
Bucharest University of Economic Studies 

Business Administraion Doctoral School I 

PHD THESIS

Presented and publicly supported by the author: 

Fabian Pitz 

Title of the PhD-Thesis:

PERFORMANCE IMPROVEMENT POSSIBILITIES OF THE 

REAL ESTATE SECTOR IN THE CONTEXT OF SUSTAINABLE 

DEVELOPMENT AND INDUSTRY 4.0 

PhD supervisor: Prof. univ. dr. Doru-Alexandru Pleșea

 

Bucharest, April 2026 



a) Content 
 
Content 

Abstract ........................................................................................................................................ 1 

Rezumat ....................................................................................................................................... 2 

Abstract (German)........................................................................................................................ 3 

Acknowledgements ...................................................................................................................... 4 

I. Table of contents (German) ...................................................................................................... 5 

II. Table of contents (English) ..................................................................................................... 9 

III. List of abbreviations............................................................................................................. 13 

IV. List of figures ....................................................................................................................... 16 

V. List of tables .......................................................................................................................... 18 

Introduction ................................................................................................................................ 20 

PART I: CURRENT STATE OF KNOWLEDGE IN THE RESEARCH FIELD .................... 26 

1. SUSTAINABILITY IN BUSINESS VALUATION: FOUNDATIONS AND CURRENT 

DEVELOPMENTS .................................................................................................................... 26 

1.1. Definition and significance of sustainability in business valuation ............................... 26 

1.1.1. Sustainability as a value driver in the real estate sector ......................................... 26 

1.1.2. Triple Bottom Line in real estate companies .......................................................... 31 

1.1.3. Stakeholder perspective of real estate investors ..................................................... 37 

1.2. Study on sustainability reporting according to the European standard for sustainability 

reporting in real estate companies ......................................................................................... 41 

1.2.1. Context of the analysis and research framework for real estate companies ........... 41 

1.2.2. Research method and objectives of the research .................................................... 47 

1.2.3. Results of the considerations on sustainability reporting ....................................... 52 

2. EXISTING VALUATION METHODS AND THEIR INTEGRATION OF 

SUSTAINABILITY FACTORS IN REAL ESTATE COMPANIES ....................................... 55 

2.1. Traditional business valuation methods in the real estate sector ................................... 55 

2.1.1. Discounted Cash Flow in the real estate sector ...................................................... 55 

2.1.2. Multiplier method in real estate companies ............................................................ 59 

2.1.3. Net asset value method for real estate companies .................................................. 60 

2.2. Challenges in considering sustainability aspects in the real estate sector ...................... 62 

2.2.1. Data availability and data quality in the real estate sector ..................................... 62 

2.2.2. Valuation of intangible assets ................................................................................. 65 



 

3 

 

3. ECONOMIC AND ECOLOGICAL LONG-TERM VALUATION OF REAL ESTATE 

INVESTMENTS ........................................................................................................................ 72 

3.1. A study on the challenges, opportunities and ecological responsibility of investments 

in the real estate sector .......................................................................................................... 72 

3.1.1. Context of the analysis and research framework .................................................... 72 

3.1.2. Research method and objectives of the research .................................................... 78 

3.1.3. Results on sustainability challenges, opportunities and ecological responsibility . 84 

3.2. Financial approaches to valuing sustainable companies in the real estate sector .......... 87 

3.2.1. Measurement and empirical evidence for the valuation of companies in the real 

estate sector ...................................................................................................................... 87 

3.2.2. Valuation of corporate performance of real estate companies ............................... 91 

3.2.3. Motivation for sustainable financing of real estate companies .............................. 93 

PART II: PERSONAL CONTRIBUTIONS AND STUDIES ................................................... 98 

4. ANALYSIS OF SUSTAINABILITY AND BUSINESS MODELS IN THE REAL 

ESTATE SECTOR .................................................................................................................... 98 

4.1. Circular economy as a driver of sustainability in the real estate sector ......................... 98 

4.1.1. Context of the analysis and research framework of the circular economy in real 

estate companies ............................................................................................................... 98 

