in the 

Nordic power system. In addition, a Fast Frequency Reserve (FFR) has been in use in Nordic 

countries since 2020. The FFR is used for frequency management in low inertia operating sit-

uations in addition to the Frequency Containment Reserves. (Fingrid, 2021f) 

 

Figure 9. Fingrid’s reserve and balancing power products (Fingrid, 2021f) 
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The price on these markets is formed based on capacity bids that BSPs make based on their 

available capacity. The price is determined in hourly markets for each hour separately according 

to the most expensive bid used. Therefore, the required number of bids will be used in order of 

price on the principle of cheapest bid first. Fingrid's reserve obligations have been agreed in the 

System Operation Agreement, which requires Fingrid to obtain specific amounts of frequency 

capacity from reserve and balancing power markets. These are summarised for 2021 in Table 

5. (Fingrid, 2021f) 

FCR-D and FCR-N are active power reserves that are automatically activated by frequency 

changes. As said, they are Frequency Containment Reserves used for the constant control of 

frequency. FCR-N tends to keep the frequency in the standard frequency range of 49.9 Hz to 

50.1 Hz. FCR-D, in turn, aims to limit the frequency deviation to 49.5 Hz or 50.5 Hz when the 

frequency goes outside the standard range. Capacity offered to FCR-N or FCR-D must meet 

the technical requirements. Prequalification tests must be used to demonstrate compliance with 

the requirements before participating in the reserve market. A balancing service provider (BSP) 

may offer its capacity to the yearly or hourly market or both. Both markets trade in FCR-N and 

FCR-D separately, even though the exact technical requirements apply to yearly and hourly 

markets. In order to offer the capacity to FCR, the yearly or hourly market agreement should 

be undersigned separately depending on which market wish to participate in. (Fingrid, 2021i) 

Table 5. Fingrid's frequency capacity obligations from reserve and balancing power markets (Fingrid, 2021f) 

Reserve product Obligation 

Frequency Containment Reserve for Normal 

Operation (FCR-N)  

123 MW 

Frequency Containment Reserve for Dis-

turbances 

(FCR-D) 

about 300 MW 

Fast Frequency Reserve (FFR) about 0–60 MW 

Automatic Frequency Restoration Reserve 

(aFRR) 

60–80 MW (certain 

morning and even-

ing hours only) 

Manual Frequency Restoration Reserve 

(mFRR) 

880–1100 MW 
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The FCR-N is a symmetrical product, i.e., the reserve capacity must be activatable as both up-

ward and downward balancing. Upward balancing refers to increasing electricity production or 

reducing consumption, and downward balancing means reducing production or increasing con-

sumption. On the other hand, FDR-D is separated into two products, one for upward balancing 

and downward balancing. The price on FCR-D is formed separately for upward and downward 

balancing bids. However, as the FCR-N market is a symmetrical product, the price is not formed 

separately as in the FCR-D market, but the price is formed on the most expensive accepted bid. 

New reserve units need to provide certain information depending on the type of the unit, e.g., 

consumption units need to specify the type of load, such as industrial process, lighting or heat-

ing, maximum power (MW) and a technical description of the functioning of the control system. 

Furthermore, aggregated capacities need to describe the aggregation system and data transfer 

between aggregator and the individual resources. (Fingrid, 2021h) 

In FCR-N, 100% of the reserve capacity must be activated as upward balancing when the fre-

quency is 49.9 Hz or less. Correspondingly, when the frequency is 50.1 Hz or more, 100% of 

the reserve capacity must be activated as downward balancing. Minimum load sizes and acti-

vation times for frequency containment reserves are further presented in Table 6. However, the 

reserve capacity used in FCR-D shall be able to fully reactivate the capacity no later than 15 

minutes after the previous activation.  (Fingrid, 2021h) 

Table 6. Minimum size and activation time requirements for Frequency Containment Reserves (Fingrid Oyj, 2021g) 

Reserve product Minimum size Full activation time 

FCR-N 0,1 MW in 3 min after frequency step 

change of ± 0,1 Hz 

FCR-D, upwards 1 MW 5 s / 50 % 

30 s / 100 %, 

after a stepwise frequency change 

from 49,9 Hz to 49,5 Hz 

FCR-D, downwards 1 MW 5 s / 50 % 

30 s / 100 %, 

after a stepwise frequency change 

from 50,1 Hz to 50,5 Hz 
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The first of the Frequency Restoration Reserves is called Automatic Frequency Restoration 

Reserve (aFRR). Its purpose is to return the frequency to a nominal value of 50 Hz. The aFRR 

is a centralised, automatically activated reserve. Its activation is based on a frequency deviation 

in the Nordic synchronised area, which leads to a power change signal sent by the transmission 

system operator. The minimum reserve size is 5 MW, and the activation shall start no later than 

30 seconds after the activation signal with total capacity reached in 5 minutes. Fingrid procures 

aFRR for certain morning and evening hours, which are announced in advance. BSP can bid 

for the hourly market separately for their upward and downward capacities. (Fingrid, 2021a) 

Fingrid offers a product, Manual Frequency Restoration Reserve (mFRR), in the balancing en-

ergy market in concert with the other Nordic TSOs. Generation and load providers can submit 

bids for their controllable capacity. The upward balancing price is the price of the most expen-

sive up-regulating energy bid used, and the downward price is the price of the cheapest down-

regulating energy bid used. However, the price should at least match the price in the Finnish 

price area in Nord Pool (Elspot FIN). Participation in the balancing energy market requires 

balancing energy market contract with Fingrid. If necessary, the Nordic TSOs activate bids 

from the balancing energy market to manage the power balance in every day and disruptive 

situations. Activation is done manually from Fingrid Oyj's Main Grid Control Center. In order 

to submit bids to mFRR, a balancing market agreement must be undersigned by the BSP. Bal-

ancing energy bids can be made for all resources capable of executing a 10 MW power change 

within 15 minutes. Bids shall be submitted to Fingrid no later than 45 minutes before the oper-

ating hours. They should include the following information about the adjustable capacity: 

power (MW), price (€/MWh), production/consumption, transmission area and the name of the 

balancing resource. (Fingrid, 2021g) 

The final product that is offered in reserve markets is Fast Frequency Reserve (FFR). As previ-

ously mentioned, it is acquired to manage low inertia situations. Inertia refers to the ability of 

the kinetic energy stored in the rotating masses of the electrical system to resist changes in 

frequency. In the future, plenty of renewable energy enters the electricity grid, and this replaces 

the electricity production of traditional condensing power plants. Wind and solar power are 

connected to the grid without rotating mass which decreases inertia. As inertia decreases, sud-

den changes in frequency caused by a change in electricity consumption or production are faster 

and more significant. Therefore, keeping the frequency in its normal range is more challenging. 

(Fingrid, 2018b, 2021e) 
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The FFR was introduced in the Nordics in May 2020. BSP has to sign an FFR market contract 

and complete the prequalification process. The reserve capacity must be fully activated within 

the required time when the frequency falls below a specific value. For example, when the fre-

quency falls below 49.7 HZ, the activation time is 1.3 seconds; when it falls below 49.6, the 

activation time is 1.0 seconds, and when it falls below 49.5 HZ, the activation time is 0.7 sec-

onds. The BSP can choose any of the aforementioned activation options.  Moreover, the BSP 

shall fully reactivate the capacity no later than 15 minutes after the previous activation. Fingrid 

acquires the FFR from the national hourly market, with offers for the next day's hours that need 

to be submitted the night before. Procurement focuses on the spring, summer and autumn 

months when moments of inertia are at their lowest. (Fingrid, 2018b, 2021e) 

It is possible to offer the same reserve capacity on both FCR-D and FFR market simultaneously. 

However, the same capacity can only be used for one reserve market at a time, i.e., if part of 

the capacity is sold to an FFR, the load available for the FCR-D will decrease. Simultaneously 

offering is also possible in the FCR-N, but the reserve capacity must be symmetric per power 

balance and balance obligation. (Fingrid, 2020a, 2021c) 

 

4.2. Market's compatibility to Demand Response actions 
 

Most of the electricity markets are applicable to demand response utilisation, at least in theory. 

