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The energy sector is going towards transition, where new technologies can transform the
whole sector, mitigate emissions and create new opportunities. Also, buildings have a role
in the transition. Typically, buildings HVAC systems do not have smart control and all its
function operate solo, consuming lot of energy and burdening users with separate controllers.
This study examines, what are the benefits obtained in the case building: Leppäkoski Group
Oy office, which went through an energy renovation in 2017. IoT as a spearhead, plenty of
intelligent actuators, and smart control were introduced along with solar energy. Heating
was optimised to make energy savings without degrading the comfort. Upgrading district
heating to a bidirectional solar heating hybrid was completely a new approach to utilise solar
energy. The case building´s HVAC systems were integrated into the same SCADA, and all
the data from IoT devices was collected there as well.
Implementing IoT allowed to control and monitor HVAC systems in the case building,
eventually leading to over 30% savings in heat energy. Proving that old building has
potential to be energy efficient. Moreover, proving that integrating parts of HVAC from
different manufacturers and decades is possible. Hybrid solar heating and solar panelsbattery-demand response combination also gave interesting results of its capabilities.
These results suggest that made energy efficiency actions can be done in large scale and be
implemented in the whole building stock, where over 100,000 buildings are coming into the
age for renovations in Finland. Intelligent systems with the help of IoT can shape buildings
HVAC systems.
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Energiasektori on matkalla kohti murrosta, jossa uudet teknologiat tulevat muuttamaan koko
sektorin, vähentämään päästöjä ja luomaan uusia mahdollisuuksia. Rakennuksissa on suuri
potentiaali päästöjen vähentämiseen. Tyypillisesti rakennusien LVISA-järjestelmissä ei ole
älyä, joten sen eri osat toimivat erillisinä yksikköinä kuluttaen paljon energiaa.
Tässä tutkimuksessa selvitettiin mitä hyötyjä saavutettiin Leppäkoski Group Oy:n
toimistorakennuksessa, jossa kiinteistön LVISA-järjestelmää modernisoitiin vuonna 2017.
Uudistus toteutettiin pääosin IoT:n avulla. Mahdollistaen älykkäiden laitteiden
hyödyntämisen lämmityksen ohjauksessa sekä aurinko energian hyödyntämisen
kaksisuuntaisessa kaukolämpö hybridikytkennässä. Unohtamatta aurinkopaneeli ja akku
yhdistelmää kysynnänjouston pilotointiin hyödyntäen sähkön SPOT-hintoja. Rakennuksen
LVISA-järjestelmän osat integroitiin yhteiselle SCADA-alustalle.
IoT:n hyödyntämisen myötä rakennuksen ohjaus ja valvonta LVISA-järjestelmän osalta
johti yli 30% lämpöenergia säästöihin, mikä todistaa, että vanhoissa kiinteistöissä on paljon
energiansäästö potentiaalia ja vanhoja järjestelmiä on mahdollista hallita yhdeltä alustalta.
Aurinkoenergian osalta tuotettiin mielenkiintoisia tuloksia ja tietoa tulevaisuuden kannalta.
Tulokset osoittavat, että vastaavanlaisia energiatehokkuus parannuksia on mahdollista tehdä
suuremmassa mittakaavassa koskemaan koko rakennuskantaa Suomessa, missä yli 100,000
rakennusta on tulossa korjaustarpeeseen ikänsä puolesta. Älykkäät ratkaisut yhdessä IoT:n
kanssa tulevat muovaamaan rakennuksien LVISA-järjestelmiä, missä eri sidosryhmien on
tehtävä valintoja pysyäkseen kehityksessä mukana.
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1

INTRODUCTION

Currently, Internet of things (IoT) is one the most cited terms within research communities
and it can be expected that next generation wireless technologies will bring billions of
devices and actuators into the virtual life in every sector. The possible amount of IoT we will
have in our society in daily life could be so huge that concerns have raised on how these
masses can be managed and what can be done with all the data (Alenezi et al. 2020, 1361).
IoT can become an unexpectedly valuable solution in efforts to save energy and optimise
consumption in buildings by offering an infinite amount of applications for buildings to be
utilised with IoT (Vitell 2018). Buildings account for 40% of the primary energy
consumption in EU and USA (Cao et al. 2016, 1). Whereas, transition from conventional
energy sources to renewables is challenging and time taking, building owners must seek
instant solutions, such as IoT, to become more energy efficient and to reduce greenhouse gas
emissions. (Vitell 2018)

The goal of this study is to assess the energy efficiency and saving potential in existing
buildings utilising IoT with a case office building that went through an energy renovation in
2017. Study also considers solar energy applications in smart systems. For three years, from
energy saving perspective, plenty of valuable data has been collected and promising results
achieved. In addition, this study investigates what kind of practical benefits IoT would bring.
In this study, it is not necessarily important to examine IoT´s deepest essence from
technological aspect, but rather take a pragmatic understanding of IoT, and recognize the
enabling factors and applications it can offer in the digitalising World. With such
opportunities IoT enables us to foster energy efficiency, savings, performance and indoor air
quality in buildings. The theory part also considers what are the big forces shaking the energy
sector behind the scenes and steering the development into this direction. Providing an
insight to a background of the energy sector, how it has come to this point and what is the
role of IoT.
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1.1 Background
Various studies have proved that at the moment it is almost impossible to operate only with
renewable energy sources to fulfil the energy demand of the current world (Hunt et al. 2020,
1-2). Infrastructure, and the whole society is built with and around fossil fuels (OECD 2017,
95). This trend started when innovations and technology developed, speeding up the
industrialisation (Bruland 2008, 120). Especially, energy-related innovations were the
cornerstones of economic growth (Stern & Kander 2012 ,126) Accelerating, the energy
consumption as well when demand increased due to technology development (Jin et al. 2018,
1). Where oil with coal has been the dominant primary energy source, and half of a century
ago fears started to raise that the world will run out of oil. However, it is still unclear when
it will run out since new deposits are sought and found constantly. (Fraser 2015) Throughout
the history, oil has been in the centre affecting to economy, energy prices and country
relations. (CFR 2020)

What have the main sources of heat and electricity; the combustion of fossil fuels such as
crude oil and coal, caused for humans and environment? Unsurprisingly, climate change is
the greatest challenge and issue in the 21st century. (Chmielewski 2005) Climate change with
other global outlooks like population growth, depletion of natural resources, and increasing
consumption of energy is creating great challenges (Seppälä 2017). Furthermore, there are
other environmental issues related to combustion of fossil fuels. Different pollutants (fly ash,
sulphur oxides, nitrogen oxides and volatile organic compounds) are released in combustion,
affecting negatively on the environment. These pollutants affect directly to air quality and
indirectly to water and soil causing acidification of the environment. Emissions of volatile
organic compounds also cause depletion of stratospheric ozone. (Chmielewski 2005)

In 2005, the world´s first international emission trading system (EU ETS) was set up to
reduce greenhouse gas emissions. EU ETS is regarded to have an important role in fight
against climate change in EU´s policies (European Commission 2020). The newest strategy
named EU Green Deal targets to apply stricter measures for emissions trading by expanding
it to cover more sectors, marine, aviation, road traffic, and launching preparations to include
buildings´ emissions. (Energiateollisuus 2020) The Green Deal includes many development
programs and reforms, such as enhancing circular economy, acceleration of sustainable and

11

smart mobility, and building renovating in an energy and resource efficient way (European
commission 2019). Politics are strongly linked with energy scheme and United Kingdom´s
(UK) exit from EU (Brexit) is a good example of this. It is still unclear after the Brexit that
will UK participate in the ETS. (Reuters 2020) The UK had an important part to play in EU
climate action to achieve the emission cut goals by 2050 (EUobserver 2020).

It is clearly stated by Intergovernmental Panel on Climate Change (IPCC) that nuclear power
should have an important role in cutting emissions and due to the fact that nuclear electricity
generation does not generate carbon emission under normal operating conditions. Despite
this Germany and many other countries phased out part of the nuclear electricity production
after Fukushima accident in Japan in 2011 (energypost 2020). Prior to 2011 Germany
produced 25% of the electricity with nuclear power plants, but now the lost quarter of
electricity is replaced primarily by coal-fired production and net electricity imports from
surrounding countries. (Jarvis et al. 2020) Whereas, in Finland more nuclear power capacity
is under installation. Yet, the commissioning has been postponed several times and new
estimation is that Olkiluoto 3 will operate in Spring 2021, twelve years later than initially
expected. (Talouselämä 2019)

Despite this, the transition to renewable energies is proceeding fast. Costs of renewable
energy have fallen significantly during the past decade. Concerned transition, added with
some technical advantages and carbon emission pricing policies could see renewable energy
to take major steps and replace most of the fossil fuels. (Kåberger 2018) The greatest
challenge of renewable energy is the reliability and intermittent production due to the fact
that wind is not blowing, and the sun is not shining all the time. Cheap renewable energy
must be stored since it is not always available and in use when primary energy production is
not enough to meet the demand. (Wärtsilä 2020) The decreasing price of wind and solar
energy puts pressure on thermal power plants and nuclear based production (Seppälä 2017).
For instance, as a consequence, electricity can be overproduced and electricity market price
can go negative, like happened in Finland for the first time in history in early 2020. The
extraordinary warm winter, increased capacity of wind power and high water levels in dam
reservoirs in Nordic countries pulled the price on the negative side for couple of hours.
(Fingrid 2020)
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1.2 Energy market transition
Energy infrastructure and decision making has been based on price of the energy and supply
security. Prevailing situation has started to change already, development of new technologies
is rapid and major changes in the energy sector are inevitable. Profiles of energy producers
and distributers will be reformed which opens up opportunities for new innovations, this
transformation also concerns living, transportation and consumption patterns. (Hyysalo et
al. 2017, 3) Notable changes in energy market and system will bring new actors and business
models to the energy sector. Along with new technologies and innovations, other new
players or aggregators will emerge into the market referred to as ESCO (Energy Service
Company) (ITRE 2010, 12). An ESCO provides guaranteed energy savings for clients in the
public, industrial, commercial, or residential sector. Energy savings and emission reductions
are made of installing new technology, optimising and monitoring existing equipment or
through any project that can offer savings. In principle, ESCO projects are funded from the
energy savings and clients do not have to invest directly to the new technology. Energy as a
service can work as a catalyst in energy-efficiency projects throughout the Europe due to the
fact that a great energy saving potential lies in buildings. (Fang et al. 2012, 559)

Traditional energy companies are facing challenges with their traditional business models
when new entrants are entering into the market and bringing new business models, products
and services. Previously energy companies have been able to operate in relatively peaceful
environment without any over threatening competition. Now traditional energy companies
must provide energy conservation services as well while their main profit derives from sold
energy, sometimes this cannibalistic arrangement creates scepticism, although local energy
companies are traditionally respected (Apajalahti et al. 2015, 77-83). Legislation of EU is
constantly steered towards more open and international competition, for example heat and
gas markets are on the verge of open interfaces. Seppälä (2017) from Digia Oyj questioned
energy companies´ roles and adaptation on market transition. Traditional way of selling
energy is not enough anymore and services should be provided for customers. Similarly, that
telecommunication companies do provide services in an ecosystem with telephone
subscription. Reformation of the whole energy sector is a great challenge and it is interesting
to see which actors can adapt, transform and bring extra value into their businesses as well
as for the customers. (Seppälä 2017)
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2

FUTURE TRENDS AND TECHNOLOGIES IN ENERGY SECTOR

This chapter introduces future trends and touches the surface of some of the interesting
technologies which might have an essential role in the future energy sector. The purpose of
this chapter is to prime readers why this case study has been conducted.