4.1.2. Research objectives and research method .............................................................. 99 

4.1.3. Results on the circular economy from the perspective of the real estate sector ... 102 

4.2. A study on sustainability in the real estate sector ........................................................ 109 

4.2.1. Context of the analysis and research framework on sustainability in real estate 

companies ....................................................................................................................... 109 

4.2.2. Research objectives and research method ............................................................ 111 

4.2.3. Results of the study on sustainable building development ................................... 113 

5. STUDIES ON INFORMATION SECURITY MANAGEMENT SYSTEMS IN THE REAL 

ESTATE SECTOR .................................................................................................................. 117 

5.1. A study on the analysis of audit results in the field of information security 

management systems with special application potential in the real estate sector ............... 117 

5.1.1. Context of the analysis, research framework and research objectives of 

information security in real estate companies ................................................................ 117 

5.1.2. Research objectives and research method ............................................................ 123 

5.1.3. Results of the analysis of audit results ................................................................. 128 



 

4 

 

5.2. Study of the current level of information security in the real estate sector .................. 133 

5.2.1. Context of the analysis and research framework on the current level of 

information security in the real estate sector .................................................................. 133 

5.2.2. Research objectives and research method ............................................................ 140 

5.2.3. Results of the analysis of the current approach .................................................... 148 

5.3. A study on risk management approaches in the real estate sector ............................... 153 

5.3.1. Context of the analysis and research framework of risk management in the real 

estate sector .................................................................................................................... 153 

5.3.2. Research objectives and research method ............................................................ 162 

5.3.3. Results of the comparative study .......................................................................... 170 

6. RESILIENCE AND AI IN THE REAL ESTATE SECTOR WITH CONSIDERATION OF 

INDUSTRY 4.0 ....................................................................................................................... 179 

6.1. Study on resilience in the real estate sector .................................................................. 179 

6.1.1. Context of the analysis and research framework on resilience in the real estate 

sector ............................................................................................................................... 179 

6.1.2. Research objectives and research method ............................................................ 187 

6.1.3. Results of the study on resilience ......................................................................... 201 

6.2. Study on artificial intelligence in the real estate sector ................................................ 210 

6.2.1. Context of the analysis and research framework on artificial intelligence in the 

real estate sector ............................................................................................................. 210 

6.2.2. Research objectives and research method for identifying artificial intelligence in 

the real estate sector ........................................................................................................ 217 

6.2.3. Research results regarding artificial intelligence in the real estate sector ............ 225 

7. REAL ESTATE INVESTMENTS AS A STRATEGIC SUCCESS FACTOR: 

DEVELOPMENT OF A MEASUREMENT METHOD TO INCREASE CORPORATE 

PERFORMANCE THROUGH SUSTAINABLE INVESTMENT DECISIONS ................... 231 

7.1. Theoretical foundations for increasing corporate performance through investments in 

the real estate sector ............................................................................................................ 231 

7.1.1. Increasing and measuring corporate performance in the real estate sector .......... 231 

7.1.2. Sustainability as a strategic competitive factor in the real estate sector ............... 232 

7.2. Development of the measurement method to increase corporate performance in the 

real estate sector .................................................................................................................. 235 

7.2.1. Objective and model logic: sustainability as a value driver in capital budgeting 235 



 

5 

 

7.2.2. Decomposition of cash flows and valuation formula ........................................... 235 

7.2.3. Model validation and empirical design ................................................................ 238 

7.3. Empirical analysis and application of performance improvement ............................... 239 

7.3.1. Basic data and package of measures ..................................................................... 239 

7.3.2. Interest costs and carbon dioxide cost effect ........................................................ 240 

7.3.3. Maximum increase in investment income ............................................................ 242 

7.3.4. Evaluation of the surveys ..................................................................................... 243 

7.3.5. Management application and influence on corporate performance ...................... 250 

7.3.6. Results of the empirical analysis .......................................................................... 252 

7.4. Implications and recommendations for the measurement method to increase 

performance in the real estate sector ................................................................................... 253 

7.4.1. Benefits and limitations for corporate management and investors ...................... 253 

7.4.2. Further development perspectives ........................................................................ 254 

Summary .................................................................................................................................. 255 

Bibliography............................................................................................................................. 263 

Appendix .................................................................................................................................. 282 

1. Parameters ............................................................................................................................ 282 

2. Stage model .......................................................................................................................... 282 

