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1. Introduction

1.1 Motivation and background

The Paris Agreement, a legally binding international treaty for climate warming, 
was negotiated by 196 parties in 2015 at the United Nations Climate Change 
Conference. The agreement set a goal to limit climate warming to 2 C, 
preferably 1.5 C, compared with preindustrial levels (United Nations 2015). 
Today, during the 21st century, it seems likely that 1.5 C is exceeded unless 
substantial greenhouse gas (GHG) mitigation actions are made (IPCC 2019). 
Reducing climate change involves replacing fossil fuels with low-carbon sources 
for electricity, heat, and transport. The European Union (EU) aims to be carbon-
neutral by 2050, in alignment with the Paris Agreement (The European 
Parliament and the Council of the European Union 2018a). However, the set 
target for an economy with net-zero GHG emissions requires electrification of 
the energy system and the large-scale deployment of renewable energy sources 
(RES) (The European Parliament and the Council of the European Union 
2018b). 

The future of energy distribution relies increasingly on information and 
communication technologies (ICT) and smart technologies. The large-scale 
utilization of these technologies in the energy system is expected to support the 
efficient utilization of renewables and increase the energy networks' operational 
efficiency. However, the climate mitigation effect is not self-evident. The 
digitally integrated operation also consumes a considerable amount of energy 
(mainly electricity), producing GHG emissions (UK Parliament 2022). Thus, 
their implementation should always be justified. The need for digital 
interconnections between the future energy market participants is, however, 
clear – to help the fluctuating energy supply better match demand and vice 
versa. 

The building sector is known for its energy and carbon intensity. Today, the 
sector consumes approximately 40% of the global energy need and is 
responsible for one-third of carbon emissions (United Nations Environment 
Programme 2021). Although the existing building stock has the potential to 
participate in future energy markets, the required smart energy system 
investment discussion is mainly based on the energy supply, transmission, and 
distribution (including power plants and networks). By contrast, the investment 
needs on the demand side, including the building sector, are generally 
overlooked (IEA 2019).  
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Real estate is vital in fostering social, economic, and environmental 
sustainability in the built environment. Furthermore, the existing building stock 
provides one of the most prominent low-cost options to provide flexibility in the 
energy system, contributing significantly to the clean energy transition. The real 
estate sector is the wealthiest asset class in the world. Thus, the sector has 
substantial capability to invest in low-carbon energy technologies such as 
rooftop photovoltaics (PVs), heat pumps (HPs), and on-site energy storages 
(Savills 2016, Vimpari 2020). Investments worth EUR 16 trillion should be 
directed to these low-carbon energy technologies to establish a global ecosystem 
solely based on renewables by 2050 (Vimpari 2020).  

To fully support the uptake of RES in the coming years, these technologies 
should also be smart-ready, i.e., able to adjust their operations based on 
collected and analyzed data from their operating environment. Furthermore, for 
buildings to actively participate in the future energy markets, the information 
and energy flow between a building and its sub-systems and the energy market 
should be enabled by an advanced smart-energy management system (SEMS). 
Compared to a business-as-usual case, increasing the buildings readiness to 
react to the signals from their operational environment is estimated to lead to 
5% higher final energy savings, unclocking an increase in investment of EUR 
181 billion over next 30 years, and mitigate up to 32 million tonnes of GHG 
emission yearly (Verbeke et al. 2020). 

The need to foster the ICT and smart technology shift in real estate seems clear 
and straightforward from the energy system perspective. However, the real 
estate owners’ motives for participating in the future energy markets, and 
making the required investments, are still poorly understood. One key barrier 
appears to be the lack of understanding of the concept of smartness (i.e., what 
makes a building smart) and the undefined metrics to evaluate the economic 
value of smartness for real estate owners.   

1.2 Research objective, questions, and scope

The dissertation aims to shed light on the terminology of smartness in buildings 
and evaluate its viability for real estate owners. This research follows the 
European Commission’s (2018b) interpretation of smartness, i.e., the smart 
readiness indicator (SRI) rating scheme. Accordingly, smartness in buildings 
consists of physical products and digital interfaces, enabling the building or its 
systems to sense, interpret, communicate, and actively respond efficiently to the 
signals from a building’s operational environment. The interoperability of the 
technical building systems is essential for allowing a building to interact with 
energy markets (Verbeke et al. 2020). In this dissertation, the interactive layer 
controlling a building and its sub-systems is referred to as SEMS.  

To address the main aim of this dissertation, two research questions (RQs) 
have been formed: 
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RQ1: How can real estate owners assess the smartness of their buildings? 

RQ2: How do real estate owners evaluate the economic value of smartness? 

The first research question (RQ1) focuses on interpreting smartness from 
quantitative and qualitative perspectives. First, the theoretical ground of 
smartness in buildings was reviewed. Second, this dissertation introduces one 
general approach to evaluating smartness (smartness rating scheme) in 
buildings. The research question evaluates the applicability of the rating metric 
from the real estate owners’ perspective, as well as reflects the technologies that 
make a building or its system smart.  

The second research question (RQ2) addresses the quantitative and 
qualitative benefits of smartness for real estate owners. First, the theoretical 
ground of the operation logic of real estate business was reviewed. Second, the 
research question evaluates the applicability of the property investment metrics 
and property valuation in evaluating the economic value of smartness in 
buildings. Finally, the research question evaluates the benefit of smartness for 
real estate owners by using these evaluation metrics. RQ1 and RQ2 build on the 
main research purpose to address the profitability of smartness for real estate. 

This dissertation is the first research to combine the theoretical grounds of 
smartness in buildings and the operation logic of real estate business. This study 
tests, develops and applies one potential concept of smartness in buildings 
(smartness rating scheme). The concept is utilized as a theoretical and empirical 
framework to address the viability of smartness for real estate.  

1.3 Structure of the dissertation

The dissertation comprises three appended publications, which have been 
reviewed and published in academic journals, and this compiling part. The 
compiling part summarizes the related literature and findings from the 
publications in the context of the dissertation research. The dissertation 
structure is illustrated in Figure 1, which shows how the theoretical grounds 
(forming the theoretical framework of this dissertation), research questions, 
and publications complement each other. 
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Figure 1. Structure of the dissertation

As the figure shows, both RQ1 and RQ2 support the purpose of the study. The 
theoretical framework combines the critical theories for both RQs, and the 
framework was applied to analyze the results from the publications. Finally, the 
conclusions tied together the main findings of this dissertation research. 

The presentation order of the publications is based on the content and 
their contribution to the research proble . Accordingly, the research 
problem is addressed on three system levels. Table 1 summarizes the 
publications, application levels, and research question contributions. 

Table 1. System level and primary unit of analysis of each publication and their contribution to 
the dissertation's research questions

Publication System level The primary unit of analysis Contribution

I Technology Smartness in buildings; the concept, 
rating scheme, and technologies

RQ1

II Property Smartness in buildings and real estate RQ1 and RQ2

III City (building 
portfolio 
context)

Smartness in buildings and real estate RQ1 and RQ2

This dissertation has two primary units of analysis: smartness in buildings and 
(the operation logic of) real estate. From the perspective of smartness in 
buildings, this dissertation aimed to understand the viability of smartness at the
technology, property, and city levels. First, the feasibility of the concept of 
smartness (smartness rating scheme) was tested empirically in the context of 
this dissertation and then further developed for Nordic conditions (Publication 
I). The technological fit of the rating scheme in Finland was justified by 
performing replicative case assessments in three office buildings in the Helsinki 
region (Publication I). Second, the technical system of an exemplary smart 
building was observed and its smartness was justified by applying the 
empirically tested rating scheme (Publication II). Third, the findings from 
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publications I and II were utilized to broaden and develop a theoretical 
observation of smartness in buildings at the city level (Publication III). 

From a real estate perspective, this dissertation aimed to understand the 
viability of smartness in buildings for real estate owners. The economic value of 
smartness was evaluated at the property and building portfolio context in 
publications II and III, respectively. First, the economic viability of a real-life 
smart building was validated by analyzing the financial profitability of the 
investment (that led to the high smartness rating) and its impact on property 
value (Publication II). Second, the validity of the performed investment analysis 
and the primary arguments behind the executed investment decision were 
validated through semi-structured interviews. Finally, the cash flows generated 
by smartness at a city level were modeled in the Helsinki region (Publication 
III). 