The transformation from fossil fuels to renewable energy is inevitable and demand for
emission mitigate is growing all the time because of pressure to meet the goals of the Paris
Agreement. Currently, the share of renewables in electricity generation is 25% annually, and
it must be increased to 86% by 2050. It is expected, that during the next decade renewable
energy will be the cheapest bulk energy globally and several scenarios expect that the
capacity of renewables will reach 50-60% mark in the next 10 years, states general manager
of Wärtsilä Juha Pitsinki (2020). It has been also estimated that 50% of the electricity
production will be generated from wind and solar in the whole world by 2050.
Decarbonisation of Europe is expected to happen first, while China and US are following
behind. Yet, even if the future of energy looks renewable, burning of the fossil fuels
including oil, gas, and coal will continue in some parts of the world, such as Asia, where
cheap coal is the driving force of energy sector and economy. (Wärtsilä 2020) Especially,
renewable energy transition in the transportation and aviation sector is challenging. Sectors
are heavily dependent on fossil fuels which are difficult to replace. Current scenarios rely on
electricity, LNG (liquified natural gas), hydrogen and synthetic hydrocarbons as a solution
to fuel transportation and aviation. (García-Olivares et al. 2018, 266-285)

2.1 Sector coupling
Traditionally, different carriers in energy system have been separated as following: the
electrical system, the gas network, the district heating network, the district cooling network
and traffic fuels. These actors operate in separated entities and have not been interacting with
each other's or even thought to co-operate together. However, in the energy system of the
future, these carriers should be brought together, as illustrated in figure 1. Sector coupling
can connect traditional energy systems where every system can enhance their own strengths
and increase flexibility. Sector coupling is not only about the four main energy carriers, it
can include other sectors like the whole transportation sector and electrical vehicles for
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example. It is impossible to connect the energy systems and sectors without smart
technology and comprehensive data collection. (Ramboll 2019)

Figure 1. Essential parts of energy system sector coupling (Simon 2019).

The heating and cooling accounts for almost half of the EU energy consumption and 54% of
it is consumed by the residential sector alone. Therefore, sector coupling plays an important
role in heating and cooling applications in the decarbonisation of Europe. In sector coupling,
cross-sectoral links will be done among electricity, gas, heating/cooling, mobility systems,
and markets in general. The shift offers an opportunity for new technologies, innovations
and business models to flourish, and fulfil the demand when technologies are utilised
between the sectors over their typical areas of businesses. (Jimenez-Navarro et al. 2020)

Sector coupling can be regarded as electrifying the energy sector completely. Including
waste heat recovery from industry as well, where lot of waste heat is available (Papapetrou
et al. 2018, 207). In heating sector, heat pumps are considered the main technology in
electrification process. Therefore, heat pump, solar collector, geothermal, power-to-heat and
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power-to-gas installations will increase in the future. Nevertheless, electrification faces
challenges, such as how the current infrastructure and electrical grids can bear the increasing
demand, how it will be stored and distributed efficiently across the areas. (Clean Energy
Wire 2018) Surplus electricity can be converted into the heat or alternative fuel for
transportation sector with power-to-x (power-to-heat & power-to-gas) and vice-versa as
presented in figure 2. Concerned solutions offer much higher efficiency for utilisation of
renewable energy resources. (Pavičević et al. 2020) Comprehensive illustration of crossconnection of sectors, actors and energy sources can be seen in the appendix 7.

Figure 2. Sector coupling illustration from the power-to-x aspect (Appunn 2018).

2.2 Waste energy streams of Circular Economy
The main purpose of Circular Economy (CE) is to keep resources cycling as long as possible
in the most efficient way where the closed loop of material flows is an ultimate goal
(Ghisellini et al. 2015, 11) In Circular Economy, materials and products are produced in a
way that it is easy to reuse and recycle. Thus, disposal is not an option, all the outputs from
industrial processes should be used as an input in another industrial application. In other
words, other´s waste is another´s raw material. (Murray et al. 2015, 371) The idea of CE
was born as a counterforce against linear consumption where usage of resources has been
based on continuous growth and reckless consumption. (Ghisellini et al. 2015, 11)
Renewable energy is an important factor when circular economy is practised (Charles et al.
2018, 81), because Circular Economy requires plenty of energy to be sufficient (Lantto &
Lehtonen, 2019).
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Figure 3. Comprehensive illustration of the Circular Economy cycles (Ellen Macarthur
Foundation 2017).

As can be seen in figure 3, Circular Economy consists of biological and technical cycles
where material flows are tried to be kept in usage, and utilise by-products, such as, waste
heat energy (Ellen Macarthur Foundation 2017). Energy efficiency in buildings, industrial
processes and transportation are all linked to Circular Economy waste streams (Pukšec et al.
2017, 572). In reflecting this, there is plenty of value creation potential in Circular Economy
for businesses in energy sector. (Murray et al. 2015, 371) For example, biogas plants have
an essential role in applying Circular Economy when organic residue is valorised and turned
into energy or transportation fuel. Sector coupling and synergies with other systems must be
enhanced first that biogas´ full potential is accomplished. Particularly, Power-to-Gas (P2G)
concepts have an effect on biomethane´s role in transportation sector. Since biomethane
chemical composition corresponds natural gas it can be fed to the natural gas grid. (Kougias
& Angelidaki 2018, 1-2)
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2.3 Decentralised energy system
Current world has been built around centralised electricity production where large central
power plants generate electricity and distribute it for long distances to end-users. Centralised
production is mostly dominated by fossil fuel-based energy sources, nuclear plants and hydro
power stations. However, the shift from the centralised production to the decentralised
production might happen soon where decentralised energy systems will be introduced to the
energy sector as illustrated in figure 4. The entry of decentralised production also offers an
opportunity for end-users to become producers. Such a bidirectionality would not work
without smart technology which enables dynamicity and flexibility of smart grids. (ITRE
2010, 10-12)

Figure 4. Centralised production compared to decentralised energy production (ITRE 2010).

If the future energy production is intermittent and decentralised, the energy system requires
distributed generation, demand response, energy storages and sector coupling for crossborder energy flows. All these components allow optimisation of the energy consumption,
by flattening consumption peaks, dividing the consumption evenly during a day, storing
energy during low-consumption hours and feeding it back into the system when most needed
(ITRE 2010, 10-13). According to VTT (2003) decentralisation could reduce or even remove
the necessity of backup power- and thermal plants which can lead to direct deduction of
emissions and money savings for all sides.
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2.4 The role of IoT
IoT´s main purpose is to connect physical devices like sensors to the internet where devices
can communicate and interact together, collect data and make technological applications
smarter, these devices can be almost anything as illustrated in figure 5. In other words,
intelligent systems can operate automatically and integrate various systems and devices
efficiently without involvement of humans. (Baksh. et al. 2013, 14-15) New technologies
cannot fulfil their full potential and features without intelligence that IoT enables. Adding
intelligence into the ecosystem of energy sector by optimising the energy supply,
transmission, distribution and demand, enables improvements on energy efficiency and
integration of renewable energy (Hunt et al. 2020, 1-2).

Figure 5. Basic principle illustration of Internet of Things and its possibilities in different
sectors (Zigurat 2020).

IoT does not only provide data related intelligence for energy related resources, it can also
help to utilise company´s human resources much better. For example, maintenance burdens
organisations heavily and preventive maintenance is seldom practiced, or at least it is a large
expenditure. When maintenance requiring machines are infused with intelligence, a lot of
resources are released for other purposes and maintenance is performed when necessary, not
when it is marked on calendar (IBM 2016, 2-3) Moreover, the energy sector is not the only
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one who benefits of IoT revolution. For instance, smart technologies can be used in health
care, smart cities, traffic management, and disaster management. (Baksh. et al. 2013, 14-15)

2.5 Wireless connections enhancing the best out of IoT
Utilising IoT requires a reliable wireless communication system to guarantee all functions
and applications of devices, such as sensors and actuators, which play a major role also in
energy efficiency renovations. Various technologies have different communication
standards and choosing the right technology depends on the needs such as communication
range, bandwidth, power consumption and battery lifetime. These factors are important that
a continuous connection is quarantined, and real-time data transfer is supported. (Hunt et al.
2020, 7) In coming years, it is expected that different sectors around the world will receive
outstanding number of devices to make wide range of applications smarter. Leaps in smart
technology in areas such as agriculture, cities, industry, metering, healthcare, logistics,
homes and buildings have several protocols available to improve their functions. LPWAN
(Low Power Wide Area Networks) protocols have been seen as the main wireless
communication type which connect real world IoT devices and processes into the internet
and cloud. (Alenezi et al. 2020, 1361) The most commonly used protocols are allocated by
their main features in figure 6. It is important to understand that LPWAN is not a standard,
only a term for various protocols encompassing most notably LoRa, Sigfox, and NB-IoT for
example. As its name LPWAN refers, low power usage and wide area of operating range,
LPWAN provides range over tens of kilometres in some cases. (McClelland 2017)
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Figure 6. Abilities of different wireless technologies by distance and speed which have an
effect on power consumption of the device (Ackcio 2020).