3. Questionnaire for data collection ......................................................................................... 282 

4. Instructions for the questionnaire ......................................................................................... 282 

5. Transcribed and extracted datasets ...................................................................................... 282 

6. Questionnaires ...................................................................................................................... 282 

7. Calculations for the sensitivity analysis ............................................................................... 282 

8. List of symbols ..................................................................................................................... 282 

Annexes .................................................................................................................................... 309 

Research contributions / List of publications ........................................................................... 309 

 

 

 

 

 

 

 



 

6 

 

b) Keywords 
 

organizational performance, real estate sector, sustainable development,  industry 4.0, 

business models, resilience, sustainable investments. 

 

c) Summary 
 

The doctoral thesis addresses opportunities to improve performance in the real estate sector 

in the context of sustainable development and Industry 4.0. 

The starting point is an analysis of current approaches to sustainability and business models 

in the real estate sector, highlighting sector-specific aspects related to existing methods of 

performance evaluation and the integration of sustainability factors in connection with Industry 4.0. 

The research then focuses on sustainability and business models in real estate, as well as on 

the long-term economic and ecological assessment of business performance from an 

interdisciplinary perspective. In addition, the thesis examines information security management 

systems in the real estate sector, including specific issues related to resilience and artificial 

intelligence in this field. 

Taking into account the results of these studies and the doctoral candidate’s professional 

experience, the emphasis is placed on real estate investments as a strategic factor for improving 

business performance. 

Accordingly, an original measurement method is developed to enhance organizational 

performance through sustainable investment decisions in the real estate business. The proposed 

measurement method was tested in practice, with data collected through a questionnaire-based 

study. 

As a result of the research conducted, the doctoral candidate provides solutions to support 

alternative investment decision-making in the real estate sector within the requirements of 

sustainable development. The benefits, as well as the limitations and constraints of applying the 

proposed method, are highlighted, along with future opportunities for further development. 

As part of the research, the definition and significance of sustainability in business valuation, 

including its foundations and current developments, were identified. In this context, sustainability-

related values in valuation were determined and used for the subsequent and related research. The 

integration of sustainability into company valuation has developed from a voluntary supplement 

into an important strategic task. Companies benefit not only from improved access to financial 
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resources and markets, but also from greater resilience to various risks and from long-term 

competitive advantages by including environmental, social and governance criteria in their 

valuations and decisions. Companies that understand and implement this important strategy are 

successful in the long term while also making a positive contribution to society. 

The study on sustainability reporting under the European Sustainability Reporting Standards 

in the context of the Corporate Sustainability Reporting Directive in the real estate sector produced 

clear and consistent results. The findings from theory and practice show that the standards can help 

enable clear and comparable sustainability reporting. In particular, the introduction of specific key 

figures on topics such as CO₂ emissions and energy efficiency improves the basis for investment 

decisions. This allows capital to be directed more specifically into sustainable real estate. It also 

influences stakeholder perception. Another important finding is that tenants, municipalities and the 

public are increasingly placing greater value on sustainability. Open and credible reporting 

strengthens trust in the company and improves its reputation. 

The identification of traditional business valuation methods in the real estate sector is 

essential, as these methods provide a fundamental basis. The multiplier method offers a quick and 

easily understandable assessment of market values. Its reliability increases significantly when 

comparable companies are selected carefully and the underlying key figures are current and reliable. 

The asset-based valuation method appears particularly appropriate in the real estate sector due to its 

objectivity and transparency. 

Furthermore, it is important to disclose the challenges involved in considering sustainability 

aspects in the real estate sector. Digitalization offers many opportunities for the real estate industry: 

it can make processes more efficient, enable better decisions and promote sustainable development. 

To achieve this, however, companies must carefully address data availability, data quality and the 

establishment of a sustainable data infrastructure. Only when technical, economic, ecological, legal 

and ethical issues are considered together can companies benefit from digital transformation in the 

long term. 

