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Abstract—One year ago the European Union defined the 

Environmental, Social and Governance (ESG) directive to foster 

investment in sustainability. This directive asks for energy 

monitoring / optimization and actions to foster human well-

being. To cover that demand especially historical buildings in 

Europe need solutions in these respects, to be more energy 

efficient and at the same time to safeguard the well-being of its 

users. These buildings have almost no building automation 

installed. So, the basic prerequisite to identify high energy 

consumers valid usage data is not available. For that, the 

following research questions have to be answered: Which data 

is necessary to reach both, the environmental and social goals? 

How can data be captured in a valid and efficient way? How can 

data be made available to optimize energy usage and well-being? 

To answer these questions, a literature research was executed to 

define the relevant parameters. Firstly, based on the results of 

that step and a previous mixed-methods-research project, the 

relevant tools and the IT architecture were defined. Secondly, 

based on the ESG-reporting demands, data structure and 

relevant building structures were defined. Thirdly, a case study 

was conducted, which is based on the previously defined IT 

architecture, using IoT measuring devices, two different 

databases and two analytic tools. As a result, this paper presents 

the final decision on the database and the analytics tool, based 

on the users’ interaction and feedback of the case study. 

Keywords—ESG, Sustainability reporting and real-time 

monitoring, Technology platforms for optimal energy 

management, Human-centric Internet of Things solutions, 

Internet of Things, Big Data, Analytics, Artificial Intelligence 

I. INTRODUCTION 

The “EU REGULATION (EU) 2020/852 of 18 June 2020 
on the establishment of a framework to facilitate sustainable 
investment, and amending Regulation (EU) 2019/2088” puts 
a focus on sustainability as it asks in Article 8 for 
“Transparency of undertakings in non-financial statements”. 
According to that article all companies of a specific type and 
size specified in Directive 2013/34/EU have to publish “(a) 
the proportion of their turnover derived from products or 
services associated with economic activities that qualify as 
environmentally sustainable […] and (b) the proportion of 
their capital expenditure and the proportion of their operating 
expenditure related to assets or processes associated with 
economic activities that qualify as environmentally 
sustainable […]” in their non-financial reporting. This 
additional reporting demand and the Green deal of the EU 
with the goal to improve the flow of money towards 
sustainable activities across the European Union increases the 
importance of sustainable actions of companies. As the real 
estate sector is responsible for around 40% of the CO2 
emissions (cmp. [1]) and further requires much energy during 
the utilization phase, the developers and investors within the 

real estate industry have to focus on the “Environment, 
Sustainability and Governance” (ESG) criteria and carry out 
additional sustainability reporting, real time monitoring and 
optimization activities. Most of them concentrate on energy- 
and CO2-monitoring and reduction, but ESG is much more. 
The 17 sustainability development goals (SDG) of the United 
Nations give a perfect overview of the related topics. Of these 
seventeen (17), three are particularly important to the real 
estate industry: 

• goal #7 Energy efficiency 

• goal #3 Good health and well-being 

• goal #8 Decent work environment 

The goal of the paper is to provide an innovative, efficient 
solution for an IT support to automatize the new tasks 
necessary to fulfill the EU regulation and SDGs. The solution 
focuses on historic buildings. Within this project historical 
buildings are seen as buildings that are constructed before 
1945. This bases upon an official Austrian differentiation of 
buildings built before and after the End of the 2nd World War 
[2]. This type of buildings was selected as their degree of 
building automation is normally very low. Therefore 
reporting, monitoring and optimization is done manually and 
causes a lot of effort. The solution is to close this gap and 
enable efficient, automated optimization of energy 
consumption and safeguard well-being of the tenants. In order 
to set up the solution, the following research questions have to 
be answered: 

1. What are the relevant wellbeing and energy usage 
parameters and key performance indicators (KPIs) to 
be measured to fulfill the new ESG regulations and 
SDGs? 