2.6 Demand Response
Demand Response (DR) is actions on the energy consumer side, for example in a building.
DR concentrates to integrate energy production and energy management by optimising
operation in a flexible and efficient way. (Barbosa-Póvoa & Pinto 2018) Especially in district
heating, consumption peaks set to be in the morning when usage of domestic water is high
and ventilation units start to operate with high speed. Another peak is in the afternoon after
people return from work. However, consumption patterns vary throughout a year when
seasons and temperatures change. These consumption fluctuations cause additional costs for
district heating system and decrease its efficiency. Energy load management actions do not
necessarily decrease energy consumption only time-shifts it. (Energiateollisuus 2015, 5)

DR has been widely studied and utilised in efforts to reduce electricity, heating and operation
costs at consumer level. Consumer level reductions are usually connected to the two
strategies; in peak shaving power consumption is reduced for a short period so that high
consumption peaks can be avoided, also overall consumption might be reduced. Whereas
with load shifting, the consumption peak period is only shifted to off-peak periods and
overall energy consumption is not necessarily reduced. (Li et al. 2017, 2208) Traditionally,
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electricity generation has been controlled by regulating the output power of generators so
that the balance between energy supply and demand side is attained. In coming years
increasing amount of intermittent generation, such as wind and solar, will be introduced
causing more variable generation outputs, which makes the traditional way to regulate
production more challenging. At the moment, DR applications are typically implemented to
end-users' loads which is controlled via automation system e.g. BACS (Building automation
and control system) or device specific IoT solutions. (Ahonen & Honkapuro 2016)
Nonetheless, it is important to keep in mind that DSM encompasses all aspects of energy
management at the consumer level, in other words, all the energy management related
actions at the demand side of the energy meter. Other key thing to remember is that DSM
does not only consider electricity, utility companies and their customers. These management
actions can be applied with all forms of energy. (Smith & Parmenter 2016, 1-12)

2.7 Energy efficiency in buildings
According to Verbeke & Audenaert (2017), buildings energy efficiency can be distinguished
into active and passive approaches. Improvements on HVAC system and artificial lighting
are regarded active actions, whereas passive action includes improvements of thermal
insulation on envelope or utilising solar radiation through the windows. Adding thermal
insulation to the envelope is one of the most effective ways to reduce building energy
demand in colder climates. However, increasing the thermal resistance of building requires
professional skills and knowledge that moisture damages can be avoided because the
envelope´s thermo and humidity technical abilities change, as well as expenses might
increase significantly (Vinha 2016). Thermal mass of the buildings can be used to absorb
heat and store it transiently, where heat can be released when there is enough temperature
difference between mass and ambient air. Insulation and thermal mass of the building can
be used as a heat storage in demand side management and demand response action (Vand et
al 2020, 305). The amount of heat that can be stored varies and is dependent on structures
and material of the building. Thus, the suitability of building´s own thermal storage is a case
and purpose dependent. It is good to remember that thermal discomfort for people is not
wanted and if heating´s main purpose is to create comfort; energy efficiency action should
not be done to the detriment of indoor conditions. (Verbeke & Audenaert 2017, 2300-2301)
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3

BUILDING HVAC SYSTEMS IN FINLAND

This chapter introduces the basic HVAC technology of buildings and basic principles of the
concerned system. The building HVAC technology is also approached from a developmental
aspect, by considering which technologies are taking over the older ones. In addition, a
legislation and new European Union amending directives are introduced since they will have
significant effect on built environment. The chapter concentrates on larger buildings rather
than detached houses.

The main purpose of building services technology is to create satisfying indoor conditions
for buildings in an energy-efficient way and vice versa. Heating, ventilation, water, drainage
and plumbing, lightning, automation, security and alarms are the key parts of building
service systems. (Alanne 2015, 204-205) In order to successfully take care of the
maintenance of a building, preventive actions and monitoring are important, before actual
problems occur. Such problems, like bad indoor air quality can be result of inefficient or
wrongly operating ventilation, water and mold damages, wrong temperatures, particulates
matter, chemical compounds or radon. Most of these problems can be cause and effect from
others and thus be related to each other. (Terveet tilat 2028 -ehdotus 2017, 4-10) According
to WHO (2018, 9), improvements on energy-efficiency, insulation, weatherisation and
ventilation can improve indoor conditions supporting human health while also energy usage
and carbon emissions are reduced.

3.1 Building stock characteristic
Finnish building stock contains approximately 1.5 million buildings when agricultural
buildings and summer cottages are excluded (appendix 3). Most of the buildings are
residential buildings which account 85% of the stock whereas the rest of the stock is mostly
commercial and industrial buildings. However, residential buildings have relatively small
surface areas compared to service and industrial buildings. Non-residential buildings have a
total average surface area of 843 square meters. The complete statistic of floor areas is in the
appendix 1. (SVT 2020)
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From the year 1990, the amount of buildings has increased by 32% which corresponds 376
000 new buildings. Only 5% of the buildings are from the era before 1921. (SVT 2020)
Residential buildings have necessity for renovation with fundamental technical parts in every
25-35 years such as facades, windows, electricity and energy systems (Hietala et al. 2015,
55). The age distribution of different building types is presented in figure 7. Building types
are classified in three groups based on the heating characteristics: 1. Apartment buildings. 2.
Non-residential buildings that require normal heating and have similar heating characteristic
since human presence. This non-residential building group consists of commercial, office,
traffic, nursing, gathering and educational buildings. 3. Industrial buildings, warehouses and
agricultural buildings. The similar age distribution characteristic from the case building area
is represented in the appendix 5.

Quantity of three different building groups with age
distribution
35000
30000
25000
20000
15000
10000
5000
0
1921 - 1939 1940 - 1959 1960 - 1969 1970 - 1979 1980 - 1989 1990 - 1999 2000 - 2009
Apartment buildings

Normal heating other than residential

2010 -

Industrial buildings

Figure 7. Age distribution of three different building groups (SVT 2020).

The greatest need for repair is in urban apartment houses and it has been estimated that the
renovation debt is 3.5 billion euros between the years 2016 and 2025. This will also apply
for the years 2026-2035. Therefore, it is important to evaluate the economic feasibility for
repairing and what are the rational measures to be done. Approximately 92% of the building
stock is estimated to be economically feasible to be repaired. (Hietala et al. 2015, 3) IoT
technologies can have a significant role in energy renovation and when healthy indoor
environment is pursued (Panteli et al. 2020, 1).
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3.2 Energy consumption in buildings
Buildings in Finland are large energy consumers, consisting 40% of the total final energy
consumption with 454,8 Petajoules (PJ), corresponding 126,4 TWh. 30% of the greenhouse
gas emissions in Finland are caused because of energy usage in buildings, which is the main
source of GHG as well, and the greatest factor for living expenses during the life span of a
building. Large consumption in buildings can be partly explained by cold climate. Energy
consumption and its expenses comprise heating, cooling, and electricity usage of devices
and lightning in buildings. Therefore, it is essential that devices and the whole HVAC system
work properly to ensure the energy efficient and safe operations in a building. Another
important part of the system is constant monitoring of energy consumption in order to make
energy efficiency targets, follow consumption trends and improve the whole operation.
(Motiva Oy 2020)

Table 1. The age distributed heat energy consumption index in non-residential buildings
(Ministry of Environment 2020)
Indicator

Heat energy annual
consumption average

Unit

-1959

1960-69

1970-79

1980-89

1990-99

2000-09

2010-19

kWh/m2

190

165

195

175

170

105

95

Ventilation
25-35%

Figure 8. Heat balance of an apartment building in Finland (Motiva Oy 2012).
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Often apartment building's heat energy consumption is represented with heat index,
indicating the amount of heat consumed annually per cubic meter or per square meter inside
the building. The heat indexes are weather corrected which enables energy consumption
comparison between different years. Typically, apartment buildings built in 1960-1990
require 45-65 kWh of heat energy per cubic meter annually in Southern Finland. In Central
Finland the index is 10-15% higher and in Northern Finland 25-30% higher because of a
colder climate. In table 1 heat index is sorted by average heat index by decade in kWh/m².
For owners of buildings it is essential to follow energy consumption and compare it to
average data with similar buildings since heating is typically 20-30% of the total expenses
in the apartment building. Figure 8 represents typical heat balance in apartment buildings
where the arrows represent heat inputs and heat losses. Ventilation removes lot of energy
25-35% from the building unless the ventilation system is equipped with heat recovery unit.
Whereas in rowhouses roof and floor release more heat compared to a typical apartment
house. (Motiva Oy 2016) In an office building, heat is removed over 50% through
ventilation. However, heat balances vary a lot depending on the purpose of the building,
when it is constructed and how advanced technology it contains. (Alanne 2010)

3.3 Towards decentralised heating
District heating (DH) is the most common source of heating in residential and service
buildings, which excludes industrial and agricultural buildings (Energiateollisuus ry 2020b).
Whereas industrial sector relies more heavily on biomass in heating (SVT 2018). Total
market shares for different buildings can be seen in figure 9 and appendix 1. Commonly,
certain type of buildings has a prevalence for a certain type of heating system. Most of the
apartment buildings are connected into DH. But when floor area is compared to the number
of a certain heating system, situation is completely different. DH has most of the floor area,
but it covers relatively small amount of buildings, for electric heating the situation is
reversed. The shares are represented more detailed in appendix 1. (Pöyry Management
Consulting Oy 2017, 34)
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HEATING MARKETSHARES
IN RESIDENTAL AND SERVICE BUILDINGS
Oil

Other

District heating

Biomass
13 %

Electricity

Heat Pump

Biomass

Oil
7 % Other
1%

Heat Pump
16 %
District heating
46 %
Electricity
17 %

Figure 9. Heating systems market shares in residential and service buildings in Finland
(Energiateollisuus ry 2020b).