The compiling part of the dissertation consists of five sections. The first 
section outlined the dissertation's motivation, research objective, questions, 
scope, and structure. The second section introduces the theoretical background 
of the dissertation. The third section summarizes the applied methodology, 
explains the research designs, and introduces the methods. The fourth section 
presents the summaries of the appended publications, which contribute to the 
dissertation. Finally, the fifth section summarizes the results of the publications 
in the context of the research questions, discusses the contribution of the 
research, evaluates the reliability and validity of the results, and provides 
recommendations for further research. 
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2. Theoretical background 

This section introduces the theoretical foundation of the dissertation research. 
Section 2.1 describes the role of smartness in clean energy transition. Section 
2.2. reviews the theoretical grounds of smartness in buildings covering a variety 
of definitions (Section 2.2.1), rating schemes (Section 2.2.2), and smart energy 
management system (Section 2.2.3) enabling a building’s participation in the 
future RES-based energy markets. Section 2.3 reviews the traditional 
investment evaluation metrics and property valuation in real estate. Finally, 
Section 2.4 combines the theoretical grounds of smartness in buildings and the 
operation logic of real estate business and introduces theoretical framework of 
this dissertation. 

2.1 Smartness in the clean energy transition 

Energy system electrification is expected to play a critical role in the transition 
from the centralized and fossil fuel-based energy system to a decentralized 
renewable energy generation. According to the IEA's (2019) fast clean energy 
transition scenario, the share of electricity in final energy will reach 
approximately 35% by 2050, when the equal share in 2019 was 20%. In 
addition, the carbon intensity of the energy sector is expected to fall by more 
than 90% by 2050 because of the improved energy efficiency, uptake of 
renewables, and shifts to low-carbon electricity production (IEA 2019). The 
foreseen shift to low-carbon electricity production is expected to set some 
crucial operational challenges for the energy system (Kolokotsa 2015).  

The electricity supply and demand must always be balanced in an electricity-
driven energy system. However, the increasing share of intermittent renewable 
energy production, such as wind and solar energy, threatens this balance at 
times when the demand exceeds production and vice versa. Thus, the energy 
management must become smarter to maintain a balance in the future energy 
system. 

A smart grid is a next-generation electricity grid where the energy and 
information flow occur in two ways: from electricity distribution companies to 
end customers and the other way around (Nejad et al. 2013). Accordingly, a 
smart grid is a more efficient and flexible energy delivery network than a 
conventional electricity grid (Kolokotsa 2015). The first official definitions of 
smart grids were introduced in the early 21st century, whereas the origin of the 
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conventional electricity grid goes back to the 19th century (Keyhani 2019). The 
invention of the conventional electricity grid enabled the start of rapid 
industrialization, which we recognize as the beginning of the Industrial 
Revolution (Keyhani 2019). However, until today modern society has been 
facilitated by using fossil fuels, namely coal, oil, and gas. 

In general, the availability of energy determines the electricity price. The 
conventional electricity grids have been designed based on the long-term load 
forecast of the community's anticipated needs (Keyhani 2019). The growing use 
of RES is presently posing a challenge to the operational objectives of the energy 
system (United Nations 2015). During 2000–2018, the electricity prices in the 
pan-European Nord Pool energy market increased steadily at an average rate of 
4.1% per annum. However, during the past few years, a dramatic increase in 
electricity prices has occurred. In the last quarter of 2021, Finland's monthly 
average system price, for instance, reached EUR 147 per MWh, and the area 
price for Finland was EUR 193 per MWh. Compared with the prices in 2020 (at 
their lowest the system price was EUR 2 per MWh, and the area price was EUR 
20 per MWh), the price increase was exceptional (Statistics Finland 2022). The 
annual change in inflation and electricity prices in Finland (2002–2022) are 
shown in Figure 2. 

Figure 2. The annual growth of consumer price index (inflation) and electricity in Finland (2000–
2022) (Statistics Finland 2023a, 2023b)

During the past decades, electricity prices have grown steadily. However, 
several reasons affected the dramatic increase in electricity prices in the Nord 
Pool market during 2020-2022. First, the rise in prices of fossil fuels and 
emission rights, along with the intermittent nature of renewable energy 
production (namely wind and hydropower), affected electricity prices (Statistics 
Finland 2022). Secondly, the 2022’s unstable geopolitical situation, caused by 
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Russia’s attack on Ukraine (affecting especially the gas markets), increased the 
electricity prices dramatically in Europe, including Finland.  

Although Nordic power production is almost 90% carbon-free today (IEA 
2016), the clean energy transition is expected to cause availability- and price-
related turbulence across the entire energy system in the coming years. The 
need to enhance the energy system’s capability to store energy, communicate, 
and adjust to the changes in energy supply and demand is evident also in the 
Nordics (Alotaibi et al. 2020).  

The uptake of ICT and smart technologies in the energy system could enable 
end customers to time their energy usage based on the expected real-time 
energy price. On the other hand, the advanced information and energy flow 
control enable the energy market to shift loads from peak power hours (when 
potentially there is also a lack of renewable energy) to periods of better 
availability. However, the two-way communication between the energy market 
and the end customers requires the implementation of various smart meters 
and services on the demand side. Thus, major investments in building 
smartness are also required to support the clean energy transition. 

2.2 Smartness in buildings

The smartness in buildings is expected to foster the decarbonization of the 
energy system (United Nations 2019). However, the terminology of smartness 
in buildings still needs to be clarified. Therefore, this section reviews the 
theoretical grounds for building smartness, covering the definition, evaluation 
metrics, and systems that make a building smart. 

2.2.1 Definitions of smartness 

The concept of building smartness has evolved from the early definitions of 
intelligent buildings (IBs) during the past few decades. Several researchers have 
reviewed the development of the core features and concepts of IBs (e.g., ALwaer 
and Clements-Croome 2010, Buckman et al. 2014, Ghaffarianhoseini et al. 
2016). Ghaffarianhoseini et al. (2016), for instance, reviewed key features and 
components of IBs and compared the first definitions from the mid-1980s to the 
date. According to the study, the concept of IBs has developed from representing 
an “information communication network and automatically controlled system” to 
“intelligent control strategies, including smart grids, smart metering, and demand 
response control” (Ghaffarianhoseini et al. 2016). Similarly, Clements-Croome 
(1997) defined IBs in the late-1990s as buildings that can “cope with social and 
technological change and are adaptable to short-term and long-term human needs.” 
Later, Clements-Croome (2013) referred IBs as buildings that respond to the 
needs of their occupants and of society, being at the same time functional and 
sustainable to promote the well-being of the users. 

For years, an IB represented the concept for future buildings. However, 
recently, a new concept has evolved on top of IBs: the concept of a smart 
building. Multiple researchers have studied the core differences between IBs 
and smart buildings. Buckman et al. (2014), for instance, have proposed a clear 
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distinction between building intelligence and smartness, referring IBs as 
“reactive” and smart buildings as “adaptive.” Furthermore, the researchers 
(Buckman et al. 2014) introduced a third category of “thinking buildings,” which 
they referred to as “predictive.” 

The exact definition of building smartness has not yet reached a common 
understanding among researchers. However, the purpose and benefits of 
smartness in buildings seem to be well understood. The benefits relate to 
economic and cost efficiency, environmental excellence, and social sensitivity, 
which are aligned with the environmental, economic, and social dimensions of 
sustainability (United Nations 2019). Froufe et al. (2020) defined the main 
beneficiaries of smartness as building users, owners, and the environment, 
which is well-aligned with the understanding of other researchers (e.g., 
Ghaffarianhoseini et al. 2016). Ghaffarianhoseini et al. (2016) highlighted the 
relevance of building smartness in reducing the building's operational costs 
through energy-efficient operation and energy management. Other aspects, but 
not limited to those often linked to building smartness, are integrated 
technological facilities, enhanced security, reduced environmental impacts, 
improved networking potential, and higher occupant productivity 
(GhaffarianHoseini et al. 2013). 

2.2.2 Smartness rating schemes 

Today, international regulations and political decisions strongly support the 
required technology shift in buildings to achieve the set decarbonization targets 
(United Nations 2015, The European Parliament and the Council of the 
European Union 2018b). At the core of the regulations, such as the Energy 
Performance of Buildings Directive (EPBD), is to encourage investments in 
smart technologies that increase buildings' energy and cost-efficiency without 
compromising the user's health and well-being (Verbeke et al. 2020). Thus, 
future buildings should be cost-effective but more comfortable, with lower 
energy use and carbon emissions (The European Parliament and the Council of 
the European Union 2018b). This view is well aligned with the perception of 
smart building researchers (Clements-Croome 2013, Ghaffarianhoseini et al. 
2016, Froufe et al. 2020). 

Various assessment schemes and tools generally support political decision-
making in a certain direction (Ahvenniemi et al. 2017). For example, the 
European Commission has introduced the SRI for buildings rating scheme to 
support the transition of buildings toward a more energy-efficient and energy-
flexible direction. Accordingly, the uptake of SRI is, solely, expected to generate 
5% more energy savings, while reducing up to 32 million tonnes of GHG 
emissions in the EU annually (Verbeke et al. 2020). Today, in addition to SRI, 
various commercial tools that evaluate smartness in buildings have entered the 
market. Some commercial smartness rating schemes are Honeywell Smart 
Building Score (HSBS), Smart Building Certification, and SmartScore. Other 
frameworks such as Building Intelligent Quotient (BiQ) and SPIRE can also be 
found in the literature, but with less publicly available information. 
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Furthermore, academic practitioners such as (Arditi et al. 2015, Gunatilaka et 
al. 2021) have developed their market-specific smartness rating schemes. 