2. Which technologies can be used to capture the 
necessary real time data in a valid and efficient way 
focusing especially on existing historic buildings with 
a currently low level of automation? How can the 
technology platform, combining the single 
technologies, look like? 

3. Which kind of tools can be used to store and analyze 
the data, in order to set further steps to decrease 
energy consumption and safeguard well-being? 

In the following, the methodology applied to answer these 
research questions, is described. The chapter “results” will 
give an overview of the relevant technologies, that can be used 
to support the necessary processes of data capturing and 
analysis to be able to define valid steps for optimization. It 
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analyzes how and which technologies work together to create 
a functioning ecosystem. 

II. METHODOLOGY 

In a first step a literature research was carried out to define 
the relevant parameters and KPIs that have to be measured to 
fulfill the new ESG regulation and the SDGs. To answer the 
questions 2 to 4, the results of a research project about the 
availability, usage and interrelation of emerging technologies 
conducted via mixed methods research (see [3] – [5]) was 
used. The research project consisted of the following steps: 
Based on a preliminary literature review, emerging 
technologies that were considered to be already in usage 
within the building industry were defined. Then expert 
interviews with 50 German speaking facility managers were 
conducted to define the technologies in focus of the further 
analysis. That qualitative step was used to gather as much 
information as possible. Therefore, unstructured interviews 
were used to give the participants room for their input. 

Based on the results of this first qualitative phase, the 
quantitative part of the research started. The researchers 
collected international use cases in the chosen emerging 
technologies. Use cases were primarily found in publications 
like IEEE spectrum, MIT technology review, Harvard 
Business Review, Google Scholar, ResearchGate and strategy 
documents of well-established consultancies like McKinsey, 
CBRE, JLL, Gartner Group, EY, PwC and Deloitte. Many of 
these publications referenced scientific journal articles, which 
were used as further input. Overall, 986 use cases were 
collected since 2017. These cases were primarily published in 
the years from 2015 to May 2022. 

The published use cases were analyzed using grounded 
theory methodology to ensure that the results were replicable 
and meaningful [6]. The written descriptions of the use cases 
were analyzed for two types of anchors for coding and 
conceptualization: 

• the emerging technologies applied 

• the facility services they were applied in. 

For the categorization of the emerging technologies on the 
top level called “Class Level” (see table “Category” in fig. 1), 
in the first step the listing of [7] and the input of the qualitative 
phase (literature review and expert interviews) were used. 
Examples of the entries at the “Class Level” are Artificial 
Intelligence (AI), Internet of Things (IoT), Big Data etc. 
In addition, the explicit technologies named in the article were 
also coded and gathered in the table technology case as the 
“Base Technology”. In this way a distinction between Deep 
Learning, Machine Learning (ML) Voice Recognition etc. in 
the area of AI was made. The entries of the list were enlarged, 
based on the literature analyzed. Each new base technology 
was subsumed to a technology of the top level. 

To better analyze the data, a middle level called 
“Category” was created, where individual base technologies, 
having made an extensive contribution to their class, were 
singled out (e.g. ML). This allowed a more detailed analysis 
of the emerging technologies, applied by the use cases without 
overextending the level of detail. For the analysis in this paper 
the researchers primarily used the “Category level”. 

For the categorization of the services, the definition of the 
individual services given in [8] was used. The application of 
grounded theory ensured that the coding and categorization of 

Fig. 1. Data entities, attributes and relations of the use case database 

the services and technologies was consistent for all individual 
use cases. 

The use cases were entered into a Microsoft Access 
Structured Query Language (SQL) database. The structure of 
this database and the type of data collected can be seen in fig. 
1. In order to ensure the results’ validity, the type of source for 
the individual use cases was also recorded. We assigned 
grades based on significance and ensured that less creditable 
sources like newspaper articles or companies’ press reports 
were not overrepresented compared to peer reviewed 
scientific reports and articles. For a more detailed description 
of the methodology used and the architecture of the database 
see reference [3]. 