During the past decades the average price of DH has increased, weakening the reputation of
DH, between years 2004-2015 the price has more than doubled, mostly because of increased
taxation on non-renewable energy sources used in heating (Lauttamäki & Hyysalo 2019).
However, it has to be kept in mind that greenhouse gas emissions differ a lot between DH
companies depending on what fuel they use (Bionova Consulting 2014, 3). Also, the price
of DH varies a lot between cities making the comparison and concluding harder. Densely
populated districts have smaller heat losses and rural areas larger where heat is distributed
longer distances (Energiateollisuus 2020d). Thus, the competitiveness of DH will be region
based, and it can be expected that in regions where DH production is decarbonised it will be
cheaper. The price of DH (€/MWh) can compete with the energy prices of heat pumps and
pellet, even in future scenario of 2030, the price comparison is in appendix 11. An easy
operation and maintenance advocate DH. (Pöyry Management Consulting Oy 2017, 44-48)

Popularity of heat pumps for decentralised heat production has increased during the last ten
years due to big steps on technological development and according to Finnish heat pump
association SULPU (2019) there is already one million heat pumps installed in Finland. The
cumulative deployment of heat pump types is represented in appendix 2. Heat pumps have
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different heat distribution capacity, for example air-source heat pumps (ASHP) and groundsource heat pumps (GSHP) do not have similar capabilities and do not fit in the same nor
every application. (Lauttamäki & Hyysalo 2019) It is important to notify that
decentralisation is gaining popularity among with substitution of oil and other fossil fuels
into cleaner sources, thus, heat pumps already have a role in this. (Pöyry Management
Consulting Oy 2017, 33) Complete decentralisation is not the only option, hybrid solution
with DH can be more suitable in some cases, or decentralised hybrid when the system is not
connected into DH network or centrally produced. In hybrid heating, two or more heating
systems are used in a way where both, strengths and weaknesses of the system are
considered. Heating systems can operate in parallel or solo, and operate based on season,
time of the day, temperature or electricity price. Control of a hybrid system may be more
difficult, but the techno-economic benefit can be significant. (Energiatehokaskoti 2020)

3.4 Future of district heating
District heating is facing big changes in coming years in Europe and especially in Finland
where it is widely used for heating. Cost effectiveness of renewable energy and alternative
heating solutions, such as, heat pumps along with new energy efficient buildings are shaping
the role of district heating in the future. However, the strength of the DH is that different
energy sources can be utilised like waste heat from data centers which emit and generate
large amounts of heat. (VTT 2016) In the future, district heating networks will not exist as
they stand now, they are rather energy channels which can connect different energy
producers even over the sectors. Heat energy can be produced in several ways, burning of
fossil fuels will be partly put in the history in a certain time frame, also in district heating
sector. Principles of DH will turn around when temperatures are lowered, it gives an
opportunity for wider scale waste heat recovery applications, creating a situation for
decentralised production where small producers can sell their excess heat or waste heat to
DH company or other consumers in an ecosystem. Furthermore, it deepens the relationship
between DH companies and customers when such a collaboration is formed and gives an
exceptional example of circular economy in energy sector. (Högfors GST 2020)
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Scientists believe that future´s district heating will be based on five (5) cornerstones
(Högfors GST 2020):

1. Lower temperatures in the network delivering heat energy for new and
existing buildings.
2. Opportunity to have smaller pressure losses due to lower temperatures
and more efficient utilisation of heat energy.
3. Waste heat streams can be injected to the network because of lower
temperature requirements.
4. Future´s district heating and cooling networks can be integrated to be part
of smart energy network entities and operate parallel with electric and gas
networks (sector coupling)
5. Ability to adapt and design its basic structures to correspond future´s
requirements in every aspect and be part of the sustainable energy system.

3.5 Ventilation systems
The main purpose of ventilation system is to remove air, humidity, different impurities and
pollutants ensuring clean, healthy and comfortable indoor conditions for living. Inadequate
ventilation can cause health issues and unwanted symptoms such as headache and tiredness.
Often good indoor air and energy efficiency reconcile together. (Motiva Oy 2020b) Natural
ventilation was the main ventilation system in apartment buildings and row houses until the
beginning of 1970s and after that a shift to mechanical air extraction ventilation systems took
over. In 1990s, harnessing of apartment buildings and row houses with mechanical air supply
and extract ventilation started to be more common. Equipping buildings with heat recovery
ventilation systems only started in the beginning of 21st century. (Motiva Oy 2018)
Ventilation systems basic operational principles are demonstrated and explained more
detailed in the appendix 8. The most energy efficient ventilation technology is when
ventilation utilises heat recovery unit which transfers heat energy from exhaustion into
supply air. Even if the whole circulation cycle is executed mechanically, a ventilation can
function incorrectly causing energy losses and bad air quality. Therefore, maintenance and
adjusting of ventilation unit are important for efficient and correct usage. (Motiva 2020b)
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3.6 Cooling options in buildings
Buildings require cooling because of the heat from sun but also computers, machines, and
other electrical devices emit heat, raising indoor temperatures. Mechanical vapour
compressions chillers are covering almost 90% of the cooling market, technology uses
refrigerants and large amount of electricity to produce cooling (Kian Jon et al. 2021, 9).
District cooling (DC) functions similarly to district heating, only reversed. Cooled energy is
centrally produced, increasing a cost-effectiveness and an eco-friendliness of the production.
(Energiateollisuus 2020c) An important factor for district cooling is to utilise local waste
heat sources with centralised production to be competitive against traditional cooling
solutions. Efficiency and reliability of DC system can be increased by combining storage
facilities which can support the demand in night-and-day scale as well as filled up with free
cooling in winter for the summer period. (Calderoni et al. 2019, 16-17) Storing methods of
cooling can be innovative as Nordell (2015) suggested that underground snow storage can
store large amount of cold and also reduce snow burden in cities. Whereas using solar heat
energy for thermally driven absorption or adsorption cooling systems can reduce emissions,
reduce electricity peaks loads in grid and improve indoor air quality with low operating costs
during summer months, when cooling is required more than heating (Alahmer & Ajib 2020,
1-14).

3.7 Water sector on the verge of digitalisation
Waterworks is defined as a service provider which takes care of pumping water, treating and
distributing it for domestic use, in addition, sanitation of wastewater could be a part of
service. (Meriläinen et al. 2020) Over 90% of the households are connected to the waterpipes
and 85% to the sewages. However, large parts of the network are relatively old, and need for
renovation will be on the table in coming years (RIL 2019, 22).

Significant amounts of data is collected every year in water sector, yet the data is not utilised
efficiently (RIL 2019, 23). Customers´ water meters are mostly mechanical meters which a
person checks annually and reports digits for a waterworks company. IoT and benefitting
from the data will change the water sector permanently by saving resources, optimising the
whole water chain´s consumption and bringing leakage detection to be a normal part of
buildings. When billing is based on real time consumption and consumption can be followed
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in real time, a lot of extra value is created for customers. (Vakkilainen 2019) Consumption
based on submetering in apartments have already proved to save water 30 litres per person
per day, in some cases, which means over 100 euros savings per apartment annually (Läärä
2020). The visions of digital solutions in water sector can provide comprehensive solutions
for customer´s needs but these solutions must be scalable and adaptable (Rekolainen & Verta
2019). It is very easy to get carried away with digitalisation and its multiple opportunities.
Therefore, waterworks and stakeholders should channel the focus on providing more quality
services for customers. (VVY 2020, 8)

Digitalisation of water sector is partly steered because of the new European commission
directive 2012/27/EU (2020) comes into effect by the end of 2020. The amendment obligates
that every cold and hot water meter installed for a new building must be remotely readable
in every apartment and due to this billing must be consumption based. All the meters must
be changed to remotely readable ones by 2027 but buildings might be allowed to have a
transition time for changes. Permission for postponing is valid for example when piping
renovation takes a place shortly after initial deadline.

3.8 Waste and wastewater management
According to Finnish law, building wastewater systems shall not cause any harm on human
health nor odour, sewer floods, noise or any harm to the environment. Wastewater must be
conducted to a wastewater treatment plant, closed container or treated at the site. Sometimes
gravity alone cannot conduct wastewater in an appropriate way and then pumping is needed
with the same requirements that no harm shall be caused in any circumstances. (Ministry of
Environment 2017) Usually, sewer system is available in urban areas, town planned areas
and in some of the smaller cities. Benefits of sewer network system are that environmental
burden is transferred to professionals and away from drainage system. (Vesien suojeluliitto
ry 2020) Municipal wastewater contains lot of heat energy and this could be recovered,
providing interesting heat recovery application (De Sanctis et al. 2020, 71).

The Finnish law determines that an owner of waste, such as private person, building or
company, are all responsible of treating the waste they generate. However, municipalities
have obligation to serve facilities for appropriate disposal and treatment possibilities.
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(Ympäristö.fi 2013) Waste act is reforming since EU is setting up new targets for recycling,
where member countries should increase the level of recycling to 55% by 2025 and continue
increasing trend always to 65% by 2035. These rates of municipal waste recycled tells how
great share of the waste is utilised as a material for another purposes. The recycling rate of
42 % has not developed much in recent years and since Finland is targeting to be the top
country in circular economy, there is plenty of room for improvement. (Rahkonen 2020)

3.9 EU directive and national climate plan creating new outlines
In 2015 executed Paris agreement obligates EU to improve its efforts in decarbonisation of
building stock. Almost 50% of the EU´s final energy consumption comes from heating and
cooling, and 80% of that is used in buildings. Energy-efficiency in buildings is one of the
spearheads along the deployment of renewable energies with the objective to meet climate
targets. Consequently, EU has drawn guidelines and recommendations for energy-efficiency
targets for member countries who define their own steering actions and legislation, that can
be found summarised in appendix 9. (Council directive 2012/27/EU 2018) Where Finland is
obligated to reduce its GHG emissions by 39% by 2030 compared to 2005 levels that
corresponds 20.6 Mt CO2 equivalent (Finland´s Integrated Energy and Climate Plan 2019,
42-44).

Based on EU directive 2018/844 member countries were obligated to make National energy
and climate plan (NECP) which declares how climate targets will be achieved and how
revisions will be set in legislation. Government of Finland proposed law HE 23/2020 vp
(2020) regarding land use and building section 126, concerning mostly electric vehicle
charging and building automation, see appendix 6. Buildings in Finland must be harnessed
with certain amount of electric vehicle charging points. The focus is mainly on nonresidential buildings, except new residential buildings which have different terms defined
and are shown in the appendix 10. Based on the act HE 23/2020, it can be expected that 73
000 - 97 000 new charging points are introduced and readiness for 560 000 - 620 000
charging points by 2030 (Kervinen 2020).
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4

IMPLEMENTING IOT IN LEPPÄKOSKI GROUP´S OFFICE
BUILDING

Figure 10. Leppäkoski Group Oy Office. On the left side are solar panels, in the middle VTC
and on the right FPC solar collectors.

4.1 Leppäkoski and motivation for energy solutions
Leppäkoski Group Oy is over 100 years old energy company operating in Pirkanmaa,
Finland and its main office is located in Ikaalinen. Group consists of four (4) subsidiaries;
Leppäkosken Sähkö Oy (transmission and distribution of electricity), Leppäkosken Energia
Oy (sales and supply of electricity and energy solutions), Leppäkosken Lämpö Oy (district
heating and natural gas), and Grid.vc Oy (private equity company). In 2019, Group revenue
was 49.7 million euros. Energy trade statistics can be found from the table 2. (Leppäkoski
Group Oy 2020)

Table 2. The main energy key numbers at Leppäkoski (2019).
Sales of electricity

307 GWh

Sales of heat energy

252 GWh

Sales of natural gas

56 GWh

Transmission of electricity

387 GWh
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Over the recent years, Leppäkoski has developed and piloted different decentralised energy
technologies at their own and customers´ facilities with high level of intelligence. Also, IoT
based services and solar energy applications.