However, few of these markets require quick activation time, and FCR-N requires loads to be 

adjustable both upwards and downwards. In addition, trading is low or seasonable in some 

markets. Also, the offered capacity in the yearly markets must be available throughout the year, 

which constrains the usage of end user's direct heating loads and water heating loads in the 

markets. Besides, the economic potential differs significantly between different markets. Jär-

ventausta et al. (2015) state that the economic potential of the balancing market is up to 7 times 

higher than the DAM, and the economic potential of FCR-D is up to 17 times higher than the 

DAM. For various reasons, some markets seem to be better suitable for DR than others.  
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Fingrid reported the amount of DR employed to various markets in 1.9.2020, shown in Figure 

10. Most DR has been offered to the day-ahead market. The simplicity of the DAM can explain 

this as the requirements are pretty uncomplicated, and the price estimations are more predicta-

ble than other markets. Regarding the reserve and balancing power markets, mFRR and FCR-

D are the most utilised markets. It is also in line with Fingrid's reserve and balancing power 

markets obligations as mFRR and FCR-D are the most required to obtain. The peak load reserve 

capacity consists of three power plant units, so the residential demand response is unsuitable 

(Fingrid, 2020c). (Fingrid, 2021d)  

The study is limited to focusing only on the most prospective energy markets for demand re-

sponse, based on the economic profitability and suitability for implementation. The initial de-

limitation based on economic potential has been carried out in accordance with previous scien-

tific studies. Several researchers state that by exploiting energy arbitrage in the day-ahead and 

intra-day markets, the economic potential remains insufficient that it would be worthwhile to 

utilise the available loads from demand response actions (Järventausta et al., 2015; Belonogova, 

2018). As a result, these markets can be excluded from the scope of the investigation, even 

though demand response could be exploited on these markets on a practical level. The fast 

frequency reserve can also be excluded from the study due to the fast reserve power activation 

time it requires, as the Jouko2 appliance cannot perform activation in less than five seconds.  

Out of the remaining markets, two of them are frequency containment reserves, and two are 

balancing power markets. Due to the versatility and simplification of the study, one option from 

Figure 10. Utilized demand response in Finland (Fingrid, 2021d) 
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both markets is chosen for simulating the economic potential. From the frequency containment 

reserves, FCR-N is chosen as it provides more superior returns (Manner et al., 2020).  The 

mFRR is the only reserve product from balancing power markets used in practice for DR pur-

poses, and therefore it is chosen over the aFRR. Thus, the study focuses on FCR-N and mFRR 

markets, which are most likely to offer sufficient economic profits to provide feasibility for the 

Jouko2 application. 

 

4.3. Selection of the energy market data  
 

After a thorough review of the various reserve and balancing markets, two prospective energy 

markets, FCR-N and mFRR, were chosen for further estimation. FCR-N is a power-based mar-

ket, and the mFRR is an energy-based market. In the power-based market, the tradable com-

modity is power, whereas it is the active energy in the energy-based market. This also means 

that the simulation of demand response returns needs to be done differently for each market. 

The DAM is also utilised in the energy-based market simulation as in the payback calculation; 

the unused energy is assumed to be consumed over the next two hours. The price of this con-

sumed energy comes from the DAM. 

In the study, the time period is set for two years, from 1.1.2019-31.12.2020. This timespan 

makes it possible to observe the difference in returns between the years and, on the other hand, 

to keep the amount of data reasonable. Two years timespan means that there are 17544 hours 

possible for demand response actions. 

 

4.3.1 Explorative analysis of the market data 

 

In the explorative analysis, the market data of FCR-N, mFRR and DAM are analysed. Hourly 

prices for FCR-N are presented in Figure 11. It can be seen that FCR-N market prices vary 

pretty widely between € 500 and zero. During the summer, the prices seem to be higher than 

the rest of the year. It also looks that in 2019 prices were higher than in 2020. However, the 

average price in the FCR-N market was € 21.41, and the median was € 14.86 during the 

timespan.  
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Based on the procured volumes in hourly markets, 98.03% of the possible hours the FCR-N 

reserve were procured. However, the activation rarely lasted longer than a minute. Fingrid pub-

lishes yearly frequency quality analysis, which includes the statistics of frequency deviations. 

Figure 12 shows the daily average number of frequency deviations per duration. The deviation 

lasts less than a second most of the time, and deviations over 40 seconds are pretty unique. 

There is an average of twenty daily frequency deviations in each direction in the groups between 

one and forty seconds. (Fingrid, 2019) 

Figure 12. Hourly prices for FCR-N market between 2019-2020 

Figure 11. Number of average daily frequency deviations by duration in Finland between 2014-2019 (Fingrid, 2019) 
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Hourly prices for mFRR are presented in Figure 13. It should be noted that comparing the prices 

of the two markets is not relevant as in one, the prices are based on the energy consumed, and 

in the other, the maximum power attained. Few extreme events emerged in the mFRR market 

in this timespan when the hourly price is well above the average. However, between 2019 and 

2020, the average hourly price for mFRR has been € 44.35 and the median € 32.3. Thus, the 

scale of the price in Figure 13 gives an unrealistic picture of the mFRR market. Prices can also 

be negative, and the minimum price has been € -1.73. Nonetheless, in just two hours from 17544 

hours, the mFRR is not procured from the market. Therefore, trading volumes in the mFRR 

market have been high, and trading has been active over the period. 

In the day-ahead market, the price of electricity for the next day is formed. Thus, it can be used 

to estimate the cost of electricity consumption due to payback. Figure 14 shows the change in 

the hourly price of electricity in the day-ahead market. The maximum hourly rate has been just 

over € 250, while the minimum price has been € -1.73. The negative price of electricity was 

due to abundant water reserves in hydropower production, a warm winter and increased wind 

power production (Fingrid, 2020b). During this period, the average price has been € 36.02, and 

the median has been € 36.1. 

Finally, the study will be limited to using only heating loads for demand response. The Jouko2 

appliance could also be connected to other residential loads. However, heating loads have been 

selected as the amount of electricity consumed by them is pretty significant, especially during 

the heating season, and their electricity consumption is not time-bound. This also supports the 

Figure 13. Hourly prices for mFRR between 2019-2020 
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idea of whole-day control of the loads. It was assumed that the heating of an individual house-

hold followed the heating indices provided by the Finnish Meteorological Institute (Finnish 

Meteorological Institute, 2021).  

Further, the total annual amount of heating is assumed to be 10 MWh per household because 

the unit is assumed to be installed in old detached houses with an average heating demand of 

about 10 MWh per year. It was decided that only 85% of the heating load is available for de-

mand response actions for customer comfort. This is then formed to monthly heating loads by 

using heating indices provided by the Finnish Meteorological Institute and further to daily loads 

by dividing the monthly load by the appropriate number of days in the given month. Daily 

heating loads allows the modelling of daily demand response actions. A suitable bid price will 

be tested on the basis of price data.  

Figure 15 shows the heating loads for the Lappeenranta region with the given constraints. From 

June to August, i.e., the summer season, there is close to no need for heating. The need for 

heating will gradually decrease towards summer and start to rise again when autumn comes. 

The need for heating is greatest during the winter months.  

Figure 14. Hourly prices for Day-ahead market between 2019-2020 
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Figure 15. Monthly residential heating loads for Lappeenranta 
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5. METHODOLOGY 
 

In order to explore the business potential identified in the previous chapter, a cash-flow based 

simulation model was built to perform a techno-economic assessment of the economic feasibil-

ity of the case appliance. This model was applied to given electricity reserve markets. First, this 

model is presented at a general level, followed by demonstrating economic potential simulation 

of demand response in reserve and balancing power markets. After this, the net present value 

calculation logic included in the cash flow model is presented, followed by the presentation of 

real options and their calculation method. Finally, the logic of the model as a whole and its 

associated inputs and outputs are presented. 

 

5.1. Cash-flow based simulation model 
 

The electricity consumption control unit called JouKo2 enables households to participate in 

demand response. It is installed in the household in connection with an electrical consuming 

appliance and is managed remotely. This appliance can be, for instance, a boiler or a household 

appliance. JouKo2 can be used to cut off the power supply to the appliance in question, thereby 

reducing overall electricity consumption. Thus, households can participate in DR events. Figure 

16 shows the countryside version of the JouKo2 appliance.  

 

Figure 16. JouKo2 countryside version 
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The appliance is to be made in two different versions, one for urban housing and the other for 

the rural milieu. The manufacturing costs of the two different versions of the appliance are not 

the same as the city version is a bit more expensive. However, the network connection costs in 

the city version are cheaper as it uses the LoRaWAN data transmission network instead of GSM 

2G data transmission network that the countryside version is using. The production volumes of 

the appliances also affect their unit prices due to economies of scale. Therefore, the unit prices 

for the appliance have been estimated in the model if 100, 1000 or 10000 appliances are man-

ufactured. In addition, the price of each appliance includes an estimated installation cost based 

on the electrical installation of the appliance and the costs associated with the electrician’s ar-

rival at the site. These expenses form the basis for the neutral scenario cash flows along with 

the simulated DR returns. 

The model is designed to perform a cash-flow based economic feasibility assessment of a smart 

grid appliance described above. As inputs, the cash-flow model uses simulated demand re-

sponse revenues from the reserve markets and expenses related to the manufacture and opera-

tion of the appliance. These simulated returns have been calculated in MATLAB according to 

suitable market-based calculation methods. Fixed and variable costs for the appliance are the 

most likely estimates given by project management. These include appliance manufacturing 

costs, installation costs, and recurring costs such as remote connection costs. The model con-

sists of three cumulative cash flow NPV scenarios, a neutral scenario, a pessimistic scenario, 

and an optimistic scenario. The pessimistic and optimistic scenarios are based on the neutral 

scenario regarding the cash flow projections. However, they have been modified to reflect a 

situation where investment-related returns and expenses observe complete success or failure in 

terms of circumstances. These modifications to the pessimistic and optimistic scenarios are im-

plemented through the adjustment of discount rates. Finally, these three scenarios are treated in 

the model as a triangular fuzzy number, which allows the real option value for the appliance to 

be calculated using the pay-off method.  

