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Abstract

The Internet of Things (loT) is a discussed issue nowadays. In our environment, we commonly
encounter things connected via the Internet. These are a very wide range of things with different
purposes. A specific area of 10T is buildings. The goal of the article is to show that not only investment

but also the right function during the life cycle it is necessary to monitor whether the purpose is still
fulfilled.
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Introduction

loT (Internet of Things) is in recent years a very frequently used phrase. Today exist an enormous
amount of different “internet” devices. Some of them are “actually” connected to the internet, what
means it has its own IP address, it is addressable and are remotely accessible [1]. Main feature of the
loT is high impact on the everyday-life of everyone [2]. The Internet of things is primarily used for
creating a special data network from sensors which capture required quantities or which do the given
action [1]. loT has a general goal to connect all to the internet and brings enormous changes to the
technologies and communication [3]. Different devices are connected via the internet and are able to
associate with each other and collect a huge amount of data [3]. The communication sometimes even
runs in one direction. Those devices do not have any IP address and therefore it is necessary to build a
special data communication network for the Internet of Things [2], [3]. According to the connection of
individual devices through the internet without active human participation. The devices may be for
example cars, home appliances, wearable accessories or different sensors which exchange information
together [2].

The device (the Thing) is, in the view of the Internet of Things, an inanimate object, which contains
in itself electronics, software, and sensors, by which it senses a certain quantity [1]. These information
are as data transmitted to Cloud in order to provide its subsequent analysis [1], [2]. The Cloud is a
remote server where the data is saved. Performing other operations in order to make them available
to the end-user is also possible [1],{2],[3]. The data are available to the end-users most often by website
or mobile application [1].

In the buildings is a typical example of lIoT a measurement system of the reading of energy
consumption (electricity, water, heat etc.) where every measuring point is fitted by an loT
communication module. The 1oT communication module sends to the remote module the current
energy consumption [1]. The data are processed in the remote module [2]. The data are then made
available to the end-user usually by website or mobile application where the end-user may in the case
of energy consumption measurement have a look at his own energy consumption [2].

The purpose of 10T is the connection of devices, systems and services in order to provide more data
which may be translated into information and the information into knowledge, which may be applied
[2], [3]. At the same time it is necessary to realize that it all does not end in acquisition of IoT. It is also
important to analyse data and then evaluate if the system still brings the desired effects. Especially in
intelligent buildings which normally use modern technologies, monitoring is necessary. According to
[4] the term “intelligent buildings" is used from early 80' and a definition formulated by the Intelligent
Building Institution in Washington as “one which integrates various systems to effectively manage
resources in a coordinated mode to maximize: technical performance, investment and operating cost
savings, flexibility” [5]. Intelligent buildings integrate and use various systems with the aim to effectively
manage resources, consumption, technical performance and operating cost savings [4]. Cost and their
high plays a significant role during the whole life cycle of building. The Life Cycle Cost (LCC) analysis
gives an approach to determine a whole cost of a building during the whole life cycle [7], [8], like an
investment, operational and maintenance costs, and costs of demolition [8].

Nowadays it is crucial due to climate changes and a low carbon economy approach to construct more
intelligent use of energy in buildings which will obviously affect the numbers on energy usage and cost
savings [5]. It is known that “buildings are the world’s biggest energy drain, consuming a third of final
global energy output. They also produce around 20% of all greenhouse gas emissions” [6, p. 5]. Figure
1 shows how a responsible approach can save the amount of operational costs [5].
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Figure 1: Unwise behavior regarding energy usage doubles the amount of energy as the minimum that can be
achieved. (Source: [5])

The investor during the initial decision-making monitors expected operation costs and decides on
the acquisition of loT systems that will allow this monitoring (loT). Monitoring and analysis of
operational data is essential throughout ownership. In the article is processed a case study of data
usage acquired from the loT system of an existing building in order to minimize energy costs in the
building. In the buildings are nowadays used the biggest part of energy in the EU - to 40% from the
total energy consumption in Europe [6]. Therefore the construction sector and the production of
energy efficient appliances make the key part in order to minimize energy consumption in buildings. In
practice a huge amount of investment is released into different systems which have an ability to
monitor and evaluate the energy consumption. The article shows an example of case study of the
possibilities of use of data obtained from devices which enable monitoring of energy consumption in
order to optimize energy consumption in office building.