The European Commission-driven SRI and the UK-based commercially 
driven rating scheme SmartScore, appear to be the most well-recognized 
smartness rating schemes in Europe. However, the perception of what makes a 
building smart varies significantly between the schemes. The SRI strongly 
enhances the role of buildings in future energy markets (Janhunen et al. 2019, 
Märzinger and Österreicher 2019). According to the European Commission's 
proposal, the core technologies of a smart building can be categorized into nine 
domains, namely heating, domestic hot water, cooling, controlled ventilation, 
lighting, dynamic building envelope, electricity1, electric vehicle charging, and 
monitoring and control (Verbeke et al. 2020). Each main domain contains a 
specific number of smart-ready services, which can be controlled based on the 
needs of the building, its user, and the smart grid (Verbeke et al. 2020).  

SmartScore conceptualizes smartness based on a building's adaptability to the 
user's needs. Accordingly, SmartScore (initially developed based on the 
WiredScore rating system) evaluates smartness in buildings from the 
perspectives of user functionality and technological foundation. Following the 
definition, a smart building should offer its users individual and collaborative 
productivity, health and well-being, community and services, sustainability, 
maintenance and optimization, and security (SmartScore 2022). From the 
technological foundation perspective, a smart building should support smart 
functionalities, including digital connectivity, building systems, a landlord 
integration network, governance, cybersecurity, and data sharing (SmartScore 
2022). 

The United States-based smartness rating scheme (i.e., HSBS) serves as a 
third viewpoint to smartness by evaluating buildings in 15 predefined smart 
assets across three criteria: greenness, safety, and productivity. Greenness 
relates to the building's environmental sustainability, that is, saving water and 
energy, streamlining facility management, and preventing equipment failures, 
and reducing GHG emissions (Honeywell 2022). Safety relates to building 
users, owners, and occupant security, including fire safety, improved indoor air 
quality, electrical safety, fall protection, and accident prevention (Honeywell 
2022). The third criterion, which is productivity, relates to user comfort and 
functionality that support user satisfaction through healthier and better-
connected environments (Honeywell 2022). Generally, HSBS and SmartScore 
share a more similar perception of smartness than SRI, which has a robust 
energy market-centralized approach (Janhunen et al. 2019). 

2.2.3 Smart energy management system 

Today, buildings cover roughly 40% of the final energy demand (United Nations 
Environment Programme 2021). In addition, building heating and cooling 
consume a major part of the total energy demand (United Nations Environment 
Programme 2021). Buildings’ energy (and carbon) intensity provide a 

1 Electricity relates to on-site renewable energy production and storage (Verbeke et al. 2020)
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significant potential for various energy efficiency actions. Furthermore, they 
serve a great market potential for the energy system (because of the thermal 
inertia of the building mass). Increasing smartness in buildings, that is, their 
readiness to increase energy efficiency and shift peak electricity demand to off-
peak hours, is considered crucial in facilitating the clean energy transition (IEA 
2019).  

Aligned with the European Commission’s (2018b) vision, the uptake of smart-
ready technologies in buildings should be supported using the SRI rating 
scheme. The smart-ready technologies are defined as digital ICT technology 
(e.g., optimization algorithms) or physical products (e.g., ventilation system 
with CO2 sensor) or combinations thereof (e.g., smart thermostats) (Verbeke et 
al. 2020). In the SRI rating scheme, the smartness of a building is evaluated in 
nine main domains, as it was presented in the previous subchapter. These 
domains and the predefined smart-ready services (enabled by a combination of 
smart-ready technologies) form the basis for the buildings' energy-efficient 
operation, healthy indoor environment, and smart grid integration. Table 2 
shows the full list of smart-ready services in the SRI rating scheme. 
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Table 2. The list of smart-ready services in the SRI rating scheme (Verbeke et al. 2020) 

 
*DSM refers to demand-side management; HVAC refers to heating, ventilation, air conditioning; TABS 
refers to thermally activated building systems; TBS refers to technical building systems; TES refers to 
thermal energy storage 

Following the rating scheme, each smart-ready service can be implemented in 
various degrees of smartness (i.e., functionality levels). For instance, a heat 
generator control (for heat pumps) can be “smart-ready” but not “smart” if the 
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controllable heat pump is not connected to a controller or has no configuration 
interface (Verbeke et al. 2020).

Each smart-ready service is expected to have a positive impact on the building, 
the user, and the grid. The impacts are categorized as energy savings on-site and 
maintenance and fault prediction for the building; as comfort, convenience, 
well-being and health, and information to occupants for users; and as flexibility 
for the grid and storage (Verbeke et al. 2020). Figure 3 illustrates the structure 
of the SRI rating scheme, covering the main domains and impact categories. 

Figure 3. The structure of the SRI rating scheme, adapted from (Verbeke et al. 2020)

According to Verbeke et al. (2020), a building is only smart if its TBS can sense, 
interpret, communicate, and actively respond efficiently to the signals from 
their operational environment. The interoperability of the TBS is essential for 
allowing a building to interact with energy markets efficiently (Verbeke et al. 
2020). In this dissertation, the interactive layer controlling a building and its 
TBS based on the signals from the building itself, the user, and the grid (as 
proposed by the SRI rating scheme) is referred to as SEMS. Figure 4 illustrates 
the operational environment of SEMS in this dissertation research. 

Figure 4. The operational environment of SEMS in this dissertation research
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2.3 Investment analysis in the real estate business

This section introduces the traditional investment evaluation metrics. 
Furthermore, this section reviews the property valuation logic for the real estate 
business. Later in this dissertation, the viability of these metrics to evaluate the 
economic value of smartness is observed. 

Traditionally, the economic value of any type of investment can be evaluated 
using a payback period, return on investment (ROI), and internal rate of return 
(IRR). The payback period equals the time it takes to recover the cost of an 
investment. The time can be calculated using the following equation (Berk and 
DeMarzo 2007): 

 

where investment costs refer to the total cost of the investment, and CF refers 
to the annual net cash flow generated by the investment. The downside of the 
metric is that the equation does not consider the time value of money (Berk and 
DeMarzo 2007). The second investment evaluation metric (i.e., ROI) is used to 
evaluate the profitability of an investment in percentages. The profitability can 
be calculated using the following equation (Friedlob and Plewa 1996): 

, 

where NOI refers to net operating income, and investment costs refer to the total 
cost of the investment. ROI is useful, especially in ranking peer projects or 
investments. However, the metric does not consider the investment holding 
period (Friedlob and Plewa 1996). The third investment evaluation metric (i.e., 
IRR) is applied to estimate the profitability of potential investments in the 
future. IRR equals a discount rate, which makes all cash flows' net present value 
(NPV) zero. The NPV can be expressed as follows (Luenberger 2009): 

, 

where CFt refers to the annual net cash flow generated by the investment in 
different years, and d is the discount rate equal to the IRR when the NPV is 0. 
IRR is optimal for comparing annual returns of potential investment over time 
(Luenberger 2009). All three investment evaluation metrics (payback period, 
ROI, and IRR) are often applied in the real estate business. However, despite 
their applicability, these metrics do not show the added value of the investment 
on property value, which is the prime interest area of a real estate owner. 

Professional real estate owners' property valuation logic often follows an 
income-generating approach comprising three variables: gross income, 
operating expenses, and property yield. The property value, referred to as direct 
capitalization, can be expressed as follows: 

, 

where NOI refers to net operating income (i.e., operating expenses subtracted 
from gross income), and Y refers to property yield. In the equation, property 
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yield is a discount rate tied to the property's location, which also reflects the 
required rate of return for the property investment (i.e., the risk). As the real 
estate owner cannot manage the property yield, real estate owners decrease the 
investment risk by focusing on developing, maintaining, and improving the net 
operating income. Generally, less value is given to the minimization of the 
operating expenses, as their share is only 5% to 15% of the rental income 
(Christersson et al. 2015). 

However, direct capitalization does not express the effect of the future 
estimated cash flows related to income-generating investments, such as those 
related to smartness in buildings. Therefore, the value of income-generating 
investments should be calculated based on a discounted cash flow (DCF) 
analysis (Leskinen et al. 2020a). DCF is an advanced version of direct 
capitalization specifically applied to evaluate the profitability of income-
generating investment properties. DCF aims to estimate the present value of a 
property based on future cash flows and exit value. The present value (PV) of a 
property can be defined as follows: 

, 

where the gross income and operating expenses are discounted to the present 
with a suitable discount rate, as suggested by the RICS (2011). In the equation, 
the required rate of return reflects the investment's relevant risk (RICS 2011). 