For instance, some examples of new technology piloting are fuel cell back up power supply
and exhaust air heat pump (heat recovery, hybrid heating). They have already been piloted
and are commercialised solutions now. In 2017, Leppäkoski´s office building in Ikaalinen
went through an energy renovation where a district heating substation was renewed, solar
heat and power was installed as figure 10 shows, and the heating system was harnessed with
smart IoT-technology along with indoor air quality monitoring. Concerned solutions are
under commercialisation after a three (3) year testing and development work. Beforehand, it
was unclear how well these solutions would fit into the case office building; how much
energy could be saved and how existing old heating and ventilation systems, and state of the
art IoT-technologies could be integrated into the same system in relatively old facilities. The
office is built in 1970 and expansion wing was completed in 2006. Future trends and
technologies mentioned in chapter 2 are pushing energy companies to broaden their services
and lead the development.

Leppäkoski is creating a new business in energy solutions and uses Talotohtori SCADA
(Supervisory control and data acquisition) as a platform where solutions will be built due to
its ability to integrate new and old technology. The SCADA platform is provided by Finnish
company Enermix Oy.

4.2 Building description
The first floor of the building was completed in 1969-70, warehouse and premises for
technical work was built on the same years. Façade, exterior wall, and inner wall are made
of brick and there is glass wool in outer walls, whereas dividing wall is chipboard and partly
fibre-cement board. The roof is made of autoclaved aerated concrete (siporex) and is felt
covered. Second floor of the office part was constructed in 1983 which is made of wood and
party cladded with sheet metal. The latest extension from 2006 is marked with light blue in
figure 11 and is made of wood and sheet metal as well. Originally the office was heated with
large electric boiler, but it was changed to district heating in 1997.
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Figure 11. Floor plan of the case building. The blue marked area indicates the extension part.

4.3 Upgrading district heating into a smart heating
Case building´s district heating substation (DHS) is located in a heat distribution room
containing three (3) heat exchangers. The whole substation along with heat exchangers were
renewed in 2017. Heat exchangers' roles are to supply heat energy for waterborne radiator
heating, domestic hot water and ventilation. All of these features of DHS were brought into
the SCADA environment as illustrated in figure 12. Providing the possibility to monitor
DHS remotely in real time and receive self-defined alarms for staff. Moreover, general
settings and alarms can be set remotely in SCADA for example control characteristic lines
or thresholds for alarms.
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Figure 12. Heating diagram of the district heating substation (DHS) and all the required
controls for operating. Data is also gathered here and can be illustrated with trend diagrams.

4.3.1 4th generation bidirectional solar heating
Leppäkoski piloted two different solar heating technologies on the roof of the case office
building. Power of 18 kW of vacuum tube collector heat pipes (VTC) and 20 kW of flat plate
collectors (FPC) were installed and commissioned in August 2017. Heat harvesting
technology between solar heat collectors and VTC heat pipes is distinct. Where the
Evacuated or Vacuum tubes collector have multiple transparent glass tubes of parallel in row
containing fluid inside that vaporises and liquefies. Phase transition transfers the heat into a
header pipe where Propylene Glycol Water mix circulates capturing heat energy (Hydrosolar
2009), the whole process flowchart is illustrated in figure 13, and finally fluid flows through
a heat exchanger, delivering the heat energy into the building´s demand. The flat plate
collectors have Propylene Glycol flowing throughout the plate in small channels which are
covered with dark radiation absorbing surface (Savosolar 2018). Both technologies are
similarly connected to the office´s heating system. Propylene Glycol can operate between
temperatures of -30°C - 120°C before freezing or boiling. Safety valves, expansion tanks
and relief tanks were installed for the case of boiling, if the system cannot unload the heat.
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Figure 13. Functioning principle of vacuum tube collectors (Muller-Steinhagen 2008).

The unique part of the solar heating pilot was the demonstration of bidirectionality, see figure
14, which did not have ready-made instructions, thus lot of experimenting and several PID
controllers were needed. For instance, a cascade controller configuration was introduced that
the system automation can consider several variables. The main goal was to create hybrid
heating system where district heating and solar heating are able to function parallel in an
intelligent way. Distribution of solar heat happens directly to the district heating network
without a buffer storage. In the end, the hybrid heating system was successfully executed
where surplus energy from solar collectors is fed into a district heating network, both supply
and return side. When there is not enough solar heat available, the system receives the
required amount of energy from the district heating network, and vice versa.

Figure 14. Solar heating diagram. Two different solar collectors connected in parallel to the
case building´s district heating. The system can function bidirectionally.
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4.3.2 Intelligent radiator valves
The building's heating system is completely automated. The main actuators behind the
heating automation improvement were self-powered intelligent thermal radiator valves
(iTRV) which have integrated Thermoelectric Generators (TEG) inside to make them
wireless and self-powered. According to Mezghani et al. (2019), TEGs can directly convert
thermal energy into electricity via temperature difference (dT), and thus it is a power
independent device without any moving parts to make noise or spill out any chemicals,
making it environmentally friendly and long-lasting energy source for actuators. In this case,
the temperature difference is formed between a radiator and ambient air, which is enough to
generate electricity for iTRV actuators. iTRV has a small battery inside to ensure power
distribution for the valve when temperature difference is not available, for example, in
summer months when heating is mostly off.

Figure 15. On the left is an intelligent radiator thermostat and, on the right, a mechanical.

In total of 50 mechanical radiator valves (figure 15) were replaced with new iTRVs (figure
15). Intelligent valves make it possible to control heating and radiators individually, in other
words, waterborne radiators can function like electric radiators. iTRV actuator enables to
have a precise room temperature due to an internal temperature sensor and a valve controller
which can be set to a wanted setpoint to avoid over heating in rooms and keep temperatures
steady. Furthermore, heat energy is saved, and the normative office work temperature target
21°C set by Ministry of Environment (2010a), can be achieved. Additional room temperature
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sensors were installed into the rooms to see how reliable the iTRV internal sensor is
compared to an external sensor that is not installed close to a radiator.

iTRVs use EnOcean standard radio protocol international standard ISO/IEC 14543-3-1X
which is international standard specified for ultra-low power wireless applications and
energy harvesting (EnOcean 2020). Gateways send and receive radio messages from
actuators bidirectionally, where gateways are connected to the automation substation. The
system is completely wireless, except gateways, which require wiring to the automation
substation. Repeaters are supportive devices for gateways, repeating the radio messages to
ensure a broad range of connectivity. External temperature sensors use EnOcean protocol as
well. Automation and controlling of the intelligent radiator valves can be done several ways,
via a modem RTU Modbus internet connection with cloud or via local automation substation
system (SAS) with programmable logic controller (PLC). In the case building, the
automation was created locally with automation substation, which is reliable solution and
can perform locally, even if the internet connection or the server is down. Decision what
automation protocol and connection to use, must be always considered case-by-case
depending on the requirements of the application.

Figure 16. Illustrative drawing of the smart heating and communication paths used in the
case building (Leppäkoski 2018).
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The communication path of iTRVs is demonstrated in figure 16. Gateways operate as a
message carrier between actuators and SAS using Modbus RTU protocol. SAS messages go
through via secured internet connection to SCADA where data is stored, and system can be
supervised and controlled

4.3.3 Smart heating integration
iTRVs, district heating and solar heating circuits can be controlled and monitored in
SCADA. When solar radiation and temperatures are on sufficient level the systems start.
Solar heating works automatically on parallel with district heating, only feeding heat energy
into the building when heat consumption is on and surplus energy is directed automatically
into the district heating network´s supply or return side, depending on temperatures of
district heating network and solar heated water. The master of heating of premises is district
heating substation controller (Ouman c203), adjusting the water temperature setpoints of
radiator network and ventilation, based on outdoor temperature. Moreover, temperature of
domestic water is controlled independently. The temperature of each setpoint is adjusted
with control characteristic line, see figure 17. Radiator network and ventilation both have
their own control characteristic lines. Domestic water follows the basic principle to be over
55°C preventing legionella bacteria growth (Ministry of Environment 2017b).
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Figure 17. Outdoor temperature control characteristic line of the radiator network.

Radiators do the distribution of heat energy into the rooms where iTRVs do the fine tuning
of room temperatures. Fine tuning is the key operation when exact room temperatures are
targeted, and energy savings can be made. In addition, a smart heating program, such as,
controlled temperature decrease of the space is used during weekend and night times when
people are out of the office. Therefore, unnecessary heating can be avoided. Target
temperature can be set hourly in week calendar as can be seen from figure 18. Room
temperature sensors and iTRVs make it possible to take into account and control the radiation
of sun through the windows, presence of humans and the effect of heat emitting from
electronic and electrical devices, such as computers and lamps.

Figure 19 presents a floor plan layout of the rooms in the case building where every room
have their own temperature sensors and iTRV actuators. Temperatures and valve positions
can be followed automatically and monitored in real time, and every room can be set to
operate individually. In general, a fleet control is the best way to operate in order to keep
balanced and steady conditions around the building.
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Figure 18. Week calendar where rooms´ target temperature can be defined.

Figure 19. Floor plan layout from the office. Temperature and valve position of each valve
and room presented in Realtime. It is also possible to see trend history data since
commissioning.
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4.4 Piloting solar panels and battery for demand response
To obtain experience from the capability and performance of solar panels, power
accumulators (battery), and smart control of the solar power system. The capacity of 5,4 kW
solar panels were installed on the roof. Solar panels are connected to lithium iron phosphate
battery with 7.2 kWh storing capacity. An inverter separates solar panels from the battery
and electrical grid due to direct current DC that solar panels generate. The inverter converts
electricity from direct current (DC) to altering current (AC) and feeds it to the battery or
grid, depending on of the demand and automation settings at a concerned moment.
Configuration diagram is presented in figure 20.

For solar panels and battery, a simple matrix was created based on electricity market price
and solar energy available. The matrix defines when battery is allowed to charge and
discharge. Enabling the system to obtain the greatest benefit of electricity prices and prevent
pointless fluctuation of charge of the battery.

Figure 20. Configuration diagram of solar power and battery.

4.5 Bringing old ventilations units to SCADA and indoor air quality
monitoring
The building has two different ventilation machines from different decades. Both units have
heat recovery exchangers and cooling. Ventilation machines had existing logics and
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automation substations. Therefore, the next step was to integrate the old control into the
SCADA where other building automation is located. Ventilation units were easy to integrate
into the SCADA with Modbus cabling and build communication path where units can be
monitored and controlled remotely in SCADA. The process chart of both ventilation units is
represented in figure 21.