 

5.2.  Simulation of demand response returns 
 

As the study aims to estimate the economic potential of markets for DR purposes and not to 

build up an optimization model, the economic value for FCR-N and mFRR markets are esti-

mated based on historical price data. The model does not predict the future price levels of these 
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markets. Thus, the results present a theoretical economic potential of demand response for a 

single customer. The economic potential of demand response is estimated for both markets 

separately to simplify the model. Further, the study was conducted as an explicit demand re-

sponse with the basis of whole-day control of the capacity (24h). Thus, the model has better 

coverage for potential demand response actions, and also, the model can be popularized by 

ignoring the comfort requirements of the individual consumer. However, the customer's com-

fort will be partially taken into account by deciding that only 85% of the heating load could be 

used for DR, as mentioned in the previous paragraph.  

For both markets, it is assumed that a bid made in the model will be accepted if the price in the 

market is equal to or higher than the decided bid price at the given hour. In addition, it was 

decided that there would be an hour-long interval after each demand response event before the 

next demand response event could occur. This adds to the model's reality as the heating cannot 

be turned off for several hours during the heating season without affecting the indoor tempera-

ture. 

In the mFRR market, the reward is the profit obtained through energy arbitrage. This means 

that the bids submitted to the mFRR market are more profitable than the payback effect that it 

causes. Therefore, the economic potential in the mFRR market can be estimated by the follow-

ing equation: 

 
𝑅𝑒𝑣𝑒𝑛𝑢𝑒!"## ='𝑃$%$&'(𝑡) ∗ 𝛼()&$*+,(𝑡) ∗

-

$./

[𝑃𝑟𝑖𝑐𝑒!"##(𝑡)

− 0.8𝑃𝑟𝑖𝑐𝑒0&(𝑡 + 1) − 0.2𝑃𝑟𝑖𝑐𝑒0&(𝑡 + 2)] 

(1) 

Where 𝑃$%$&' 	is the total active power, 𝛼()&$*+, is the hourly heating index, 𝑃𝑟𝑖𝑐𝑒!"## is the 

price on the mFRR market and 𝑃𝑟𝑖𝑐𝑒0& is the price on the day-ahead market.  

In the FCR-N market, the reward comes from the availability of the capacity. The capacity 

provider places bids on the market, and the accepted bids are reimbursed according to the stated 

maximum power. As mentioned in the previous paragraph, deviations in the electricity grid are 

seldom more extended than a minute, so it is difficult to model the payback effect for this mar-

ket. Then, the model should also include information on whether it was an upward or downward 

balancing action. Thus, the expenses associated with the accepted bids in FCR-N are challeng-

ing to estimate, and therefore, it is left out of this analysis. The economic potential in the FCR-

N market can be estimated by the following equation: 
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𝑅𝑒𝑣𝑒𝑛𝑢𝑒"1#23 ='𝑃!&4(𝑡)

-

$./

∗ 𝑃𝑟𝑖𝑐𝑒"1#23(𝑡) (2) 

Where 𝑃!&4 is the maximum power and 𝑃𝑟𝑖𝑐𝑒"1#23 is the price on the FCR-N market.  

 

5.3.  Net present value 
 

Net present value (NPV) is the difference between present value and the value at which the 

investment can be bought, i.e., market value. The present value of an investment is the sum of 

its discounted cash flows. Thus, NPV measures the creation or destruction of value that result 

from making an investment. It is important to note that the net present value of an asset varies 

inversely with the discounting rate. NPV can be presented as the following equation:  

 
𝑁𝑃𝑉 = '

𝐹+
(1 + 𝑟)+ − 𝑉5

3

+./

 (3) 

Where	𝐹+ are the cash flows generated by the investment, 𝑟 is the applied discounting rate, 𝑛 is 

the number of years for which the investment is discounted and 𝑉5 is the market value of the 

investment. (Vernimmen, Quiry and Dallochio, 2014) 

 

5.4. Real option value 
 

When it comes to an understanding the effect of uncertainty, NPV-based approaches are inferior 

because they express the uncertainty only with expected values. Here real option analysis has 

the potential to make a difference as real options are expected to benefit from investments in 

times of uncertainty. Real option analysis can be used to analyse and visualize those uncertain-

ties and potential future cash flows that NPV-based models cannot take into account. Therefore, 

real option analysis can play a significant role in environmental investments by providing an 

effective tool for dealing with high uncertainty. (Morel, 2019) 

Most real option models are based on probability theory. The data used in the models must 

follow assumptions about complete markets and stochastic observations that follow a well-de-

fined mathematical process, such as the geometric Brownian motion. However, the fuzzy pay-

off method, which is based on possibility theory, provides an exciting alternative. It does not 
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require any simulations of future cash flows or strict assumptions regarding the markets. In 

addition, the pay-off method is easy to use and quick to implement because it can be built based 

on an existing NPV analysis using simple spreadsheet software. The pay-off method is a simple 

and accessible method that helps to visualize the risks associated with investments. (Collan, 

2012) 

The pay-off method is based on cumulative cash flow NPV scenarios treated as a fuzzy number. 

The shape of a fuzzy number can vary, with the most commonly used shapes are triangular and 

trapezoidal fuzzy numbers. Triangular pay-off distribution can be formed with three cumulative 

cash flow NPV scenarios, and treating them as fuzzy number allows the real option valuation. 

In practice, this fuzzy number is accurately defined by determining the pessimistic, optimistic 

and neutral net present values of the distribution as (𝑎 + 𝛼), (𝑎 + 𝛽) and (𝑎). In addition, the 

distance between the neutral and the optimistic NPV can be denoted as (𝛽) and the distance 

between the neutral and the pessimistic NPV (𝛼). As a result, the triangular pay-off distribution 

can be denoted as a triangular fuzzy number (𝑎, 𝛼, 𝛽). These variables are presented in Table 7. 

(Collan, Fullér and Mezei, 2009; Collan, 2012) 

 

Table 7. Variables for defining the pay-off distribution (Collan, 2012) 

Pay-off distribution Fuzzy number 

Optimistic scenario NPV 𝑎 + 𝛽 

Neutral scenario NPV 𝑎 

Pessimistic scenario NPV 𝑎 + 𝛼 

Distance between neutral scenario 

NPV and optimistic scenario NPV 

𝛽 

Distance between neutral scenario 

NPV and pessimistic scenario NPV 

𝛼 

 

The pay-off distribution can be graphicly presented as a triangular fuzzy number as in Figure 

17. The height of the pay-off distribution indicates the degree of membership of each value of 

the distribution in the set of possible values the NPV of the investment can get. The neutral 

scenario NPV (𝑎) is given a full membership 1.0 in the set of expected values. The values 

outside the triangular pay-off distribution have a 0.0 membership among the expected values 
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as they are believed to be impossible. This triangular distribution gives a simplified represen-

tation of a reality that is believed to have sufficiently correct results. The negative outcomes are 

symbolized with (𝛼), valued at 0, and positive outcomes (𝛽). The area of the outcomes deter-

mines the weight of the expected values, and in Figure 17 being 20 % for (𝛼) and 80 % for (𝛽). 