Using the described methodology and this database, the 
emerging technologies applied in the use cases and the Facility 
Services in which they were applied, were analyzed. The 986 
use cases analyzed in that way provide a valid overview of the 
status quo of the utilization of emerging technologies in the 
facility services industry. Based on the best practice described 
in the relevant use cases, the applicable technologies and tools 
were identified and a suitable IT architecture combining the 
tools was defined. 

To validate the approach two prototypes using different 
databases and analytic tools were implemented and tested in 
real life. The databases and the analytic tools were selected 
based on their usage according to the best practices use cases 
analyzed and on the costs related to the usage. In that way, the 
license costs and the needed hardware were taken into 
consideration within the selection process. Finally, expert 
interviews with 10 key users were conducted to include the 
user feedback about the usability of the proposed prototypes. 
In this qualitative step the interviewer went through the 
process steps carried out by the key users and notated the 
feedback for each task regarding functionality in general, user 
interface design and performance. The semi structured 
interviews were used to give the participants room for their 
input. Based on this feedback on the usability of the 
prototypes, the database and the analytic tool were selected. 

III. RESULTS 

A. Relevant Parameters to be measured 

As a first step, the parameters influencing the well-being 
of users in buildings were analyzed by carrying out a literature 
research using the keywords room climate, well-being, user-
building interaction, temperature, humidity and CO2. In total, 
35 studies on the impact of temperature on the well-being and 
on the performance of users were analysed. 
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Studies [9] – [16] state that temperature has an influence 
on the productivity of employees and should be in a specific 
range between 22,6 and 26,5 degrees Celsius to safeguard the 
concentration capability and to reduce fatigue. 

In total, 30 studies on the impact of humidity on well-being 
and the performance of users were analyzed: According to 
[17] – [21], humidity has an influence on the possibility of 
getting a flu or a cold. According to [22], [23] and [24] there 
is also an influence on dry eye syndrome. According to [25] 
and [26] this syndrome can be reduced if humidity is in a range 
between 26% and 33%. These two parameters are put in 
relation by [27] (see fig. 2), which define an area of comfort 
and an area of still comfort and the corresponding relationship 
between temperature and humidity. These areas are the 
constraint for the optimization. 

In total, 40 studies about CO2 and its impact were 
analyzed. CO2 above 1000 ppm and especially between 1500 
to 4000 ppm reduce the performance and even impact the 
health of the users of buildings (cmp. [28] – [31]). Especially 
the Sick-Building-Syndrome is associated with the CO2 
concentration. Consequently, the optimisation of the air 
quality leads to an improvement of the performance of 
employees [32]. Especially illness and absence of employees 
is influenced by the CO2 concentration [30]. Therefore, we 
use the value of 1500 ppm as upper constraint for our 
optimization. There are other well-being parameters like 
acoustics, but they are not influenced by the building 
equipment or the tasks of energy optimisation and therefore 
were not included in the selection. 

Based on this literature research the room climate 
parameters namely temperature, humidity and CO2 are 
selected to measure well-being. In addition, these parameters 
are also influenced to a large degree by the heating, ventilation 
and air conditioning (HVAC) systems, which represent 40% 
of the energy usage of a building [33]. The relevant forms of 
energy are electrical power, gas, oil, district heating and water. 

In the next step technologies to measure, store the data and 
to provide the necessary analytics are defined. 

B.  Technologies 

If we concentrate on the use cases with the goal to optimize 
energy usage we find the following picture (see fig. 3). IoT is 
applied in 83% of the analyzed use cases as technology to 
gather the relevant data. Sensors can automatically gather data 
and trigger certain actions, like measuring energy usage and 
room climate (cmp. [35] and [36]), as well as adjusting 
thermostats, which make our lives more comfortable and in 
the same way more energy efficient (cmp. [37] and [38]). 