Methodology details

This case study is focusing on a 21 floor office building. The project was finished in 2012 and received
BREEAM Outstanding certification. The building is being used for office rental and as the business case
the owner of the building having a fixed lump sum signed with the tenants for the energy
consumptions. In 2018 the owner of the building evaluated the total operating costs for 2017. Then it
was found that the cost of energy costs in the building are higher than the contractual payments from
tenants. It was found that the actual energy costs per m? / month reach an average annual value of
3.23 EUR, while the tenant pays 1.25 EUR/m?/month. With a total leased area of 1,820 m?, the building
owner incurred an annual loss of EUR 43,243. The need to seek savings in order to optimize
consumption so that contracted payments from tenants to cover their energy consumption was very
topical. The aim of the analysis was to find opportunities for energy and cost savings as well as
opportunities to improve the quality of the indoor environment (IEQ - Indoor Environment Quality).
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Case study focuses on the consumption of energy not on the materials or construction. The inputs
for the study are BMS (Building Management System) data, main electricity meters data, building
documentation and the costs paid for consumption.

In the building are different tenants and each of them has individual requirements on IEQ. The
system of energy management should be set to the required parameters with goal to mistake reduction
and inefficient system switching. BMS collects data from the building environment and sends them to
the analytical system Mervis. BMS and Mervis are connected online. Mervis is a cloud service for
comprehensive supervision of operating technologies which is responsible for uniform, centralized data
processing and their easy availability for both local service and central supervision.

As a part of the analysis were researched in a total of 25 rooms or open spaces in which the proper
air temperature is used more than 30% of the time. Another fact is also that some parts of the building
are occupied more than originally expected. In these rooms, the air temperature in the morning is
already above the limit and during the day the temperature rises to even higher heat values.

During the consumption analysis the work has been focused on three main points such as the
electricity, heating and cooling. The water consumption was analyzed in the energy consumption
analysis. Water consumption was examined mainly from the point of view of ensuring the operation of
air conditioning. The data obtained from the BMS were compared with the data from invoices for
individual media from service delivery providers. The data were examined for the period 01/2017 to
06/2018. Based on the results of the analysis, recommendations were formulated to modify the current
settings of the BMS system which should lead to a reduction in total consumption and thus costs and
at the same time contribute to a better IEQ of individual tenants.

Results details

The results received by data analysis are divided according to the medium into three main groups -
electricity, heating/cooling and water supply. In addition to these three basic groups, IEQ data were
analyzed as well.

Electricity

The building has a built local distribution system (LDS) which is operated by energy suppliers. For the
owner of the building this means that it is not necessary to calculate all costs from the transformer
station but each customer has his own point of consumption at the low voltage (LV) level.

With the current energy supplier, the price of power electricity is being priced individually. In the
year 2017 it is for CZK 676 / MWh which is a lower value than the price for ordinary consumers. The
total payment consists of two components, namely payments for the supply of electricity and regulated
payments (i.e. power consumption, distribution, support for renewable sources, system services and
payment to the operator).

During the analysis time was a single tariff set for customers with medium consumption (C02D). In
comparison we also focused on whether the current tariff is appropriate and if necessary, recommend
a change to a single tariff for high-consumption customers (C03D). Due to the fact that unit costs for
regulated payments for the C02D tariff are higher than for the CO3D tariff as shown in Figure 2.
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Figure 2: Dependence of monthly costs for regulated payments on consumption for prices from 2017 and
2018 and for tariffs C02D and CO3D. (Source: authors with the use of [9])

By changing the tariff, significant savings in electricity consumption costs of up to 20% per month
could be achieved with the current consumption of the building. In the event that the C03d tariff was
agreed in 2017, the average monthly savings on electricity payments will amount to 62 k CZK.