The possibilistic mean of the positive part of the fuzzy number is denoted with (M+). (Collan, 

2020) 

 

The real option value (ROV) and other interesting descriptive numbers can be calculated for 

additional decision support after creating the pay-off distribution. First, the possibilistic mean 

of the positive side of the pay-off distribution must be solved as follows: 

 

𝐸(𝐴6) =

⎩
⎪
⎪
⎨

⎪
⎪
⎧ 𝑎 − 𝛼 > 0	𝑡ℎ𝑒𝑛	𝐸(𝐴6) = 𝑎 + I

𝛽 − 𝛼
6 K

𝑎 > 0 > (𝑎 − 𝛼)	𝑡ℎ𝑒𝑛	𝐸(𝐴6) = 𝑎 +
𝛽 − 𝛼
6 +

(𝛼 − 𝑎7)
6𝑎8

0 > 𝑎	𝑡ℎ𝑒𝑛	𝐸(𝐴6) =
(𝛼 + 𝛽7)
6𝛽8

𝛼 + 𝛽 < 0	𝑡ℎ𝑒𝑛	𝐸(𝐴6) = 0 ⎭
⎪
⎪
⎬

⎪
⎪
⎫

 (4) 

Next, the real option value of the investment can be calculated from the fuzzy number by esti-

mating the probability-weighted mean of the pay-off distribution while denoting negative val-

ues to zero. Thus, the ROV in the pay-off method is calculated as follows: 

Figure 17. Triangular fuzzy number graphically presented (Collan, 2020) 



 49 

 
𝑅𝑂𝑉 =

∫ 𝐴(𝑥)𝑑𝑥9
5

∫ 𝐴(𝑥)𝑑𝑥9
29

∗ 𝐸(𝐴6) (5) 

Where 𝐴 stands for the fuzzy NPV, 𝐸(𝐴6) is the fuzzy mean value of the positive side of the 

NPV, ∫ 𝐴(𝑥)𝑑𝑥9
29  computes the area below the whole fuzzy number 𝐴 and ∫ 𝐴(𝑥)𝑑𝑥9

5  com-

putes the area below the positive part of A. Thus, when the whole fuzzy number is above zero, 

the ROV is the fuzzy mean of the fuzzy number, and when the whole fuzzy number is below 

zero, the ROV is zero. The rationale is quite similar to the option value logic using probability 

theory as the main difference being the use of possibility theory instead. A positive ROV indi-

cates that it is worth investing in. (Collan, Fullér and Mezei, 2009; Collan, 2012) 

 

5.5. The logic of the model as a whole  
 

The model combines many layers, including inputs, demand response returns simulation, cu-

mulative cash flow estimation, net present value calculation, and real option calculation. These 

layers are illustrated as a process diagram in Figure 18.  

 

Figure 18. Process diagram of the JouKo2 feasibility model 

The first layer is the inputs, and it is also the only part of the model that the user can edit. The 

user chooses which appliance version the profitability is estimated and how many appliances 

are to be produced. The inputs include appliance manufacturing, installation and operation 

costs, and simulated return estimates for providing demand response to the reserve and balanc-

ing power markets. The input layer is presented in Appendix 2, and the monthly revenues from 

the reserve and balancing power markets in year one is shown in Figure 19.  

 

 

Figure 19. Monthly revenues from BPM and FCR-N markets for the first 12 months 

Monthly revenue 1 2 3 4 5 6 7 8 9 10 11 12
BPM 8,83 € 0,84 € 1,40 € 0,73 € 1,44 € 0,00 € 0,11 € 0,08 € 1,11 € 3,35 € 4,10 € 2,23 €
FCR-N 12,43 € 6,12 € 8,79 € 14,15 € 46,70 € 0,00 € 0,00 € 0,00 € 15,23 € 20,41 € 6,74 € 17,15 €

Inputs DR returns 
simulation

Cumulative 
cash flow 
estimation

NPV 
calculation

Real Option 
calculation
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These simulated returns for the FCR-N and mFRR markets are calculated in MATLAB and 

imported into the spreadsheet program to make it more understandable and accessible to the 

user. Return estimates have been calculated monthly for the last two years. The user can choose 

which market returns he wants to use in the feasibility calculation in the model.  

The present values of the cash flows are obtained using discount rates. The neutral scenario 

uses the discount rates that are believed to be the most realistic. The neutral scenario has dif-

ferent discount rates for revenue and expenses. The discount rates for revenues and expenses 

are formed by a percentage change to the neutral scenario discount rates in the optimistic and 

pessimistic scenario. The optimistic scenario assumes that discount rates are lower for returns 

and higher for expenses. In the pessimistic scenario, it is the opposite. 

Additionally, these two scenarios assume that the initial investment, recurring costs, and 

monthly returns from the appliance are higher or lower than in the neutral scenario. These 

changes in expenses and income are also based on a percentage change in the values of the 

neutral scenario. Thus, the optimistic scenario assumes that the appliance's initial investment 

and recurring costs are lower than expected, and the market returns are higher than estimated 

in the neutral scenario. Naturally, this is the opposite in the pessimistic scenario, where it is 

generally assumed that things will worsen than predicted in the neutral scenario. 

Using these inputs, cash flow calculations for all three scenarios can be generated. The cash 

flow calculations for the first year of the neutral scenario are presented in Figure 20. However, 

the cash flow calculation of the other two scenarios is identical regarding the calculation 

method, and only the values in them differ from the neutral scenario. The first line in the cash 

flow calculation shows the initial investment cost of the appliance followed by the monthly 

revenues generated from the DR activities. The following line shows monthly recurring costs, 

which consist of the costs associated with the network connection. The following two lines, PV 

Revenue and PV All expenses, calculate the present values of revenues and total expenses 

month by month. Finally, the cumulative discounted cash flows are calculated based on the 

present values of the revenues and total expenses, and thus the net present value can be 

achieved.  
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Figure 20. Cash flow calculations of the neutral scenario for the first 12 months 

The value of a real option can be calculated in the pay-off method based on these three NPV 

scenarios. The layer in which the value of the real option is calculated is shown in Figure 21. 

At first, the NPV of these three scenarios and the distances between the neutral and the other 

two scenarios are presented similarly, as shown in Table 7 in the previous paragraph. Then, in 

the following array, the possibilistic mean of the positive side of the pay-off distribution is 

calculated. Its calculation depends on whether the NPV scenarios used in the model are positive 

or negative. There are four different options for calculating the possibilistic mean, as shown by 

Equation 4. However, this is considered in the model as the model automatically selects the 

correct calculation method based on the NPV scenarios. Next, the model calculates the total 

pay-off area, the positive pay-off area, and the height of the positive pay-off area. These have 

been calculated based on the NPV scenarios and the distances between them, and the possibil-

istic mean. Finally, the value of the real option can be calculated according to Equation X. For 

the real option value to be positive, at least the NPV of the optimistic scenario must be greater 

than zero.  

 

Neutral Scenario

Month 1 2 3 4 5 6 7 8 9 10 11 12
Initial investment -500,00 €            
Revenue 12,43 € 6,12 € 8,79 € 14,15 € 46,70 € 0,00 € 0,00 € 0,00 € 15,23 € 20,41 € 6,74 € 17,15 €
Recurring costs -1,00 € -1,00 € -1,00 € -1,00 € -1,00 € 0,00 € 0,00 € 0,00 € -1,00 € -1,00 € -1,00 € -1,00 €
PV Revenue 11,30 € 5,56 € 7,99 € 12,86 € 42,46 € 0,00 € 0,00 € 0,00 € 13,84 € 18,55 € 6,13 € 15,59 €
PV All expenses -477,14 € -0,95 € -0,95 € -0,95 € -0,95 € 0,00 € 0,00 € 0,00 € -0,95 € -0,95 € -0,95 € -0,95 €
Cumulative DCF -465,84 € -461,23 € -454,19 € -442,28 € -400,77 € -400,77 € -400,77 € -400,77 € -387,88 € -370,28 € -365,11 € -350,47 €
NPV -229,67 €

NPV of optimistic scenario -167,92 €
NPV of neutral scenario -319,14 €
NPV of pessimistic scenario -469,70 €
Distance between neutral & optimistic scenarios 151,21
Distance between neutral & pessimistic scenarios 150,56

If all scenarios are positive  
If the pessimistic scenario is negative, but the other 
scenarios are positive

 

If only the optimistic scenario is positive  
If all scenarios are negative 0

Whole pay-off area 150,89
Height of the positive pay-off area 0,00
Positive pay-off area 0,00

Real option value 0,00

Possibilistic mean 

Figure 21. Real option calculation layer 
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6.  RESULTS 
 

The cash flow generation ability of the demand response appliance was simulated for reserve 

and balancing power markets. Moreover, the feasibility of that appliance was assessed using 

NPV and real option valuation methods with a view on future demand response field test. In 

this chapter, the main findings of the analysis are summarized and discussed separately for 

different power markets and various valuation methods. Finally, the findings are analysed for 

the investment as one.  

First, we look at the economic potential in the mFRR market for residential demand response. 

It is an energy-based market, so the capacity is residential hourly heating load, and therefore, 

the payback effect has also been taken into account in the assessment. Market returns were 

simulated using different bid prices to find out which would be the most profitable. In Table 8, 

the returns and the total number of events are presented with bid prices at € 10, € 20 and € 30. 

The revenues in 2019 would have been the following € 24.04, € 24.22 and € 23.26 with the 

forementioned bid prices. Also, in 2020, revenues would have been the highest with the € 20 

bid price. Changing the bid price also affects the number of accepted bids. The € 10 bid price 

would have had 8075 demand response events, while the € 20 and € 30 bid price would have 

had only 7181 and 6217 demand response events over the two years. As the best result was 

obtained at the € 20 bid price, it represented the market returns of mFRR in the model. Further, 

the revenues from the mFRR market with different bid prices are presented on a monthly basis 

in Appendix 3. 