In the study on the challenges, opportunities and ecological responsibility of investments in 

the real estate sector, the challenges, opportunities and responsibilities had to be identified. The 

present work reveals many opportunities in the field of sustainability and also shows the associated 

risks. It analyzed various literature sources and differentiated between the three dimensions of 

sustainability. The findings are as follows: first, challenges arise from economic target conflicts, 

social tensions, regulatory uncertainty and insufficient implementation competence; second, 

opportunities arise in particular through long-term value enhancement and risk reduction; third, 



 

8 

 

ecological responsibility functions as a normative and practical framework for sustainable 

strategies. Overall, it becomes clear that sustainability in the real estate sector is not an additional 

module, but a new system with considerable potential. 

The financial approaches to valuing sustainable companies in the real estate sector were 

extensively analyzed and identified. In summary, sustainable finance has a strong influence on the 

real estate sector. It changes both strategic investment decisions and the daily management of real 

estate, leading toward greater sustainability. 

Within the chapter on the circular economy as a driver of sustainability in the real estate 

sector, the key positions were identified. The results of the regression analysis show that resource 

efficiency and energy productivity in particular have a significant influence on the circular material 

use rate. A positive relationship was identified for resource efficiency: the more efficient the use of 

resources, the higher the circular use of materials. Interestingly, a negative relationship was found 

for energy productivity. This indicates that there are still unused efficiency potentials in existing 

processes that do not automatically lead to higher circular performance. 

In the study on sustainability in the real estate sector, the current state of the industry was 

identified. The study shows that the life-cycle approach, meaning the consideration of all phases of 

a building from planning to demolition, can be significantly improved through digital technologies. 

With specialized software, buildings can be monitored and optimized more effectively throughout 

their entire life cycle. Industry 4.0 and Industry 5.0 represent two phases of digital transformation in 

industry. Industry 4.0 focuses on the automation and digitalization of production processes. Typical 

features include connected systems, sensors, autonomous machines and the Internet of Things. 

Industry 5.0, however, is no longer concerned only with making processes more efficient. Its focus 

is on effective cooperation between humans and machines. Robots are not intended to replace 

people, but to support them, for example in heavy, monotonous or dangerous tasks. 

The identification of the results of the study on audit findings in the field of information 

management systems, with a particular application possibility in the real estate sector, was 

successful. Digitalized organizations with smart building technology or cloud-based solutions 

showed more technical weaknesses, for example in network security, physical access or data 

encryption. Systems were often in place, but were not sufficiently integrated into the ISMS or were 

technically outdated. In buildings with older infrastructure, physical security issues occurred more 

frequently, such as unsecured technical rooms. An ISMS alone is not sufficient; what matters is how 

well it is integrated into everyday operations. The results confirm the hypotheses: technical 

complexity increases the risk of deviations, and companies subject to mandatory requirements 
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perform better. Overall, there is still significant potential for improvement in the real estate sector, 

especially in connecting technology, organization and security culture. 

The study of the current level of information security in the real estate sector identified the 

current security level. The evaluation clearly shows that metrics and structured assessment methods 

are still used only to a limited extent in the real estate sector, especially compared with industrial 

and financial companies. A close relationship can be observed: the more advanced the information 

security management system is, the more and better metrics are used, and the more likely it is that 

reporting processes meet audit requirements. The study shows that if real estate companies 

introduce and systematically use information security indicators, they can increase efficiency, better 

control risks and pass audits more successfully. Despite its broad scope of application, the standard 

remains very general and does not provide specific requirements for typical processes in the real 

estate sector. 

It is also important in this context to identify approaches to risk management systems in the 

real estate sector. The study shows that risk analyses in the real estate sector are not purely an IT 

issue. They must be understood as a joint task of various departments, in which technical, 

organizational and strategic risks are considered together. Only in this way can an ISMS be 

effectively implemented and operated on a permanent basis, with measurable benefits for security, 

compliance and the preservation of real estate value. Practical recommendations for professionals in 

the real estate sector can be derived from the study results: first, a uniform risk method should be 

introduced within the company; second, risk analyses should be integrated into existing systems, 

allowing master data, measures and technical objects to be directly linked; third, clear roles and 

processes should be defined. Risk analysis should not be the isolated responsibility of individual 

departments. 