2.4 Theoretical framework 

The definition of smartness in buildings has evolved over the years following the 
needs of the buildings' operational environment, occupants, and society 
(Clements-Croome 2013). Today, especially the clean energy transition and the 
increasing deployment of RES sets a demand for future buildings to adapt and 
predict the needs of the energy system (Buckman et al. 2014). However, at the 
same time, buildings should maintain the well-being of the users (Clements-
Croome 1997) and support their own energy-efficient operation and 
management (Ghaffarianhoseini et al. 2016). 

The European Commission encourages the required technology shift in 
buildings by introducing the voluntary smartness rating scheme (i.e., the SRI) 
for buildings (The European Parliament and the Council of the European Union 
2018b). One main aim of the SRI is to increase awareness of the environmental 
and economic benefits of building smartness, especially for building owners, to 
encourage investments in smart-ready technologies (Verbeke et al. 2020). The 
technology shift in buildings is expected to generate positive impacts on a 
building's energy savings on-site, and maintenance and fault prediction; users' 
comfort, convenience, well-being and health, and information to occupant; and 
the grid's flexibility and storage. 

As presented in Section 1, the main aim of this dissertation is to shed light on 
the terminology of smartness in buildings and evaluate its viability for real 
estate owners. The theoretical framework, accordingly, is constructed by 
combining the theoretical grounds of smartness in buildings and the operation 
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logic of the real estate business. In this dissertation, smartness in buildings 
relies on the SEMS controlling a building’s energy and information flows based 
on the needs of the building itself, the user, and the grid. Furthermore, the 
dissertation applies the traditional investment profitability metrics in 
evaluating the economic value of smartness for real estate owners. Finally, the 
benefits of smartness are evaluated from the property valuation point of view, 
which is characteristic of the real estate business. Figure 5 shows the theoretical 
framework applied in this dissertation. 
 

 

Figure 5. Theoretical framework of the dissertation 

The theoretical framework and the relations of its critical theories (i.e., 
smartness in buildings, property investment, and property valuation) are 
applied to analyze the results from the publications.  
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3. Research methodology 

This section presents the research design and methods of the dissertation. 
Typically, the methodological approach of research is either qualitative or 
quantitative. The qualitative methods include observations, interviews, 
document reviews, or audio and visual materials with open-ended data (Patton 
2002). By contrast, quantitative methods include testing hypotheses or beliefs 
by researching the relationships between various variables with closed-ended 
data (Creswell 2014).  

This dissertation utilizes a mixed-method research design with qualitative and 
quantitative methods and data, balancing and aiming to minimize the biases 
and weaknesses of both methodological approaches (Creswell 2014). The 
mixed-method approach is applicable especially in studies where the emphasis 
of the research is set on the problem instead of the methods. Such a 
methodological approach is typical for a pragmatic philosophical worldview 
(Creswell 2014). Unlike the other philosophical worldviews (i.e., postpositivism, 
constructivism, and transformative) distinguished by Creswell (2014), the 
pragmatic approach allows the researcher to select the methods, techniques, 
and procedures that meet the best needs of the study typical for a mixed-method 
study approach. 

Creswell (2014) distinguished between three basic mixed-method model 
approaches: convergent parallel, explanatory sequential, and exploratory 
sequential mixed methods. The convergent mixed method approach is 
applicable when the quantitative and qualitative inquiry elements are 
conducted simultaneously. The quantitative and qualitative elements are 
analyzed independently in such a case, but the results are interpreted together. 
The latter two mixed method models introduced by Creswell (2014) are relevant 
when the quantitative and qualitative elements are applied in sequence. Thus, 
the quantitative results are applied with qualitative data (i.e., explanatory 
sequential mixed method), or the qualitative results are applied with 
quantitative data (i.e., exploratory sequential mixed method).  

The explanatory sequential mixed method is particularly relevant when the 
qualitative component, such as interviews, is used to interpret and clarify the 
results from the quantitative data analysis (Creswell 2014). By contrast, the 
exploratory sequential mixed method starts with the qualitative component, 
such as exploring the participant's view, and uses the information to develop the 
quantitative phase (Creswell 2014). Both explanatory and exploratory 
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sequential mixed methods are well-applicable research methods for research 
questions that have not been previously studied in depth (Creswell 2014). 

This dissertation explores and explains the complex phenomenon of 
smartness in buildings and its viability for real estate owners in a real-life 
context. Accordingly, a mixed methods design, with both explanatory and 
exploratory sequential approaches, is applied to answer the research problem, 
depending on the research phase and research paper. Table 3 introduces the 
applied research methods, main data sources, and description of each 
publication.  

Table 3. Research methods and designs, data sources, and descriptions of the publications

Publicatio
n 

Research 
method and 

design 

Main data  
source 

Research 
description 

I Embedded 
multiple-case 

study with 
qualitative data 

(partly 
quantitative) 

Workshops, on-site-
visits, technical 
documents, and 

specialist meetings 

The study observed the concept, 
rating scheme, and technological 
fit of the smartness rating scheme 

(i.e., the SRI) in cold climate 
countries by performing 

replicative case assessments in 
three buildings located in the 

Helsinki region. 

II Embedded 
single-case 
study with 

quantitative and 
qualitative data 

Workshop, on-site 
visit, technical 

documents, specialist 
meetings; interviews; 

investment data, 
annual savings, and 

new income estimated 
based on the first 

operational year of the 
smart building system. 

The study validated the case 
building's level of smartness 

using the SRI framework, 
performed semi-structured 

interviews with the building 
owners to understand the 
investment motives, and 
evaluated the investment 
profitability using widely 

utilized investment profitability 
metrics and DCF analysis. 

III Building 
portfolio energy 

and cash flow 
simulation 
study with 

quantitative 
data (partly 
qualitative) 

Building data 
including information 

such as an address, 
building type, floor 

area, construction year, 
and heating type. 
Hourly resolution 

consumption data for 
heating and electricity. 

The study modeled and 
evaluated the financial benefits 

of smartness for real estate 
owners by applying an energy 

model formulated based on more 
than 6000 ground-source heat 

pump buildings (GSHPs) in the 
Helsinki region. 

The selected methodological approach and the methods used to conduct the 
study guided the various procedures in the research design (Creswell 2014). The 
publications' research designs presented in the table were selected based on the 
nature of the research problem. Accordingly, the dissertation comprises two 
case studies (publications I and II) and a simulation-based study (Publication 
III). Both case studies contained more than one unit of analysis; thus, an 
embedded case study design was selected (Yin 2014). All three publications 
utilized real-life data in a real-life context, which aligns well with the 
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dissertation aim. Next, each publication's research methods and theoretical 
perspectives are explained and justified. 

Based on Yin's (2014) conceptualization, a case study is “an empirical inquiry 
investigating a contemporary phenomenon within its real-life context.” Thus, a case 
study is especially applicable when the boundaries between phenomenon and 
context are not evident (Yin 2014). In Publication I, the feasibility of the SRI 
rating scheme to a cold climate country was studied by performing case 
assessments in three office buildings in the Helsinki region. Accordingly, as the 
study was the first to observe the SRI scheme's applicability to cold climate 
countries, a multiple-case study design with a replicative assessment setup was 
selected over a single-case design (Yin 2014). Generally, when multiple-case 
study research is applied, the overall study is often perceived as more robust 
(Yin 2014).  

In Publication I, the SRI assessments were applied as the dataset for 
evaluating the viability of the concept, rating scheme, and technological fit in 
cold climate countries. The methods applied to collect the data for quantitative 
smartness ratings were mainly qualitative, including workshops, on-site visits, 
and technical documents. In addition, the study findings were analyzed 
collectively with the local SRI evaluation team members through specialist 
meetings, which increased the trustworthiness of the (mainly) qualitative study 
approach (Creswell 2014). 

A single-case study is justifiable when the case represents a critical test of an 
existing theory (Yin 2014). Accordingly, in Publication II, the economic viability 
of a truly smart building (verified by the SRI rating scheme) was observed. Yin 
(2014) highlights the importance of careful investigation of a potential single 
case to minimize the chances of misrepresentation. Thus, in this dissertation 
research, the SRI rating scheme was first applied as an empirical framework to 
evaluate the smartness of a dozen buildings in the Helsinki region. Among the 
assessed buildings, only one reached close to the maximum on the rating scale. 
This building represented a unique case of building smartness at a property 
level, a typical characteristic of a single-case study (Yin 2014).  

After the case building selection, Publication II contained three primary units 
of analysis: the smartness rating, financial profitability, and investment 
decision-making process. Primarily, the SRI was applied as an empirical 
framework to verify the smartness of the case building. However, the SRI was 
also utilized to identify the core technologies that make a building or its system 
smart. 