Table 8. Effects of bid price changes on revenues and accepted bids in the mFRR market 

Effect of the bid price in mFRR market on demand response  

Bid price 10 € 20 € 30 € 

Revenue 2019 24,04 € 24,22 € 23,26 € 

Revenue 2020 43,23 € 55,96 € 52,65 € 

Total number of events 8075 7181 6217 

 

The capacity value in the mFRR market with a bid price of € 20 for years 2019 and 2020 is 

presented in Figure 22. In 2019, monthly returns were reasonably consistent, except for signif-

icantly higher returns in January and non-existent returns during the summer. The low returns 

in the summer are due to the heating index, which denotes either very little or no need for 
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heating in the summer months. Returns have been higher in 2020 as, from the beginning of the 

year, the return was invariably over € 4 per month and rising in December to a time period 

record of over € 12 per month. During the period, returns fluctuate significantly between 

months. However, there is a clear pattern on an annual level that returns will increase from 

September towards the end of the year.  

 

Figure 22. Capacity value in mFRR from 2019-2020 

The FCR-N market is power-based, so the hourly heating loads were not considered in its sim-

ulation. As a result, it was assumed that the maximum power due to heating is 3 kilowatts. Thus, 

the return consists of providing capacity to the market. Also, in the case of the FCR-N market, 

it was tested at which bid price the highest returns would have been achieved. Revenues at the 

bid price of ten, twenty and thirty euros in 2019 would have been € 147.72, € 94.35 and € 80.35. 

Thus, the highest returns were achieved with the €10 bid price. It can also be noted that the 

return decreases when the bid price is increased. This may be because the revenues are gener-

ated solely based on the capacity offered, and the costs involved are not taken into account. 

Nevertheless, the model uses revenues generated at a bid price of € 10. Revenues from the FCR-

N market with the different bid prices are presented on a monthly basis in Appendix 4. 

The monthly simulated revenues from the FCR-N market with € 10 bid price are shown in 

Figure 23. In both years, revenues have been clearly at their highest in May, while the rest of 

the year, the revenues have remained relatively even. The high returns in May are explained by 



 54 

the fact that hourly rates in the FCR-N market have been the highest between May and Septem-

ber, as can be seen from Figure 23. There is no return on this market during the summer either, 

as it is assumed that there is no need for heating during this time. Returns in this market between 

months have been more consistent than in the mFRR market during the timespan.  

 

Figure 23.Capacity value in FCR-N from 2019-2020 

Overall, the returns have been higher in the FCR-N market in both years. In 2019, the return on 

the FCR-N market was € 147.72 and the following year € 156.04 compared to the returns on 

the mFRR market of which was € 24.21 and € 55.98 over the same period. On the other hand, 

the revenues of the FCR-N market do not take into account the costs of shifting or increasing 

consumption, as has been done in the calculation of the mFRR market. In this connection, Jär-

ventausta et al. (2015) and Belonogova (2018) state that the economic potential is more tremen-

dous in the FCR-N market. It seems it would be preferable to target demand response in the 

FCR-N market rather than the mFRR market. 

Next, the NPVs produced by the cumulative cash flow models of the various scenarios are 

presented. Table 9 presents the NPVs of these scenarios using the returns of the mFRR market. 

The NPV is calculated for a single appliance and not for all the manufactured appliances to-

gether. The table shows the effect of different appliance versions and the production volumes 

on the NPV formation. As can be seen, the NPV is negative in each scenario regardless of which 

version is estimated and how many appliances are to be produced. Nevertheless, it can be ob-

served that in the optimistic scenario, the NPV is the largest and in the pessimistic scenario the 
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lowest. Also, the city version of the appliance is more profitable as its NPVs are about € 30 

better than the countryside version. This profitability remains the same between different pro-

duction volumes. The amount of production also has a significant effect on the NPV, as there 

is a difference of about € 100 in the NPV of an appliance when producing 100 pieces versus 

10,000 pieces. Thus, it can be noted that manufacturing volumes should be predicted relatively 

accurately in order to obtain realistic cash flow scenarios. 

Table 9. NPV scenarios with mFRR returns 

Net present values of the scenarios with mFRR 

Version Production volume Optimistic Neutral Pessimistic 

City 100 pcs -370,68 € -555,09 € -743,30 € 

1000 pcs -319,52 € -485,56 € -654,71 € 

10000 pcs -276,76 € -427,47 € -580,68 € 

Countryside 100 pcs -408,00 € -594,68 € -785,38 € 

1000 pcs -358,94 € -528,01 € -700,43 € 

10000 pcs -317,58 € -471,82 € -628,83 € 

 

As noted earlier, the FCR-N market has been more profitable over this period, and this is also 

reflected in the NPV scenarios. Table 10 shows the net present value of the three scenarios, 

specifying which version has been used and how many appliances are predicted to be manufac-

tured. Also, in these net present value scenarios, the city version would appear more profitable, 

and the benefits of large-scale production will result in better NPV. However, the net present 

value is not positive in any scenario, even if one chooses the most favourable inputs. At its best, 

the net present value is € -17.32 in the optimistic scenario, which would produce 10,000 city 

versions of the appliance. There are significant differences between the net present values as in 

the worst case, the NPV is -633.68 €. In this case, it would be a pessimistic scenario where only 

one hundred countryside versions of the appliance are produced.  
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Table 10. NPV scenarios with FCR-N returns 

Net present values of the scenarios with FCR-N 

Version Production volume Optimistic Neutral Pessimistic 

City 100 pcs -111,24€ -357,29 € -601,13 € 

1000 pcs -60,08 € -287,77 € -512,53 € 

10000 pcs -17,32 € -229,67 € -438,50 € 

Countryside 100 pcs -141,16 € -388,45 € -633,68 € 

1000 pcs -92,09 € -321,78 € -548,73 € 

10000 pcs -50,74 € -265,59 € -477,13 € 

 

There is also a significant difference in cash flows between the scenarios. Figure 24 shows the 

cumulative discounted cash flows of the scenarios in the best situation, where 10,000 city ver-

sions are produced. This shows how the returns affect the profitability of the investment over 

two years. As can be seen, the optimistic scenario is very close to the breakeven point, but the 

neutral and pessimistic scenarios are nowhere nearby. The unheated summer months are well 

visible in Figure 24 because then the line stays at the same value for three months. The model 

included the condition that no capacity will be offered to the market during the summer, in 

which case there will also be no recurring costs for that period. To conclude, the two-year period 

is too short for the investment to become profitable.  

 

Figure 24. Cumulative DCF of the scenarios 



 57 

We can state that the real option value is zero because none of the scenarios reached a positive 

net present value. As explained in the methodology section, the value of a real option is zero if 

the whole fuzzy number is less than zero. Figure 25 shows the triangular pay-off distribution 

using the same inputs as in Figure 24. The lowest net present value is € -438.50, and the highest 

is € -17.32, so the whole fuzzy number is below zero.  

 

 

Figure 25. Fuzzy number based on the three NPV scenarios 

However, this does not mean that the investment could not be profitable. The two-year period 

is only too short of making the appliance profitable. However, as shown in Figure 24, which 

presented cumulative cash flows from a different scenario, the investment has generated posi-

tive cash flow over the entire period. For example, the initial costs in the neutral scenario were 

€ 477.14, and in the end, the net present value was € -229.67. Therefore, the change is € 247.47, 

which means that the investment could be profitable within four years if the circumstances stay 

equal.  
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6.1. Summary of results 
 
The study analysed two different business models in terms of profitability. Residential heating 

loads were offered to reserve and balancing power markets. Revenues were achieved in both 

markets, but the FCR-N market was significantly more profitable than the mFRR market. 

However, even the revenues from the FCR-N market did not make the demand response con-

trol unit profitable. Thus, the JouKo2 appliance has no real option value. Table 11 compiles 

the results of the study.  

 
Table 11. Summary of the results of the study 

BM studied Profitability Notes 

Trading flexibility in an 

FCR-N market 

Negative If the optimistic scenario materializes and with a longer in-

vestment horizon, the market may prove profitable enough 

to utilize the residential heating loads in demand response. 

Trading flexibility in an 

mFRR market 

Grossly negative The market is not profitable enough to utilize the residen-

tial heating loads in demand response. 
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7. DISCUSSION AND CONCLUSION 
 

This thesis contributed to research on the feasibility of demand response business models, while 

the main objective was to find an appropriate tool and carry out analysis to estimate the 

feasibility of demand response appliance. The approach for this research problem was combin-

ing theoretical literature with practical implication through a case study. This chapter briefly 

shows the main points of this study and presents the conclusions. In addition, the limitations of 

the research will be discussed, and some suggestions for future research based on the study will 

be suggested. 

In Finland, the implementation of demand response has been primarily on the heavy industry, 

whose process load has been utilized in maintaining the power balance. However, a potential 

development step is seen in the household’s participation to demand response actions and, in 

particular, the utilization of residential heating loads in demand response. Although business 

models for residential demand response are mainly at the level of development due to regulation 

and innovation, many pilots have already been implemented. Fortum, for instance, has utilized 

demand response to connect the water heaters of thousands of households to achieve a one-

megawatt virtual battery (Fortum Oyj, 2018). In general, demand response has been imple-

mented in households with a separate home energy management system (HEMS), such as the 

EHC consumer solution developed by There Corporation, which already has carried out suc-

cessful pilots (There Corporation, 2016). These pilots were carried out in collaboration with 

Fortum and Helen. The Jouko2 appliance, on the other hand, is based on a direct connection to 

appliances that consume electricity in the household. Therefore, demand response can also be 

utilized in households that do not have a HEMS system installed. 