Heating and cooling

Heating for the building is supplied by the energy contractor in the price common at a given time
and location. Invoicing is one-component and due to the terms of the contract, it is not possible to look
for any savings here.

In detailed research of heating/cooling the dependence of heat and cold consumption is in individual
air conditioning units for each floor on average outside temperature as was analyzed. The results show
that the differences are quite high and are determined primarily by the flow temperature for individual
air handling units. The flow temperature was not the only factor influencing the consumption, less use
of the damper also led to increased heat consumption when increased heat consumption was
demonstrated at temperatures around 10°C.

Figure 3 shows the average heat consumption as a connection to outdoor temperature. The picture
shows that the largest heat consumption was on the 3rd, 12th and 20th floors, while the lowest on the
21st floor.
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Figure 3: Monthly consumption of heating for every floor in comparison to average outside temperature.
(Source: authors with the use of [9])

In the analysis of cooling consumption as a connection to outdoor temperature in Figure 4 was found
that the highest cold consumption at outdoor temperature higher than 23°C was achieved in floors 7th
and 19th, the lowest in floors 2nd and 20th.

Monthly cooling consumption of induction unit in GJ

Outside monthly temperature in °C

Figure 4: Monthly consumption of cooling for every floor in connection to average outside temperature.
(Source: authors with the use of [9])

Water

The sources for the analysis of water consumption in the building were invoices from the supplier
and service reports. These reports are created on a monthly basis during the maintenance of cooling
towers and which also contains a water meter column. In the case of service messages, unfortunately,
the records are written in different ways, which introduces big uncertainty into these values. However,
from the service reports it seems that the water consumption in the towers are in hundreds of m3 /
month.

Invoices data were processed in more detail in the period of years from 2015 to 2017 and compared
with the cooling consumption of the building in the same months. For more details see Figure 5.
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Figure 5: Consumption of water by months in comparison with monthly cooling consumption.
(Source: authors with the use of [9])

In Figure 5 is the significant correlation between individual water consumption and cooling
consumption. In addition, it is obvious based on the project documentation, the basic water
consumption of the building is assumed permanently approximately 450 m*/month. This value roughly
corresponds to the design documents when 8 | of water per person per day is considered for the offices.
It can be concluded that above is this value of the consumption of tower water. This assumption is
confirmed by the above values from the service reports.

In addition to the analysis of consumption and costs of basic media, data obtained from the indoor
environment management system which is implemented using multi-storey switchboards. This was
also analyzed. The analysis of the operation of individual air handling units also showed interesting
results. The air handling units are operated without any power attenuation. Air handling units located
in the 22 floor operate almost continuously with a frequency converter power higher than 95%. This
corresponds very precisely to the monthly consumption. For example, in January 2017, the
consumption of the unit marked 1.2, which controls the intensity of air exchange and amounts to 11
MWh.
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Figure 6: Average percentage of running frequency converters of air handling units.
(Source: authors with the use of [9])

Legend: Dmrs221 is a 21st floor switchboard, dmrs21 is a 2PP switchboard. FM1_V1 is a frequency converter for supply to the northern part
of the building, FM2_V1 is a frequency converter for extraction from the northern part of the building, FM1_V2 is a frequency converter for
supply to the southern part of the building, FM2_V2 is frequency converter for extraction from the southern part of the building

Figure 6 shows the performance of supply and exhaust fans of HVAC units. It is clear from the figure
that there is no attenuation in operation and therefore the consumption of this part of the technology
is high.

There are no CO; sensors in many rooms which could be used to detect exhaled air and thus better
regulate the operation of air handling units. In the building it is not possible to regulate the air flow to
the individual floors so if only one tenant of the range of occupancy of one air handling unit requires
comfort 24/7, it is necessary to exchange air in all floors where the air conditioning intervenes.