The study on resilience in the real estate sector identified resilience factors. The present 

study examines resilience in the real estate sector in the context of the transition from Industry 4.0 

to Industry 5.0. A significant increase in resilience can be achieved through the effective integration 

of human creativity and technical precision. Real estate portfolios should be actively aligned toward 

resilient and sustainable properties in order to secure stable long-term returns. Social and ecological 

responsibility should be strengthened through the use of intelligent technologies to increase user 

satisfaction and improve the quality of living and working environments. Social interaction and 

community building can be promoted through technological networking and digitally supported 

communal spaces. Targeted measures are also needed to strengthen the circular economy and 

reduce the ecological footprint of real estate portfolios. The transition from Industry 4.0 to Industry 
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5.0 therefore represents not only technological progress, but above all the integration of 

technological, social and ecological aspects into a holistic and sustainable resilience approach. 

Several starting points arise for future research. Particularly important are the empirical verification 

and further development of the identified technologies. The real estate sector is therefore faced with 

both the task and the opportunity to understand resilience not as a mandatory obligation, but as a 

fixed component of its future viability and long-term competitiveness. 

The identification of AI-related aspects in the real estate sector was carried out in the study 

on artificial intelligence in the real estate industry. The following results were obtained. The 

findings of the systematic literature review clearly show that the use of artificial intelligence in the 

real estate sector offers many possible applications and already provides important impulses for 

innovation. At the same time, it becomes clear that practical implementation, despite its great 

potential, is still associated with considerable challenges. These mainly concern technical, 

organizational and cultural aspects. Several conclusions can be drawn from the results. Regarding 

the maturity level of AI applications, AI technologies are already well developed in some areas, 

such as real estate valuation. In addition to technical and organizational issues, the acceptance of AI 

by employees and customers also plays an important role. In conclusion, AI already plays a 

transformative role today. This role will become even stronger in the future. The perspectives 

presented provide clear guidance in this regard. 

As part of the dissertation, a measurement method was identified under the title: Real estate 

investments as a strategic success factor: development of a measurement method to improve 

corporate performance through sustainable investment decisions. This dissertation addressed a 

highly relevant topic. The residential real estate stock urgently needs energy-related modernization. 

Necessary investments are usually only made when they are economically reasonable for the 

investor. This decision is shaped by many parameters. The most important parameters are 

refinancing capacity, capital costs and risk. Regulatory sustainability targets are not the primary 

driver for investors, as they do not trigger direct cash flows for the investor. This is where the 

dissertation begins. Investors need a verifiable, conservative and standardizable measurement 

method to subject modernization decisions in residential real estate to a business-based assessment. 

This method should meet both academic requirements and practical needs. The method makes an 

important contribution to improving corporate performance in real estate companies. It makes key 

investment decisions measurable and comparable. Most investor decisions are prioritized according 

to financial viability and are rarely driven by opportunistic convictions. Therefore, the method 

should not be a matter of negotiation, but a clear decision-making instrument. Through the method, 
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the result cannot be artificially improved or “calculated positively”. The hypothetical residual value 

assumption was also eliminated, since it can have a considerable influence while at the same time 

involving a high degree of uncertainty. The dissertation showed that the exclusive use of basic 

parameters can lead to misinterpretations. The net present value alone is not sufficiently meaningful 

to make a reliable investment decision. Small deviations in r and T can already lead to significantly 

different results. A sensitivity analysis reveals when an investment becomes positive or negative 

due to a change in framework conditions and parameters. This awareness is essential. Therefore, the 

sensitivity analysis is not an optional appendix to the method, but an integral component of it. The 

mathematical logic behind r and T is that the attractiveness of the investment increases when T rises 

and r decreases. Conversely, the attractiveness of the investment decreases when T is lower and r 

increases. For example, a project that is clearly negative at T = 10 and r = 6% may already become 

positive at T = 20 and r = 4%. It is understood that the measure costs have not changed; only the 

parameters T and r have been adjusted. 

The research result of this dissertation is that, under the conservative baseline, the advantage 

of measures from an investor perspective depends almost exclusively on cash flow. This result is 

limited to the residential real estate stock, and cash flow is the sum of cash inflows and outflows. 

These are further influenced by the interest rate and the investment horizon. The structure is 

comparable to a net present value logic. This allows the problem to be reduced, as the question now 

shifts to the amount of sustainable future cash flows and the level of investment after subsidies. 