 

7.1. Answering the research questions 
 

As an answer to the first research question, business models related to demand response can be 

divided into five segments based on the usual energy market stakeholders (Behrangrad, 2015). 

Thus, a business model based on demand response can be formed for each system operation, 

generation, transmission/distribution, energy retailing and load segments. As can be expected, 

this enables the business model development for many different actors. Ruggiero et al. (2021) 

note that energy market development has opened up opportunities for technology start-ups and 
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companies from adjacent industries and incumbent energy companies to utilise disruptive tech-

nology and innovate avant-garde products and services.  

Three separate business model archetypes can be identified for the actual demand response 

utilisation: balance responsible aggregator, independent aggregator and sub-aggregator 

(Ohrling, 2019). In the first of these, consumers' capacity is controlled by the recognised energy 

company, in which case they are also responsible for the balance of electricity. In the other two 

business models, the stand-alone aggregator provides either consumer capacity to other com-

panies or directly to the market. In the case study, we did not specify in more detail who acts 

as the collector of residential loads, but more on how the appliance can be profitable from loads 

of an individual household. Investment costs have been identified as having a significant impact 

on the profitability of the aggregation business models. These include the cost of the control 

unit and its installation. Thus, the case study is very timely and provides a basis for broader 

research on the topic. 

As an answer to the second research question, the study found that in reserve and balancing 

power markets, returns can be achieved by utilizing the adjustment capacity of residential cus-

tomers. Of the markets studied, FCR-N became significantly more profitable than the mFRR 

market. However, it should be mentioned that the markets are not comparable as one is energy-

based, and the other is power-based. Thus, the market simulation had to consider market dif-

ferences. For instance, the energy costs of providing and activating capacity for demand re-

sponse actions for the FCR-N market were not considered. Previous studies have also found 

that the FCR-N market has more economic potential (Honkapuro et al., 2015; Belonogova, 

2018; Valtonen, Mendes and Honkapuro, 2018). 

Although the results indicate that the investment in the demand response control appliance is 

not feasible, it does provide a first instance and a viable calculation method. The unprofitability 

is primarily due to the high manufacturing costs of the appliance, as installation costs at their 

highest are assumed to cost only about a third of the manufacturing costs and operating costs 

are estimated to be just a few euros per month. On the other hand, a two-year period is a rea-

sonably short time in calculating the feasibility of investment. However, it can be noted from 

the cumulative discounted cash flows that the appliance has been generating a positive cash 

flow based on the return estimates of the study. Thus, with a year or two longer review period, 

the device could be feasible in terms of net present value or real option value. Indeed, Manner 

et al. (2020) suggest that a demand response control unit can be profitable in the FCR-N market 

if installation and manufacturing costs are made sufficiently low. 
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Since the study was conducted as a case study, the results are highly case-dependent and limited 

to a discrete number of situations. Therefore, results cannot be directly generalized to a broader 

range of applications. The main weakness of the study is the limited availability and incom-

pleteness of the data. As an actual demand response project is modelled, people's willingness 

to participate, consumption volumes, and the regulatory development of the nascent market 

constantly affect the quality of data. Therefore, many assumptions had to be made regarding 

the simulation of demand response returns due to cumbersome market modelling and consumer 

load profiling. As a result, the simulation model is now a rough simplification of reality, and 

the results can be considered subjective. However, in the absence of better alternatives and high 

uncertainty, these returns provided a sufficient basis for the models three cash flow scenarios. 

 

7.2. Future research 
 

Based on the study, many interesting suggestions arose on the topics of further research. First, 

solving the problem related to consumer behaviour could be studied how different heating loads 

behave and how likely the loads are to materialize. Thus, the market simulation could be im-

proved regarding residential consumption, which would improve the accuracy of the results. 

Secondly, one could examine how the demand response control unit functions in conjunction 

with an aggregate or energy company's business. Energy companies can benefit from the syn-

ergies gain from demand response as they are obliged to balance electricity demand and supply 

at all times. Thirdly, it could be examined how the control unit is financed. For example, does 

the consumer buy the device and offer its capacity to the aggregators, or does the aggregator 

lease the device to the consumer against the capacity? In addition, the possibility of financing 

the control device with a climate bond could be explored.  

Finally, the economic potential of demand response could be studied for a more extended period 

and more markets to get a better overall picture of the profitability of demand response and 

increase the willingness of companies to invest. For instance, the utilization of peak shaving 

with regards to power-based tariffs has shown appealing results. These future works increase 

the clarity on available loads, help to refine the bidding rules and increase the commercial po-

tential.  



 

REFERENCES 
 

Ahonen, T. and Honkapuro, S. (2017) ‘Energiamurroksen ennakoidut vaikutukset 2030: 

Kysynnänjoustojärjestelmät’, p. 13. Available at: http://urn.fi/URN:ISBN:978-952-60-7283-8. 

 

Akbari-Dibavar, A., Farahmand-Zahed, A. and Mohammadi-Ivatloo, B. (2020) ‘Concept and 

Glossary of Demand Response Programs’. Cham: Springer International Publishing, pp. 1–20. 

doi: 10.1007/978-3-030-31399-9_1. 

 

Annala, S. et al. (2019) ‘New demand response business models-opportunities and risks’, 

(June), pp. 3–6. 

 

Baden-Fuller, C. and Haefliger, S. (2013) ‘Business Models and Technological Innovation’, 

Long Range Planning, 46(6), pp. 419–426. doi: https://doi.org/10.1016/j.lrp.2013.08.023. 

 

Barbero, M. et al. (2020) ‘Critical evaluation of European balancing markets to enable the 

participation of Demand Aggregators’, Applied Energy, 264, p. 114707. doi: 

https://doi.org/10.1016/j.apenergy.2020.114707. 

 

Behrangrad, M. (2015) ‘A review of demand side management business models in the 

electricity market’, Renewable and Sustainable Energy Reviews, 47, pp. 270–283. doi: 

https://doi.org/10.1016/j.rser.2015.03.033. 

 

Belonogova, N. (2018) ‘Active residential customer in a flexible energy system : a methodology 

to determine the customer behaviour in a multi-objective environment’. Lappeenranta: 

Lappeenranta University of Technology (Acta Universitatis Lappeenrantaensis, 830). 

 

Bruninx, K. et al. (2020) ‘On the Interaction Between Aggregators, Electricity Markets and 

Residential Demand Response Providers’, IEEE Transactions on Power Systems, 35(2), pp. 

840–853. doi: 10.1109/TPWRS.2019.2943670. 

 

 



 

Burger, S. P. and Luke, M. (2017) ‘Business models for distributed energy resources: A review 

and empirical analysis’, Energy policy, 109, pp. 230–248. doi: 10.1016/j.enpol.2017.07.007. 

 

Collan, M. (2012) The pay-off method : re-inventing investment analysis : with numerical 

application examples from different industries . USA: [CreateSpace Independent Publishing 

Platform]. 

 

Collan, M. (2020) ‘Pay-off method’. Lecture notes distributed in A210A0350 Real Options and 

Managerial Decision Making at Lappeenranta University of Technology. 

 

Collan, M., Fullér, R. and Mezei, J. (2009) ‘A Fuzzy Pay-Off Method for Real Option 

Valuation’, Journal of Applied Mathematics and Decision Sciences. Edited by L. Yu, 2009, p. 

238196. doi: 10.1155/2009/238196. 

 

European Commission (2021a) 2030 climate & energy framework. Available at: 

https://ec.europa.eu/clima/policies/strategies/2030_en#tab-0-0 (Accessed: 25 May 2021). 

 

European Commission (2021b) 2030 Climate Target Plan. Available at: 

https://ec.europa.eu/clima/policies/eu-climate-action/2030_ctp_en (Accessed: 25 May 2021). 

 

European Parliament (2019) ‘Directive 2019/944 on Common Rules for the Internal Market for 

Electricity’, Official Journal of the European Union, (L 158/125), p. 18. Available at: 

http://www.omel.es/en/files/directive_celex_32019l0944_en.pdf. 

 

Fingrid (2018a) Kantaverkko auttaa ponnistamaan maailmalle. Available at: 

https://www.fingridlehti.fi/kantaverkko-auttaa-maailmalle/ (Accessed: 10 June 2018). 

 

Fingrid (2018b) ‘Mitä on inertia?’, Fingrid Oyj:n lehti, p. 15. Available at: 

https://www.fingrid.fi/globalassets/dokumentit/fi/julkaisut/asiakaslehdet/fg0218_pdf.pdf. 