Figure 21. Case building ventilation units' illustrations in SCADA. Where Efficiency of Heat
Recovery Units, set points and temperatures can be seen and controlled.

Temperature is measured in every office room in the case building. Part of the room
temperature sensors measure other quantities as well, like relative humidity (RH), carbon
dioxide (CO₂) and pressure difference across the envelope, but these measures are not used
for controlling. Other important sensors for building condition monitoring are total organic
volatile compound (TVOC) sensors (Vornanen-Winqvist et al. 2017).

The goal of the measuring is:
•

Have proper indoor conditions,

•

Monitor condition of the building e.g. pressure difference,

•

Control and verify heating and ventilation operation,

•

Collect data for improvements,

•

Conduct preventive actions for factors mentioned above.
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5

RESULTS

Typically, buildings do not have smart heating and control of the HVAC system, and
monitoring happens with local controllers. Also, data and metering are in separated data
clouds, databases in service providers' systems or sensor manufacturers´ mobile applications.
The same problem applied to the case building as well. As a result of energy renovation in
the case building, different parts of the HVAC system are now under the same SCADA, the
major parts of the HVAC system reformation are represented in the table 3 and compared to
the previous system.

Table 3. The comparison of the old and the new HVAC system in the case building.
Old system

New system

Heating

Local controller

SCADA

Ventilation

Local controllers

SCADA

Metering

(heat

energy, Local screens or several SCADA

electricity, water)

databases

Consumption data

Several databases

SCADA

5.1 Heat Energy saved and greenhouse gas emissions saved
The case building is heated by district heating and it is connected into Leppäkoski´s local
district heating network. The heat energy consumption after the system upgrading was 243
MWh in 2019, whereas before the renovation in 2016, the energy consumption was 367
MWh, respectively. As can be seen from table 4 the annual consumption decreased by 124
MWh after the energy renovation.

Compared to a previous year 2016 when none of the efficiency measures were done,
consumption has decreased by over 30 %. These numbers do not include the effect of solar
heating since heat energy consumption during the summer months is almost non-existent
and solar heat energy was directly transferred to the local district heating network. Thus, the
saved energy derivates from iTRVs, smart heating control and from new heat exchangers.
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Table 4. 10-year examination period of the heat energy consumption.
Heat energy

Average temperature

% change in energy

consumption (MWh)

C°

consumption compared to
the year 2016

2019

242,9

6.0

-33.7 %

2018

250,2

5.9

-31.7 %

2017*

340,8

5.4

-7.0 %

2016

366,7

5.5

0.0 %

2015

334,9

6.5

2014

358,6

6.2

2013

283,2

5.8

2012

316,7

4.2

2011

270,3

5.8

2010

379,2

3.5

* Solar heating was introduced in 30.9.2017, and smart heating in stages in December 2017.

Figure 22 inspects consumption with weather-corrected numbers, providing more
comparable data between years. In weather correction, the consumption is converted to
correspond a reference year data, so called a normal year. When weather-corrected data is
compared to table 4 real data, it shows that energy savings would have been larger if the
years were normal.

Weather-corrected consumption 10 years
500,00

7,0

MWh

5,0
300,00

4,0

200,00

3,0
2,0

100,00

Temperature °C

6,0

400,00

1,0

0,00

0,0
2010

2011

2012

2013

2014

Consumption

2015

2016

2017

2018

2019

2020

Average temperature

Figure 22. Weather-corrected consumption data 2010-2020. The last month's (December)
consumption data is missing from the year 2020.
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Years and months are different with each other, for instance, when figure 23 is inspected and
winter months compared, it is visible that daily consumption peaks have decreased.
Moreover, the more time goes forward on x-axis, the lower the daily consumption is, and it
stays below 1000 kWh for longer periods.

Consumption kWh
2500
2000
1500
1000
500
0

Figure 23. Examination period of three years starting from the day when energy renovation
began. The trend is decreasing.

Reflecting on demand response, figure 24 shows the development of heating power during
the past three years. Power curve and trend line shows inclining trend of power. Power peak
anomalies occurred when hot domestic water consumption increases temporarily, pushing
the heat power demand very high. Even so power curve is more stabilised compared to the
situation before the changes

Power kW
250,00
200,00
150,00
100,00
50,00
0,00

Figure 24. The decrease of heat power during the examination period of three years.
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Power kW
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8,0
6,0
4,0
2,0
0,0
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0
0:00

0:00

0:00

0:00

0:00

0:00

0:00

0:00

Temperature °C

Heat power 1-week profile

0:00

Time
Heat power

Outdoor temperature

Figure 25. 6-day examination period for heat power and outdoor temperature from Monday
afternoon to Sunday afternoon.

Since introducing iTRVs, room temperatures have been controlled by temperature set points.
During nights and weekends temperatures were allowed to decrease to 19°C. Figure 25
shows the effect on power and figure 26 on room temperatures. Room temperatures indicate
the temperature drop during nights and returning to 21°C. In two rooms the temperatures are
not changing because of large number of computers emitting heat and the other one does not
have outer walls. Thus, radiators in these rooms are not unnecessarily distributing heat
energy.

Figure 26. The orange trend representing water temperature of supplying side of radiators.
Other trends represent the first-floor room temperatures.
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Steady room temperatures were able to be achieved with the iTRVs. Figure 27 demonstrates
seven day period in one room and how an iTRV´s valve has been controlling the room
temperature on a wanted level 19-21 °C. The room temperature stays steady the whole time
even the water temperature of radiator network fluctuates.

Figure 27. The main figures of one room in the case building. Pink curve represents the iTRV
valve, green represents the room temperature and orange temperature of the circulating water
in radiator network.

Saved energy prevents GHG emissions. District heating production is mainly based on
wooden pellet; thus, the impact is small. Instead, the peak shaving has an effect on peak
power in heating plants. Shaved peaks can prevent usage of natural gas and oil boilers for
peak demand (Uddin et al. 2018, 3323). Therefore, combustion of fossil fuels can be reduced
if several buildings are practising peak shaving, a solo building does not have impact on
heating plants. Table 5 shows how much district heat was saved after renovation when
compared to the previous seven year´s average.

Table 5. Heat energy saved compared to the previous seven years average consumption
Heat energy consumption (MWh)

Heat energy saved compared to the
average of previous 7 years

2020
2019

242,9

87,0

2018

250,2

79,7

Average

329,9
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Prevented CO2 emissions from saved energy compared to different fuels and secondary
energy sources are presented in the table 6. In order to see, what would be the impact in a
different environment with other energy sources.

Table 6. Energy savings converted into prevented CO2 emissions with different fuel
comparison. Numbers are reflecting to the average of seven previous years before the energy
renovation in the case building.
2018 (t CO₂)

2019 (t CO₂)

Emission factor
tCO2 / MWh (STAT 2020)

Light fuel oil

20,9

22,9

0,263

Diesel

18,3

20,0

0,229

Coal

26,7

29,2

0,337

Natural gas

15,9

17,3

0,199

Milling peat

30,9

33,7

0,387

DH 1*

2,6

2,9

0,033

DH 2**

12,3

13,4

0,154

DH 3***

16,8

18,4

0,211

Electricity

11,2

12,3

0,141

DH 1(* Leppäkoski´s district heating in the case city Ikaalinen (Leppäkoski)
DH 2(* National average for district heating (Motiva 2020b)
DH 3(* Helsinki district heating emissions (Helsingin ilmastovahti 2019)

District heating emissions are location related depending on the fuels used for energy
production. Leppäkoski district heating production does not release much CO2 emissions.
More than 90% of the heat production is based on indigenous biofuels like wood chips and
wood pellets. Therefore, CO2 emissions saved is relatively low but reduced energy
consumption is always a positive outcome.

5.2 Solar energy
As described in the chapter 3.3, implementing solar heating bi-directionally with district
heating is not the easiest hybrid heating model. Eventually, solar heating functioned in good
harmony with the district heating and results were encouraging. Figure 28 shows one day
solar radiation W/m², power kW and temperature of water distributed to the supply side.
During a day with no clouds, the system is able to produce energy without fluctuation.
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Solar heating diagram
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600
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300
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0
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50,00
40,00
30,00
20,00
10,00

5:22
5:44
6:06
6:28
6:50
7:12
7:34
7:56
8:18
8:40
9:02
9:24
9:46
10:08
10:30
10:52
11:14
11:36
11:58
12:20
12:42
13:04
13:26
13:48
14:10
14:32
14:54
15:16
15:38
16:00
16:22

0,00

Radiaton

Power

Temperature

Figure 28. Solar heating diagram with solar radiation, power and temperature of the water
distributed into district heating supply side almost for the whole day.

Naturally, clouds diurnal variation in frequency of occurrence quakes the operation but the
automation configured is able to keep the system steady and stabilised so that valves and
other moving parts are not constantly under stress. Steady operations with small fluctuation
increase the service life of parts and reduce the risk of malfunction. In addition, more energy
is distributed to the supply side which is more valuable than energy supplied to the return
side. Total solar energy produced is presented in the table 7. Non-fluctuating operation also
reduces the risk of DH network absorbing the energy from solar circuits abruptly empty.

Table 7. Solar heat production since introduction.
2018

2019

2020

Total

22,46 MWh

20,06 MWh

21,99 MWh

64,51 MWh

In a bidirectional system, low temperature heat energy is not utilised in the most efficient
way due to the fact that temperature must be raised over the temperature of district heating
network. Therefore, approximately less than 40°C heat energy is not utilised and only used
for preheating. Generally, the temperatures of district heating network affect how the solar
heating hybrid works. In low temperature district heating networks, solar heating would be
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the most ideal when also lower temperatures are utilised. In initial calculations the
production was expected to be 20-30% higher but upgrading the heat energy to high
temperature levels lowered the final output. On the other hand, high temperature energy is
more valuable then low temperature energy. Low temperatures could be utilised in
underfloor heating for example.

Solar radiation has a strong correlation to heat power output as can be seen from figure 29.
where average powers from ten sunny days (June-July) are compared to the radiations (in
the range of 300-900 w/m²). Comparison is done between VTC and FPC technologies which
clearly states that FPC collectors have a better heat power output. Figure shows solar hours
in different radiation ranges in June and July, where 800-900 w/m² is the most represented.
Collectors are pointed to the south where the radiation is the most intense for longer periods.