Fig. 2. Comfort in practical use [27] 

Fig. 3. Relevant Technologies for Energy Optimiziation as percentage of 
energy optimisation use cases, cmp. [34] 

Data gathered from smart devices gives valuable insights into 
the building usage and operation. IoT enabled sensors help to 
improve operations by providing solid data for decisions and 
even enables forecasting machine failures [39]. Sensors can 
provide information on how we use space [40], which is the 
basis for space optimization. They can help us to lead healthier 
lives [41]. These examples should give an overview on how 
far reaching IoT technology has become over the last years. 

Fig. 3 also includes some enablers, technologies which 
enable the use of other technologies like IoT and AI. Cloud 
Computing and Software-as-a-Service (SaaS) are these 
enablers. They make the application of the other technologies 
easy and cost efficient. Both service models do not ask for 
great investment into hard-and software by the final users as 
they are centrally provided and hosted. Providers like Amazon 
Web Services and Microsoft Azure provide computing and 
storage as a cloud service. Using these offerings, hard- and 
software can be employed on a pay-per-use model. This 
means, for instance companies can rent out 15 Terabyte of 
Memory for one day and have to pay only for this usage, 
which is much cheaper than buying the hard- and software as 
well as setting up the environment as a whole. These services 
also provide IoT interfaces, Big Data systems and AI tools, 
which only need to be customized to the requirements of the 
use case. In some cases, even pre-configured solutions are 
offered. These offers make a feasibility test and also operation 
much easier and cost efficient. That is the reason, why we call 
these two approaches enablers for the other emerging 
technologies. 

The in-depth analysis showed that 84% of the IoT use 
cases apply at least on one other form of technology. This is 
to be expected since IoT technology, especially in regard to 
sensors, is used as part of an IoT ecosystem, consisting of 
many layers. IoT sensors create huge amounts of data, which 
have to be transmitted, analyzed and in some form made 
available to the end user. IoT is most powerful when 
embedded in a well-designed system. In this eco-system Big 
Data is applied as fast storage and to enable analytics. AI is 
used to analyze the data automatically and to derive 
algorithms to optimize the utilization [41].  

Over the last years, several attempts have been made to 
standardize layers used for IoT architecture. In its most basic 
form IoT architecture consists of three levels: hardware to 
collect data, middleware for storage and analysis and finally a 
presentation layer with visualization tools to present the data 
to the end user [42]. 

Fig. 4 shows these layers in a typical workflow, described 
several times in the analyzed use cases. Out of this layer 
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Fig. 4. Typical IoT use case workflow (cmp. [4], based on [43]) 

suggestion and the results of the use case analysis we see a 
flow from data generation and collection to data storage and 
to manual or automated analytics. 

C. Prototype 

Out of these theoretical results we set up a prototype to test 
technical feasibility, the technology platform, user interaction 
and acceptance (for the setup see fig. 5). 

The architecture and its parts are based on fig. 5. 
The prototype consists of  

1. different IoT devices measuring the relevant data, 

2. a Message Queuing Telemetry Transport (MQTT) 
broker as technology platform that gathers data from 
the different IoT devices, standardizes it and sends the 
data to a central server. 

3. a server component which stores data from different 
sources and enables further big data analysis. 

4. a web-based dashboarding tool to provide the 
necessary information for reporting and to define 
actions for optimization. 

Based on former studies (cmp. [44] and [45]) MQTT was 
selected as technology platform. “It is an OASIS standard 
messaging protocol for the IoT, designed for extremely 
lightweight publish/subscribe messaging transport. MQTT is 
ideal for connecting remote devices with a small code 
footprint, requiring minimal network bandwidth” [46], but 
safeguarding complete data exchange with the service quality 
level 1 and 2. “MQTT today is used in a wide variety of 
industries, such as automotive, manufacturing, 
telecommunications” [46]. In the prototype, the Quality of 
Service (QoS) level set to 1 to safeguard a complete data 
collection. 