Two further relevant questions are the interest rate and the observation period; however, here the 

investor’s assumptions are decisive. The method is built on the basis of the essential parameters, 

which are of course supplemented by further parameters, as explained below. 

The application to eleven properties clearly demonstrated which investments are 

advantageous. The results, also confirmed by the sensitivity analysis, clearly show which 

investments should be preferred. In the baseline scenario, the results were clearly distinguished 

between positive and negative properties or investment alternatives. The sensitivity analysis showed 

that some properties that are negative in the analysis can change into positive or remain negative 

depending on the parameter assumptions. This finding is important because the investment 

parameters are shaped by the investor’s risk assessment and investment horizon. The investor can 

therefore make a conscious decision in favor of a different term or interest rate if this corresponds to 

the investor’s strategy. 

Some cases are already positive under the required parameters and remain positive in almost 

all constellations of the extensive sensitivity analysis. This means that the initial situation is so 
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favorable that interest rate and time horizon have only a limited effect on the result. The risk is 

therefore relatively low, since changes in the environment and in the parameters can be 

compensated to a certain extent. These investments should be prioritized. In the baseline scenario, 

some cases are close to zero. These cases can quickly become positive when the parameters of 

interest rate and time horizon change, as the sensitivity analysis shows. However, the risk in these 

cases increases if the parameters do not fully materialize, as the case can then turn negative. The 

challenge is that these cases represent the largest share in practice. Therefore, such investments 

must be examined carefully and reviewed through sensitivity analysis. Within the framework of 

decision alternatives, management can assess whether the investment should be carried out in the 

intended scope or not. The negative cases remain negative in almost all constellations. They have 

only a very late tipping point in relation to interest rate and time horizon. These investments should 

generally be postponed. Here, the decision situation is clear: the investments should not be made. 

The results can also be used as a reason to review the parameters if the results do not appear 

plausible. This applies, for example, to a large property with full occupancy. Since such properties, 

as mentioned above, are almost always positive, a review of the parameters, especially the net 

investment, is essential. 

The dissertation identifies three implications. First, prioritization should be based on 

robustness rather than only on point values. The sensitivity logic shows that decisions should not 

depend solely on the baseline result. A project that is slightly positive may turn negative with only a 

slight increase in capital costs. A project that is close to zero may become highly positive if T is 

increased. This classification enables the prioritization of investment decisions. 

Second, control should be based on a small number of reliable input variables. The 

developed method places the user within a framework that does not take personal preferences into 

account. Even the “construction instinct” is excluded from the investment decision. Only the 

parameters are relevant in the method. 

The objective was achieved, as a method was developed that meets the stated requirements. 

The method can represent the cash flows from the investor’s perspective, meaning incoming and 

outgoing cash flows, and relate them to the interest rate and the investment horizon. Since the 

investments are calculated over very long periods, no residual value benefit was deliberately 

included, as this cannot be reliably determined over such a long period. Therefore, the residual 

value benefit is set as Delta TV = 0. Furthermore, only income increases permitted at the time of 

investment were taken into account, as only these can be realized with a relatively high degree of 

probability. OPEX effects through maintenance can also be determined relatively precisely. This 
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ensures that the method is not driven by speculative assumptions, but by verifiable parameters. The 

method is not a simple formula, but a measurement and evaluation process. This method was 

complemented by standardized data collection using questionnaires. The questionnaires were 

transcribed, plausibility-checked and evaluated. A sensitivity analysis was then carried out. The 

process components and sequence ensure reproducibility and auditability. This dissertation shows 

that such measurement methods have high practical and scientific relevance for the residential real 

estate stock. The method allows investment decisions under refinancing restrictions to be made 

comparable and assessable. The main contribution of this dissertation lies in its strict landlord-side 

cash flow perspective, the clear representation of the refinancing limit through income increases, the 

exclusion of residual values and the integration of sensitivity analysis. The evaluation of the 

questionnaires shows that the assessment according to the method leads to clear results and 

therefore serves as a decision-making aid for investments. 

The final core statement is as follows: Sustainable modernization decisions in the residential 

real estate stock become viable in the measurement method only when additional income and OPEX 

effects cover the net investment under realistic capital costs and investment horizons. Sensitivity is 

therefore an essential component of the decision logic. 

 