100,00
90,00

30
80,00
25

70,00

y = -1E-05x2 + 0,0369x + 8,3579
R² = 0,9909

20
y = -8E-06x2 + 0,025x + 4,2929
R² = 0,9939

15

10
y = -7E-06x2 + 0,0119x + 4,065
R² = 0,936

5

Hours

Power kW

35

Radiation hours

60,00

Total

50,00

VTC
FPC

40,00

Polyn. (Total)

30,00

Polyn. (VTC)

20,00

Polyn. (FPC)

10,00
0
300

400

500

600

700

800

900

0,00
1000

Solar radiaton w/m²

Figure 29. Power-Radiation correlations of VTC and FPC technologies in the case building.

In practise, VTC collectors are easier to control compared to FPC collectors. Heat production
is steadier and VTC has a closing mechanism preventing overheating and boiling of the fluid.
FPC collectors can produce higher temperatures and more heat energy, but it is harder to
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control and has a greater risk for overheating. Hence, FPC is more suitable for DH
production and VTC for buildings' heat energy demand.

Annual solar electricity production is relatively close to what can be expected with 5,4 kW
system, and approximately 5 MWh of electricity is generated per year, respectively. Which
corresponds 705 kg of CO2 reduction per year. Figure 30 shows the total electricity
production since commissioning, market priced electricity predictions, and state of battery
illustration from the SCADA. However, the major result is implementing market price-based
electricity control successfully with battery and solar panels, which is suitable for demand
response. The amount of electricity and money saved with the help of hourly variating price
is not significant in such a small system, but the intelligence is scalable to larger systems and
applications. Another notable result was implementing battery´s and inverter´s limited
communication protocols for the advanced application. The communication was originally
designed for manufacturer´s own web-based controlling and monitoring, making the
system´s communication very limited with its own tools. Limited and moderately protected
system complicated the system integration, even the interface was open, the manufacturer´s
automation was embedded to be the main control.

Figure 30. SCADA view of the hourly based electricity market price, production numbers
from this year and total since commissioning, and status of battery.

The office consumed electricity 153 609 kWh in 2019 and previous years statistics are
presented in the table 8, showing a clear decrease in consumption. Snow was not removed
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from the solar panels during the wintertime nor solar panels were not cleaned. Thus, has
been discover that peak operating time is 600-800 hours annually in the case building.

Table 8. Leppäkoski office building´s electricity consumption between years 2016-2019
Electricity consumed

% change in energy

(kWh)

consumption to 2016

2019

153 609

-7,6

2018

153 623

-7,6

2017

153 365

-7,7

2016

166 316

0,0

5.3 Reading the water meter remotely
Mechanical water meter was upgraded with remote reading via Modbus pulse output. Since
mechanical water meter does not have an attribute to detect leakages, it was configured by
automation into the cloud and SCADA. Alarm was set to go off when there is water
consumption in the building during the night, when there is not supposed to be consumption.
Thresholds, time frame and time delay are all adjustable.

Figure 31. Hourly water consumption diagram in the SCADA.
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In addition, water consumption can be followed daily, hourly as figure 31 shows, and
cumulatively which is another example of digitalising an old technology. Remote access for
water consumption would also meet the demands of new law where water meters should be
remotely readable by 2027.

5.4 Practical benefits
Integration of building service systems under the same tool, supervisory control and data
acquisition (SCADA), improved the user experience of the building remarkably. Previously,
the only way to monitor heating was physically enter into the heat distribution room and
look from the controller or gauges to see operation statuses. For the other ventilation unit
controller, a person had to climb up to the attic to adjust or to see the temperatures. In its
entirety, the integration of systems encloses following parts under the same SCADA with
certain main features emphasised:
•

District heating substation

•

o pumps and VFDs (variable frequency drive)
▪ status, frequency, P, I, V, kWh, running hours, error code
o piping and valves
▪ valve positions and locations
o expansion tanks
▪ pressure
o energy and water meter
▪ cumulative, power, mass flow
o temperature meters
▪ set point
o control characteristic lines
▪ PID controller for velocity of T change
o all possible alarms of Ouman C203 controller
Ventilation units
o Operational settings
o Statuses and temperatures
▪ heat recovery
▪ filters
▪ blowers
▪ pressures
o Alarms
▪ Thresholds and defining persons for receiving alarms
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•
•
•

•

Solar heating with all its functions and controls
Solar electricity/photovoltaics & battery
Room heating and indoor air quality monitoring
o Room specific heating
o Monitoring of temperatures, CO2, humidity, and pressure difference across
the envelope
o Alarms
Alarm history, diary, and service/maintenance manual

As a result, controlling and monitoring of the building is relatively easy when all the systems
can be managed from the same platform remotely.
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6

DISCUSSION

This study shows that an existing building can hold lot of potential for energy savings,
efficiency and general improvements for the HVAC system. It can be noted that not all the
buildings require massive investment on a new heating system or structures, when energy
savings are pursued. Buildings already in their latter stages of life cycle does not
automatically mean that they consume huge amounts of energy. There might be more
potential for energy savings in older building base than in newer one which energy
performance behaviour is already tuned efficient. The case building, Leppäkoski Office in
Ikaalinen, was built during the era of energy consuming buildings in 1970s. As a result of
the renovation, energy was saved annually over 30% in three consecutive years 2017-2020.
Which is a consequence of smart heating, iTRVs and new heat exchangers, the shares cannot
be defined because it is impossible to prove what was the difference between new and old
heat exchangers. These numbers do not take the produced solar heat energy into account that
was mostly distributed to the supply side of district heating and not consumed in the building.
Solar heat´s annual production has been approximately 20 MWh so far. Nevertheless, in this
pilot project, when solar energy and new DHS are not considered, no plumbing or pipe work
were required. Therefore, energy savings were achieved with the light-weight solution and
with relatively small effort, when compared to the gain obtained. The main tools for the
results were energy efficient smart heating control, including all its functions mentioned and
data collection. Optimisation and integration of different systems would not have been
possible without data collected, offering minute level information from devices, operations
and indoor conditions. The payback time for the whole project is approximately 15 years
when the investment was approximately 150 000€. The investment includes everything,
machinery, work and operational expenses.

Buildings and users of buildings are wanted to be kept healthy. In order to do that it is
essential to take good care of the constructions of a building, provide good air quality and
keep conditions pleasant, for example temperatures, since humans spend 90% of their day
indoors according to Nicola Carslaw (2020). IoT is a relatively easy way to bring a building
into to a cloud where it can be monitored and controlled automatically, and control even in
predictively. Moreover, monitoring through the building life cycle is one of the greatest
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benefits of IoT, ensuring the healthiness of the building during a lifespan. A lot of harm can
be avoided, when preventive action is practised, for this reason also humans can prevent
being exposed for bad air quality, consisting harmful particles, and generally have satisfying
indoor conditions. Finland has several examples of badly maintained and operated buildings
(Mölsä 2018). Hence, IoT can change the game already in preventive manners like
expanding the lifespan of buildings. Other factors that can bring extra value are; operating
building HVAC systems efficient and appropriate way can result saved energy and thus
reduced CO2 emissions. In long term this helps to achieve newly introduced EU directives
and laws regarding energy efficiency and automation in buildings. The requirements of
directives will take in effect gradually during this decade and therefore energy saving
measures are desirable to be done as soon as possible, since, eventually the investment will
profit after a certain period. Investments on energy efficiency and comprehensiveness of
HVAC systems increase the value of the building. Moreover, improvements on buildings´
energy efficiency will be most likely forced at some point which advocates to start energy
renovations in the near future, before new stricter regulations are imposed, where expenses
could grow and accumulate high.

As one of the major finding in this study, which can be generalised, is that existing buildings
can hold lot of potential with energy efficiency and other building service system related
improvements. The main issue in an old building is putting the separate components of the
HVAC system together. During the building's life cycle, different machines and systems
have been installed from different manufacturers utilising different communication
protocols, and in the end, it is very challenging to manage multiple systems from multiple
decades. From operational aspect this means having a controller here, controller there, every
system and device having an own SCADA and platform, which also means several accounts
and passwords to navigate through software packages. Not to forget to mention the
incapability for a mutual control. Previously systems were controlled via local automation
but currently IoT allows to take control of entities and integrate them. Relatively often the
system integration is hard to execute because manufacturers and service providers protect
their systems, allowing the control, communication and data transfer only through their own
platform with closed interfaces, this can be called vendor lock-in, which was complicating
factor in the case study too. The greatest strength of SCADA platform is ability to put parts
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of HVAC system together that happened successfully at Leppäkoski office. It is important
to manage everything from the same system and SCADA if the building is wanted to operate
efficiently so that any part of the HVAC system is not in a conflict with other one. In
addition, human resources and maintenance can work efficiently. For example, in a
conventional way, the filter from ventilation unit is changed once in a year, but with IoT is
possible to schedule it when the replacement is needed.

Energy renovation made in Ikaalinen is scalable to other building stock around Finland, but
technology has developed already from the commissioning 2017, most notably, LPWAN
wireless communication technologies enable more advanced and cost-effective solutions for
buildings. Cabling and wiring are not required anymore for communication and big share of
the devices, especially smaller sensors and meters, are powered by batteries or
photodetectors. Wireless technology reduces capital expenditures as well as viability, for
example, when drilling cable channels can be avoided or any other manual work on building
structures which expels possible asbestos work. Asbestos survey is required for buildings
built between years 1920 and 1994 if the surface of the building is broken (bestLab 2016).
It can also be expected that sensor prices will decrease very low after the volume increases,
like happened to telephones (Perg 2019). In the near future, sensor could be available for
few euros and customers can connect them to the platforms by themselves. Since buildings
require a wide scale renovation in every 25-35 years there are enormous amount of buildings
coming into the age where they have to renew their main HVAC systems. From Finland´s
building stock over 100,000 buildings have been built between years 1980-1999 (apartment
buildings, industrial and others not residential buildings). Thus, these buildings will be going
through large scale renovations soon where they have to digitalise certain parts because of
new laws and regulations, despite this, increasing and digitalising the building performance
is cost-effective way to reduce operational costs like energy consumption and improve
general conditions and usability. Similar benefits have been achieved in other studies made
by Metallidou et al. (2020) and Marinakis & Doukas (2018) as well.