The IoT sensors selected measure real time data of: 

• Electricity usage 

• Gas, oil or district heating consumption 

• Room climate (temperature, humidity and CO2) 

Fig. 5. Setup for ESG monitoring prototype (cmp. [47], [8] and [36]) 

The first two parameters were selected to cover the ESG 
reporting demand regarding “energy usage”, the third one to 
cover the Social perspective of “well-being” and “decent 
workplace” according to the literature review described 
above. 

The energy measurement was done by programmable 
logic controllers (PLC)) that were already available in some 
of the buildings. Then only the energy measurement units had 
to be added. These PLCs also act as local MQTT 
broker/bridge gathering the data, manipulating it and sending 
it in a standardized structure and procedure to a central server 
with database. If no PLC was available a Raspberry-PI (RPi) 
was used as a broker. Both systems, the PLC and the RPi, have 
enough computing power for these tasks. All data exchange is 
done over the local WLAN or internet cables in an encrypted 
way to secure data security and safety. 

The used room climate IoT sensors are mainly self-
sufficient. They produce the energy necessary for their 
operation by themselves, using photovoltaic panels and are 
connected to the local WLAN. In this way no additional 
cabling is necessary. In many buildings, intelligent lighting 
systems with IoT room climate sensors are already available, 
alternatively existing systems can be upgraded at almost no 
cost. As an alternative solution, other existing MQTT-clients 
are used, providing the relevant data. All these sensors send 
the data via MQTT to the PLC- or RPi-broker. The WLAN 
used for data communication was set up as a non-trusted 
WLAN. As only measured data was exchanged and no actions 
were triggered over that network, this level of security was 
determined as sufficient for this prototype. 

Within the prototype two different databases were applied: 
an InfluxDB and a MySQL database (cmp. [48]). Both 
databases are available as an open source software. The 
InfluxDB has the advantage that it is optimized to store 
timeseries (cmp. [49]). For an analytic tool, the prototype 
applied the software PowerBI in the first version. It is a 
common analytic tool and widely spread in the real estate 
industry. After using the system for several months, the users 
were asked about their experience using the two prototypes to 
safeguard a human centric solution. Therefore, interviews 
were carried out with the key users documenting their 
feedback for each of the tasks supported by the prototypes. 
Regarding the database, they did not recognize any 
differences. As InfluxDB is optimized for time series data this 
database was selected for further usage.  

Regarding the data granularity, in a first step the sample 
rate was 5 minutes for all devices as this was expected to be 
precise enough for usage and sustainability reporting as well 
as the real time monitoring. After the test phase the key users 
stated that they need more granular real time data to be able to 
analyze the reason for over- but also for under-energy usage. 
As they found out, they can use the data in addition to 
recognize upcoming failures and if no energy is used, to 
identify existing failure of a device. According to the demand 
of the key users on data granularity the sampling rate was set 
to one minute for the energy measurement and to five minutes 
for the room climate parameters. 

Regarding the analytic tool, they mentioned that the user 
interface of PowerBI was familiar to them as they have used 
it already for other tasks. As this tool is quite widely spread, 
the time to train people was rather short. The users were 
capable to adapt the reports and generate additional ones in a 
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short time frame. But the amount of data generated by the IoT 
devices was so large, that this analytic tool came to its limits. 
The time to start the application was more than 30 seconds. To 
overcome this shortcoming in the next version Grafana 
(version v8.4.4, OSS edition) was used, which showed a much 
better performance with less hardware resources needed. 

Based on the feedback and the additional requirements of 
the key users, the concept was enlarged to directly interact 
with the service staff either via email or by triggering an event 
in the existing Maintenance Management System (MMS), the 
Computer Aided Facility Management (CAFM) or the 
Enterprise Resource Planning (ERP) system (cmp. [47]). 

• Email information: It immediately alerts the 
personnel and gives information about which 
parameter is too high or too low at which sensor. 
Based on this information the recipient can easily 
identify where an action has taken place. 