From the real estate perspective, Publication II analyzed the investment's 
economics using quantitative data. Thus, three widely accepted investment 
metrics, namely payback period, ROI, and IRR, were applied to evaluate the 
financial profitability of the investment. However, as these methods do not 
consider the positive impact of smartness on property value, a DCF framework 
was applied to support the analysis. The increase in property value generated 
through savings in the operating expenses and additional income (generated by 
smartness) can be expressed as follows: 
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Finally, semi-structured interviews were conducted to validate the results from 
the quantitative analysis and obtain insights from the investment decision-
making process, typical of the qualitative research method (Patton 2002). 

Generally, the results from a single-case study might be difficult to generalize 
scientifically. Thus, to increase the reliability of the results from the single-case 
study, a building portfolio level energy and cash flow simulation with 
quantitative data was performed in Publication III. The study utilized real-life 
building data and hourly resolution consumption data for heating and 
electricity to simulate and analyze the benefits and new cash flows generated for 
the property owners before and after a 2-hour power peak shaving. The 2-hour 
peak shaving was selected based on expert evaluation. 

Publication III had a twofold purpose in this dissertation. First, the SRI was 
applied to develop a quantitative observation of building smartness at a building 
portfolio level. In Publication III, one SRI-compatible technology, i.e., DSM, 
was selected and modeled in every GSHP-heated building in the Helsinki 
metropolitan area (HMA). Thus, the study simulated the financial benefits of 
smartness for real estate owners by estimating the savings generated from the 
reduced power peak costs (after the peak shaving) and new income generated 
from the energy markets. The peak power costs before and after the smart 
electricity control were calculated using the following formula: 

, 

where the monthly peak power cost (Cpeak, €) is dependent on the monthly peak 
power consumption (P, kW) and monthly distribution cost per power (D, 
€/kW). Please see Publication III for a detailed description of the applied 
methods and data. 
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4. Summaries of the publications

This section presents the summaries of the publications, highlighting each 
paper's purpose, findings, and contributions. The full papers are appended to 
the dissertation. 

4.1 Publication I: Applicability of the smart readiness indicator 
for cold climate countries

In this dissertation, the European Commission-driven SRI was utilized as the 
theoretical and empirical foundation to discuss the research problem. However, 
as the SRI's applicability in the context of this dissertation has not previously 
been studied, the first publication empirically evaluates the feasibility of the SRI 
rating scheme in the Nordic conditions. 

Finland was chosen as the test environment because of the significant energy 
efficiency-related potential, which emerges especially during the long heating 
season. Furthermore, the Finnish building technologies were assumed to 
represent the top quality in the SRI service catalog, but potentially differed from 
the central European baseline design. The SRI's assessment methodology 
should be equally applicable across the climate regions to carry out its original 
purpose defined in the amended EPBD (2018b). Therefore, the study aimed to 
validate the feasibility and technological fit of the concept in evaluating 
smartness in Finnish buildings.  

The study was conducted by completing case assessments in three commercial 
buildings (cases X, Y, and Z) in the Helsinki capital region. The performed SRI 
assessments in the case buildings were utilized as the dataset for this study, but 
workshops with the building specialists, including property and facility 
managers, were held when evaluating the rating scheme's applicability. This 
study applied the first publicly available version of the SRI rating scheme2 
(Verbeke et al. 2018). 

The SRI's assessment methodology allows the selection of the applicable 
services (i.e., triage process) when rating the smartness of a building. Thus, the 
study first evaluated the trustworthiness of the triage process. The detailed 
inspection of the other multicriteria valuation steps of the SRI protocol was 
excluded from the scope of this study. The study identified three possible 

2 The first version of the rating scheme included 52 smart services in 10 main domains and eight impact 
categories 
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assessment methodologies. 
Table 4 shows the descriptions and rationale of the identified methods for 
selection of the applicable services. 

Table 4. Triage methods and their rationales (Janhunen et al. 2019)

Method Description Rationale 
A* Select only relevant services. If 

the property does not have a 
particular service, exclude it 

from the assessment. 

Maximum relevance for a property. The final 
score reflects the smart readiness of existing 

services, as some services are not meaningful 
to implement in all properties. 

B Exclude overlapping services. 
When there is more than one 

service listed for the same 
function, assess only the 
service(s) relevant to the 

property. 

Compromise between comparability and 
relevance. The maximum attainable scores will 
vary slightly, but properties are not punished 
for having, for example, only one service for 

domestic hot water storage charging. 

C Select all services. If a service is 
not implemented for the 

property, its functionality level 
is 0. 

Maximum comparability between properties, 
as the maximum attainable score is always the 

same. 

*Method A was proposed in the first publicly available version (Verbeke et al. 2018)

Following the descriptions, the study performed the triage processes and 
evaluated the smartness in the case buildings. Figure 6 summarizes the case 
buildings' smartness ratings with different triage protocols. 

Figure 6. The smartness rating (%) in case buildings with triage methods A, B, and C, with results 
adapted from Janhunen et al. (2019)

The study results emphasized the importance of transparency when selecting 
the applicable services to obtain reliable SRI assessment rating. With triage 
method A, the SRI scores were the highest in all three case assessments, but the 
scores were not comparable. With triage method C, instead, the results were 
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fully comparable but appeared to negatively affect the buildings' smartness 
scores. Triage method B compromised between comparability and relevance. 

From the technological fit perspective, the study results implied that a high 
rating in smartness is not possible without a smart integration and advanced 
demand management functionality (i.e., SEMS) in buildings. All the case 
buildings utilized the cold climate-specific district heating (DH) in heating. 
However, the smartness rating scheme could not, truly, observe the smartness 
of this type of energy grid. The rating scheme did not recognize the DH system's 
nature as a highly optimized energy grid integration system with a huge thermal 
energy storage capacity. 

To conclude, the study results implied that the smartness of buildings in the 
cold climate countries can be evaluated using the SRI rating scheme. However, 
the study highlighted transparency when selecting the applicable smart-ready 
services affecting the final smartness rating in buildings. The study proposed 
balancing between maximum relevance and maximum comparability when 
selecting the applicable services (triage Method B). Furthermore, the study 
results underlined the SRI rating scheme's feature as an electricity grid 
centralized concept for building smartness. Some of the smart-ready services 
listed in the SRI scheme are equally applicable to other types of grids, such as 
heating and cooling grids. Thus, to improve the applicability of the rating 
scheme in the Nordics, the study proposed that the rating scheme should aim to 
evaluate the DH system-specific smart-ready technologies in buildings. 

4.2 Publication II: The economic viability of a progressive smart 
building system with power storage

The second publication examines the viability of an advanced smart (energy) 
system investment in a building for real estate owners. First, the smartness of 
the building (after the implementation of the investment) was verified by using 
the empirically tested concept for building smartness, which is the SRI rating 
scheme. Second, the study applied and evaluated the viability of the traditional 
investment profitability metrics and DCF analysis in assessing the economic 
value of smartness in buildings. Finally, the study validated the results evolved 
from the investment analysis and observed the real estate owners' incentives to 
execute the investment through interviews. According to the authors' best 
knowledge, the publication was the first study known to apply empirical cash 
flow data and utilize property investment analysis to reveal the viability of 
smartness at a property level. 

The study found that the building was indeed smart. The smartness was 
indicated by a near-maximum score (91%) on the SRI scale. The core 
technologies that led to high smartness ranking were the on-site energy 
production, battery, and advanced demand management capabilities (enabled 
by a SEMS) making the services truly smart (Janhunen et al. 2020). In addition, 
the investment generated savings for the property owner through rooftop PVs 
and maintenance costs and new income from the energy markets. The 
investment data applied in the financial analysis are summarized in Table 5. 
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Table 5. Summary of the investment data (Janhunen et al. 2020)

Smart energy 
system 

Investment 
(€) 

Life 
cycle 
(yr) 

Maintenance 
(€/yr) 

Savings 
(€/yr) 

New 
income 
(€/yr) 

Total 6m 30 60 000 180 000 480 000 
Rooftop PVs 600 000 30 N/A 60 000 N/A 

Battery 2m 20 N/A N/A 480 000 
System 

integration3 
3.4m N/A 60 000 120 000 N/A 

The investment was financially supported by a government subsidy of EUR 2 
million. Accordingly, the investment's profitability was analyzed using three 
widely used investment evaluation metrics: IRR, ROI, and payback time. The 
profitability was analyzed with and without the subsidy. The results are shown 
in Table 6.  

Table 6. Investment profitability metrics (Janhunen et al. 2020)

Without the subsidy With the subsidy 
IRR ROI Payback time IRR ROI Payback time 
5% 10% 10 yr. 11% 15% 6.7 yr. 

In both scenarios, the investment in smartness appeared as profitable4, but the 
subsidy made the investment even more lucrative. However, these traditional 
profitability metrics did not reveal the added economic value of smartness at the 
property level. Therefore, the study evaluated the investment profitability also 
based on the capitalized value of the savings in operating expenses (typical for 
real estate valuation) and the new income by applying the DCF analysis. 
According to the analysis, the property value would increase by EUR 10.2 
million after the investment. The new income from the energy markets 
(supported by the battery) had the most significant positive impact on the 
investment profitability. However, the analysis included some significant 
uncertainty related to the new income from the energy markets and the new 
technology-related risk. 