 

Fingrid (2019) Frequency Quality Analysis 2019. Available at: 

https://www.fingrid.fi/globalassets/dokumentit/fi/palvelut/kayttovarma-

sahkonsiirto/frequency-quality-analysis-public-2018.pdf. 



 

 

Fingrid (2020a) ‘Nopean taajuusreservin ( FFR ) teknisten vaatimusten todentaminen ja 

hyväksyttämisprosessi’. 

 

Fingrid (2020b) Onko negatiivinen hinta uusi normaali? Available at: 

https://www.fingridlehti.fi/onko-negatiivinen-hinta-uusi-normaali/ (Accessed: 4 June 2021). 

 

Fingrid (2020c) Two-year period 7/2020 - 6/2022. Available at: 

https://www.fingrid.fi/en/grid/peak-load-capacity/yearly-periods/2020---2022/ (Accessed: 9 

April 2020). 

 

Fingrid (2021a) Automaattinen taajuudenhallintareservi. Available at: 

https://www.fingrid.fi/sahkomarkkinat/reservit-ja-saatosahko/automaattinen-

taajuudenhallintareservi/ (Accessed: 3 March 2021). 

 

Fingrid (2021b) Johdanto sähkömarkkinoihin. Available at: 

https://www.fingrid.fi/sahkomarkkinat/markkinoiden-yhtenaisyys/johdanto-

sahkomarkkinoihin/ (Accessed: 1 March 2021). 

 

Fingrid (2021c) Kuinka osallistua reservimarkkinoille. Available at: 

https://www.fingrid.fi/sahkomarkkinat/reservit-ja-saatosahko/kuinka-osallistua-

reservimarkkinoille/ (Accessed: 3 March 2021). 

 

Fingrid (2021d) Kysyntäjousto. Available at: 

https://www.fingrid.fi/sahkomarkkinat/markkinoiden-

yhtenaisyys/pilottihankkeita/kysyntajousto/ (Accessed: 4 March 2021). 

 

Fingrid (2021e) Nopea taajuusreservi. Available at: 

https://www.fingrid.fi/sahkomarkkinat/reservit-ja-saatosahko/nopea-taajuusreservi/ 

(Accessed: 3 March 2021). 

 

Fingrid (2021f) Reservimarkkinat. Available at: 

https://www.fingrid.fi/sahkomarkkinat/reservit-ja-saatosahko/ (Accessed: 2 March 2021). 



 

 

Fingrid (2021g) Säätösähkö- ja säätökapasiteettimarkkinat. Available at: 

https://www.fingrid.fi/sahkomarkkinat/reservit-ja-saatosahko/saatosahko--ja-

saatokapasiteettimarkkinat/ (Accessed: 3 March 2021). 

 

Fingrid (2021h) ‘Taajuuden vakautusreservien ( FCR ) teknisten vaatimusten todentaminen ja 

hyväksyttämisprosessi’. 

 

Fingrid (2021i) Taajuusohjattu käyttö- ja häiriöreservi. Available at: 

https://www.fingrid.fi/sahkomarkkinat/reservit-ja-saatosahko/taajuusohjattu-kaytto--ja-

hairioreservi/ (Accessed: 3 March 2021). 

 

Finnish Meteorological Institute (2021) Heating degree days. Available at: 

https://en.ilmatieteenlaitos.fi/heating-degree-days (Accessed: 9 March 2021). 

 

Fortum Oyj (2018) A thousand Fortum customers’ homes form a one-megawatt virtual battery. 

Available at: https://www.fortum.com/media/2018/01/thousand-fortum-customers-homes-

form-one-megawatt-virtual-battery. 

 

Hamwi, M., Lizarralde, I. and Legardeur, J. (2021) ‘Demand response business model canvas: 

A tool for flexibility creation in the electricity markets’, Journal of cleaner production, 282, p. 

124539. doi: 10.1016/j.jclepro.2020.124539. 

 

Hellström, M. et al. (2015) ‘Collaboration mechanisms for business models in distributed 

energy ecosystems’, Journal of Cleaner Production, 102, pp. 226–236. doi: 

10.1016/j.jclepro.2015.04.128. 

 

Henly, C. et al. (2018) ‘Energizing the Future With Blockchain’, Energy Law Journal, 39(2), 

pp. 197–232. Available at: 

https://search.proquest.com/docview/2175251722?accountid=27306%0Ahttp://ku4jd9mg2y.s

earch.serialssolutions.com/?&genre=article&sid=ProQ:&atitle=ENERGIZING+THE+FUTU

RE+WITH+BLOCKCHAIN&title=Energy+Law+Journal&issn=02709163&date=2018-07-

01&volume=39&issue=2&. 



 

 

Honkapuro, S. et al. (2015) ‘Practical implementation of demand response in Finland’, 23rd 

International Conference on Electricity Distribution (CIRED 2015), (Paper 0928), pp. 15–18. 

 

Honkapuro, S. et al. (2020) Jousto 2035 visio – Energiajärjestelmän jouston tarpeet ja 

toteutuspotentiaali 2035. Lappeenranta. 

 

IEA (2019) Tracking the decoupling of electricity demand and associated CO2 emissions. 

Available at: https://www.iea.org/commentaries/tracking-the-decoupling-of-electricity-

demand-and-associated-co2-emissions (Accessed: 25 May 2021). 

 

IEA (2020) World Energy Outlook 2020. Paris. Available at: 

https://www.iea.org/reports/world-energy-outlook-2020. 

 

Iivari, M. M. et al. (2016) ‘Toward ecosystemic business models in the context of industrial 

internet’, Toward Ecosystemic Business Models in the Context of Industrial Internet, 4(2), pp. 

42–59. doi: 10.5278/ojs.jbm.v4i2.1624. 

 

Järventausta, P. et al. (2015) Kysynnän jousto - Suomeen soveltuvat käytännön ratkaisut ja 

vaikutukset verkkoyhtiöille (DR pooli), Loppuraportti. Tampere: Tampereen teknilllinen 

yliopisto. 

 

Kim, Y. M. et al. (2019) ‘Intelligent micro energy grid in 5G era: Platforms, business cases, 

testbeds, and next generation applications’, Electronics (Switzerland), 8(4). doi: 

10.3390/electronics8040468. 

 

Manner, P. et al. (2020) ‘A novel method to utilize direct electrical space heating for explicit 

demand response purposes -proof of concept’, IEEE PES Innovative Smart Grid Technologies 

Conference Europe, 2020-Octob, pp. 86–90. doi: 10.1109/ISGT-Europe47291.2020.9248893. 

 

Mazur, C. et al. (2019) ‘Technology is not a barrier: A survey of energy system technologies 

required for innovative electricity business models driving the low carbon energy revolution’, 

Energies, 12(3). doi: 10.3390/en12030428. 



 

 

Moore, J. F. (1996) The death of competition : leadership and strategy in the age of business 

ecosystems . New York: HarperBusiness. 

 

Morel, B. (2019) Real Option Analysis and Climate Change: A New Framework for 

Environmental Policy Analysis. Cham: Springer International Publishing AG (Springer Climate 

Ser). 

 

Nasdaq (2021) Nordic Power Products. Available at: 

https://www.nasdaq.com/solutions/nordic-power-products-european-commodities (Accessed: 

2 March 2021). 

 

Niesten, E. and Alkemade, F. (2016) ‘How is value created and captured in smart grids? A 

review of the literature and an analysis of pilot projects’, Renewable and Sustainable Energy 

Reviews, 53, pp. 629–638. doi: https://doi.org/10.1016/j.rser.2015.08.069. 

 

Nojavan, S. and Zare, K. (eds) (2020) Demand response application in smart grids. Volume 1 : 

concepts and planning issues. 1st ed. 20. Cham, Switzerland: Springer. doi: 10.1007/978-3-

030-31399-9. 

 

Nord Pool (2021) Day-ahead Market. Available at: https://www.nordpoolgroup.com/the-

power-market/Day-ahead-market/ (Accessed: 2 March 2021). 

 

Nordic Council of Ministers (2017) Flexible demand for electricity and power. 

 

O׳Connell, N. et al. (2014) ‘Benefits and challenges of electrical demand response: A critical 

review’, Renewable & sustainable energy reviews, 39, pp. 686–699. doi: 

10.1016/j.rser.2014.07.098. 

 

Ohrling, T. (2019) Novel business models and empowerment strategies for incentive- based 

demand response in Finland. Aalto University. 

 

 



 

 

Okur, Ö., Heijnen, P. and Lukszo, Z. (2021) ‘Aggregator’s business models in residential and 

service sectors: A review of operational and financial aspects’, Renewable & sustainable energy 

reviews, 139, p. 110702. doi: 10.1016/j.rser.2020.110702. 

 

Osterwalder, A. and Pigneur, Y. (2010) Business model generation : a handbook for 

visionaries, game changers, and challengers. Edited by Y. Pigneur et al. Hoboken, New Jersey: 

Wiley. 