In big picture, buildings´ HVAC system integration can be compared to the sector integration
and coupling in larger scale. Like the theory part considered and addressed interrelations in
the whole energy sector, indicating that actors from different fields cannot go forward their
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own paths anymore without connecting to other fields. Sooner or later, the fields will merge
where actors are free from vendor lock-ins and can operate benefitting from each other's,
making the energy sector more complete, similarly, like science world functions, open
information for others to utilise is a win for everyone. In the long run, actors who are not
willing to open interfaces and share data, will be wiped out most likely in the name of
creative destruction during the coming years as Hyysalo et al. (2017, 3) suggests as well. It
can be assumed that customers want comprehensive and integrated solutions for their
systems if only technology allows it. Therefore, it will be hard to compete for companies
who stick in with silo mentality when rest of the companies collaborate and let data flow
between their systems. The same struggle will also apply to companies and organisations
who do not want to develop and digitalise their operations, since IoT enables cleaner
practices, optimisation of resources and all kind of preventive actions to avoid larger
damages. These efficiency upgrades can be separative factors of success and failure.

For Leppäkoski, this study can prove that there is plenty of business opportunities in building
stock and IoT can be a great tool to offer new services for customers. In addition, Leppäkoski
has already data from existing customers, giving an opportunity to utilise it when energy
solutions are designed for customers needs. Since, more emphasise will be put in buildings
energy efficiency, it also means that less energy is sold. Therefore, energy companies have
to transform and be energy efficiency service providers as well. It is important to
acknowledge that energy companies have plenty of experience and expertise, when this is
combined with energy efficiency management, the outcome could be great. Larger scale
customer side management gives a possibility to make energy production and distribution
more efficient as well. Thus, even if less energy is sold, there is still business for energy
companies together with customers. Eventually, this study is the first reference case of IoT
for Leppäkoski and the new department: energy solutions.
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7

CONCLUSIONS

Energy renovation in Leppäkoski office building was conducted three years ago, and now in
2020 EU directives regarding energy efficiency and building automation were introduced,
which shows a great anticipation of the future sights what is happening in the energy sector.
After three-year examination period, over 30% of energy was saved annually which was the
main goal of the project and in centre of this study. Results are promising regarding how
easily energy can be saved in existing buildings without changing the heating system or
making changes to building structures. IoT was the most important tool in achieving the
goals and it is difficult to conduct any sort of energy renovations and improvements without
the data that IoT delivers from applications. When the whole energy sector with other sectors
as well, are going towards intelligent systems, IoT is the key enabling factor in these efforts.
The question is that how fast IoT spreads in every corner of buildings, sectors and society.

Managing several devices in HVAC system is not a simple task. Reflecting on the HVAC
integration the results were satisfying in this project, not perfect, but big steps were taken
towards to an intelligent building. Thus, specialisation is required from every part of the
HVAC. All the features must operate in balance, otherwise the gain might be lost, or even
negative effects occur in building. Then again, risks can be minimised with sensors and
monitoring.

Another interesting question is that what will be the role of energy company? What
opportunities it gives and to whom? Who loses and who wins? Energy sector is going
through a transformation where is difficult to forecast what is the next revolutionising
technology or innovation breaking through. It is very likely that actors must shape their
business models and share knowledge since many applications will be all-encompassing,
and best results can be achieved together in ecosystems. Old structures can be leaved behind
where unlearning and adapting are emphasised. Eventually, someone will make the profit
from buildings´ energy-efficiency opportunities, is it energy company, ESCO or technology
manufacturer? The further studies could investigate the integration possibilities for IoT and
ecosystems, how actors could co-operate efficiently, through a standardisation possibly?
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8

SUMMARY

The case building Leppäkoski Group Oy office in Ikaalinen, Finland was built 1969-70 and
ever since new HVAC systems have been introduced and removed. Creating a situation
where it is almost impossible to control the entity and monitor where heat energy is
consumed. Leppäkoski piloted several IoT based technologies and solar energy in order to
see if the system integration is manageable and how much energy could be saved in a
relatively old office building. Not to forget other benefits that can be reached with a smart
system, such as, remote monitoring and optimisation of maintenance. The energy renovation
pilot was a launch for the commercialisation process for IoT services.

In the energy renovation, plenty of IoT and other new technology was introduced, such as,
smart heating control, wireless sensors and intelligent thermal radiator valves, solar heating
hybrid with district heating, and solar panels with accumulator for piloting demand response
based on electricity market prices. The results have been promising and the system has been
operating independently for three years without large problems or errors. The case building´s
energy consumption has decreased by over 30% annually because of smart heating, iTRVs
and new heat exchangers. Whereas solar heat collectors produce approximately 20 MWh per
year of heat to be fed into the district heating network. Demand response reflecting electricity
market prices by solar panels and accumulator was successfully completed and is scalable
for different applications.

Technologies utilised in the case building are all scalable solutions for other building stock
with certain factors to be considered. Energy savings are not guaranteed to be over 30% in
every building. The benefits gained are always dependent on the initial situation in the
building, but it can be assumed that old buildings do not have smart heating nor integrated
HVAC systems, hence the positive outcome is most likely the result. Since, energy sector is
going towards big changes, it is unclear who will execute the energy renovation, create new
businesses, and manage large entities. From this aspect, further studies could concentrate on
business models and ecosystems around IoT based intelligent energy systems in buildings,
and how hybrid bidirectional heating systems can shape the heating sector.
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ENERGY MARKET SHARES - INDUSTRY
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Heating methods compared in volume and surface area. (VNK 2017)
https://vnk.fi/documents/10616/3866814/5_2017_Hajautetun+uusiutuvan+energiantuotannon+potentiaali%2
C+kannattavuus+ja+tulevaisuuden+n%C3%A4kym%C3%A4t+Suomessa/f7fa0126-2880-452d-954bf52ea5f0a9a0?version=1.0

Appendix II, 2

Cumulative diagram of installed heat pumps by type in Finland (2019)
https://www.sulpu.fi/documents/184029/0/La%CC%88mpo%CC%88pumpputilasto%202019%2C%20%20k
uvaajat%20FI.pdf
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Building stock in Finland in 2019 by characteristics. (SVT 2020)
Amount of buildings Percentage of all
buildings
ALL BUILDINGS

1 538 172

100.0

Residential building

1 307 954

85.0

Detached house

1 163 106

75.6

Row houses

82 651

5.4

Apartment building

62 197

4.0

230 218

15.0

Commercial buildings

44 255

2.9

Office buildings

10 704

0.7

Transportation buildings

56 550

3.7

Health care buildings

9 301

0.6

Gathering buildings

14 695

1.0

8 945

0.6

Industrial buildings

47 325

3.1

Warehouses

33 245

2.2

5 198

0.3

Other than residential buildings

Educational buildings

Other
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Thousands of square meters in different buildings with age
distribution, whole Finland
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Quantities of three different building groups with age
distribution in Pirkanmaa
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Requirements of electrical vehicle charging in different type of buildings.
New or extensively to be renovated

Minimum requirement for EV

building

applicability

Residential building with over 4 parking

Either one high-power charging point or

places

one normal-power charging power.
In addition, the readiness for charging at
least for 50% of parking places.

Existing non-residential building with over

One charging point by the end of the year

20 parking places.

2024.

New or extensively to be renovated, other

Either one high-power charging point or

than residential building with 11-30

one normal-power charging power.

parking places.

In addition, the readiness for charging at
least for 15 of the parking places.

New or extensively to be renovated, other

Either one high-power charging point or

than residential building with 51-100

two normal-power charging power.

parking places.

In addition, the readiness for charging at
least for 20% of the parking places
(Minimum 15 places).

New or extensively to be renovated, other

Either one high-power charging point or

than residential building with over 100

three normal-power charging power.

parking places.

In addition, the readiness for charging at
least for 20% of the parking places.

Appendix II, 7

Illustration of sector coupling indicating the cross-connections of sectors, actors and
energy sources (Ramboll 2019). Available at: https://ramboll.com//media/images/rgr/ingenuity/e/energy-system-1360x765.png
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Basic principle illustration of ventilation systems, from the left natural ventilation,
mechanical air extraction and mechanical supply & exhaust ventilation/forced ventilation
with heat recovery. (Virta & Pylsy 2011)

Natural ventilations are found mostly from old buildings and as its name suggests it is all
natural without any blowers. Air circulation is based on temperature and pressure
differences, where supply air is delivered though replacement air valves and removed
gravitationally from outflow valves. Sometimes during summer months natural ventilation
is not sufficient and windows must be opened. In winter the situation can be reversed where
air circulates too efficiently wasting energy and creating draft of air.

In mechanical air extraction, blowers remove air from rooms through outflow valves.
Replacing air comes through replacement air valves or through window gaskets that have
small slits for this purpose. Replacement air should always flow through the apartment to
outflow valves which are usually located in a kitchen (cooker hood) and/or in a toilet.

In supply and extract air ventilation, air is also blown inside to the building, not only
removed mechanically.
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Summary of EU (2018/844) directive

Below is specified some essential factors defined by EU (2018/844) regarding the directive
affecting the building stock and service engineering:
•

Currently, affordable technical solutions are not taken into account enough when
energy-efficiency and energy-savings are inspected. For example, hydraulic
balancing of heating system, and upgrading or installing thermostatic valves for
heating adjustment.

•

Building automation and digitalised monitoring can replace physical inspections and
moreover offer cost-efficient and remarkable energy-saving solutions for consumers
and companies. Digitalisation and data collection allow fact based actions and
ensures energy savings in a long run.

•

Digitalisation of energy systems will shape the field in short notice whether it was
about integration of renewable energies to smart grids or integration of smart grids
to buildings. Therefore, it would be essential to offer incentives to promote readymade systems for smart grids and smart digital solutions for built environment. These
reforms would offer implements for consumers to do energy-savings when they
receive accurate real-time data. Not forgetting to mention, the possibilities that the
data holds for grid owners.

•

Creating a standard index to measure buildings´ capability to utilise smart technology
and communication technologies to make the building service system more efficient.
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Summary of Finland´s response to EU (2018/844) directive
Obligation for other than non-residential buildings to be equipped with automation and
control system.
•

Concerns a new building, an extensively to be renovated building, and a building
which heating system, combined heating and ventilation, or combined air
conditioning and ventilation system nominal power exceeds 290 kW.

•

Existing buildings are obligated to be equipped by the end of the year 2024.

•

Automation and control system upgrade in not required if it not socio-technologically
feasible or if heating and ventilation systems cannot be controlled with automation.

•

In addition, building automation and control system requirement would be seen
fulfilled, if the systems can be embedded under the same larger system where several
buildings can be connected.

The expected outcome when building automation and control systems is implemented is that:
•

Continuous monitoring, metering and analysing of energy usage and possibility
for adjusting it.

•

Provide comparable data of building energy efficiency, identify and report
technical system problems such as energy efficiency depletion.

•

Integrate different technologies, devices and building service systems together.
Also ensuring communication between devices regardless of a manufacturer.
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Price comparison of heating methods in apartment buildings with future expectations.