The study was the first known to evaluate the economic value of smartness by 
applying a DCF analysis. Therefore, to increase the validity of the results, a 
sensitivity analysis with the base, low, and high scenarios were performed for 
the property value increase and IRR with the 30-year life cycle. The study 
conducted the sensitivity analysis for different electricity price scenarios, 
income associated with the battery storage, and maintenance costs data. The 
sensitivity analysis with the base, low, and high scenarios and their effects on 
the property value increase and IRR are shown in Table 7. 

3 System integration refers to development, design, integration, and maintenance.
4 The investment is considered as profitable when the return of the income generating investment is 
higher than the property yield. In this study, 4.5% was applied as the area’s property yield. 
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Table 7. Performed sensitivity analysis (Janhunen et al. 2020)

Scenario Property value increase (€) IRR (with subsidy) 
PVs 

savings 
Battery 
income 

Maintenance 
costs 

PVs 
savings 

Battery 
income 

Maintenance 
costs 

Base 10.2m 10.2m 10.2m 11% 11% 11% 
Low 9.8m 8.5m 10.4m 11% 8% 11% 
High 10.6m 11.8m 9.2m 11% 13% 9% 

As the results from the sensitivity analysis showed, the investment appeared 
lucrative with all scenarios. However, surprisingly, the interviews with the real 
estate owners revealed that the improved net cash flow and the lucrative IRR 
were not enough to convince them to execute the investment. Other drivers, 
such as cutting long-term maintenance costs and mitigating the future 
environmental and energy price risks were considered important drivers for the 
investment. In addition, the strategic benefit of being smart and 
environmentally excellent was crucial in executing the investment. The 
interviewees recognized the more sophisticated drivers such as branding and 
image benefits (related to sustainability), but their influence on the investment's 
profitability was difficult to evaluate in financial terms. Finally, the smart energy 
system supplier's role in sharing the investment risk was essential in the final 
decision-making. 

To conclude, the observed investment in smartness generated a significant 
economic value from the perspective of all applied investment evaluation 
metrics, namely payback time, ROI, IRR, and DCF analysis. Furthermore, the 
study results imply that the greatest positive impact on the economic value was 
generated from the energy markets (enabled by a SEMS) and a battery. The DCF 
approach seemed to fit well for evaluating the economics of smartness from the 
real estate perspective. However, the applied metrics did not capture the 
strategic benefits, which directed the property owners' investment decision-
making process on smartness. 

4.3 Publication III: Evaluation of the financial benefits of a 
ground-source heat pump pool with demand side 
management control: Is smart profitable for real estate?

The third publication builds on publications I and II but contributes to the 
research problem from a building portfolio perspective. The results from 
the previous publications implied that the high rating in the smartness 
scale is possible when the smart-ready technologies with advanced 
demand management (i.e., SEMS) is applied in a building. Furthermore, the 
results from Publication II implied that the greatest economic value of building 
smartness is generated from the energy markets. Therefore, Publication III 
evaluates the improved net cash flow of smartness for real estate owners at a 
city level.  

In Publication III, the scope of smartness was narrowed down to cover 
only one SRI-relevant smart-ready service (i.e., heat generator control for 
heat pumps) and DSM. In this study, DSM was modeled to every GSHP-
heated building in the HMA However, the study does not focus on the 
technological 
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realization of the DSM control of a GSHP pool at a city level. The main aim of 
Publication III was to evaluate the net cash flows generated by DSM from the 
energy markets for real estate owners. However, the study also evaluated the 
climate mitigation potential of smartness, which has traditionally been the 
primary driver for the required technology shift in buildings (enhanced also by 
the SRI rating scheme). 

This study applied an energy model using hourly level data in 2019 to estimate 
the heating consumption, costs, and emissions of 6403 GSHP buildings in the 
HMA. Accordingly, DSM was modeled to remove two top peak hours per day; 
thus, the third-highest hour of the day was the new daily peak power required 
after DSM actions. The study observed the changes in peak energy 
consumption, subsequent cash flow, and carbon emission implications of the 
applied DSM control. The study estimated that the DSM control of the modeled 
GSHP pool creates new cash flows for a property owner through decreased 
energy costs. Furthermore, DSM actions were expected to generate also new 
income through the capacity markets (as it was shown in Publication II). The 
study analyzed the techno-economic characteristics of the GSHP pool by 
property types before and after applying the DSM control. 

The study results revealed a surprising low economic potential for DSM (with 
electricity market parameters at the time of the study 2019). The results showed 
an 8% decrease in power peak consumption, which generated only a 1% annual 
savings in energy costs. Furthermore, new cash flow (savings + income from 
capacity markets) for property owners was only EUR 0.03 per sqm/year. The 
new cash flow for property owners by building type is shown in Table 8. 

Table 8. Annual new cash flows for real estate owners generated by 2-hour peak shaving 
(Janhunen et al. 2022)

Building 
type 

Floor Area 
(sqm) 

Decreased 
Costs (€) 

New income from 
reserve markets (€) 

New 
cash flow 

(€) 

New cash flow 
(€/sqm) 

Residential 1 546 050 52 077 425 52 503 0.03 

Retail 70 565 2 377 19 2 396 0.03 

Industrial 171 151 5 765 47 5 812 0.03 

Office 126 223 4 252 35 4 286 0.03 

Total 1 913 989 64 471 526 64 997 0.03 

The results indicated that despite the technological viability of DSM control of 
a GSHP pool, attending to the studied (Nordic) energy market was not a 
financially appealing option for a private real estate owner.  

In the observed energy market, i.e., frequency containment reserve for 
disturbances (FCR-D), the minimum bid size was 1 MW. However, this 
requirement was filled only for 56 h in 2019, and a compensation was paid for 
only those hours. To gain reasonable profits from the energy markets, the 
market potential of the GSHP pool should have been significantly higher, or the 
pool should have participated in the frequency containment reserve for normal 
operation (FCR-N) market. In the FCR-N market, the minimum bid size is only 
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0.1 MW, but the pool should be able to increase and decrease the load (requiring 
an investment in a battery). To engage real estate owners in the energy markets, 
new business models and operators, such as aggregators, are needed to make 
smartness economically a viable option. 

As a secondary result, the study found surprisingly low environmental 
implications (i.e., only a 0.02% annual decrease) of smartness in the HMA. 
Already today, the Nordic power system relies greatly on renewables (namely 
wind and hydropower). Thus, hydropower was especially used to balance the 
peak demand hours in 2019. However, more strategic benefits for real estate 
owners are needed, especially in Nordic countries, to motivate property owners 
to invest in smartness and participate in the future energy markets.
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5. Discussion and conclusions 

5.1 Summary of the main results 

The dissertation aimed to study the profitability of smartness for real estate. The 
dissertation had two primary units of analysis: smartness in buildings and 
(operation logic of) real estate. Two research questions (RQ1 and RQ2) were 
established to study the main aim from different perspectives. The RQs were 
addressed by reviewing the theoretical grounds of smartness in buildings (RQ1) 
and the operation logic of real estate business (RQ2) and conducting three 
relevant empirical studies.  

RQ1 asked how the real estate owners can assess the smartness of their 
buildings. The results showed that the smartness in buildings can be evaluated 
empirically by using the SRI (or similar) rating scheme. The theoretical section 
highlighted the required technology shift in the building stock to support the 
clean energy transition. The review showed a variety of definitions for smartness 
in buildings. In this dissertation, the viability of the SRI rating scheme in 
evaluating the smartness in buildings was further studied. However, as the SRI 
is still a relatively new rating scheme, its the feasibility was first tested 
empirically in the context of this dissertation (Publication I) and then further 
developed for Nordic conditions.  

The results from Publication I highlighted the nature of the SRI as an 
electricity grid-centralized rating scheme for building smartness. From a 
practical perspective, the study emphasized the importance of transparency 
when selecting the applicable services to obtain a reliable smartness rating. 
Publication II validated the technological solutions of a truly smart building 
(verified by the SRI rating scheme) and underlined the importance of the 
advanced demand management system (i.e., SEMS) reaching a high level of 
smartness score. Finally, in Publication III, one smart-ready service from the 
SRI rating scheme was applied to develop a quantitative observation of building 
smartness on a building portfolio level. The results from Publication III showed 
that the power peak shaving of a GSHP-pool did not lead to reduced GHG 
emissions (which has traditionally been the primary driver of smartness in 
buildings). 