 

Parrish, B., Gross, R. and Heptonstall, P. (2019) ‘On demand: Can demand response live up to 

expectations in managing electricity systems?’, Energy Research & Social Science, 51, pp. 

107–118. doi: https://doi.org/10.1016/j.erss.2018.11.018. 

 

Paukstadt, U. et al. (2019) ‘A taxonomy of consumer-oriented smart energy business models’, 

27th European Conference on Information Systems - Information Systems for a Sharing Society, 

ECIS 2019, pp. 0–17. 

 

Ringler, P., Keles, D. and Fichtner, W. (2016) ‘Agent-based modelling and simulation of smart 

electricity grids and markets – A literature review’, Renewable and Sustainable Energy 

Reviews, 57, pp. 205–215. doi: https://doi.org/10.1016/j.rser.2015.12.169. 

 

Rodríguez-Molina, J. et al. (2014) ‘Business Models in the Smart Grid: Challenges, 

Opportunities and Proposals for Prosumer Profitability’, Energies, 7(9), pp. 6142–6171. doi: 

http://dx.doi.org/10.3390/en7096142. 

 

Ruggiero, S. et al. (2020) ‘“Life after Nokia?” Business model innovation and niche upscaling 

in the emerging Finnish demand response industry’, Aalto University publication series 

BUSINESS + ECONOMY, 2/2020, (Aalto University; Aalto-yliopisto). 

 

Ruggiero, S. et al. (2021) ‘Business model innovation in demand response firms: Beyond the 

niche-regime dichotomy’, Environmental innovation and societal transitions, 39, pp. 1–17. doi: 

10.1016/j.eist.2021.02.002. 

 



 

 

Shomali, A. and Pinkse, J. (2016) ‘The consequences of smart grids for the business model of 

electricity firms’, Journal of Cleaner Production, 112, pp. 3830–3841. doi: 

https://doi.org/10.1016/j.jclepro.2015.07.078. 

 

Siano, P. (2014) ‘Demand response and smart grids—A survey’, Renewable and Sustainable 

Energy Reviews, 30, pp. 461–478. doi: https://doi.org/10.1016/j.rser.2013.10.022. 

 

Teece, D. J. (2010) ‘Business Models, Business Strategy and Innovation’, Long Range 

Planning, 43(2), pp. 172–194. doi: https://doi.org/10.1016/j.lrp.2009.07.003. 

 

TEM (2019) Finland’s Integrated Energy and Climate Plan. Helsinki: Ministry of Economic 

Affairs and Employment. Available at: http://julkaisut.valtioneuvosto.fi/handle/10024/161977. 

 

There Corporation (2016) Kysynnänjouston pilottiprojekti. 

 

Toffler, A. (1980) The third wave . London: Collins. 

 

Valtonen, P., Mendes, G. and Honkapuro, S. (2018) ‘Demand response for increased grid 

flexibility: The case of Finland’, 2017 IEEE Innovative Smart Grid Technologies - Asia: Smart 

Grid for Smart Community, ISGT-Asia 2017, pp. 1–6. doi: 10.1109/ISGT-Asia.2017.8378444. 

 

Vernimmen, P., Quiry, P. and Dallochio, M. (2014) Corporate Finance: Theory and Practice. 

4. ed. West Sussex, England: John Wiley & Sons. 

 

XAMK (2019) Sähkökärppä-projekti. Available at: https://www.xamk.fi/tutkimus-ja-

kehitys/sahkokarppa-projekti/ (Accessed: 15 June 2021). 

 

Xu, Y., Ahokangas, P. and Reuter, E. (2018) ‘EaaS: Electricity as a Service?’, Journal of 

Business Models, 6(3), pp. 1–23. Available at: 

http://search.ebscohost.com/login.aspx?direct=true&db=bth&AN=134659518&site=ehost-

live. 

 



 

 

Yan, X. et al. (2018) ‘A review on price-driven residential demand response’, Renewable and 

Sustainable Energy Reviews, 96, pp. 411–419. doi: https://doi.org/10.1016/j.rser.2018.08.003. 

  



 

Appendix 1. Demand response business models  
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Appendix 2. Input layer of the model 

 

  

Inputs Description Values Effects on cash flow
Months of operation 24
Initial investment (1-%)*Neutral 20 % -400,00 €
Duration of investement expenses 1
Recurring costs (1-%)*Neutral 10 % -0,90 €
Discount rate - All expenses Neutral + % 2 % 7 %
Annual revenue (1+%)*Neutral 20 %
Discount rate - Revenue Neutral - % 4 % 6 %
Starting year of operations 1

Inputs Description Values Choose device & number of pcs
Months of operation 24
Initial investment Device & installation 500,00 €
Duration of investement expenses 1
Recurring costs Operational fees (monthly) 1,00 €
Discount rate - All expenses 5 %
Monthly revenue Choose market FCR-N
Discount rate - Revenue 10 %
Starting year of operations 1

Inputs Description Values Effects on cash flow
Months of operation 24
Initial investment (1+%)*Neutral 20 % -600,00 €
Duration of investement expenses 1
Recurring costs (1+%)*Neutral 10 % -1,10 €
Discount rate - All expenses Neutral - % 2 % 3 %
Annual revenue (1-%)*Neutral 20 %
Discount rate - Revenue Neutral + % 4 % 14 %
Starting year of operations 1

Manufactoring costs/device 100 pcs 1000 pcs 10000 pcs
Jouko2 City 484,00 € 411,00 € 350,00 €
Jouko2 Countryside 464,00 € 394,00 € 335,00 €

Network connection costs monthly
Jouko2 City 1,00 €
Jouko2 Countryside 4,00 €

Installation 150,00 €

Pessimistic Scenario

Optimistic Scenario 

Neutral Scenario

Jouko2 City

10000 pcs



 

Appendix 3. Returns from the mFRR market 

Capacity value in Manual Frequency Restoration Reserve 
 

2019 2020 

Bid price 10 € 20 € 30 € 10 € 20 € 30 € 

Jan 8,79 € 8,83 € 8,13 € 4,56 € 4,69 € 4,92 € 

Feb 0,84 € 0,84 € 0,66 € 7,18 € 7,79 € 8,27 € 

Mar 1,37 € 1,40 € 1,46 € 7,60 € 7,87 € 8,05 € 

Apr 0,77 € 0,73 € 0,89 € 4,61 € 9,58 € 9,74 € 

May 1,40 € 1,44 € 1,44 € 3,70 € 3,70 € 3,93 € 

Jun 0,00 € 0,00 € 0,00 € 0,00 € 0,00 € 0,00 € 

Jul 0,11 € 0,11 € 0,12 € 0,00 € 0,00 € 0,00 € 

Aug 0,07 € 0,08 € 0,07 € 0,06 € 0,06 € 0,07 € 

Sep 1,08 € 1,11 € 1,10 € 0,90 € 0,93 € 1,10 € 

Oct 3,29 € 3,35 € 3,32 € 1,96 € 2,34 € 2,36 € 

Nov 4,10 € 4,10 € 4,10 € 5,65 € 6,27 € 6,42 € 

Dec 2,21 € 2,23 € 1,97 € 7,00 € 12,73 € 7,80 € 

Total 24,04 € 24,22 € 23,26 € 43,23 € 55,96 € 52,65 € 

 

  



 

Appendix 4. Returns from the FCR-N market 

Capacity value in Frequency Containment Reserve for Normal Operation  

  2019 2020 

Bid price 10 € 20 € 30 € 10 € 20 € 30 € 

Jan 12,43 € 3,10 € 1,34 € 11,16 € 6,66 € 4,45 € 

Feb 6,12 € 1,62 € 1,12 € 13,91 € 9,10 € 5,95 € 

Mar 8,79 € 3,81 € 2,11 € 18,87 € 13,53 € 8,65 € 

Apr 14,15 € 9,58 € 7,75 € 14,87 € 9,73 € 5,90 € 

May 46,70 € 43,69 € 42,37 € 40,99 € 37,67 € 33,97 € 

Jun 0,00 € 0,00 € 0,00 € 0,00 € 0,00 € 0,00 € 

Jul 0,00 € 0,00 € 0,00 € 0,00 € 0,00 € 0,00 € 

Aug 0,00 € 0,00 € 0,00 € 0,00 € 0,00 € 0,00 € 

Sep 15,23 € 8,26 € 5,44 € 16,60 € 8,01 € 6,68 € 

Oct 20,41 € 12,41 € 10,61 € 14,44 € 6,02 € 4,26 € 

Nov 6,74 € 1,07 € 0,65 € 21,63 € 15,60 € 12,62 € 

Dec 17,15 € 10,81 € 8,96 € 3,56 € 0,19 € 0,19 € 

Total 147,72 € 94,35 € 80,35 € 156,04 € 106,50 € 82,68 € 

 

 

 

 