• Triggering and existing MMS/CAFM/ERP system: In 
this case, a ticket is created with the information 
described above.  

Based on the results of this first prototype the described 
setup was tested in several other historical buildings to gain 
more insights. 

The application of MQTT as messaging protocol and 
platform technology fulfilling the sustainability reporting 
requirements regarding data completeness was proven by an 
analysis of the database on the completeness of data. Based on 
the analysis, the sensor and MQTT software was optimized, 
to be able to store locally more data in the case of the internet 
not being available. The accuracy of the IoT enabled energy 
measuring sensors was validated by comparing the prototype 
usage data with the data of the calibrated measuring devices. 
As the analysis of the deviation of the measured data was very 
low, the setup of the prototype was approved in respect of 
accuracy. Regarding usability of the user interface the key 
users carrying out the maintenance of the buildings were 
questioned using semi structured interviews and the feedback 
validated that the prototype provides the necessary data, 
analytics features as well as an easy to use human system 
interface and optimized the human system interaction. 

IV. CONCLUSION AND DISCUSSION 

The new EU directive on ESG asks for an elaborated 
reporting of the energy usage within buildings and a 
permanent optimization of the consumption. Based on an 
extensive literature research the relevant parameters to 
monitor ESG were defined. Using the results of a research 
project about availability of emerging technologies, the usage 
fields of these technologies and their interrelation, the authors 
developed an IT architecture and a prototype to cover the new 
demands of the EU taxonometry directive especially in 
existing and historical buildings. The prototype consists of: 

1. IoT enabled sensors capturing the data, 

2. a MQTT-broker that gathers data from the IoT 
devices, standardizes it and sends the data to 

3. a central database system to store and analytic 
tools to analyze the data to set actions for 
optimization. 

IoT devices capture the necessary data of energy usage and 
the room climate in a valid, efficient way. The usage of cheap, 

self-sufficient IoT sensors that can easily be installed as an 
add-on to the existing environment, reduces cost and time of 
implementation within the building. The reuse of already 
implemented PLC devices that act as MQTT broker makes the 
approach even more efficient. So, this solution asks on the 
hardware side only for small “upgrades” in the switchboards 
of the existing buildings and the installation of self-sufficient 
IoT sensors and therefore accomplishes a very cost-effective 
implementation.  

Big Data systems, either on premise or in the cloud, store 
the data, merge it and put it into relation. Using this data, 
analytic or dashboarding tools like PowerBI or Grafana can 
provide aggregated information at low cost, which enable the 
identification of the main energy consumers and to identify 
actions to reduce the energy consumption in existing 
buildings. The application of cloud-based software tools 
which are already configured asks for no or only small license 
fees, make the implementation of further Big Data tools and 
analysis very effective. The availability of the room climate 
data helps us to safeguard the well-being and prevents 
overshooting action through a single focus on energy 
consumption. In addition, the solution enables the technicians 
to identify the reasons for the misusage of energy and to set 
steps for an optimal space utilization. Both analytic tools 
provide a convenient user interface and human system 
interaction. 

Based on the results of the usage of the prototypes, further 
research and prototyping are necessary in the following areas. 
The first question is, what granularity of data is necessary to 
enable in-depth analysis in the area of optimization and to use 
the data also for preventive maintenance. The second question 
deals with the analysis of the gathered data. The amount of 
data generated points in the direction of ML as a tool for 
automatic analysis. The next area for further research is how 
the current usage data, existing building automation and smart 
building technologies can automatically optimize the 
operation and energy usage while safeguarding the well-
being. The last area is the change of the user behavior. During 
the tests it was realized that the users’ behavior has a very 
large influence on the energy demand. Therefore, the question 
arises, how a user interface giving feedback on the current 
energy consumption and suggestions for optimization has to 
be designed to influence the users’ behavior in the long run. 
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