RQ2 was built upon RQ1 and asked how the real estate owners can evaluate 
the economic value of smartness in buildings. The results showed that real 
estate owners can already evaluate the economic value of smartness in buildings 
by utilizing the mainstream investment evaluation models applied in real estate 
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business. The theoretical section reviewed the traditional investment analysis 
metrics (i.e., payback period, ROI, and IRR) and introduced the real estate 
business specific method for analyzing the benefits of income generating 
investments on property value using the DCF analysis. In Publication II, the 
viability of these metrics to assess the economic value of smartness in buildings 
was first evaluated. Second, the profitability of an investment in smartness 
(verified by the SRI rating scheme) for real estate owners was evaluated by using 
the above-mentioned investment analysis metrics.  

The results showed that the investment in smartness can generate 
considerable economic benefits for real estate owners. The greatest profits 
(through improved net cash flow) were generated from the energy markets and 
enabled by the SEMS and a battery. However, the energy market functionality 
was also found to decrease the owners' willingness to invest in smartness (due 
to uncertainty related to the new income from the energy markets and new 
technology risk related to the battery). Publication II concluded that the 
traditional investment analysis metrics were not able to capture the strategic 
value generated by smartness. These strategic benefits, such as environmental 
excellence, cutting long-term maintenance costs, brand and image, and future 
energy and price risk mitigation appeared to play significant roles in the 
investment decision-making process.  

Finally, Publication III built on the results from Publications II by observing 
the net cash flows generated after a daily 2-hour peak shaving from the energy 
markets at a city level. The study observed a city-level GSHP pool, which was 
modelled to participate in the Finnish FCR-D markets. The smartness was 
estimated to generate cash flows for real estate owners through decreased 
energy costs and new income from the energy market (as found in Publication 
II). The study results showed that the bid size of the pool should be bigger to 
generate viable cash flows for real estate owners. An additional market 
participant, such as an aggregator, or the implementation of a battery (to enable 
the pool’s participation in the FCR-N market), were found as requirements to 
make smartness an appealing option for real estate. The results from the 
publications are summarized in Table 9. 
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Table 9. The summarized results from the empirical studies 

RQ1: How the real estate owners can assess the smartness of their buildings? 
 Publication I (Technology) Publication II (Building) Publication III (City) 
The SRI rating scheme 
evaluates a building’s ability 
to react to the needs of the 
building itself, the user, and 
the smart grid. 

  
Only those smart-ready 
services implemented in a 
building affect the final 
rating. 

  
The rating scheme does not 
fully cover the services of 
other types of energy grids, 
such as cold climate-specific 
DH 
 

A high SRI rating requires 
the implementation of the 
SEMS, which allows a 
building and its systems to 
participate in the energy 
markets. 
 

The climate mitigation 
potential of smartness in 
buildings (assessed by the 
SRI rating scheme) is not 
self-evident in the Nordic 
energy market. 

RQ2: How the real estate owners can evaluate the economic 
value of smartness in buildings? 

Traditional property 
investment and property 
valuation models can be 
used to evaluate the 
economic value of 
smartness. 
 
The economic value of 
smartness is (mainly) 
generated through the new 
income from the energy 
markets (enabled by the 
SEMS). 
 
The applied evaluation 
metrics could not capture the 
strategic benefits of 
smartness. 

The biggest gains in 
profitability are achieved 
through actively 
participating in energy 
markets with the help of 
energy storage.   
 
The demand response, such 
as peak shaving (controlled 
by the SEMS in buildings), 
seems to provide only 
secondary productivity gains 
on current market pricing 
mechanisms. 

Is smart profitable for real estate?  
A building is defined as “smart” (from the SRI’s perspective) when a SEMS controls the 

information and energy flow between the building and energy system enabling the building 
to participate in the energy markets. In the Nordic energy markets, the (financial) 

profitability of smartness is primarily dependent on on-site energy storage (e.g., battery). 
However, the value of smartness should not be evaluated only based on the gains achieved 

in energy markets. Instead, the strategic value of smartness on the property should be 
evaluated holistically, including the strategic benefits, such as environmental excellence, 

long-term maintenance costs, brand and impact on future selling value. 

 
To conclude, the smartness rating scheme (i.e., the SRI) applied in this 
dissertation provided a good evaluation of the requirements for a building to 
participate in the future energy market. However, the SRI was found to evaluate 
smartness from the electricity grid perspective, and other types of grids, such as 
heating and cooling were not well covered in the rating scheme at the time of 
the study. The study also concluded that the core function that makes a building 
or its system truly smart is the SEMS. The SEMS was found to control, measure, 
optimize, and predict energy utilization of TBS (at a property and building 
portfolio level) based on the needs of the building, the user, and the grid. 
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Finally, the study concluded that the traditional investment evaluation 
metrics work well in evaluating the economic value of smartness. However, an 
investment in smartness appeared profitable only when on-site energy storage, 
such as a battery, was implemented in a building. Furthermore, the applied 
investment analysis did not capture the strategic benefits of smartness, which 
were found to affect the profitability of smartness from the real estate owners’ 
perspective.  

5.2 Contribution of the research 

Building smartness is a complex term, and a widely accepted definition has been 
missing from the literature. Therefore, to raise awareness of the benefits of 
smartness in buildings, the SRI rating scheme was developed by the European 
Commission (2018b). In the future, the rating scheme is estimated to have a 
“market pull” impact on the adoption of smart-ready technologies in buildings 
(Verbeke et al. 2020). Still, the rating scheme’s applicability among real estate 
owners had remained unclear.  

This dissertation contributes to the literature as the first study to test and 
develop the SRI rating scheme in Nordic climate conditions. Accordingly, the 
dissertation research contributed to the development work of the SRI rating 
scheme by raising the relevance of other types of energy grids, such as the cold 
climate-specific DH system, in supporting the clean energy transition. 
Smartness in buildings, as proposed by the SRI rating scheme, is a combination 
of smart services and an interactive layer (controlling the interoperability of 
these services). By utilizing the rating scheme (acknowledged by its limitations), 
this dissertation evaluated the viability of smartness for real estate owners in a 
real-life context. 

The results of this study were analyzed by using the theoretical framework, 
which was introduced earlier in Section 2.4, in Figure 5. This study found that 
an advanced energy management system (i.e., SEMS) was the core function 
making a building truly smart. As the theoretical framework suggested, the 
economic benefits of smartness can be evaluated by using the property 
investment and property valuation perspectives. However, the dissertation 
found, that the strategic benefits (generated by smartness) directed the 
investment decision-making process in smartness in buildings. The mainstream 
investment evaluation metrics appeared to only support the investment 
decision-making. This dissertation introduces a new conceptual framework for 
evaluating the viability of SEMS investments (which make make a building 
smart) for real estate owners in Figure 7. 
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Figure 7. Conceptual framework of the study

The conceptual framework was built to follow the tested and developed concept 
of smartness in buildings (i.e., the SRI rating scheme). As the figure shows, the 
SEMS operates the building and its systems based on the signals from the 
building, the user, and the grid. In addition, the framework shows the methods 
used to evaluate the profitability (i.e., strategic and economic benefits) of 
smartness for real estate owners. 

In terms of the real estate owners' readiness to invest in SEMS in a building, 
the strategic benefits were found to have the greatest effect on investment 
decision-making. Especially participation in the energy market was found to 
mitigate the future electricity price risk. SEMS was also found to improve a 
building's environmental excellence and cut long-term maintenance costs 
through energy savings and improved maintenance and fault prediction (as 
suggested by the SRI). 

Traditionally, the climate mitigation potential of smartness has been the 
primary driver of encouraging investments in ICT in buildings. However, in the 
energy markets, where the power production is already "clean" (e.g., in the 
Nordics), SEMS in buildings does not always decrease the environmental load 
(Janhunen and Junnila 2022). 

From the economic perspective, SEMS was found as a viable investment 
opportunity from both the property investment and property valuation 
perspectives. Especially the improved cash flows from the energy market made 
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the investment appealing. However, the economic value greatly depended on 
the on-site energy storage system (i.e., battery). The results showed that the 
SEMS also generated savings (e.g., through rooftop PVs). These benefits had 
some impact on the appealing investment profitability metrics and increase in 
property value. However, the new cash flows generated from the energy markets 
showed much more significant value from the real estate perspective.  

Finally, the SEMS investment in a building decreased the risk in property 
valuation (especially related to protecting the property against rising electricity 
prices). However, at the same time, the real estate owners attached risk related 
to the new technology of such an interoperable building management system, 
which can decrease the owners' willingness to invest in SEMS in the future.  

From the user's perspective, the SEMS did not generate any direct benefits for 
the real estate owners. However, brand and image benefits affected investment 
decision-making, especially those related to environmental excellence and 
sustainability. The results of this study indicate that real estate owners still need 
to identify the benefits of SEMS generated through the improved comfort, 
convenience, health and well-being, and the information flow to occupants (as 
suggested by the SRI). These benefits are generally linked to smartness in 
buildings but evaluating their value for real estate in financial terms is difficult. 