Based on all performed analyzes, recommendations were formulated which are summarized in Table
1 below.

The recommendations are divided into two basic groups into a group for which it is possible to
guantify the amount of savings (marked wcl, wc2 and wc3) and a group for which it was not possible
to quantify costs explicitly and only the degree of influence is estimated using qualitative characteristics
(marked ncl - nc9).
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Table 1 Recommendation for savings. (Source: authors with the use of [9])

With estimation of costs

Energy savings Implementation
1D Description estimate (MWh/year) Cost savings estimate (EUR/year) complexity
wcl Change electricity tariff from C02D to C03D 0 28615 EUR low
wc2 Dry cooler higher usage in free cooling mode 12 1680 EUR medium
w3 Cooling tower make up water invoicing 0 6400 EUR low

Without estimation of costs
Implementation

1D Description Impact complexity
ncl Increase supply temperature for cooling of servers (from 7°C to 10°C) medium low

nc2 Use heat recovery for hot summer days high low

nc3 Cooling curve control of cold produced by chillers medium low

nc4 Cooling curve control of AHU cooling circuit medium low

nes Use sethacks for heating and cooling medium medium
ncé Use setbacks for AHU airflow (retail + ventilation of office spaces) high medium
nct Adjust hysteresis algorithm for IRC low medium
ncs Adjust controller of heating coil for AHU for retails medium low

nco Check electricity meters for MC1-MC6 and DMRS14 low low

Legend:

Recommendation ncl: Increase the outlet temperature to the server circuit to at least 10 °C.

Recommendation nc2: Software modification should ensure that rotary regeneration exchanger will
be operated continuously except for moments when the outdoor temperature is close to the desired
supply air temperature.

Recommendation nc3: Control the preparation of cold in an equity thermal way, as the smaller
temperature drop between temperature condenser and evaporator means higher efficiency of cold
production. We recommend producing 7 °C cold only in the moments when the outdoor humidity is
high so that there is sufficient power on the cold register for dehumidification of the supply air.

Recommendation nc4: Control the outlet temperature to the air handling unit circuit in an equit
thermal manner.

Recommendation nc5: use attenuation to the required room temperatures according to the use of
space by tenants.

Recommendation nc6: introduce attenuation in the amount of air supplied to the office space. The
project is stated that the flow can be reduced at low outdoor temperatures (below 0 ° C) up to the %
design flow 50 m? / h / person as in project papers.

Recommendation nc7: adjustment of hysteresis of indoor individual controllers for SUMMER and
WINTER mode.

Recommendation nc8: modification of the algorithm for VZT8 retail with regard to non-overheating.

Recommendation nc9: check secondary consumables MC1-MC6 and DMR14 as they are used for
re-invoicing.

Following the implementation of immediate measures resulting from the actions described in Table
1 above, the actual energy payment was reduced from 3.23 EUR/m?/month to 1.39 EUR/m?/month.
Tenants, as mentioned above, have contracted a fixed rate of 1.25 EUR/m?/month. The proposed
measures have significantly reduced the loss resulting from operating costs from the original EUR
43 243 to EUR 3057 per year. Although the proposed measures did not achieve the original goal of
contracting payments from tenants to cover their energy consumption, they significantly reduced the
original loss. Which is 93% less than the original state.
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Conclusion

As it is a matter of implementing relatively sophisticated technologies, it is also a matter of
understanding and controlling them. However, in general it can be said that the use of modern
technologies does not take place at the appropriate level and pace, because it is very difficult to
understand them. It is easier not to solve these things and let the current situation flow. Nonetheless,
as the strongest motivator is the financial benefit, it can already be stated with certainty that
procurement with 10T has great potential, especially in the area of office, storage and technological-
operational will be, which are newly built and use modern technologies.

One of the big challenges in the coming years is that we will learn to use loT for good. However, that
takes time.
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