5.3 Evaluation of the research 

The research quality of this dissertation was evaluated using generally accepted 
criteria: validity and reliability. Both criteria equally apply to evaluating 
qualitative and quantitative research (Creswell 2014, Yin 2014). Yin (2014) 
distinguishes four tests for evaluating research quality: external validity, 
reliability, construct validity, and internal validity. Next, these tests are applied 
to evaluate the quality of different research phases of this dissertation, including 
the research design (external validity), data collection (reliability and construct 
validity), and data analysis (internal validity), as suggested by Yin (2014). 

The first quality test, external validity, evaluates the quality of the research 
design, reflecting the generalizability of the results beyond the research sample 
and setting (Yin 2014). This study was the first attempt to combine the 
theoretical grounds of smartness in buildings and the operation logic of the real 
estate business. The aim of the study was not to give an exact value of the 
profitability of smartness for real estate. Rather the aim was to conceptualize 
the definition of smartness (SRI) and shed light on the viability of the 
mainstream investment evaluation methods in observing the profitability of 
smartness. Therefore, the scale of the study settings (publications I, II, and III) 
was not considered to decrease the generalizability of the results.  

The conceptual framework of this dissertation is generalizable to all property 
types. The applied concept of smartness was based on the tested and developed 
smartness rating scheme (i.e., SRI) in Nordic climate conditions. Furthermore, 
property investment metrics and valuation are generally applied metrics in the 
real estate business, increasing the external validity of the framework. The 
findings of this dissertation are analytically generalizable because the research 
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design and results can be used to evaluate the profitability of smartness for real 
estate owners using the proposed value creation logic with economic and 
strategic metrics.  

The second research quality test is reliability, which refers to the repeatability 
of the research (Yin 2014). Research reliability can be evaluated, especially from 
the perspective of data collection. The reliability of the data collection can be 
enhanced by presenting clear data collection protocols with clear 
documentation. Furthermore, the research process should contain as many 
steps as possible to minimize errors and biases. In the present study, the 
research process, data collection, and data analysis were documented and 
thoroughly explained in each publication, enabling other researchers to 
generate the same results. The interview documents and analysis (Publication 
II) were stored in the cloud database of Aalto University. 

The third quality test, construct validity, evaluates the quality of data 
collection. More precisely, construct validity evaluates whether the correct 
operational measures were established for the studied concepts (Yin 2014). Yin 
(2014) distinguishes three methods to increase the construct validity of 
research: using multiple sources of evidence; establishing the chain of evidence; 
and involving key informants in the research process.  

This dissertation applied multiple-case studies (with qualitative and 
quantitative data) and simulation study with quantitative data. Accordingly, the 
data were collected from multiple sources, including existing research, 
workshops, on-site visits, technical documents, specialist meetings, investment 
data, interviews, and public sources of information. The existing research was 
mainly utilized to establish the theoretical framework applied in this 
dissertation.  

The chain of evidence was established by presenting the research aims, 
methods, data sources, and conclusions transparently. In this dissertation, the 
interviews (Publication II) were recorded and transcribed, which increased the 
construct validity of the data collection method. Furthermore, multiple 
interviewers were involved in data collection and analysis. This dissertation also 
involved and informed key informants through workshops, specialist meetings, 
and interviews. Finally, the empirical results were evaluated against the 
theoretical grounds of this dissertation research. 

The last quality test, internal validity, evaluates the causal connections 
between the researched variables (Yin 2014). Traditionally, the connection of 
qualitative research is less causal than quantitative research (Creswell 2014). 
Thus, the internal validity of the qualitative parts, especially the application of 
the SRI rating scheme, of this dissertation is not self-evident.  

The feasibility of the smartness rating scheme was tested empirically in the 
context of this dissertation increasing the study’s internal validity. The selection 
of the applicable services (i.e., triage process) of the smartness rating scheme 
has the greatest uncertainty in terms of the internal validity of the research. 
Accordingly, the assessment may lead to biased smartness rating mainly due to 
the subjective decision-making in the assessment. In this dissertation, the 
reliability of the assessments was increased by involving multiple smartness 
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assessors through the workshops, conducting on-site visits, reviewing technical 
documents, and arranging specialist meetings (publications I and II). The 
quantitative parts of this dissertation, namely the quantitative investment data 
analysis in Publication II and the simulation study with mainly quantitative data 
in Publication III, have high internal validity by nature. 

5.4 Recommendations for further research 

This dissertation aimed to evaluate the profitability of smartness for real estate 
owners. In this study, the viability of the SRI rating scheme in assessing the 
smartness of buildings was studied. Furthermore, the traditional investment 
evaluation metrics were applied to evaluate their viability in observing the 
economic value of smartness in buildings. Finally, the benefits of smartness 
were validated from the property valuation perspective.  

The study concluded that the developed concept of smartness in buildings 
(i.e., the SRI rating scheme) was an applicable method for evaluating the 
required technology shift in buildings to support the clean energy transition. 
Based on the findings, a building is not truly "smart" without a smart energy 
management system (SEMS), which enables a building's participation in the 
energy markets. The study found that the benefits of smartness are not 
necessarily reasonable in financial terms. Thus, the study proposed that the 
benefits should be evaluated from strategic and economic perspectives 
(including mainstream investment and property analysis metrics).  

As a result, this dissertation developed the conceptual framework for 
evaluating the viability of SEMS investments in buildings for real estate owners. 
In the future, the framework can be applied to support the investment decision-
making process of smartness from the real estate owners' perspective. However, 
as this was the first study to combine the theoretical grounds of smartness in 
buildings and the operation logic of real estate business, further studies should 
be conducted. 

In this dissertation, the financial profitability of smartness was found to be 
highly dependent on the new cash flows generated from the energy markets. 
However, based on the results, the investment in smartness appears appealing 
(in financial terms) only if a building has on-site energy storage (e.g., a battery). 
Otherwise, the new cash flows from the energy markets remain small. In the 
future, the economic benefits of smartness should be observed with diverse 
building volumes to obtain a more comprehensive understanding of its 
profitability for real estate owners. For instance, a similar study (Publication III) 
could be replicated with other SRI-compatible smart services and the current 
market prices (at the time of the study, in 2019, the prices were exceptionally 
low). Furthermore, electric vehicles’ ability to support the building’s readiness 
in energy markets should be researched from the real estate perspective.  

The future energy markets will increasingly rely on SEMS (or similar systems) 
in buildings. The role of such systems is to control a building and its systems as 
one unit increasing a building’s role in the energy markets. However, it remains 
to be seen how to motivate real estate owners to invest in smartness when only 
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minor financial benefits can be gained from the today’s markets. In the future, 
the increasing energy prices might prompt this motivation. Nevertheless, in the 
context of this dissertation (i.e., Finland), the total electricity bill comprises 
three components (energy costs, local distribution costs, and electricity tax). 
Thus, over half of the total costs cannot be affected by SEMS, which discourages 
real estate owners from investing in smartness. Accordingly, new business 
models, or market operators, should evolve in energy markets to increase the 
attractiveness of smartness in real estate. 

Despite the low economic potential of smartness (without a battery), the other 
benefits may encourage investments in smartness among real estate owners, 
such as image benefits, decreasing the risk of inefficient operation, and 
mitigating future energy price risks. However, as the results (Publication II) 
indicated, the image benefits of smartness are still strongly attached to the 
sustainability theme rather than smartness itself. Thus, the awareness of the 
benefits of smartness gained through the user (i.e., increasing comfort; 
convenience; health and well-being; and information flow) needs to be better 
understood. This result might be the weakness of the applied SRI rating scheme.  

The SRI is a smart grid centralized concept for building smartness, which has 
been developed to encourage investments in smart-ready technologies and 
services (which support the buildings' role in energy markets). However, from 
the real estate owners' perspective, it would be valuable to research the viability 
of another type of rating scheme which focuses on the benefits of smartness on 
occupant well-being and productivity. Increasing awareness of such benefits 
could positively impact the rental cash flows of a property affecting the property 
valuation much more than the new cash flows generated through the energy 
improvements. 

To raise awareness of the benefits of smartness in buildings, real estate needs 
a trustworthy rating scheme to represent the complex concept to stakeholders, 
including real estate owners. Today, the European Commission aims to promote 
the uptake of smart-ready services in buildings by proposing a mandatory 
implementation of the SRI framework in large non-residential buildings as of 
2026 (The European Parliament and the Council of the European Union 2021). 
Accordingly, the EU-wide public authority strongly supports the SRI rating 
scheme as an efficient way to encourage investments in (energy) smartness. 
Moreover, the future perception of smartness in the EU might eventually follow 
the definition provided by the SRI. Based on the results of this study, the SRI 
rating scheme could represent the strategic benefits of smartness in buildings 
for real estate owners through the positive impacts gained from the energy 
market. However, the benefits gained by the user adaptation should be studied 
further to engage real estate owners to finance the required technology shift in 
buildings and support the clean energy transition. 
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